Vacci nes The present invention relates to a novel use of a malaria antigen
to i muni se against nal arial disease. The invention relates in particular
to the use of circunsporozoite (CS) protein fromP. falciparumor fragnents
thereof, to i mmunise infants against nalarial disease. Malaria is one of
the world's major health problems. During the 20th century, econonic and
soci al devel opnent, together with anti nmal arial canpai gns, have resulted in
the eradication of nalaria fromlarge areas of the world, reducing the
affected area of the world surface from50%to 27% Nonethel ess, given
expect ed popul ation growth it is proy%€ed that by 2010 half of the world's
popul ation, nearly 3.5 billion people, will be living in areas where
malaria is transmtted |I. Current estimates suggest that there are well in
excess of | ThARsFyAngatianslagy®e angvetaraefsandyerapiigrade mmysciaggng cononi ¢
costs for AhihGa dAbRRETIRNifvdhiGHEhtes tPpRRufl AAGEHL BECiARNsh IR (dgyi on of at
| east several billion US dollars annuallyz_ These figures hugg.lght t he

gl obal mal PRl Jalgimaraes fepmertethgesl. o imgaaise infenis againstmalaright i onal
heal t h commygiatey. The reasons for this crisis are nmultiple and range from

t he energence of w despread resistance to avail abl e, affordable and
previously highly effective drugs, to the breakdown and i nadequacy of

heal t h systgaRrii R chb6f h@®i1®f mijESRUKILFSble MR BHh MRYBHREBntP YRk cont ol
this di sease, glaobal efforts to inprove health and child survival, reduce
poverty, i rfdféeedd devsdapmenyy togetlieratitheantymadanial samppigns, haygiresaltedin éesoci et i es

Wil fail. &nfcdbn bRaiRStondetrda@b e Qbrid R&IEhS BROGed& £BUTRL DY the
protozoan parasite Plasnodi umtal ci parum which iS responsible for nost of

t he nort al i Yoldtutfrsetmnii e ta 3y “relNenethglessTpizen ¢xpected nopalatsn gopwednigeli um i s

conpl ex, 1 &fbyeEtbd a0 (PR Sof HEARorRAHIFREAM, hQulh 8Ts BMERp&DIOR bEhe
infection of 'man is initiated by the introducti on of sporozoites fromthe

2 saliva ofl'anginefeaywheiemplafiestieasnrtied uiGuentrrEmapisneees| thasherd g at e to t he
liver and tharg kakeat HaRAUCANS &R (WR8hRa LReYyl bieheMohah Badrpul tiply,

via the exoerythrocytic intracellular stage,” 1nto the nmerozoite stage which
i nfects redBicyalanciss theughRisde stagesrimgapdinghespaion ebat lqegiseyesal bilim ¥ t he
asexual bl oplagtgggny’The cycle is conpleted by the differentiation of a
nunber of merozoites in the RBC into sexual stage ganmetocytes, which are

i ngested by the nosquito, where they develop through a series of stages in
the m dgut F1R:PfAHUGELERRMIRZA R GRiTHh@ bR Rl Red RG0SRl Ry gl and. The
sporozoite stage of asnodi um has been identified as a potential target of
a mal ari a VigEeRRAl kegll poverppmty. Therrpaspapdiex thiprigsl are impultinds endeenge §i9or ozoi t e has
been shown §,0chg @Qf\?iﬁ%%?e% FRRaA%Ab Bkl B REbIIBR LA prgwmgy m%hgrl a (Am J,
Trop. Med. g.24: 297-402, 1975). However, it is has not been possible
practi cal | yel&pEve dsegs sto ithedirdaldave and inptlegiecit of baalihgastpmetortes lagkedfari a for the
general popd@ldkonuNas 8yl fdthd o BhHAHY @¥%se, rsml%woﬂgto'iﬁlgt%% LR
sporozoites. The mmjor surface protein of the Sporozoite IS known as

ci r cuns por gR8ichidd yravabirpducas vertpiedrefpe secprity and fisugihen thomps vilneebloed in t he
motility angd.muasgiiam of the sporozoite during its passage fromthe initial
site of inoculation by the nosquito into the circulation, where it mgrates
to the liver. The CS protein of Plasnodia species is characterized by a
central repetitive domain (repeat region) flanked by non-repetitive am no
(N-t er mi nus9negddhecagsheskie formstod fheidipgase i selspdbn the protiacsrpsist ein in P.

fal ci par um Mag:RiseRlchAbut GRERL pGhsle fob Blost o teintMadyGRNBRENER:

malaria.

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

completion. The infection of man is initiated by the introduction of sporozoites from the



Several groups have proposed subunit vacci nes based on various forns or
parts of the cireunsporozoite protein. Two of these vaccines based
exclusively on the central repeat sequence have undergone clinical testing
in the early 1980's; one is a synthetic peptide, the other is a reconbi nant
protein (Balton et al Lancet: June 6 (1987) page 1277 onwards, and
Herrington et al Nature 328:257 (1987)). These vacci nes were successful in
stinmulating an anti-sporozoite response. Nonethel ess, the nagnitude of the
response was . 3 di sappointing, with some vaccnees not making a response at
al | . Furt hefihgrd 2 bitig 2ad uidisicd mopauitgo d ¢ FREPZoé migreicrio g livesad tersf t er

subsequent ihfb@ehiteiYees WMerRSUiFSerBhitcafld MukibY, iy RRRGH R RRR! | feration
assays suggested that T-cells of nost of these volunteers 'did not recognise
t he i muno-B&FHErStaee peg the mypaoHestagsrehienateet reddbirog celfs (RBEY b9 inifistevacci nes
was mar gi Najyci¥al Rpativh AR M8G5 HIG0d@G oY OT N B s dofiplctd®y i@ devel op
parasitcm a, These vaccines therefore were not pursued any thither. WO

93/ 10152 arftff§gntgensagmmyeasei moszoticsynBeiRRC orsexuatistige gametheytaSS pr ot ei n of
P. fal ci pargyRieheingbst&d ke hbRbitd, MAER g1 REG AR &Ei@%’fﬁﬁgesqﬁgﬁ towar ds

t he vaccinatjon agai nst "P. fakipartan usSing the approach described therein,
see al so HApigaEto Brduge sperpdes whishomigeaton thopligrpglandthe CS protein from P.
fal ci parurn has been cloned, expressed and sequenced for a variety of
strains for_exanple thc NF54 strain, clone 3D7 (Caspers et al., M.

Bi ochem Pahgsparagoite si3ge afgHasymdium hogbren idehifiqsrao b eptantiat tracsefeanalarBD7 i s

char act eri sgekiky \naxhh i : i ] | nprising a
tetrapeptide Asn-AIg-Agﬁ?%ﬁg&%gﬁggﬁggH%%g?gﬁg%&%u%g?%?EVéﬁg%ggggﬁkth f our

m nor r epedX¥CHOn 280st pgpripersal hppapmhaleria §¥mdi hiropt Med. fyaBér298f40%mj or and

m nor repegiogsy MohRFerdisisWad hot @@entplagsliﬂ'lc ﬁ[@étﬁglll)y zgl_d@@ﬁétitcﬁnl%ﬂo mgmf?ct&r% ptral
portion is flanked by an N and Ctermnal portion conposed o

non- r epet i teedncai melanefod ths egures penplaties bead b thisasethddelogppamtdygs portion of
the CS protighdlatedIp@x2sitst hKl i ne Biol ogi cal s’ RTS, S mal aria vaccine based on
CS protein has been under devel opment since 1987 and is currently the nost
advanced nal ari a vacci ne candi date bei ng studi ed4. This vacci ne

speci fi cal lhe haf@etSact PR 6rEL WhILOGNL m\ﬁ,;a?gﬁcﬁﬁsgg’mzcgéydta@;ég m and

confers protection agalnst infection by P. Ici parun por ozoi tes
del i ver ed Wrefciphtbis fogehite baimeelvidrin éretreadilifoand iivasies of the spafcapiteaduiage adul t

vol unt eer s ?QR%?%%%SP% il YAl X RAsH nlf‘y thOmS &Ml [T MOEir AEUbE Svié:

RTS, S/ ASQ2A us adj uvant system)’ was used I n consecutive Phase

st udi es undepigetterio tha livtre Ganbi a i nvol ving children aged 6-11 and 1-5
years, which confirnmed that the vaccine was safe, well-tolerated and

i mrunogeni c 7. Subsequently a pediatric 4 vaccine dose was sel ected and
st udi ed i n T&e pi¥pseteip of Plgsiyodimsnstiod inghavisseaiatd amceotilirehetitivealyadinl - 4 year s
where it WagpfpWthni RalkEd SREGerelliVe LG (RLGHA hmp&{}q N Fnifdysy VO
2006/02983@ gesggigésauseﬁﬁf 3T ,§ fo Ergat sévgﬁg mal a ig ?ﬁngﬁ?ldren Ito
4 years of f@g@_ﬁ:nts. The CS protein in P. falciparum has a central repeat region that is highly

conserved.

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

stimulating an anti-sporozoite response. Nonetheless, the magnitude of the response was



Severe mal aria disease is described in the WHO guide to clinical practice
(Page: 4 Wrld Health Organi zati on. Managenent of severe nmalaria, a

practi cal handbook. Second edition, 2000.

htt p://nmosquito.who.int/docs/hbsm pdf). Cassification of children
according to the WHO based definition for severe nalaria identifies
children who are very sick and at high risk of dying. H gh risk nay be
taken to nmean about a 30% or greater risk dying. In the 026 clinical study
children aged 1-4 in Mzanbi que the overall efficacy of the vacci ne agai nst
i nfecti on WHSEPEAPERS Hithgorovaseingss neteakingigesraswrahdl. fagBumet. 46 a del ay in
the tinme toafehce 6f "bobstidet FGhiiAy @l cRaF@IbsEquchNnfet®nbhRA& RS 0B LBl ,evant
child. The percentage protection against clinical disease was In the range
of 35% and @W@hﬁ@m@ﬂtf%r@@wwwggwﬁdé@wﬁﬂs of anast @ thast xelinicasi ddagte was in
the range ofecap¥ thEhinduh&¥Shin®t r&efi CREMMRR: oL O BELIHS hadQks @ Peri od
of about 18 nmonths. (Al onso et al Lancet: 204, 364, page 1411-1420 205, and
Lancet 366 Wagedspelrathopisone vrerinapd volgteerfpifing torflsydonmesasiigniey Thksace of an

i nteracti onylehwarR-BRANEht 98RE3hy ¥AGE! Ne ef ficacy against non-severe
clinical malaria disease, suggesting that efficacy did not significantly
change with increasing age. However further exploratory subgroup anal ysis
was carri edwelds/ i sesld WBLR/485LIA& R hIvh AR WekiTtdiiG, HOUEPR%ciREp 9" OUPS T hat
carry the brunt of malaria disease. Interestingly this sub-analysis seened
to suggest Jsieret mddadser thyhtharsthasspa pemamprperessanada {pwaeds shepeedinatipgher i n
younger chi ddmeip. iiflcibdiah: ukinb Ble-apdd8hSic¥@Be e MIQE 3isb ﬁQpJnEr.oemalt Bogs, anal ysi's
that the protection against infection or general efficacy i.e. retarding

t he devel op¥¥hticds. 2ri-A9-cal mal ari a synptom generally was better in the
younger age group. 5 As far as the inventors are aware only one nalaria

vacci ne has_been given to infants under the age of | for a nunber of
reasons, i nttedd rgteipdianti/alciraesi kdstbgencdmmedrenrresstd andsequenesdtferla f or mul at i ons

cont ai ni Ng RBYElor ﬁ@iﬁé‘f@t@ﬁmﬁi@%e@Fﬂ@ﬁgm &&etBWt(Cgéﬂgrs iem%l.y&hﬁg} of

infants is immture and thus no effective protection agalnst nma i al

i nfection witEasHoES. dBT-£90: &FMy Thearateipdiont viain BN, is Hreactrisoiy hadpaeant s

enpl oyed | rbeﬂml%nﬁngcﬁﬁlméhlatref)éaﬂ%gioﬁQ5m§r¥sﬂ{gﬁlt@trafp%'%'Aﬁh-@xga-%ﬁroand/ or MPL
are not generally used in pediatric vaccines. Instead vaccines for infants
general |y efpsatsg 4P Haepb énteraparze withrivws atiroraetjcety Ane-Yal-feBpefn othert r i al i n
Ganbi an enpu@¥k i3 n@mbBB REdafbr YREHINDE BB s Mphofignts aged 6
to |1 nDnths_(AIor?srg'et‘alaﬂ)lgarasintere ﬁhung‘og;%ﬁfgg%??%?hgygg@%ﬁ). I n areas
of intense tHasrantleition is fpniredbyaniNagit geniraldogirowompisd pfnect i on agai nst
first attackdivaehiabhddt bd @8 Ra1888 ek ess when
tested in in?aﬁ?s aged 6 %% 11 nn%tﬁgﬂ%he f%%ﬁ#f &?éﬁﬁ%ﬁ§¥§5ﬁh I'cate that
the incidence of clinical malaria in children that had received the SPf66
vacci ne Wer@aﬁﬂhﬁhik@ﬁﬁl&gﬂgﬁeRT§,§%a?ia%&iﬁe%%@d}éﬁ%Stﬂ%ﬁeiﬁ%% b2
formul ation, which was an ' nactivated polio vaccine. e effect was nost
mar ked i n itrderficsclomeenhgineer .08 Bangds currenilyythe dsieedpincgPmalgria vecsigcent cl i ni cal
trial (refenrfithd Qilehgid 28ni038 5k Y ST WA some as
young as 10amee§s 5%%{a€ fir§? %ﬁc%?%%kg :%@?%?%f%%%ﬁ%ﬁ%ﬁ?%%%%fsurprising
resul ts (sdefdfigeussindrropfssprytectivh egaprseinéastion bR feiciomuprsoviogess t he use of
an anti gen @etd¥ea fbQ95N ; j i e | ' in
conbi nati on mﬁgh a?é%arﬁﬁggﬁgﬁgg%%%ﬁgggggFggﬁgﬂggrﬁgkﬁ?®9#ﬁﬁﬁﬁé’nanufacture
of a nedi cateAgishratyalexperard ingerhinfranng addiainst mal ari a. Brief Description
of the Figures

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

that the vaccine was safe, well-tolerated and immunogenic . Subsequently a pediatric



Figure 1shows an outline of the study design for trial 038 Figure | ashows
an outline of the trial design Figure 2ashows incidence of general
reactogenieity 6 Figure 2bshows incidence of |ocal reactogenicity Figure
2cshows proportion of doses with solicited general synptons reported during
the 7 days post vaccination Figure 3shbws vaccine efficacy data. Figure
4shows a Kapl an-Meier curve for 038 trial Figure 5ashows a Kapl an- Mei er
curve for 026 trial (conparison data) Figure 5bshows a Kapl an- Mei er curve

for 026 trial (conparison data) = ) ) ) )
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 ®.

WO 2006/029887 describes use of RTS,S to treat severe malaria in children 1 to 4 years
of age.

Severe malaria disease is described in the WHO guide to clinical practice (Page: 4
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.

In the 026 clinical study children aged 1-4 in Mozambique the overall efficacy of the
vaccine against infection was calculated to be in the range 45% as measured as a delay in
the time to on set of detection of parasites in the blood of a relevant child. The
percentage protection against clinical disease was in the range of 35% and the percentage
protection against severe malaria disease was in the range of 50%. This level of efficacy
was found to persist for a period of about 18 months. (Alonso et al Lancet: 204, 364,
page 1411-1420 205, and Lancet 366 pages 2012-2018.)

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

the brunt of malaria disease.

