1 ANTI - MALARI A VACCI NE The present invention relates to a novel use of a
mal ari a antigen to i muni se against malaria infection and di sease. The
invention relates in particular to the use of sporozoite 5antigens, in
particul ar circunsporozoite (CS) protein or imrunogenic fragnents or
derivatives thereof, conbined with sujtable adjuvants, to immunise nalaria
nave i ndividuals expecting to travel to endem c regions against mal ari a
infection. Malaria is one of the world' s major health problens. During the
20t h century, econonic lO0angrsatiiakrdexvebopment, together with
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These figures highlight the global malaria crisis and the challenges it poses to the
international health cormmunity