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

development of clinical malaria symptom generally was better in the younger age group.



In Figure 3 the table presents estinmates of YE over a followup from14
days post dose 3 of RTSS or Engerix until nonth 6 (cross-sectional visit)
for the ATP cohort. This includes subjects that received at |east 3 doses
of RTS, S or Engerix-B, clearance drug and have followup tine in ADI. Both
estimates of VP against infection and Ui sease are presented. Protocol

Expl oratory endpoi nt evaluating di sease over a time-frame fromnonth 0 (day
of first vaccination) to nonth 6 for the ITT cohort is presented D sease 3.
In Figure 3: PYAR Episodes/Person Years at Risk; YE: Vaccine Efficacy; C:
Confidence Interval a time to first episode; the presence of P. fal aparum

asexual pargsfat &thinverddorP &t ag'_lﬁ‘el%ntyidﬁ@n{aﬁritlivﬁc%llneﬁﬁ)é.b%glgg;verwa(?nfgﬁtkgsence of P.
fal ci parum asexual parasiternia >"500 per gL and the presence of fever

37.5C in a ¥NF e st forgrmneber of sersensoinejding petentipktarindneoncernsxg to fir st

epi sode; anxpk 1¢f ibalehitd &XiH&lntsRAkASiE ST - presence of
fgver 37. SCMBrIﬂg&Irtﬁ strgﬁ?ngﬁ cfgetveﬁn%v%btaﬁi aréuzflltshourﬁ}lz %n%ﬁgﬁtﬁl?g&ﬂ 6 is unwel |

and br oughtSYf'6mf Btehtmmatiiesad thys pe plbetiepireiodion agdiest pelgeliciectoh P
Ja/ ci parum @&ﬂd(b@élicﬁ&f@%afd%@naﬁoé%heos%ngéd'@aﬁjts tmlﬁﬁlz)?éfﬁﬁ g{} i Of fever 37.5C

inachild who is unwel'l and brought for at nent “Adj ust ed
esti mates flormu#tions dorexemele sorerrisined ¥ N ead/ohMBE ateaot geperally used in

pediatric vaccines. Instead vaccines for infants generally employ the older aluminium

salt adjuvants.

However, a trial in Gambian employing a malaria vaccine SPf66 was performed in
infants aged 6 to 11 months (Alonso et al Parasite Immunology, 1997:19: 579-581). In
areas of intense transmission in Tanzania SPf66 had shown 31% protection against first
attack of malaria in children aged 1 to 4 years. Nevertheless when tested in infants aged
6 to 11 months the results seemed to indicate that the incidence of clinical malaria in
children that had received the SPf66 vaccine were higher than those infants who received
the control formulation, which was an inactivated polio vaccine. The effect was most

marked in infants who had received a high dose of SPf66.

A recent clinical trial (referred to herein as 038 study) was performed in infants some as
young as 10 weeks old at first vaccine administration, with some surprising results (see

discussion below).

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

the manufacture of a medicament for vaccinating infants against malaria.

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

Figure 2a shows incidence of general reactogenicity



Mal aria in the context of this specification is intended to refer to

mal ari a i nfection (defined below and/or clinical nmalaria disease (al so
defined below). In one enbodi nent the vaccination according to the

i nvention provides a reduced risk of malaria infection. In one aspect the
cal cul ated reduction in risk of infection after vaccination is at |east
about 30, 40, 50% for exanple 60 such as 65% In one enbodi nent the

vacci nation according to the invention provides a reduced risk of

devel oping clinical synptons of malaria. In one aspect the risk of clinical
di sease af t/dBUF dRei vilioys icsleneedifsrlacickeercioses in a 3 nonth study
interval nayighe 26 €dugRdsBiopaiioh 8A&kcARRLIiIdRA hfral 2UMBtodhiOfep&¥AT™Pl € 60 such
as approximately 65%follow ng the third dose.” I n one enbodi nent the

nmal aria i s non- sever eUrgIthE T ¢ys pest viseingiBodi ment t he vacci nation provi des a
reduced ri skg@f 3develipRiRekciRerdaly 44 ng clinical disease synptons: any

| evel of P. pciparum asexual parasitem a and the presence of fever 37.5C or
a history dfisyeder whhowsa Kealapdlaias cuvpfes 988 iighect t he reduced ri sk of

mel aria infigght 9p ang{,Qk . kegHE REkidricike B 088¥R| QBInP&is6l kdthcal synptons of
mal aria is assessed over the 3 nonths after final vaccination. In the 038
study 3 doddguepdb RTSSWhiierlgeMpicstrve frr 2Bl @embasispiodatall at i on were gi ven
to infants at three tinme points at approximtely nonthly intervals (or 4
weekly intervals) nomnally tine points O, | nonth and then 2 nonths. The

| atter regilAdigust hifc fible naespete estigfates REVE pventiblbnw-umfiem 4 deysmestidase e

adm ni st er eff RAlSSAPBhARK dfiGnddat @FcY&E—%cctig&rl vfasﬁ%péthﬁ‘P chorfH TR © Week
intervals such as 4 week intervals as one, two or three doses. Many of

t hese i nf arifdudge pebisgesrthat recRigpd/att eagll 3dogesi of RTSS avdiinagrixal, dlaafaset dramalecause of
virtual ly n@vemnesWheintn Wb SSHe & iiRagYE VP8 ainst Bid¥loPAlifhGapt safety or
toxicity issues were raised and in fact the malari al vaccines in the study
showed si minrgented RestergbRrrdoreiprymmgdpqintesalpaing disoasrovdr ¢ timsdkniaffant vacci ne
TETRACt Hi brid ik @ BaER SacERR G0 mottH £y BRH LR ALQAAT Dial | east

di phtheria, tetanus, pertusis and also simlar reactogenicity to a
Hepatitis B vaccine Engcri x-Brm

In Figure 3:
PYAR: Episodes/Person Years at Risk;
VE: Vaccine Efficacy;

CI: Confidence Interval

* time to first episode; the presence of P. falciparum asexual parasitemia > 0 per uL
®time to first episode; the presence of P. faiciparum asexual parasitemia > 500 per pL
and the presence of fever 2 37.5°C in a child who is unwell and brought for treatment

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

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

Adjusted estimates for area and distance from health center



Furthernore and surprisingly the calculated efficacy of the malaria vaccine
enpl oyed in the 038 study was about 65% (adj usted vacci ne efficacy) against
clinical malaria (that is general/non-severe) in conparison to the control
group (data in Table 3). This efficacy is about 30% hi gher than the
efficacy, observed in older children, 7agai nst clinical non-severe disease
results of the 026 trial, where the efficacy agai nst non-severe mal ari a was
bet ween 30 and 35% The latter figures reflect efficacy agai nst non-severe
clinical malaria synptons and not efficacy agai nst severe nalaria, which
was per f or ndelansinghesagbteaidltyis spscifipation e 10@@det ¢ wfer toThaleria ihigctiamcci nat i on of
the presentqtiveBlibeflad®ethil phlARSAE ABln e n%t' on of the risk of
acqui ring non-severe clinica aria in conparison to the contro
group in this study and furthernore in conparison vaccinated ol der children
in the 026 I i r ter than
o equal o3P Rt BB lBAL) Ak HERRNER TS, e LT
present penm@mmuh&UMmo¢1mmaﬂm@ﬂwﬁ@mﬂéwawﬁmmomnnbkafmémswiﬁ@tty and

speci fi el Uy, 0lin SEALLTeal 1 364 sofh 6 SURBE 6§ L VG, L he Fact that the

per cent age protection agal ns infect’ion seen in the 38 trial was about 65%
(Table 3), which the inventors believe is unprecedented and unexpected as

t he conpar ahl i data in
the two v ece bETed eyl ik loghEe ot acd L BB T ons
peri ods t hatevebpifigelandcal synipmmgt df mala@ia Vil @ociaspertiheddki obnlinical tiis¢ase afomt ext i s

i ntended to r

det ect ed by eéeg{l %é&géi%ng‘x ?‘2%)86{ 515%9 I on%ﬁ%‘%ﬁl%ﬁgﬁﬁ@%@ a{ l%%et ection
(PCD). At tdbeutt3r €k Sofonohexmompicttdrsuth aveppoximate(yt 45&4 follswBg Herbinbkdaé.t er | ast
vacci nation) |ess than 20% about 17% of the infants vaccinated wth the

mal aria vaccine in the 038 trial showed any signs of infection in

conpari son heneemiedithen th@84ddria it fne-sgvaamakhat had recei ved t he
conparator/co ntrol vaccination. These observations |ead the inventors to
the conclusion that in fact the optinmal age group for vaccination to

provi de prdbheot eopodagent tistvaconfaget provides 4 radured sk ﬁldema@ith@@lmidgcl i ni cal

malaria is | nt. in on is under 1
year such acsh'ﬂaﬁl i ean 59338{8%15 %yﬁ%& %%}f%%‘m”é age%ﬁ p?’?‘%k‘? a%?%ﬂ 14, 15, 16,
17, 18, 19,pr@&ence2B feval; 3BFC Q@ hishdyy obdvaneethsm 1 ldursMor e speci fical ly, about
10, about 14 and/or about 18 weeks old. In one enbodinent a first
vaccination is given to an infant at approximtely 6 to 10 weeks after

birth, suchinase as@emksducd:cnnmbe neabia ihifeseioh aml/ @eedmoel n/smcﬂmtobmg is given to
an |nfant aﬁ appr oxj m §n% 10.to 14 weeks aftQ %: } ch. as 14 weeks.
clinical symp oms 0 laria is assessed over the 3 months after final Vaccmatl

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

of the invention.

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

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

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

virtually no exposure to infected mosquitoes.



In one enbodi nent a third vaccination is given to an infant at
approximately 14 to 18 weeks after birth, such as 16-18 weeks. A boosting
vacci nation nmay be provided after the first course vaccination has been
adm ni stered. This boost nay be admi nistered 6 to 24 nonths after

conpl etion of said primary course. 108 Wilst not w shing to be bound by
theory, the evidence available in this 038 trial does not suggest the anti
CStiters were significantly different to those observed in the 026 trial,
even though a trend toward higher GMI is seen in 038 for data up to 3

nont hs post dose 3. Thus it may be advantageous to provide the nmalaria
vacci ne 0 XaVgnBl:A0isy BEbOkS ﬁ%&phgﬂegﬁg&la Gt @ ncXRRRINRhQ irBar! al
infection. Nave in the tontext IS specification 1s 1ntended to nean
that the i nftedytshersed Sttmll@rredo@g«;«rumymfé@sg@taa@h@odmvsdd@mfa@yactcmet he CS protein,
for exanpl W@ﬁ@&ﬁﬁwmﬁﬁq&\g}{tlﬁzﬂéﬁf Qhich B@aibd@sib bk At 1da d?%ﬂ’)é?l%ilng that It
is reasonable to believe that as not experiénced in ect

f caci par uni tcigawsasdrusis apsbaito siratlaireaciag¢rinityltey Blepatigs Beflammetﬂnger@uB“bff I evel
defined for a relevant anti CS ELISA. Sec for exanple Gorden et all.

I nfecti ous Di sease 1995; 171:1576-1585 or Stout el al J. Infectious

Di seases 199gtherhpge anfisgoridingly teaalchlgtet hﬁ'madyrdfdrenmlériawatqinereeipmykcbim to
suitable a % of thelnfants
treated w tstﬁ@?%gesu\kldqcv%g %%&Zr@g%x (@Jmtdgg% E}gqgﬁﬁﬁ glgﬁéagglgé”g ]@a&/o After
birth it nagﬁntrel/mwﬁamréglematlspnppdte@ontrcdlgrqun’(mmffabzivrﬁ)aifbrssffrcecws) mal ari al
i nfection u e and the like with
i nsectici dg%ggﬁ?@%%g%b%g teg%%i% ogégﬂggﬂlﬁg&%%(ﬁg %a?n% m Ctioh'can al so be
provi ded bysehed dnetssresulisiof the 9§ trial, shielsehd afBet @ eigaivist dmnsuvdr@inhlem wsect i ci de.
These st eps,JiRY% . ' ) |l aria vaccine
can be admsbnl stg?’g hé%sné'g}gg??éﬁg%&?%ﬂ eﬁgg%&?\?lﬁgl%oé eérerg Cgrtlalgqrred to be a
suggest i on mélata &yh@r@swaé net eéfmacﬂatnbf@nvememmen wthind Wagpeiformbd st | bodi es
gener at ed % 0...dnfants with CS
ant i body | @glaggl%seiﬁ F%ags?ﬁﬁg}rlét)?/ 34%%8%% g%?lv nélfrérse "%k of

i nfection ttmﬁlaf[ehl@jgerqdncttoh@f thewek of agtirihgnon-severe clinical form of malaria in

comparison to the control group in this study and furthermore in comparison vaccinated

older children in the 026 trial.

Clinical malaria is defined herein as fever greater than or equal to 37.5°C with an asexual
parasitaemia of P. falciparum of 500 present per pL of blood or more (for example with a

sensitivity and specificity of greater than 90%).

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

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

The efficacy data in the two trials (038, see Table 3, and 026) was derived from
observations periods that differed in length.



11 In one aspect the invention provides a use of the vaccination for
generating an appropriate anti body response to a CS protein, for exanple
wherein 80, 85, 90, 95, 96, 97 or 98% of infants vaccinated according to

t he invention have anti-CS anti bodi es above the defined cut off limt for
rel evant ELI SA (such as that used by G5K in clinical trials), about one
nonth to about 4 nonths after receiving the | ast vaccination, such as one
nonth and 4 nonths thereafter. In one enbodi nent the anti body response is
sufficient to provide a reduced risk of nmalarial infection and/or a reduced
ri sk of cliMelesh indeshion indhis porttdxe isvaiceded &t retdr fordnmatexudl lamodispect t he

invention pgayides lse. of. g.\ i f0 P j nf i : i nf ant

W th nalarr% ﬁ%ras?tesaaﬁé?gTéggbggP%E&?%g&gﬁbe %%néﬁ?béfg%ﬁgéﬁkgl synpt ons

of mal ari a. deRsgon (P®)t o the first malaria infection episode or clinical

mal aria can, for exanple be nmeasured using a Cox regression nodel. The

invention is particularly concerned with reducing the incidence of clinical

mal ari a frofv e thicel neintamonior Swe poias(liseiserreonimdiior lastivhaidagoniest thew eof .

Nevert hel esgyo) B ANProASRARE et b QY ?@&iﬂﬂhﬁ@%h?%’ccﬁé o tﬁé‘&s%alas aL DSt

clinical synptons of non-severe el ar't a. “severe nalaria I's herein

defi ned as alylsigné pfineationgas@spapfommingord thart $E6 irathe grop theehed recivihide CS

anti gens aC&&ﬁQiﬂ?k&&uﬁQ%c&&%%ﬁtiOn may be used in conjunction with another

anti gen sel ected romany anti gen which is expressed on the sporozoite or

the pre-erythrocytic stage of the parasite life cycle such as the liver

stage, for L i - A1) . liver stage antigen-3

(LSA-3), tﬁﬁgg 0563%5%5k?@P%%gﬁ%gﬁéﬁgﬁﬁé%ﬁ%§8€%%Hl%?é%ﬁ?%mﬁ%¥8§8PPe surface

protein-1 (BRLyinathe torpjoside ppraioi igistnfeate wrhohgan! pamdeapidetihicater ezoi t e

antigen-1 (ﬁ%fﬁg%hﬂﬁhch has recently been show to be present at the |iver

stage On addition to the erythrocytic stage). Al of these antigens are

well known in the field. The antigen nay be the entire protein or an

i runogeni c - fr [ 4 mun nic fr nt f ria antigens

are e | kg bR R R R B0 2.0 & e bl ment ¢ he

P. fal ei pct8@m@nt.ilgels,il4 buked?.tl8, 120,260y F0adk 4amsi G@wedks okth hepatitis B

(HBsAg). Thus.. ir (o] ite tein antigen suitable for use in

t he presentggﬁggﬁ%fgﬁﬁﬁ@’%ﬁéﬁ4ém9%§%%%#qé??%%w§h protein with HBsAg. The

antigen may be the entire CS protein fromP. faleiparumor part thereof,

oot e d '8 B m 8 o WO Ront o B R i LPlpbrotiRl s T P Tused
weeks after birth, such as 10 weeks.

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

weeks after birth, such as 14 weeks.

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

weeks after birth, such as 16-18 weeks.

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

primary course.



I n one enbodi nent the CS protein based antigen is in the formof a hybrid
protein conprising substantially all the CGtermnal portion of the CS
protein of P. falciparum four or nore tandemrepeats of the CS protein

i rmunodom nant region, and the surface antigen fromhepatitis B (HBsAg). In
one aspect the fusion protein conprisd8 a sequence which contains at |east
160 am no acids which is substantially honologous to the C-term nal portion
of the CS protein. In particular "substantially all" the Ctermnal portion
of the CS protein includes the C term nus devoid of the hydrophobic anchor
sequence. TWailggopyishies ie badguislbydbepny. thesivideive avalgble ipthis@38 frial dessh as 12)
am no-acid . erm . I | otein for
Gse i n t he ThvanET g 7 O3 DR /el SRah FRRbe bl L AR s
protei n of tPal feehdhquak aresibwtidiighal (M Tassecnimr038 foridiang t¢ dmanthnposaci ds

207- 395 of R e%al ci parum 3D7 clone, derived fromthe strain NF54 (Caspers
et al, supra used in franme via a linear linker to the Nterm nal of
HBsAg. The |inker may conprise part or all of the preS2 region from HBsAg.
A suitable 0 f I : h r. [ 2Nt re as outlined
in WO 93/ 10—%@5?t rb{e:ég%al%%?{}lssﬁ £ éélgff %le:ﬁlggflﬁggcﬁirllﬁkorﬁéf%%r%@%f ﬁe Nown as RTS as
descri bed isgidagB3/an0d 52pqSwhér Bilaridltinfegiodenot ed RTS*) and WO 98/ 05355, the
whol e contents of both of which are incorporated herein by reference. 13 A
particularly suitable fusion protein is the fusion protein known as RTS

whi ch consiNaige pfthe coAtentetflthinsperifcatos idinended e ncmdhds yhenodhtdws hades 1059 to

1061, deriv, f I Sl . sequ . (Musti
et ol Con g8 PN SRS R B TR AR RS EBEIRE oo, e
from a nucl hotthdiefageigaenseg (B0B B ta3oi:0k0) bdreeathedt g nbtwepeicanidng pr ocedur e
used to co ruct, t rid . gepne. A stretch of 189 am no acids, encoded
by nucl eot ﬁggegy@obﬁh?aoﬁ%%ﬁ%%%%%gggsr%Ffurgllg am no acids 207 to 395 of the
ci rcunsporozoite protein (CSP) of Plasnodium falciparumstrain 3D7 (Caspers
et al, SUpr ) sw 1e€8 i%&&?th@%ﬁ%ﬁ(lgé{ 22[6 1 %??oq%‘%’el%nt”a‘ﬁﬁlc{%ﬁéﬂlgﬁs 8%66%18 to 1640,
created by the cloning procedure used to Construc e hybrid gene.

example Gorden et al J. Infectious Disease 1995; 171:1576-1585 or Stout el al J.

Infectious Diseases 1998; 178: 1139-1144 for further information in relation to suitable

assays.

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

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

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

the infant naive until the malaria vaccine can be administered.

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

infection than those in the lower tertile.



Four am no acids, Pro Val Thr Asn, encoded by nucleotides 1641 to 1652, and
representing the four carboxy term nal residues of the hepatitis B virus
(adw serotype) preS2 protein (Nature 280: 815-819, 1979). A stretch of
226 am no acids, encoded by nucl eotides 1653 to 2330, and specifying the S
protein of hepatitis B virus (adw serdlype). In one enbodinent the RTS is
in the formof inmunogenic particles of RTS,S. The RTS, S construct may for
exanpl e conprises two pol ypeptides RTS and S that are synthesized

si mul t aneously and spontaneously form conposite particul ate structures
(RTS,S). 14 The RTS protein is preferably expressed in genetically

engi neered M%ﬂ§53p€'(§ Itﬂesi% eﬁtqéttertggsglrquhflytheSVac&g{lt%}{I 51 ﬁggﬁrﬁ RlLcha pastoris. In

such a host, e expresse rotein Bé (also referred
to herein a@ptoﬁﬁﬁhe@éhdlcrewtq telaé?Sqtrotamvﬁor u@ntpleW@ermr 80, 85,6, 95]' b& opr ef err ed

reci p' ent y&@%‘% O?ftlrrfgdt aﬁgtﬁétgc[ &Q&rﬁg@é& %@%e&%r rha\% anln Q:g atn 1b several

i ntegrated copies of epat 1t expressi on cass e ?'€sul ting
strai n syntthedifinedcyt héfrllelﬂbﬁoeretwtﬁé«ll%éspth @elw uﬁdamdiSRTSphrtlmmals)

Spont aneoushiu G 433610kl MG X0 LIS T b1 DORALE! Acparicl es. These

particles, advantageously prese sequences

surface. Adwﬁltetgiedo'nsmlysthheafteatl o] of RTS Sin these mxed particles is,
for exanple 1A. it is believed that the presence of the surface
antigen.fromHepatitis B and the formation of the RTS, S particles boosts
t he i munodericémodoient the a@ody otspinse iseufﬁbient tmf)rot/ildea doedddispodt ei n, ai ds

stability, Q‘{aﬁglfﬁflig éiﬁor a ?d.uggiur?s'k%k ehm(iapma aﬁ% 1lf|1r ((:)lIlaté 1n¥aBr otei n.

Alternatively t ern my con erm na agnment from
the CS protein of P. fal ci parum In one aspect the hybri d proteln may

conprise o m.the central Lon fal ci parum
For  exanpl gﬁ af?h ngaéﬁe El%plggﬁ %rgﬂr}és'stg fg vacCille ﬁ)r delcéy egafl{%u 1D gpanAp%igtr nativel y
t he hybrid Vpﬂmléﬁmﬁ reeapitocont/ar dtlam@-thcedmlnmherﬁ bﬁcgmmatsytnpmmStolﬁetaESa protein of

. fal ci pargn; Wi | ng, Lo be bgund by theor thought t hat
the N and C term %dlgtﬁéﬁyala#e?%éecﬁt? lsordeﬁregtmctalrrgé?rrén g %‘I Gde several T

and B cel | megaburopessng a Cox regression model.

The invention is particularly concerned with reducing the incidence of clinical malaria
from P. falciparum, such as severe and/or mild forms thereof. Nevertheless in one aspect

the invention provided protection against clinical symptoms of non-severe malaria.
Non-severe malaria is herein defined as all clinical cases of malaria that are not severe.

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

well known in the field. The antigen may be the entire protein or an immunogenic



I n reconbi nant proteins often unnatural am no acids are introduced in the
cl oning process and are observed in the final expressed protein. For
exanpl e several such as 1, 2, 3,4 or 5 amno acids may be inserted at the
begi nning (N-term nus) of the protein. If 4 amino acids are inserted at the
begi nning of the protein they may for léxanple be MVAP. In addition to or
alternatively 1, 2, or 3 such as 1 amno acids may be inserted into the 15
body/ m ddl e of the protein, provided that the activity and properties, such
as imunogeni cit of the protein are not adversely affected. The use of
the nal ari grwe? thereqfe dmmpRRegnin Srgmenis o amalwsiatatigcns ee bl Keei.6 with one or
nor e ot her a@@fkmﬁgwﬁggﬂgghxnggﬂyptstered to infants less than 1 year of
age, for exanple to provide protection against one or nore the foll ow ng:

di phtheria, tetanus, pertusis, mnmeasles, oral polio and/or Hepatitis B. For
exanpl e sug oM@ehbIIGReTBY Pbﬁd&}]d/ 919 aﬁ"tﬁ geﬁ%efugcd t(?izhe §urfa%e arfigeiPionf> 8, Or 9
nont hs as appropriate such 6, weeks. | n on€ aspect said infant
vacci ne pr d#pyEy B @{MB’WE}M bcwmsmfamlty (W)tmotan agffeah spieble fvraseinne. The

mel ari a vaggl ResACHALAE ik @mtﬁt}ﬁl df@‘f@ﬂ;d ﬂ&eﬁ%th‘%% bql}(lé@rﬁ% i RafpIbi nati on
with a BCG vaccine, for exanple given 1, or nore fore’ the vaccine
of the i nveheFuie CYamsimben Subdringun pamarqdbfrrqu; ingigtngn tifgmenHepat i tis B
vacci ne mayghgfis ¥ee a5 ARAHwHicREKHusdi@SRResSt natal . Wen the malari a
vacci ne of the invention is given i'n conjunction wth another one or nore

i nfant vaccine then the vaccines may be given simltaneously or about 15,
20, 25 or V; eraction of
the Tuo. or morecnovannatte G Rl L e B (Yo B ol 0G0t

t r eat ment d@ﬁﬁﬂﬁggﬁéﬁaﬁwﬂMﬂ%ﬂ@KiWgnmamméﬁmpé@tﬁ6a*Myneffebkwvemannunt of a
VaCCI ne as Qﬁ%ﬁ%o@@gn&ﬁf@ é&tb Jf%eldg [Fl’glteﬁl 1&1911195(9)\11119&%1 )%ggfl aﬁ& 'th%rgln%glgl nst

i nfection and/ or developln linical malaria. A sult e vaccl nati on
schedul e f cntigeserqnnhapygitis By g0 ninjone bapdetshet hgomptniemi compeses ancquénc® doses of
vacci ne, atyQiecdRishy ik S8 @iso adidd Wiig @g&b%{aﬂﬁafﬂg sﬁg Qlu% ks _of the
invention one, two, three or nore doses are enp ed, g§iven 2, 3, 4, 5,
6, 7, 8 ortﬁﬁﬁ@ﬂﬂé@kgoﬁ$a€§p“8w@st|ng of the sane may be enployed to
conplenent t he above primary course of vaccination. 16

In particular "substantially all" the C terminal portion of the CS protein includes the C
terminus devoid of the hydrophobic anchor sequence. The CS protein may be devoid of

the last 12 to 14 (such as 12) amino-acids from the C terminal.

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

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

incorporated herein by reference.



It may al so be appropriate to use general good practice for the prevention
of malaria in conjunction with the malaria vaccine described herein. Best
practice would include practices such spraying bedroons etc with

i nsecticides and/or enploying a bed net to reduce the exposure of the
individual to the nosquitoes. In the 038 trial such practices were used in
conjunction with the RTS, S based nal aria vaccine. As the primary endpoi nt
in the 038 trial, clinical episodes of malaria may for exanple be required
to have the presence of P. fhlciparum asexual parasitem a above 500 or
above 0 perApertigHaty swalic Stsion pexicir itekiuppoprdtel] ineynanBTS Whicheesishice of
fever (tempgrature ?37.5C) The definition for severe malaria may, for
exanpl e include the presence of one or nore of the follow ng: severe

mal ari a anaem a (PCV <15%, cerebral nmalaria (Blantyre cona score <2 ) or
severe di seasg qﬁtmgﬁrhn)%rn QQS%e,'Se%ﬁé&ﬁﬁﬁyWl&)ﬁd&oﬂdggto‘ 1%%1,31%3 eialﬂoﬁ‘rgtgel: € selzures
(two or nore genera i'zed convul sions’in the previ ous Hours)', prostration
(defined as i natdatdbromyes cereisiagiEDidbebne s¢nppogl (Mastir.an. et2] Genroldds 2Dr

<40ny/ dL) , cIinhgghh% suspected acidosis or circulatory collapse, These are
given in Table 1 below. 17 Severe nalaria Asexual parasitem a

anenm adefinitive reading Hernatocrit <15% No other nore probabl e cause of
illness  Cergbral nmalaria /Asexugl parasitem a

rec amino acids, erived from a nucleotide sequence (1062 to

1070) created by the cloning procedure used to construct the hybrid gene.

A stretch of 189 amino acids, encoded by nucleotides 1071 to 1637 representing
amino acids 207 to 395 of the circumsporozoite protein (CSP) of Plasmodium

Jfalciparum strain 3D7 (Caspers et al, supra).

¢ Anamino acid (Gly) encoded by nucleotides 1638 to 1640, created by the cloning

procedure used to construct the hybrid gene.

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

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

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

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

synthesized simultancously and spontaneously form composite particulate structures
(RTS,S).



definitive reading Coma score No other identifiable cause of |oss of
consci ousness Assess conma score after correction of hypoglycem a and 60
m nutes after control of fits. If fitting cannot be controlled within 30
m nutes child is included Severe nmal ari a Asexual parasiten a
(other)definitive reading No other ndfe probable cause of illness Does
not nmeet criteria for severe malaria anema or cerebral nalaria One of
the following: Miltiple seizures Two or nore generalized convul sions

W thin a 24-hour period prior to adm ssion _
The RTS protein is preferably expressed in genetically engineered yeast cells, most

preferably S. cerevisiae or Picha pastoris. In such a host, RTS will be expressed as
lipoprotein particle (also referred to herein as immunogenic particle or a virus like
particle). The preferred recipient yeast strain preferably already carries in its genome
several integrated copies of a 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, for example 1:4.

It is believed that the presence of the surface antigen from Hepatitis B and the formation
of the RTS,S particles boosts the immunogenicity of the CS protein portion of the hybrid

protein, aids stability, and/or assists reproducible manufacturing of the protein.

Alternatively the hybrid protein may contain an N-terminal fragment from the CS protein

of P. falciparum.

In one aspect the hybrid protein may comprise one or more repeat units from the central

region of P. falciparum. For example 1, 2,3,4,5,6,7, 8,9 or more repeat units.

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

of P. falciparum.

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

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

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

addition to or alternatively 1, 2, or 3 such as 1 amino acids may be inserted into the



- Prostration - Hypoglycema - Acidosis Circulatory collapse Inability
to sit unaided <2.2mvol /dL or <40ng/dL Docunent supportive signs and/or

| aborat ory readouts Docunent supportive signs and/or | aboratory readouts
18 I'n accordance with the invention, an aqueous solution of the purified
hybrid protein may be used directly and conmbined with a suitabl e adjuvant
or carrier. Alternatively, the protein can be lIyophilized prior to m xing
with a suitable adjuvant or carrier. A suitable vaccine dose in accordance
with the invention is between 1-100 jig antigen e.g. RTS, S per dose, such
as 5 to 75 pedy/refldlgnf thgaretesy pPRYSled thapthe petivify ard Rroperighsseclods 25 ji g of

anti gen eg Bq_éar%ga{iafy,e!)ﬂhe;ngg{ein%@ﬁmlagveirslélyza%ctg@ 500 pl (final |iquid
formulation). A particularly suitable dose of antigen for pediatric

formul ati ons according to the invention is 25 ng, for exanple in a final
volume of O7fe ik of the malaria vaccine described here may also be in combination with one or

more other vaccines commonly administered to infants less than 1 year of age, for
example to provide protection against one or more the following: diphtheria, tetanus,
pertusis, measles, oral polio and/or Hepatitis B. For example such vaccines may be given
atage l1,2,3,4,5,6,7, 8, or 9 months as appropriate such as 6, 10 and 14 weeks. In one

aspect said infant vaccine provided is DTPw-Hib optionally with an oral polo vaccine.

The malaria vaccine according to the invention may also be used in combination with a

BCG vaccine, for example given 1, 2 or more weeks before the vaccine of the invention.

Vaccines such as oral polio, BCG and/or Hepatitis B vaccine may be given at about |

week or less post natal.

When the malaria vaccine of the invention is given in conjunction with another one or
more infant vaccine then the vaccines may be given simultaneously or about 15, 20, 25 or
more days apart. The latter may avoid any adverse interaction of the two or more

vaccines.

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

protection against infection and/or developing clinical malaria.

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

of vaccination.



I n one aspect in accordance with the invention the antigen is conbined with
an adjuvant or carrier. Particularly an adjuvant is present, such as an

adj uvant which is a preferential stinulator of a Thl type response.

Sui tabl e adj uvants include but not Iimted to, detoxified lipid A from any
source and nontoxic derivatives of ligfd A saponins and ot her

i munostimul ants which are preferential stinulators of a Thl cell response
(al so herein called a Thl type response). An inmune response nmay be broadly
divided into two extreme categories, being a hunoral or cell nediated

i mmune r esgbeR2lse beIPIOPEAE Y Yo eprsra epehnradige sy the Proyppivs oY melsripitoduci ng
anti gen spegifuhGiodRtiniRAhasiANcile aegsm&@%ﬁs B@waragc%om\&bm@ speci fic
cellular effectors of protection. 1 type responses (favouring the cell
nedi at ed efHT%fé‘P?ﬁrSU?hﬁ?m{iélgrbé@rS@‘ﬁ%@ﬁ)Nltérlmecﬂ%ie% jndeor emploing e bed e dur i ng t he

i nduction qu@@kﬂeQQﬂﬁéuJe%?&Qmolduaﬁﬁtfl@%sqﬂmest ¥Pfe bi?“EHQFsuE Qiises may be
characterised by the generation of antigen specific, haplotype restricted
cyt ot oxi ¢ TG HysH despnBsctioaridthihe BLasS U&‘ieldlnéﬁ{af@é’wcmesponses In mce
TH1-type responses are often characterised by the generation of antibodies
of the 19 IgQ&X2a subty whilst in the human these correspond to IgGl type
ant i bodi es.AslthRPEpE Cil%ﬁmﬁeﬂ theQponsleslingabenitedesend mataris ary iyr cxhraplgéner at i on
of a range ARRH I an be
consi dered rl? uél;e thqurh??%gﬁé&?gfgéxggﬁfd#%ﬁ%l %ga\?let olg]arrg(gvte Sg&t bl(e}s/ee((;two types
of i mmune r@ébbﬁ@@ﬁ%ﬁéfawyg@mkmdfﬁngmd by plesenef of TeYEr (topeerayieoki nes t end
to favour the sp@duction of cell nediated i mune responses to the given
antigen, whilst 'high | evels of T112-type cytokines tend to favour the

i nduction of hunoral immune responses to the antigen. The distinction of
THL and TH2re\iREnili TP & vER SRRy R Qﬁtmp@ﬁah#ttﬁe BRflcd og%négéﬂﬁ ghe form of
a continuum between these two ext lyemes I'n realtypan I ndi Vi \REYEN
support an dafthafpdowies serssemelpizimapyiadBS¥ <l Hél cgrsbrblenﬂglqiﬁémammm ly THL or
predom nantdde Eb or LOUEURLase b othet 10AY SRHOUNRALANN ik Ml ARRHSkiANE fam [T es
of cytokines in terns o descri In nmurine posi tive T cel |

cl ones by NO&EhelrreraaehcEbEddrenvylNersim i previoRs 2hkairCafrfstiaten (dffined 2 1989) THI
and TH2 cel

11 erent T A Bl G PR Eh Ly 8l 1o
173). Tr adua@ideﬁapqcyrculwctoylp@er Ebpomsasvenreladshbedlat.ed with the production
of the DIF-y cytokines by T-Iynphocytes. Qther cytokines often directly
associated with the induction of TN 1-type i mmune 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 1IL-6, 1L-10 and tunour
necrosis factor-P(TNF-13).




It is known that certain vaccine adjuvants are particularly suited to the
stinulation of either TH or T112 - type cytokine responses. Traditionally
indicators of the TH 1 :TlI-12 balance of the i mune response after a

vacci nation or infection includes direct nmeasurenent of the production of
THI or TH2 cytokines by T |ynphocytes 'n vitro after restinulation with
antigen, and/or the neasurenent (at least in mce) of the Igd :lg&Ra ratio
of antigen specific antibody responses. 20 Thus, a THl-type adjuvant is
one which stinulates isolated T-cell populations to produce high | evels of
THI -type cytokines when re-stinulated with antigen in vitro, and induces
anti gen spect$dvere mMmogloomsekuhlpz&s@tem&es associated wth THL-type isotype.
Adj uvant s 2|mch are capabl \e/%g() ?ref(grenti al stimulation of the TH1 cell
response ar " S8%%ribed i n WO'BAYOG1ER8 and WO 95/ 17209. Preferred [Thi -type

i mmunosti mul ants whi ch may mendi@tindiated to produce adjuvants suitable for
use in the present inventiﬁ\rﬂ cl ude ag%“are not restricted to th
following. It has |ong bée %ﬁn(’frﬁglio t erobacterial |ipopolysaccharidc

of LPS, non oryl I pi‘cbseﬁaemﬁ‘temﬁr oduc‘%’ﬁe%ﬁo?l%?ﬁﬂ%ﬁﬁebf the core

car bohydr at emgikeidp and t he dqeheisiphabdng r om t heeaduer RgoeReekik eps@am nc, has
been descriped by R bi et al (1986, |Inmunol ogy and | munophar maco| ogy of
bacterial endotoxins, Pl &ndrAmPusee <Eorp. , IBippps ﬂf@f"‘é‘}‘?bl"ﬁr@% the

follow ng structure: 21 &J&E&h@é’nﬁﬂ@&l@m f'l@ﬁttiﬁ@'&&in@f‘b&;onﬁ'@ﬂled results from
t he renoval| of the acyl chain fromthe 3-position of the disaccharide

backbone, and is called 3-02Bsatipatled monopHIEPAGFYIMISEHIUSA (3D-MPL) . It
can be purified and preparedy¥uldig met hods hauglat in GB 21222048, whi ch

reference al so discloses the preparation of di phosphoryl lipid A | and 3-

O-deacyl ated variants thereof A preferred formof 3D MPL is in the form of
an enul si on| Yea¢tengplaria mak | ng&ﬂtainarr@sltsmwe | ess than 0.2pmin dianeter, and
its nethod |qgupnufacture |(§ﬂgh§glleg(§d§| in WO 94/21291 Aqueous forpul ations
conpri si ng nnnophosphoryl i plrd a surfactant have been described in
VWO 98/ 43670 No other more probable

cause of illness

+ Doecs 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 <2.2mmoV/dL or <40mg/dL
- Acidosis Document supportive signs

and/or laboratory readouts
- Circulatory collapse Document supportive signs

and/or laboratory readouts




The bacterial |ipopolysaccharide derived adjuvants to be used in the

present invention may be purified and processed from bacterial sources, or

alternatively they may be synthetic. For exanple, purified nonophosphoryl

lipid Ais described in Ribi et al 1986 (supra), and 3-0-Deacyl at ed

monophosphoryl or di phosphoryl lipid M derived from Sal nonella sp. is

described in GB 2220211 and US 4912094. O her purified and synthetic

| i popol ysacchari des have been described (Hlgers et at, 1986,

Int Arch. Al'l ergy. | mmunot, 79(4):392-6; Hilgers et al., 1987, |nmmunol ogy,

60( 1) : 141- 6n agpaglame vmleh@m@emlomay aqwopeeaomn@m phthe yurpfreéﬂlebrrdeuotblamaefr i al

| i popol ysa ivatives

that ey b uad oot e sty e AR, SR ant s & hat

are sim|l amr@tnln§@rr‘nmlvmﬁlé12t@pm¢1m mpfing W& osuitpe agpvaBBrvRLCer. | n anot her

alternative the LPS derivatives may be an acyl ated nonosaccharide, which is

a sub-portion to the above structure of MPL. Saponins are also suitable Thi

i Mmunost i nbﬂamaebivwcal@dowdaﬁ@erdamehvithhee inpengine isdrtweSapdff wsantigen wel | known

adj uvant s t ol e 96. A

revi ew of t Rglrs?)l I}C)e{gjjllhl(%:&glSu&}p Sltﬁ LP ngé& flsRTg\% %\% t 'l}i\%gn éos!:s'igfz(os#?

Phyt onedi ciofientigsh eg RTR,S pBﬁ@n,GIB&)xamﬁ@nn 50ampP@pl (Qudl ligwid @Qiemlavw fromthe

bark of the South Anmerican tree Quillaja Saponaria Mdlina), and fractions

t hereof, are described in US 5,057,540 and " Saponi ns as vacci ne adjuvants”,

Kensil, C. /Rpyrti@lirty sReablcldoseof rigry forxRd@aicrfomml@ypst gocddi@gio he (1-2) : 1-55;

and EP 0 3 21 and @S1.7 (1-1PLC

purified f?é‘g’talg%lnls%%#gg ﬁr’@%@ ‘g%%&‘z@ﬁ‘% 85@?| ed as potent system c

adj uvants, and the nethod of their production is disclosed in US Patent No.

5, 057, 540 r refe is the use
of 087 (a noRaBr e e i AR TR pORhel s LIRS R PLELENAE R

adj uvant forcgyst emi ¢ vaccines. Use of Q@821 is fiirt her descrl bed i n Kensil

et al. (1991. J. Imunol ogy vol 146, 431-437). Conbinations of QS21 and

pol ysorbate or cyclodextrin are also known (WO 99/10008). Particul ate

adj uvant systtenirlg enpliwniigpicsat tidirs aohd) Quint whickswelprdge@@R1 and Q57 are

described i 96/11711. Another imunostinulant is an

i mrunost i rru ré‘%fgr"%%% gogﬁea{é%’ I ¢l e containing unnet hyl ated CpG

di nucl eot i des ("CpG ). CpGis an abbreviation for cytosineguanosi ne

di nucl eot i > | NA, L S- W A ahb.as belng an

adj uvant mcggﬁggg%gj l?l\fag{ (?nfcg%% Bg%%tesd%ﬁechﬁé&g% rr%grgrté‘taaﬁy Fout es and

96/ 02555, HEMXid&8520yes DAknid Aesaparing and othemimmadnostiD@ts VGO 4% p&?e@erﬁZB

Mcd uski 161 [y, it
obselrj\sreijet ﬁsgg ?ﬁ)\{g @ﬂAﬂ?r ac%?‘%dﬁ‘s é(gg%&ge%océﬁ%i agf(hgﬁ aﬁSp‘alr]St%)lt O'[ Iu(r:rra)luryef :‘ ec¥\lasl n

further studies, synthetic oligonucleotides der| ved from BCG gene sequences
wer e shown bl | pduci g ffects (both in

Vi tro: and ARG PARRE ) bl OOUE) BRI BRI LRIN 8 AEA, cor tai n

pal i ndr om élumeqmlrerrm:ésr;edramdllmmun@rewoom(traahor@my nmacte,nsc:daaryrB Brdlphdmysas activity.
The central Ie of.. t he at i on was el uci dat ed

mul
in a publi Q4 |ongﬁmgﬁ”pe o i bﬁ)rilgs 4, Hg’g%cyi g BB PILEF D %Pw laI ysi s has

shown t hat ctlhéax@ﬁecmnsrof pﬂo&smctnoTHé typa rapmesest(éavnummhrewﬁene@lam@ifectorand t hat
such sequences are co bact er.i al are_.rar vertebrate DNA.
The i nmunosti il ator: §/eng‘e)§l}lel-[r?ctepe R stee(favml'-sm |L%Fr11‘3’emd H?? %fgan G pyri m di nc,
pyri m di nc;resphveeei n the CO notif is not methylated, but ot her unnet hyl at ed
CpG sequences are known to be inmunostinul atory and may be used in the
present invention. In certain conbinations of the six nucleotides a

pal i ndr omi (Exsemueﬁceyﬂesimpmes&s;ionseﬁmrbabhaﬁctérhas&y mgénf:ﬁltlore6ﬂahﬁgenas repeats

f tif f di t tif t th
o 2" ol B TR RO Bl LA S DR E 1 the

i mmunost i mih aﬁ@r’lSH Seatenpass atnif@h thaigtodisedpnteaotaticles aaabodés bi that e
various i mmune subsets, including natural killer cells (which produce
interferon y and have cytolytic activity) and macrophages (Wol drige et al
Vol 89 (no. 8), 1977). O her unnethyl ated CpG contai ni ng sequences not
havi ng this consensus sequence have al so now been shown to be

i mrunonodul atory. CpG when fornul ated into vaccines, is generally

adm nistered in free solution together with free antigen (WD 96/ 02555;
McCl uski e and Davis, supra) or covalently conjugated to an antigen (WD
98/ 16247), or fornulated with a carrier such as al um ni um hydr oxi de
((Hepatitis surface antigen) Davis et al. supra; Brazolot-MIlan et at,
Proc.. Al cal . Acad. Sci ., USA, 1998, 95(26), 15553-8).



Such i mmunosti nmul ants as descri bed above may be fornul ated together with
carriers, such as for exanple |liposones, oil in water emulsions, and/or
metallic salts, including alum niumsalts (such as al um ni um hydroxi de).
For exanple, 3D-MPL may be formulated with al um ni um hydroxi de (EP 0 689
454) or oil in water enulsions (WD 95/147210); Q@S2I may be advant ageously
formulated with chol esterol containing |iposonmes (WD 96/33739), oil in

wat er emul sions (WD 95/17210) or alum (WD 98/ 15287); CpG nay be formul ated
wth alum (Davis etal. supra ; Brazolot-MI|lan supra) or with other
cationic caleG2esebtypeowtiishmtthanmap thesnepmsensnil tieghtwe antdodies dHdrtgfcer red, in

particul ar g, &b nin

Gor i vati ve (VD Baro0Ear R BLmoTRorRi bt Byt Gbar TR "o

99/ 12565; V@)tgmsmcmﬂlr)&mnmeég@értl cularly the conbination of Q821 and
3D-MPL as disclosed in WD 94/00153. Alternatively, a conbination of CpG

pl us a saponin such as QS21 also forns a potent adjuvant for use in the
present i nvBewi kerronsidiue! thatict dabying fordf behamtthedeytiepmernit nEtherdewo fypes @xanpl e, a
conbi nati Onnﬁ!xun@‘?&g&% ssa{?p Milné I PI';@ Iéb\‘lels%rf% -tgg%:l 0%1'%2: dtotfqggt Qer wth an
al um ni um sa n en ance teminvo DI nation of a
monophos phoingiiction pf @llmﬁm@bdamsap@mmn@e td bhaglvmearplgclt Md:ll]:ttargjhye\/teh ef

comy nat | Ot BSe R Sl AR BRI OB R | o0

cont ai ni ng #ntigesones (DQ as disclosed in V\D 96/ 33739. A particularly
potent adjuvant fornulation involving QS2l1, 3D-MPL & tocopherol in an oil
in water ermulsion is described in WO 95/17210 and is another preferred

f or mul at i onTlahistpsteon af THHend hidéyicommuinetiveses et ersped, frarcanitakt thon

oget hor i FRTgh? S AL AR L SEhel AORHIT b Mol S b e’

pr esent |nv1efrmun@mesp¢rec @hick ipteswibadas ltehlgpm@embfan@befﬁkprfpre:hbnimapﬂ;dTHZor a
NOn- L oxt © ADLYURL LMol chlPlnftn oSRIE: BE BLATANYBRAGRIGRRNG N 1 1P1d A of
derlvatlvet er edéf ‘suc A N Conbl Ratl 6how Ml arl a antigen as
descri bed hdéaseibad Iﬁmurlmer@mmWaEtcam el bammnmdf@tffntahéﬁlmnez\ne,ntl on of
el a8 i SPRSEAAL AR5, 90, 0% UKl BB SMAE e o S
antigen as gesten becbwhfeﬁ‘ee«mfunftmnatMpmmuﬂmmUR@ze@/fofanmzaw@agmeZ pots5-t he
reating an’ Throkb el apiag% Aoadhat St a M uhdsafi@fich Rl tban on”
provi des usetakineddy Oxifipledytes. p]t}d:r dytekin@ oftenditeony esseedtbdaith the indbictlonpi d A,
nore prefer nono hosphor of such as

3D I\/PE in 31311 i HRE ur\?a%fsﬁo 8 aéf)g%pﬁ(ﬁu%ﬂé’ﬁ %eYlfzéE asilﬂﬁE DAY a anti gen
as descri beDHhayei raspofises ar‘eIaemaedmantharsa:r@fonafuac(ILrﬁeIII ériLtlbandr eventi on of
mal ari a di sease and/. or. i nfmgn ininfants. The invention also extends to
an met hod of™PPERETONY e enpl oyi ng these aspects.

It is known that certain vaccine adjuvants are particularly suited to the stimulation of
either THI 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 THI 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.



25 Sui tabl e conbi nations of adjuvants for use in the present invention are:
1. 3D-MWPL, S21 and an oil in water emulsion. 2. 3DDMPL and Q521 in a |

i posomal fornmulation. 3. 3D-MPL, @521 and CpGin a |iposomal formnulation.
The amount of 3D-MPL used is generally small, but depending on the vaccine
formulation may be in the region of 124000ng per dose, generally 1-5009g
per dose, such as between 1 to 100ng per dose (10, 15, 20, 25, 30, 35, 40,
45, 50, 60, 70, 80 or 90ug per dose). The anpunt of saponin for use in the
adj uvants of the present invention may be in the region of |-1000pg per
dose, generHiusye THI500g e ipent id osewhipbstenwaichsodated T-cdb@piigtipeto plodee and nor e
speci ficall t Q.é%ig S L 40, 45,

50, 60, 70,}}{%}3@6 Ph %Bg. ose %Wk)’?ﬂ% Sgrﬁll()lﬂape’dw@agp%n”;%rroﬁ’?glﬁéngatﬁfeﬁul atory
ol i gonucl e@tniié@sﬁpmﬁQ ilnenlaldglublamtrSSpomseS/asmdn@ismdfoﬂh@pprsets/ecnt invention is
generally small, but depending on the vaccine formulation may be in the
region of 1-1000 jig per dose, generally | -5001.ig per dose, and nore such
as bet ween Adjpount00pd pesapdds ef [rdBrentd suddaticdSf tHBAHI3S redponsdde 50, 60,
70,80 or 90 r . t of the invention the dose has a
final vol ur%ejs%% %%W%%@%%ﬁ%g@&@gé@% “the invention may be provided by
any of a variety of routes such as oral topi cal, subcutaneous, nucosa,

i ntravenou nt r ader mal

| nruni sat i zﬁleﬁgﬁéwyinﬁﬂ?mgt lggngsf\% Rer a}fu)l?4 Oﬂl%{ pmdu dl’a%vﬁmcsjescrl bed
herein i s puitade for ysebmthemmserewlentmnvedlgdecamdmenmardstmttd'to }ﬂfecfpllkwnmg:tl c

vacci nation against nmalaria, nore particularly prophylactic vaccination to
prevent or to reduce the |ikelihood of malarial infection and/or malaria

di sease. It has long been known that enterobacterial lipopolysaccharide (LPS) is a potent

stimulator of the immune system, although its use in adjuvants has been curtailed by its
toxic effects. A non-toxic derivative of LPS, monophosphoryl lipid A (MPL), produced
by removal of the core carbohydrate group and the phosphate from the reducing-end
glucosamine, has been described by Ribi et al (1986, Immunology and
Immunopharmacology of bacterial endotoxins, Plenum Publ. Corp., NY, p407-419) and
has the following structure:




26 Appropriate pharmaceutically acceptable carriers or excipients for use
in the invention are well known in the art and include for exanple water or
buffers. Vaccine preparation is generally described in Pharmaceuti cal

Bi ot echnol ogy, Vol .61 Vacci ne Design - the subunit and adjuvant approach,
edited by Powel|l and Newman, Pl enum Pr2ss New York, 1995. New Trends and
Devel opnments in Vaccines, edited by Voller et al., University Park Press,
Baltimore, Maryland, U S. A 1978. Encapsulation within |iposones is

descri bed, for exarrpl e, by Fullerton, U S. Patent 4,235,6877. Conjugation of
prot ei ns toArfﬁféf?%ﬁm?@ﬁQd\@wQ@fM@cﬁeBéf@(ﬂronﬂb?leéwaﬁ‘pfﬂﬂe atbsl chdikfipméhe U. S.

Pat ent 4, 37 t he cont ext
of this spe%| ??%Oélﬁ? glﬁt?%sg%rg?iﬁ %Ekb%e an%?aﬁléﬁ? egribtregcﬁdeggdgggr?) h(i hﬂ)ﬂ Aspect s
of the i nvehriildr3BAVPE) ﬁlcwgbqaplmé'lp@ mdpredaadé)mthean@h@s@(ugﬁltnm ehded to ext end

to said aspeebs)o0siftidg ek ling, e nt

el enents and v?ce vercsa ?C%absg(ra%]rol?etétte &E@E‘E@%ﬁ&i gdAT Igcygsjlt udy was
conduct ed af- @hé’lﬁlmarlwtﬁ@cnec@estl gacao em Sande de Manhica (CISM Manhica
Heal t h Research Centre) between June 2005 and March 2007, in Il ha Josina
and Tani nga, two comunities about 50 kmnorth of the town of Mnhica,
wher e Cl SM Aeadorearfomr &f 30-MPLog mttealforrChbaraantdsiostaving aofmali hatidveral | st udy
area and of i na..have bee r.evi usI escr Sacar| al
3 “hpont ool P EATA IR, A3 R PR AT aRRd0 % [l

RTS, S/ ASQ2 AAq&oCs menmgmnmmmﬁ[sagmp}mslﬁmlrﬁ|11pairAwndi arsfuffecttarmha\arbéerdi sease in
young African g¢hi I.d%%p;' om sed controlled trial. Lancet 2004 COct 16-
22; 364( 9443?6:Sir§bfi-l )~ %gﬁ?ﬂga is arural community facing Il ha Jossina
directly across the flood plain of the Incorrati River. The climate is

subt r opi cal .wi g h Lyo ason. from
Novenber to Kptiricid l(go%fﬁge%cg‘?réqs (G“%e oaldjugﬁrﬁs t&rl é‘? %élé%gé%esﬁﬁmvﬁ‘&"’f‘he rest of
t he year. l\,mhyaba Ialrtﬁleaamlprmgm fiog tpeﬂeeﬂmxal:eswrtaherﬁﬂrvelyslﬁa@smyaiei ty and

oY oL SR e P B B R AR S R 27
S u: phadoxi Pgsvlalpra} ar:ml ngmaaﬁ%t\taﬁlohdmw‘ﬂhbm orldiph@sghosatipig mt dekio¢d fwsra O gpl i g at ed
mal ari a un enbe em si ni n_base
conbi nat i on‘b Yret yp ('A%ﬁrq’ﬁgi"}\qgﬁgg @gﬁ%@iﬂ%&f’;ﬁ,b@h B%ﬁnr(}é’m?)ifyf‘fhr?ﬂ? hani ne

Si nce 2005, lip@alyhapc}raﬁdﬂdﬁv@lf)een ﬁehaﬂbedr(ﬂﬂgdu alal spRaylnngycb. URS:y aneoheen

carried out t he ria c i stry of
real th, Dur TR FRe ket bure )t inislissdo 3okt sudh oniTel o

Car banat es lédrmur})ypbajhretdtw&emsipmaﬁmﬂartda aliVant B 3DeNi@nber 2006. As part of
the study activities and in accordance wi th national recomrendations, an

i nsecticide treated bed net (FEN) was given to pregnant wonen at screening,
al ong wi t h Aostdingy,itensPS derivatihves thaemayBetuied inhise plasntiaveatich afathbstga have

AT N N N T R L
care was avmok}&bhle:maanadthé LBSIﬂﬂWatw@l’nmylbdad adyddted ebm@kacahaide,ovHidhas Manhi ca
District Ho gl ﬁ'{fi ‘gent t % The study was a phase | Al b double

bl i nd rando 1ot arq V&ﬁt”t‘ 5P Y8 lassess the safety, immunogenicity and
efficacy test of concept of the RTS, S/ ASO2D candi date mal ari a vacci ne when
adm nistered to infants i ni sati.on iven at 10, 14 .and .18 weeks of
206, The: pr SPOTET SHAR SRy B By TG AL A P B hi s

Conmi tt ee, S$dpeniospinten kndl ﬂip@va@ﬂ‘s afBAre eugitan: Etabhixl@éDﬁi&ﬂé,ManﬁQm@nEiH.e and t he
PATH Human gg}%ects Pr %hg?)t |1 mm,tt ee. ! Tri al qg ?trat.i on nunber is
NCT00197028 ARBERS ql NS dlAZicH RE T 4T SREE M nder t aken
accor di ng tPhytdigedideaionabp O68 86 exa1pes Qafl Awaérmalfrz)atth@mr@nde Cinical

Practices gui i nes and nitar b B|oIo 0 Saf ety
Nbni t or andgﬁﬂbépﬁnﬁﬁﬁﬁﬁgwgéﬁg%ﬁﬂpp6ﬁﬁWQ%ng C%VE %ﬂéﬁgF%e desi gn
conduct andus s ¥l 540 4id “BiRnink bbaccibabdjinghRaKasiCICSNI, @p@maﬁ Brer Brglenogr aphi c
surveillance systemin about half of the district which includes both study
| ocations. Pregnant wonen in their third trinester of pregnancy, resident
in the study area, who would consider enrolling their infants, were asked
to take part in the informed consent process. At first visit, an

i nformation sheet was read and expl ained to groups of pregnant wormen by
specially trained staff. W sought i ndividual



28 consent only after the wonen passed an individual oral conprehension
test designed to check understanding of the information. They were invited
to sign (or thunbprint if not literate) the informed consent docunent. A
menber of the community, not associated with the research study, acted as
an inpartial w tness and countersigned?the consent form Those that gave

i nformed consent received counselling and were screened for HV
(Determner"' HI V1-2, Abbot Laboratories and UNI-GOLD HI'V, Trinity Biotech
PLC) and Hepatitis B (Determ neTM 1413sAg, Abbot Laboratories). Wnen found
t 0 be HW posirtiex&ysut?d®. t2flebrledh; el Ehe 3god/@iinEht hdamalytihsaperivd Q85 at t he

Manhi ca Di st i ktake f Tedi . o) nt.foll ow ng
Nat i onal G A QPR pinc e TR EBliL 31 BB RARRT R

transm ssi cadjwsnpehd thasnethod of the pprdostiogiindisabdsedintUS: Pagdnt Novs,05481540 her apy to

t hose ful fi]li inh gal i [ [ A : it sitive nothers
wer e counse?Jlnlde a%o&'? ° t% ﬁ]léAlr@‘{)]gff(Sag%d?JFg%%ﬁgtg‘%%’%ﬁlsﬁgg %8%95 ? E’pr}r%lghg and
Hepatitis Baegmeolyiin&adion bf Quilr Alsuhichfatte peapdtont kdevanefabsysemidcektinsi g anot her
inforned co .of 1h her ,..apnd usi i lar . pr res. t hose
previously (gzg%ﬁil ifélgf;mi%ﬁ%gh dgn\lfﬁg%peég?é@%é? g;léqu\%é)(la yg&?rjfg’ 4%3 £ éks of age.
Thi s i ncl udeemndsionedt Qf2diacdbolixostagror cariodephipsiecado kesram{ WAtI9AA0eHd bl ood
sanpl i ng byy he I Ck venous punct ure hasel i e agy,
bi ochem st rli/abtgcn&f tﬁomﬁrgggsgt?gg?oﬁn@ Irlglélg grﬁé“co? i {’t(e)(élfl%’ ?%cl}:’ |a§§§ ?anglggér?lgar%t hers, a
nor mal gestdesérdndin WoOrdosd72hahdagoOemde7of obvi ous medi cal abnormalities.
Because children born to Hepatitis B and H V-positive nothers are at a high
ri sk of neonatal acquisition of the viruses, they were not included in the
trial. Anongnabdnénmordsti@nlastis ehiningmestiméateryekigénudedidercommuipapt i ci pation if
BCG was not__qi t-least on Refore starting study vaccination or if
any ot her V%I%éc:(hﬁlgatteladochs(fe (%3%':}%%?18?83&;?@ ﬁ'eEP d|’}r1 st a%%rse\élatg?nft Ci;;slm\?’en at birth

wi th BCG hadndgenlimgikermdepnatdy preenen DN AreGpG isAnowm o trd gtuas bejplz@b ogr aphi ¢

i dentificatjon r.d S. provi.ded..soon after recruit IS Lncluded the
name of the ‘Wﬁt hﬁrﬁm@[{lﬁ’gs o bﬁ'g)ro thaSQ'St\(};\réliclanagl uf(ﬁ%l rﬁlét?ss naP6/IE?65§tl:ﬂ$i cation
nunber fr oMadha), Penis bsq/( Alrango RI96A60@): §0-8Xp o¥t €luskle andHdvisca DSS,

Mozanbi que. ;}n; S . P,,. Nvarko. P enj n. K. editors.
Pop at o “ArZan o &b R R iias PR e BRI el T
and survi vaBC@tcoll NP Tar agiitt@sour Efftcawar furti9 sthdite syralictio nidond@eeidepment
research center lDB%,l_S 2002 . 189- 95 nd a i gue . study nunber issued at
t he screeni%ﬁlvsc}é?x?. |?éelntejseé]8?n|%§°/sl ?rgth&nZtPg%%ap%‘éAegﬁﬁng%chné 2005. The first

i nfant was iemnmbs$tmd:ilpory 28edulpathtiz 2005nd ndvitdreTheasthoone tlese d@liSept enber

2006. Fol | ow Lvities for the double bl.ind se. Wer.e co eted on
Varch 6 2007 A ety S om R p R Fr B AL RUBRER R sSRERER ot uay

vi sit. ProceduitesThERentiahroldoefainbCquetif mcinndasstiBGBtivases laer eindd4@¥dah aPol i o
Vacci ne (OPV)..at. birth ree,dos i phet.eri.a-Tet anus- Pei.t ysi s whol e
col 1 ( DrowP Rt egbh ks RS S ECPER s AR AT S S 2 ana
16 weeks ofmatifdhagtocbenieasdram seqaeoca@nakt, Sndwbattshch sofueags arcfeomnionén pur pose of
t he study i nt.r ed two change this.schene. G ven that. the use of

H b vace) naacsA RPN B i VR bR A i BBy FoBRR A of owi ng
nunber of Adftenc &arieOPurine] @G, pyemitied, dgthnidme] witddiolthe GG motifiis ned wi th DTPw as

it would provjde dj tj onal nefit for children rti.ci pati.ng. in the
triar. vepattyged kb IamsB R oGt gRoRers B O ALRS, S has
been shown dnd maydeaeddomparabltévendaar S of anti HBsAg. Figure 1 a represents
the trial design and follow up schene. Eligible children were enrolled the
day of the first vaccination with DTPW H b [ TETRActHi | irm Avcntis Pasteur].
Chi | dren welheert£ckandiyatiahd efaid ©dnucidotitidiar falimteormnik séduendeiis mhsenacevdngdt i on wit h
DTPW Hi b, tq. receive three doses.of either S, S/ AS K Bi ol qgi cal s,

R wonsart . GG T Eol PR AT B BeURICPRECTRRGEP? R CSO R SO cal o

Ri xensart, pBedediitBe ssthagigpnacedive 2Tk nod of bnddrRwsrébfxhaad OPV vacci nes and
adm ni stered at 10, 14 and 18 weeks of age. Bl ock random zati on was done at
GSK Biologicals with SAS software version 8 (1:1 ratio, block size of 2).
The random zati on code was released to the investigators once databases had
been nonitored, cleaned and | ocked. The infants random sed to the

paedi atric fornmul ation of the malaria vaccine group received 0.5n of the
RTS, S/ ASO2D formnul ati on containing 25 gg of RTS, S and the Adjuvant System
ASO2D. RTS,S is a hybrid reconbi nant protein consisting of the P.

fal ciparum CS protein central tandemrepeat and carboxy-term nal regions
fused to the am no-term nus of the S antigen of hepatitis B virus (HBsAg).
The proteins auto-assenble to forma particle that also includes unfused S
antigen. Antigen and




30 daxoSmthKline's proprietary ASO2D Adj uvant System are described in
detail el sewhere (Macete EV, Sacarlal J, Aponte H, Leach A, Navia MM
MIman J, et al. Evaluation of two fornulations of adjuvanted RTS, S

mal aria vaccine in children aged 3 to 5 years living in a nalaria-endem c
regi on of Mbzanbi que: a Phase FIl b rardoni zed doubl e-blind bridging trial.
Trials 2007 Mar 26;8:11). DITPwW H b was adm ni stered by the intramuscul ar
(I'M route in the right antero-lateral thigh while RTS, S/ASQ2D or

Engeri x-BTM were admi nistered IMin the left antero-lateral thigh. The
RTS, S/ ASQ2 Df‘HFurEﬁQ@flﬁtRLYEglll?meﬁa@éfrlwag plegenugentides day e¢tevdteivariaus douhee bl i nd
fashi on (ob I ccinati.on team

pr epar ed thsgﬁéée{ggr}cﬁlglngﬂgtqramﬁg(f eﬁig&n npb éedrlllt@(géjl g%fe{ %rslé{%wﬁ CgOF h opaque

t ape bef or eaqﬁlr/@)@laddngcmlbiegWqugmgtetetll’vel89(md|8o,all977)ea)’rha‘mnmethyl‘amd1 sation of
the infant. in t est di stinct
appear ance, &28@%{’:@ %cgﬂfggﬁﬁn Was nolfse%ﬁusse n%’ ﬁ%“% “®nvol ved in
any ot her sﬁmwt@bmcmdmnmoduwb@r each vaccination, infants were observed
for at |east one hour. Trained field workers visited the children at hone
every day for the followi ng six days to record any adverse event (AE).
Solicited I@n@lwhemﬁrrgvéated ako eeduieess B genesitysdwitigere indred eclutibartbgeghet hi s

period. Uns n re recorded for 30.d after each
dose thr ougﬁ i ﬁ&t %éﬁd(ﬁ“?‘? g@??ﬁy&’%%s‘% © ST TR GF v‘éva}eflti%‘f‘:oé‘]‘@%?em

Seri ous advteraS@HWe(lWQ SKSBAE@)) mbmtﬂbeém}edcarrmraucshladhllua]ﬁmmyiyc&addé ecor ded
t hr oughout Ieddscrlp eflntlons for solicited
and unsol i cﬁil{i%&?gsds\%elf?%eeang BAreaE et a f@ﬂ}g@%ﬂ 668 found el sewhere 11.
Furt her saf oy NagslesssrentSHMaDIRers{awh neds3-fir ough haemat ol ogi cal and

bi ochem cal assessnents, including renal and hepatic function neasured at
several tinme points as shown in Figure la. Anti-ELBsAg antibody titres were
measur ed at Slbhér,teinhmtilanldnt@ aaeddmnieh a8 tmagl ®s Gordulated FShS WICRRi0Y,

Engeri x- Wn bod itres were neasured at baselin and one and
three and a ﬁa%sffor i) felﬁ) eﬁl’d’él {0 JalgE CpRIEoRs ﬂ@gﬁlﬂle&lhﬁ e

Ant i bodi es dAgainhst sads (shd:merahmlanda Hyé:toafala)s RopXtafiplea BiD- DRIl by b@syl r| bi t ol

phosphat e ( i nfl ue asured one h after dose
3 of DTPW I—#ggnal%\n(?wg Iué“sm‘ém %’f‘d F)beér%l9 \3’2@ Ry T‘T’E\I\%‘F’%te’ifé‘&g%?r@ & baseline
and one rmrﬁﬂ/ﬂ7211®)6Q82Ihﬁaﬁbmhddm@emislmi?ﬂmkﬂbd)thh Sioldsas@ soddinii@! ari a

i nfection | wer e n|to ed detection of infection
(ADI) and @é)osoansleé?l(@@ %Z%%g%e?li&l ES,I‘.S)" g%,o??@ I7¥ﬁ0)1°%lfl‘lnl( s in the study
area. ADI cﬁﬁﬁws’i)edp@fnaybpéﬁmmdteﬂmuhtamrﬁ @=stskdyl. pard | Bapiditngillat  predefined
interval s (SF %a w1th% ttl(gi‘?.c visit, a blood slide for parasitaem a

det er mi nat i'6f s"col Tects d“‘icfa%é’spectl ve of the presence or absence of
synptons, and the aX| I I ary terrperature was recorded Children with positive
slides wer treate i r.st rea ardl ess of the_ presence of
synpt ons aﬁc et§<1r(1: \du?‘mdﬂ?sflmﬁl érar Ss°é’§ gi&ﬂﬁra@é?bd’?aé‘o’%f’%artl ng the
ADl foll owmqmophcsyluqnymmmAancpasa@smhaamaavwamooh/earsedw esuipdiwel y in all

gl e dose oot ST 2aBar A Bt 1R Rsn Ut D oHe Yshbeg and .

pyri met hamiwebina®ém qf@jﬂ&gpnammmrsamimbsém WO BKH0 3l Aitefmatitdhg at hi rd and
final dose of \ RT or er| itaem a s checked 2 weeks

| ater at thcé)mtb”[laltscsn ?@%??W SIaHO 16%"5 2123%0358’%%%&“@“{ UaBR L ORpsE A

second- | i neh¢ preshnendntib@sed on Coarterra Only children without parasitem a
started the ADT, which commenced 2 weeks after the third dose of

RTS, S/ ASO2D or Engeri x- BTM and was perfornmed every-other week for 12 weeks.
The heal t h Thagishitdbje d‘djaﬁad syandid iflé1hde, &mreyaemﬂlé aREEbisMFh MBS phuiphalyl t he

Manhi ca Di st Ad‘é I—iI%) 8 t3 | ha OS|§t .Tani nliga heal th posts, enabl ed
passi ve cas® LetREEERRN ? - [gpetagr W1 Heasaf o health facilities and
ascertai nnent of episodes of clinical mal aria. This surveillance system has
been described in detail el sewhere (Alonso PL, Sacarlal J, Aponte IT, Leach
A, Macete E, MIman J, et al. Efficacy of the RTS, S/ ASO2A vacci ne agai nst

Pl asnmodi um fal ci parum i nfection and di sease in young African children:
random sed controlled trial. Lancet 2004 Oct 16-22; 364(9443):1411-20). In
brief, the three facilities have 24h nedical staff trained to identify
study participants through the personal identification card and to ensure
standar di zed assessnment, nmanagenent and docunentation throughout foll ow up.
Al'l children with docunented fever (37.5C or nore) or history of fever in

t he preceding 24h, or pallor had bl ood taken for parasite and packed cell
vol ume (PCV) determnations. Children neeting adm ssion criteria were
referred to the Manhica District Hospital for hospitalization. Cinical

L~



Anti bodi es specific for the CS protein tandem repeat epitope were neasured
by a standard ELI SA using plates absorbed with the reconbi nant antigen
R32LR that contains the sequence [ NVDP(NANP) 151 2L1C The assay cut-off was
set at 0.5 EUnl. Anti HBsAg anti body | evels were neasured using a

commer ci al radi of mmuunoassay (AUSAB, ABbott) with an assay cut-off set at 10
U m. Anti-PRP anti bodies were neasured by ELISA with a cut-off set at
0.15 jig/m. Anti-diphtheria and anti-tetanus antibodies titres were
measured by ELISA with an assay cut-off set at 0.10 11U .

Ant i - whol e-Ase¢rhaBed Pestomuigseleesdim qondinption efragmongphasplpet] dipidi el oy ELI SA
(Labsyste I : 2 . ngm f tListheal Anal ysis
The pri na?%%ar?gf)%r%% ls‘%fyg ﬁ%ﬁlglﬁ??g%még%tgﬂggﬁ g%%ngn tng% g%%lﬁe? E/tp of the
RTS, S/ ASC2 DVO410h83, onnlgbsdagceogeint boraprisitidn sensiies Q¥2d e qusdchatl il east one dose
of DTPwW Hi [ ] hintent i I | TT) safety anal ysis.
33 Anti _CSleé‘ngtgrﬁ%%ﬁh@%&xﬂgmééggg?%a{f%ﬁo\‘%ﬁ?%ﬁ/@dﬁﬁéﬁ%@ by Geonetric Mean
Titres (GUTs) with 95% Cl. Anti-CS seropositivity was defined as > 0.5

EU M, whil ' Slefdn > Um. The
test of corsEarerabHREL AL BRSO o cto HPad
prospect i veliyingefda padlsiRe palescrigedinal QS04 7P Cand (RAPheaefeirafomutiaton  an
Accordi ng tfgrlgsre%&gmvm(ﬂ%]?) cohort The ATP cohort included subjects that
met all eligibility criteria, conpleted the vaccination course and
contributed followup tinme during the ADI period. The analysis included all

first or on Lparum.i i e LNg-.t he

Fol 1 ow up_per R PpEed PG ELRTHAT | Al RATecHEL 58 KRR Bt

Enger i x- BTN d3leidPIng together tvitk av klgininiat sdt udy nmonth 6 (approxi mately a 3
month followup). Malaria infections included in this analysis were

detected by AD! or PCD. Further exploratory analysis considered vaccine
ef fi cacy aghkicnsiingty inpheeahbatahent péthe presant inVantiooHwretis ploaided the bseddd first or

only episo 1 1h | e .of. el - t. il 1 i t he | ast
enrolled in E)%Eﬁegg?ﬁ%jl‘gf Ite%@ﬁg)lt“r: Q%B}Iah‘?%}lhgv@%p&(r {\/Err%gega%!s‘tﬁrﬁ&%é%é}fwyl

Addi t i onal Ilipid &xpHarat erierenialichsie SDAYIPE) in npwbikbatipavathi aamaleraenpgafeer ned i n
the same ATR.SANELLCANG: hOLLANMRL BRI An8R L S eI ARY, gRegsSTENt Of
new i nf ections. € primary case GO Rt Ion for el mical Kal art & was f ever
(axillary tedjpemdgctorinini@ms.5C) with an asexual parasitaem a of P.

fal ci parum of 500 or nore per mcroliter. This definition has a reported
sensitivity and specificity of greater than 90% (Saute F, Aponte J, Al ntda
J, Ascaso (poabehbalimaenRef thamvigtioet sglonivhbuwmh kaQb2I, sowtdiecombibztamiyitue

mal ari ometrj ¢ .| ndj 0 [ efinidion . nhi district.
Trans R Soc ﬁ?%llp?)a %\‘}glgé”lﬁ?{izde%g%e\% Is(gréﬁ‘g%%%}qac@é%&%%c@ 8%8 {pelggnrné)fl ory

ef fi cacy armdimebes disssd asBgonidetiop it adatiefainmtliddoh gedtiog ag Infant employrag ar i a
including fever or history of fever in the previous 24 hours plus any
asexual P. falci parum parasitaema. The time at risk, reported as person
years at risk (PYAR), was adjusted for absences fromthe study area and for
antimalarigl dru sage..as. previ gus descyri Al.ognso PL,. Sacarlal J,
Aponte 3. e A RRAT uR I BRI yRELR A pUALER o “Rrs” s Ascen
vacci ne agalensativRlofiprd di, sorefpadfciaplgmomophvsgiotyl dipidamor ddriseas ¢heraof yuohing
ALrican chiddpefip FRRdem S6H WSO Golke dudhid o1 AR GluaAR i eofd, O 16-22
364(9443):1aﬁ - 85‘ as ese ‘are periods’ o e when 1 nfaits could not be
expect ed t aleswibtd hdveih Sosthel cymemaipoiofis gaccME forals: plefentivechfamladriadistass t he rate
rati o. Vaccj ef.fl.cac s .adj.ust ed di. st.ance t ealth facility,

ol cul at ed b R ERE FEULTY nals Pt RER e E R fiog BBl a1
J, Apont e Hmpleachhdeaddagete E, MIman J, et al. Efficacy of the
RTS, S/ ASQ2A vacci ne agai nst Pl asnodi um fal ci parum infection and di sease in
young African children: random sed controlled trial. Lancet 2004 Cct 16-22;
364(9443) : 14 bile 2fodanaht tho iavdmtidnyfutlicr e@piogencdl in Waer adjilsh edlipraaaesne

ef fi cacy, assessed using Cox regression nodels, is reported throughout the
text unless otherwi se stated. The effect of anti-CS antibody titres on the
risk of malaria infection was evaluated in the group that received

RTS, S/ AS021) by conparing the hazard ratio (HR) of infants in the | owest
response tertile against those in the highest response tertile, as well as
estimating the HR per doubling of anti-CS antibody titre using Cox
regression nodels. Finally, a conparison was made of the geonetric nean
titre of children who had at | east one episode of nalaria infection against

t hose wit hout docunented mal aria infection using a WIcoxon Rank Sum test.



The sanpl e size was based on the evaluation of vaccine safety. Atrial wth
100 subjects in each group had 80% power to detect a difference in the
proportion of adverse events of 26%or nore if the frequency of an event in
the Engerix-13Tm group was 10% or nore. A trial of this size also had 90%
power to detect an efficacy against néfaria infection of 45% or nore

assum ng an attack rate of 75% or nore in the control group over the
surveill ance period. Analyses were performed using SAS and STATA. Role of
the fundi ne source GSK and Cl SM both received financial support to

undert ake t Hratapls cRmpiaatieons peafiyvants fir gsaratheeesepinvepignmartie PATH Mal ari a
Vaccine Inifiati 5t hat Veghd n all aspects of the study

desi gn and |Inter3\;?ralé4'gpgvé%nl %an\ggﬁnéavﬂf&ﬁéorshldp gui delines). MV funded this
work through a giaMPLfandRSEhe Birokongl fstbltier. Gat es Foundation. Core funding
for CISMi s;pr O@Iﬁ@@,Lb 51h§1d anLsh @&ﬁﬁ?%nﬁﬂﬁudn”t ernational Cooperation
(AECI ) Res u?t 35 Res I'gure P> Shows the tFial profile. 326 out of
446 pregnant wonen fulfllled the eligibility criteria and delivered 329
newbor ns. HOf the screened
children weobéet%ﬁoﬁlg (ff%g)l éﬂ@ aﬁy ?\rﬁ&?%@tﬁcﬁs&@% %é%l&réﬁl dose of DTPW Hi b
vacci ne. 93f0€I8@%0rUflaY[b¢en eritg!hneqf lrWOQMCRf@e&eAS@)%D -aug @er do8&%hchi n t he
Engerix-.13 |0 t I nsent was
wi t hdr awn é@g&ﬂ%ﬁ%ﬁ&‘gﬁﬁgg?n@%ﬁ getlﬁeml?‘?'gs) 3&7 As%g%‘sg?gﬁ%qgn \%é:ég‘i‘ﬁ&gm | dren
in the Engeddsg: BTM group. Three children in each group received the wong
vacci ne at Dose 2 of RTS, S/ ASO2D or Engeri x-BTM They were not included in
the ATP anal ysis. Baseline characteristics for both groups are presented in
Table |. Fi Gurangot @h@mirtf’neuSpﬁxoqbgaiju@ntﬂc@fﬂalpresadmvntilt@memaefdbedoti;es where a
soI|C|teds f S r S the
data for h%El \gﬁ@u c%?%%grgg éaf![()g ?%’% g‘g%ﬁ%‘slg}#éng%%?&ﬁ%%m The
proporti on gfd redre brbeidicallyi tehwagail ho 10eg hérglesaifl, ISi A6, 2&r30i 35, 40, I459-‘r(béﬂms. The
relative pr tonms was simlar after each injection of

RTS, S/ ASCJZDQQ%E%:%F#&% %%D?égpi n magni tude (data not shown). No grade 3
solicited synptom was docunented in the RTS, S/ ASO2D group, and the

conor t 1ol | ol 1At PG QliSlucal ARRUATERE Bk NN o AR s
in the RTS, S]th@@@f’.:englnmporamge@@al@/s&slh brwt ﬂmn@w@rﬂlxvatm tproulstioNome of t hem
were reported, as rreg!n‘%leld (fo?)g%{ Sefﬁ%&ag%n‘é&u thel’),%ﬁ’(é@ﬁ@sc a gnﬁﬁ’e %ms during this

same foll ow up er I ni shed at

st udy nont hb®W¢® litn 1POI8eABER D 0gi pdp. 2and, 25149, {rﬂqéOFﬂQg"éQ BRoONE geroup) . Al |
of the deat occurred at hone. Verbal autopsies suggest that one death in
t he RTS, S/ ASO2D group was due to septic shock, and the remaining three due
to gastroenteritis and severe dehydration. The val ues and proportion of

abnor mal haﬁlrr%%g%)%%ofmqm@ngon gg‘%o%g‘hasa %§ol%é§f0§?\ee 1 and after Dose 3

were simlar 1n h™groups an 0 not ralse any safety signal (data not
shown). For the 214 subj ects enrolled in the trial (107 RTS, S/ AS2D and 107

Engeri x- BT th ant.i r S_.ar | 151
suby ect s pobte Rsdalsa ol dfchlon AN SRR TR ARTSGRGBES AV A b S0l
There are nwpdaf Sflémambess, mucosal), intravenous, intramuscular, mtlanasal sublingual and

intradermal.

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

malarial infection and/or malaria disease.



36 seroprotection/seropositivity and titers between the subjects in the two
groups (Aide et al, manuscript in preparation). Al but three children
reached seroprotective levels against all EPI antigens. These three
children will be re immunised with the antigens to which they have failed
to respond. Anti-CS and anti-HBsAg ant?body | evel s neasured agai nst CS and
HBsAg are shown in Table 2. At screening 24/ 76 (32% and 26/ 77 (34% of the
infants in the RTS, S/ ASO2D and Engeri x- BTM group, respectively, had | ow
titres of detectable anti-CS antibodies. One nonth after dose 3, 99%
(70/ 71) of ARienits nbamaceusisalinaseErRPE, FriaS QR EXdiiehteiior Bistia Bl énvanfidn- CS
ant i bodi es, I r a ei ved
Engeri xBTM ?r%%f?%“?%g% a%tﬁd?ggﬁgiﬁg%é %%@\ﬁ%%? Sutr %e{r}Il 1nte§?e% lIftgz('%ﬁudy nont h
6), the propéercraby degeri mP@nagwrl@alﬁmchmngm \GlcASORBigrerthé ned hi gh
(98% but téﬁﬁuﬁ\éﬁdﬁéquﬂ%ﬂp‘?@a%ﬁ%néﬁfb% Rk a@é%aﬂ @bfﬁaﬁ PFeQQ g\;v)? ﬁ(TM group
remai ned | ow, even t'hough'the preval'ence o et ectabl e anti od| es’increased
to 20%(12/ 1@?; N%@mﬁ%@ld@ﬁ\’h’@p@?m nnsVchmmedgto@me Vollgsot 4., §novapiy ( Tabl e 2).
Figure 4 s e r f i sode of
mal ari a i m[l%‘gﬁ%% g%&?ﬁ% %@nang U?r}* 12‘\?/\6?1%1 s&glﬁﬁnn\gﬂﬁgh a§’§esa‘ ter dose 3 of
RTS, S/ ASO2 Blegqribeh deraxsmplTNtydillentons Uifd Patens 4t235.877. ACanpgatiorodf p68eimetoy i nf ect i on
wer e docu SO2D group
And 46 1 1 The B Gl Sed R AP LRGS0 o PR et rmt 6
was 62. 2% (%W@lal?ﬂﬁsl%fem?h‘@%%b 0.0002) over the 3 nonth foll ow up
period. Adjusted by distance to the health centre and community of
residence, the VE was 65.9% (95% Cl 42.6% 79.8% p <0.0001) (Table 3). The
poi nt pr evahdirceenigkt of ffiewesiGeptiab conprdyngrivtotbh iBemasdss miclidingbet ween t he two
groups (5% in the RTS, S/ ASO2D group vs 8% in the control group, p=0.536),
nor were there differences between nmean parasite densities (2082 parasites
per mi cr ol iAwect{ Sh&BYAYion porprisiMRESeSHASEREN grecalse ivlsnczsﬁT(QeX(tesﬂ)tcﬁ@&B) in the
control gr i P incl uded
i cacy oot Pest ek or ol AN A A SRS B A Bk i o case
defi ni ti ongpr@pfigteacy based on an | TT cohort fol |l owed from m)nth 0 to nonth
6, using the primary case definition of malaria (first or 37 only episode
of fever with nore than 500 parasites per mcrolitre) detected through both
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vector. Combination therapy based on amodiaquine and sulphadoxine-pirimethamine was
the first line treatment for uncomplicated malaria until September 2006 when it was
changed to artemisinin based combination therapy (ACT) using artesunate and
sulphadoxine-pyrimethamine. Since 2005, yearly rounds of indoor residual spraying
(IRS) have been carried out as part of the malaria control activitics of the Ministry of
Health. During the first round in December 2005, IRS was based on Carbamates
(ICON®) but this was changed to DDT in December 2006. As part of the study activities
and in accordance with national recommendations, an insecticide treated bed net (ITN)
was given to pregnant women at screening, along with instructions for its use. Both Itha
Josina and Taninga have primary health posts and maternities that provide basic curative
and preventive care. For the study, facilities were upgraded, around the clock care was
available, and transport provided for referrals to the Manhica District Hospital, adjacent
to CISM.

The study was a phase I /IIb double blind randomized controlled trial to assess the safety,
immunogenicity and efficacy test of concept of the RTS,S/AS02D candidate malaria
vaccine when administered to infants by immunisations given at 10, 14 and 18 weeks of
age. The protocol was approved by the Mozambican National Bioethics Committee, the
Hospital Clinic of Barcelona Ethics Review Committee and the PATH Human Subjects
Protection Committee. Trial registration number is NCT00197028 and IND number is
BB-IND 10514. The trial was undertaken according to the International Conference of
Harmonization Good Clinical Practices guidelines and was monitored by GSK
Biologicals. A Local Safety Monitor and a Data and Safety Monitoring Board closely

reviewed the design conduct and results of the trial.

Participants

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

explained to groups of pregnant women by specially trained staff. We sought individual
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consent only after the women passed an individual oral comprehension test designed to
check understanding of the information. They were invited to sign (or thumbprint if not
literate) the informed consent document. A member of the community, not associated
with the research study, acted as an impartial witness and countersigned the consent form.
Those that gave informed consent received counselling and were screened for HIV
(Determine™ HIV1-2, Abbot Laboratories and UNI-GOLD HIV, Trinity Biotech PLC)
and Hepatitis B (Determine™ HBsAg, Abbot Laboratories). Women found to be HIV
positive were referred to the government health services at the Manhica District Hospital
for medical evaluation and management following National Guidelines. These included
reduction of mother to child transmission as well as the free provision of anti-retro viral
therapy to those fulfilling clinical and social criteria. Hepatitis B positive mothers were
counselled about the risk of transmission to the offspring and Hepatitis B vaccine at birth

was offered to the newborn.

Following another informed consent of the mother, and using similar procedures as those
previously described, infants were screened between 6 and 12 weeks of age. This
included a brief medical history and physical examination and blood sampling by heel
prick or venous puncture for baseline haecmatology, biochemistry and immunology.
Inclusion criteria included, among others, a normal gestational period and absence of
obvious medical abnormalities. Because children born to Hepatitis B and HIV-positive
mothers are at a high risk of neonatal acquisition of the viruses, they were not included in
the trial. Among other criteria, children were excluded from participation if BCG was not
given at least one week before starting study vaccination or if any other vaccinations,
other than the first dose of OPV given at birth with BCG, had been given prior to

enrolment.

An individual photographic identification card was provided soon after recruitment. This
included the name of the child and the mother as well as the personal identification
number from the census (Alonso P, Saute F, Aponte JJ. Manhi¢a DSS, Mozambique. In:
Sankoh OA, Ngom P, Nyarko P, Mwageni E, Kahn K, editors. Population and health in

developing countries; vol.1, population, health and survival at INDEPTH sites. Ottawa:
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International development research center (IDRC); 2002. p.189-95) and a unique study
number issued at the screening visit. Field activities started on 24 June 2005. The first
infant was enrolled on 23 August 2005 and the last one on 12 September 2006. Follow-up
activities for the double blind phase were completed on March 6 2007, when the last

recruited child reached their 6 month study visit.

Procedures

EPI in Mozambique includes BCG vaccine and Oral Polio Vaccine (OPV) at birth, three
doses of Dipheteria-Tetanus-Pertusis whole cell (DTPw) and Hepatitis B vaccines, co-
administered with OPV at 8, 12 and 16 weeks of age and measles vaccine at 9 months of
age. For the purpose of the study we introduced two changes to this scheme. Given that
the use of Hib vaccine is fast expanding and is becoming part of EPI in a growing number
of African countries, we decided to include it combined with DTPw as it would provide
additional benefit for children participating in the trial. Hepatitis B vaccine was not given
together with DTPw as RTS,S has been shown to induce comparable titers of anti-
HBsAg. Figure la represents the trial design and follow-up scheme. Eligible children
were enrolled the day of the first vaccination with DTPw/Hib [TETRActHib™ Aventis
Pasteur]. Children were randomly allocated, at the time of the first vaccination with
DTPw/Hib, to receive three doses of either RTS,S/AS02D (GSK Biologicals, Rixensart.
Belgium) or Hepatitis B vaccine (Engerix-B™, GSK Biologicals, Rixensart, Belgium)
staggered by 2 weeks with DTPw/Hib and OPV vaccines and administered at 10, 14 and
18 weeks of age. Block randomization was done at GSK Biologicals with SAS software
version 8 (1:1 ratio, block size of 2). The randomization code was released to the

investigators once databases had been monitored, cleaned and locked.

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

assemble to form a particle that also includes unfused S antigen. Antigen and
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GlaxoSmithKline’s proprictary AS02D Adjuvant System are described in detail
elsewhere (Macete EV, Sacarlal J, Aponte JJ, Leach A, Navia MM, Milman J, et al.
Evaluation of two formulations of adjuvanted RTS, S malaria vaccine in children aged 3
to S years living in a malaria-endemic region of Mozambique: a Phase I/Ilb randomized

double-blind bridging trial. Trials 2007 Mar 26;8:11).

DTPw/Hib was administered by the intramuscular (IM) route in the right antero-lateral
thigh while RTS,S/AS02D or Engerix-B™ were administered IM in the left antero-lateral
thigh. The RTS,S/AS02D or Engerix-B™ vaccination was delivered in a double blind
fashion (observer blinded, participant blinded). The vaccination team prepared the
vaccine and masked the contents of the syringe with opaque tape before providing the
syringe to the clinical team for immunisation of the infant. Since the two vaccines used in
the study were of distinct appearance, the vaccination team was not blinded and was not

involved in any other study procedure.

After cach vaccination, infants were observed for at least one hour. Trained field workers
visited the children at home every day for the following six days to record any adverse
event (AE). Solicited local and general adverse events were recorded during this period.
Unsolicited adverse events were recorded for 30 days after each dose through the health
facility based morbidity surveillance system. Serious adverse events (SAEs) were
detected in a similar way and recorded throughout the study. A detailed description of
definitions for solicited and unsolicited adverse events as well as SAEs can be found

" Further safety assessment was performed through haematological and

clsewhere
biochemical assessments, including renal and hepatic function measured at several time
points as shown in Figure 1a. Anti-HBsAg antibody titres were measured at baseline and
one month post dose 3 of RTS,S/AS02D or Engerix-B™. Anti-CS antibody titres were
measured at baseline, and one and three and a half months post dose 3 of RTS,S/AS02D
or Engerix-B™. Antibodies against diphtheria and tetanus toxins and polyribosyl! ribitol
phosphate (PRP) for H. influenzae type b were measured one month after dose 3 of

DTPw/Hib. Antibodies against B. pertussis, were measured at baseline and one month

after the 3rd dose of DTPw/Hib.
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Cases of malaria infection by P. falciparum were monitored by active detection of
infection (ADI) and by passive case detection (PCD) at health facilities in the study area.
ADI consisted of repeated visits to study participants at predefined intervals (Figure 1a).
At cach visit, a blood slide for parasitacmia determination was collected irrespective of
the presence or absence of symptoms, and the axillary temperature was recorded.
Children with positive slides were treated with first line treatment regardless of the
presence of symptoms and excluded from further assessment of ADI. Before starting the
ADI follow-up, asymptomatic parasitacmia was cleared presumptively in all children
with a combination of amodiaquine (10mg/kg/day for 3 days) and a single dose of
sulfadoxine-pyrimethamine (sulfadoxine 25mg/kg and pyrimethamine 1,25 mg/kg)
administered two weeks prior to the third and final dose of RTS,S/AS02D or Engerix-
BT™. Parasitacmia was checked 2 weeks later at the time of the third dose and, if present,
treated with second-line treatment based on Coartem®™. Only children without parasitemia
started the ADI, which commenced 2 weeks after the third dose of RTS,S/AS02D or

Engerix-B™ and was performed every-other week for 12 weeks.

The health facility based morbidity surveillance system set up at the Manhiga District
Hospital, Itha Josina and Taninga health posts, enabled passive case detection (PCD) of
all attendances to health facilities and ascertainment of episodes of clinical malaria. This
surveillance system has been described in detail elsewhere (Alonso PL, Sacarlal J,
Aponte JJ, Leach A, Macete E, Milman J, et al. Efficacy of the RTS,S/ASO2A vaccine
against Plasmodium falciparum infection and disease in young African children:
randomised controlled trial. Lancet 2004 Oct 16-22;364(9443):1411-20). In brief, the
three facilities have 24h medical staff trained to identify study participants through the
personal identification card and to ensure standardized assessment, management and
documentation throughout follow-up. All children with documented fever (37.5°C or
more) or history of fever in the preceding 24h, or pallor had blood taken for parasite and
packed cell volume (PCV) determinations. Children meeting admission criteria were

referred to the Manhica District Hospital for hospitalization. Clinical management was
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provided according to standard national guidelines. On admission and discharge all

relevant information was recorded on standardised forms.

To determine parasite presence and density of P. falciparum asexual stages, Giemsa
stained blood slides were read following standard quality-controlled procedures described
elsewhere (Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E, Milman J, et al.
Efficacy of the RTS,S/AS02A vaccine against Plasmodium falciparum infection and
disease in young African children: randomised controlled trial. Lancet 2004 Oct 16-
22:364(9443):1411-20). Biochemical parameters were measured using a dry biochemistry
photometer VITROS DT II (Orto Clinical Diagnostics, Johnson & Johnson Company,
USA). Haematological tests were performed using a Sysmex KX-2IN cell counter
(Sysmex Corporation Kobe, Japan). PCV was measured in heparinised microcapillary

tubes using a Hawksley haematocrit reader after centrifugation.

Antibodies specific for the CS protein tandem repeat epitope were measured by a
standard ELISA using plates absorbed with the recombinant antigen R32LR that contains
the sequence [NVDP(NANP)I5]2LR. The assay cut-off was set at 0.5 EU/ml. Anti-
HBsAg antibody levels were measured using a commercial radioimmunoassay (AUSAB,
Abbott) with an assay cut-off set at 10 IU/ml. Anti-PRP antibodies were measured by
ELISA with a cut-off set at 0.15 pg/ml. Anti-diphtheria and anti-tetanus antibodies titres
were measured by ELISA with an assay cut-off set at 0.10 IU/ml. Anti-whole-cell-B.
Pertussis antibody titres were determined by ELISA (Labsystems) with an assay cut-off
setat 15 EL.U/ml.

Statistical Analysis

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

included in the intention-to-treat (ITT) safety analysis.
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Anti-CS and anti-HBsAg antibody data were summarised by Geometric Mean Titres
(GMTs) with 95% CI. Anti-CS seropositivity was defined as > 0.5 EU/ml, while

seroprotection from Hepatitis B was defined as > 10 IU/ml.

The test of concept for vaccine cfficacy (VE) was based on a prospectively-defined
Report & Analysis Plan (RAP) carried out on an According to Protocol (ATP) cohort.
The ATP cohort included subjects that met all eligibility criteria, completed the
vaccination course and contributed follow-up time during the ADI period. The analysis
included all first or only asexual P. falciparum infections detected during the follow-up
period starting 14 days after dose 3 of RTS,S/AS02D or Engerix-B™ and ending with the
visit at study month 6 (approximately a 3 month follow-up). Malaria infections included

in this analysis were detected by ADI or PCD.

Further exploratory analysis considered vaccine efficacy against clinical malaria in an
ITT cohort that included first or only episodes from the time of enrolment until the date
on which the last enrolled infant completed their ADI follow-up (March 6™ 2007).
Additionally, exploratory analyses of clinical malaria were performed in the same ATP
cohort and follow-up period as in the efficacy assessment of new infections. The primary
case definition for clinical malaria was fever (axillary temperature > 37.5°C) with an
asexual parasitaemia of P. falciparum of 500 or more per microliter. This definition has a
reported sensitivity and specificity of greater than 90% (Saute F, Aponte J, Almeda J,
Ascaso C, Abellana R, Vaz N, et al. Malaria in southern Mozambique: malariometric
indicators and malaria case definition in Manhica district. Trans R Soc Trop Med Hyg
2003 Nov-Dec;97(6):661-6). Other exploratory efficacy analyses used secondary case
definitions for clinical malaria including fever or history of fever in the previous 24 hours
plus any asexual P. falciparum parasitacmia. The time at risk, reported as person years at
risk (PYAR), was adjusted for absences from the study area and for antimalarial drug
usage as previously described (Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E,
Milman J, et al. Efficacy of the RTS,S/AS02A vaccine against Plasmodium falciparum

infection and disease in young African children: randomised controlled trial. Lancet 2004
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Oct 16-22;364(9443):1411-20), as these are periods of time when infants could not be

expected to contribute study endpoints.

VE was defined as | minus the rate ratio. Vaccine efficacy was adjusted by distance to
health facility, calculated according to previously described methods (Alonso PL,
Sacarlal J, Aponte JJ, Leach A, Macete E, Milman J, et al. Efficacy of the RTS,S/AS02A
vaccine against Plasmodium falciparum infection and disease in young African children:
randomised controlled trial. Lancet 2004 Oct 16-22;364(9443):1411-20) and community
of residence. The adjusted vaccine efficacy, assessed using Cox regression models, is
reported throughout the text unless otherwise stated. The effect of anti-CS antibody titres
on the risk of malaria infection was evaluated in the group that received RTS,S/AS02D
by comparing the hazard ratio (HR) of infants in the lowest response tertile against those
in the highest response tertile, as well as estimating the HR per doubling of anti-CS
antibody titre using Cox regression models. Finally, a comparison was made of the
geometric mean titre of children who had at least one episode of malaria infection against

those without documented malaria infection using a Wilcoxon Rank Sum test.

The sample size was based on the evaluation of vaccine safety. A trial with 100 subjects
in each group had 80% power to detect a difference in the proportion of adverse events of
26% or more if the frequency of an event in the Engerix-B™ group was 10% or more. A
trial of this size also had 90% power to detect an efficacy against malaria infection of
45% or more assuming an attack rate of 75% or more in the control group over the

surveillance period. Analyses were performed using SAS and STATA.

Role of the funding source

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

u_
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Results

Figure 1 shows the trial profile. 326 out of 446 pregnant women fulfilled the eligibility
criteria and delivered 329 newborns. Of those, 251 infants were screened and 214 (85%)
of the screened children were enrolled in the trial and received the first dose of
DTPw/Hib vaccine. 93 (86%) of the children in the RTS,S/AS02D and 92 (85%) in the
Engerix-B™ group entered ADI follow-up. During the follow-up, consent was
withdrawn from seven children in the RTS,S/AS02D group and eight children in the
Engerix-B™ group. Three children in each group received the wrong vaccine at Dose 2
of RTS,S/AS02D or Engerix-B™. They were not included in the ATP analysis. Baseline

characteristics for both groups are presented in Table 1.

Figure 2¢ shows the proportion of all administered doses where a solicited symptom was
recorded. The figure presents four groups, as the data for DTPw/Hib and OPV are
segregated by randomisation assignment. The proportion of children with pain was high
and similar in all groups. The relative proportion of symptoms was similar after cach
injection of RTS,S/AS02D and comparable in magnitude (data not shown). No grade 3
solicited symptom was documented in the RTS,S/AS02D group, and the incidence was
very low in the other groups (data not shown). In the ITT cohort followed until end of
follow-up on 6 March 2007, there were 31 SAEs in the RTS,S/AS02D group and 30
SAEs in the Engerix-B™ group. None of them were reported as related to vaccination.
There were four deaths during this same follow-up period; all of them after the ADI
period had finished at study month 6 (2 in RTSS/AS02D group and 2 in the Engerix-B™
group). All of the deaths occurred at home. Verbal autopsies suggest that one death in the
RTS,S/AS02D group was due to septic shock, and the remaining three due to
gastroenteritis and severe dehydration. The values and proportion of abnormal
haematology and biochemical values after Dose | and after Dose 3 were similar in both

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

For the 214 subjects enrolled in the trial (107 RTS,S/AS02D and 107 Engerix-B™) data
for the EPI antigens responses are available for 151 subjects post dose 3 (76 in the
RTS,S/AS02D and 75 in the control group). There are no differences in
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seroprotection/seropositivity and titers between the subjects in the two groups (Aide et al,
manuscript in preparation). All but three children reached seroprotective levels against all
EPI antigens. These three children will be re immunised with the antigens to which they

have failed to respond.

Anti-CS and anti-HBsAg antibody levels measured against CS and HBsAg are shown in
Table 2. At screening 24/76 (32%) and 26/77 (34%) of the infants in the RTS,S/AS02D
and Engerix-B™ group, respectively, had low titres of detectable anti-CS antibodies. One
month after dose 3, 99% (70/71) of infants that received RTS,S/AS02D had detectable
anti-CS antibodies, while the corresponding figure among infants that received Engerix-
B™ is 4% (3/68). Three and a half months after dose 3 (study month 6), the proportion of
anti-CS positives in the RTS,S/AS02D remained high (98%) but the GMT had decreased.
The anti-CS GMT in the Engerix-B™ group remained low, even though the prevalence
of detectable antibodies increased to 20% (12/61). Response to hepatitis B was good in
both groups (Table 2).

Figure 4 shows the proportion of children with at least one episode of malaria infection
during the ADI follow-up starting 14 days after dose 3 of RTS,S/AS02D or Engerix-B™
up to study month 6. A total of 68 new infection were documented during this follow-up
period, 22 in the RTS,S/AS02D group and 46 in the Engerix-B™ group. The crude
vaccine efficacy (VE) estimate was 62.2% (95% CI 37.1%; 77.3%, p=0.0002) over the 3
month follow-up period. Adjusted by distance to the health centre and community of
residence, the VE was 65.9% (95% CI 42.6%; 79.8%, p <0.0001) (Table 3). The point
prevalence of infection at study month 6 was similar between the two groups (5% in the
RTS,S/AS02D group vs 8% in the control group, p=0.536), nor were there differences
between mean parasite densities (2082 parasites per microliter (SD 5604) in the
RTS,S/AS02D group vs 2579 (SD 6088) in the control group, p=0.85).

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

followed from month 0 to month 6, using the primary case definition of malaria (first or
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only episode of fever with more than 500 parasites per microlitre) detected through both
ADI and PCD, was 35.5% (95% CI -7.5%; 61.3%, p=0.093). Further efficacy estimates
for clinical malaria in an ATP cohort starting 14 days after dose 3 of RTS,S/AS02D or
Engerix-B™ up to study visit at 6 months, the same follow—up period used in the primary
VE estimate for infection, are shown in table 3. Table 4 gives details of further follow up

for 12 months post dose 3, i.c. from 3-14 months.

The relation of anti-CS antibody titres to the risk of malaria was examined in a number of
ways. Firstly, we compared anti-CS antibody titres after dose 3 of RTS,S/AS02D or
Engerix-B™ in the group of infants where no malaria infection was documented during
the follow-up versus those that had at least one episode. On average anti-CS antibody
titres were higher in the former group (208 vs. 132, p=0.026). Secondly, the hazard ratio
was 71% lower among infants in the higher tertile of the distribution of antibodies than
among infants in the lower tertile (95% CI 8.4%; 90.7%, p=0.035). Finally, we examincd
risk of malaria infection in relation to the increase in antibody titres. Doubling of
antibody titres was associated with a reduction in the risk of a new infection of 6.4%
(95% CI 10.8; 1.8) p=0.007. A ten times increase in anti-CS titers is associated with a
19.8% reduction in the risk of new infections (95% CI 31.6; 5.9).

Based on an analysis of the results vaccine efficacy for new infections was 65% over a 3
month follow-up period after completion of immunizations. This efficacy estimate is
higher than the 45% reduction reported in a previous trial (026 trial) among older
children aged 1 to 4 years followed in a comparable ADI system in the same study area
(Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E, Milman J, et al. Efficacy of the
RTS,S/AS02A vaccine against Plasmodium falciparum infection and disease in young
African children: randomised controlled trial. Lancet 2004 Oct 16-22;364(9443):1411-
20). The follow-up periods in this trial and the 026 trial were not identical, slightly
shorter in the infants than in the older children. Secondly, confidence intervals of the two

estimates overlap.
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45 Clainms 1. The use of an antigen derived fromthe circunsporozoite
protein (CS) protein of Plasnmodium f | parum whi ch is expressed at the
pre-erythrocytic stage of malarial in ectl on in conbination with a
pharmaceutically acceptabl e adjuvant said adjuvant conprising: detoxified

lipid éaql{nsa non-toxi c derivative of lipid A, a saponin; or a
conbi natllon of detoxified lipid A or non-toxic derivative of lipid Awith a

saponin, in the manufacture of a medi canent for vaccinating infants 1 week

oIdtoSOvvefgsol aa|nstdmadra 2 Theus thh@JEgtt claim1l ,
wher ei b the 107 WEI%A8T BHESH SEhEd diom @gﬁlrgqqg,spgmzwam{) SFUFCRBPRRbr i se
ant i gepidssmogmhesl %ann'i Aich ieex@raashd a€ 9 rStrythgodtic Sige dfPAwldrial knBéstidn irAVA- 1
MBP- 1, TRAP, Exp an i mmunogeni ¢ fragnment. thereof. 3. The use

accor dFW@blﬁ@O&lﬁylﬂbhléhaé‘Pa@Pta?% aiceBFab@ adipfattspid afuanteomARsivEn is fused to
the surface %Eklﬁ@@llé\h%n&r'%%ttbilb%er%a(ﬁ@%ﬂ)xdA 4. The use according to any

one of clains erein CS protein or fragment is in the formof a
hybri d- pr ot et sepoompet si ng substantially all the Cterminal portion of the

.CS prot ei n Ofa (?rlngirsla%)o%'o?%t I(?%El ligird 1[r‘ieon t%?ig%gl]&; 9@8‘% 8]}% &/Rﬁa% ? otein

i mmunodomni naht Tt egl on, and the ace antigen rom epatitis BsAg) .

5. Theinkse maacfacwiend atntedidagien #r vdveineting infaatsHyMacek dlprodilevatks cldpeiisgs a
sequence of CS protein of P.falciparumsubstantially as corresponding to
ami no S¥4& 207-395 of P fal ci parum NF54 strain 3D7 clone CS protein fused

in frame via a linear linker to the NNterm nal of HBsAg. 46

2. The use according to claim 1, wherein the formulation of the antigen and adjuvant
further comprise antigen is selected from the group consisting of CS, LSA-1, LSA-3, AMA-1,
MSP-1, TRAP, Exp-1 or an immunogenic fragment thereof.

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

surface antigen from hepatitis B (HBsAg).

4. The use according to any one of claims 1 to 3 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).

5. The use according to claim 4 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.



6. The use according to claim5 wherein the hybrid protein is RTS. 7. The
use according to claim6 wherein the Sisin the formof mxed particles
RTS,S. 8. The use according to cl ai wherein the anount of RTS, S is 25
ug per dose. 9. The use according to any one of clains 1 to 8 wherein the

adj uvapt is referent t tor ThI I ponse. 10. The use
according to $ $ﬁ¥5n§ﬂg%%l ngy @ mﬂ&%% rPﬁgés -MPL, Q821 or a
conmbi nation of 3D-MPL and Q821. 11. The use accordlng to claim 10 wherein

t he ad%uvant further conprises an oil in water emulsion., 12. The use
according t oled wieracagdingde 6larmoneherpipibaR Sisi the foraiprixed Batirlsss ones.

13. Thﬁ»gg@ according to any one of clains 1 to 12 wherein the adjuvant is
formul ated 'as a pediatric dose.

8. The use according to claim 7 wherein the amount of RTS,S is 25 pg per dose.

9. The use according to any one of claims 1 to 8 wherein the adjuvant is a preferential

stimulator of a Thl cell response.

10. The use according to claim 9 wherein the adjuvant comprises 3D-MPL, QS21 or a
combination of 3D-MPL and QS21.

11. The use according to claim 10 wherein the adjuvant further comprises an oil in

water emulsion.
12. The use according to claim 10 wherein the adjuvant further comprises liposomes.

13. The use according to any one of claims 1 to 12 wherein the adjuvant is formulated

as a pediatric dose.



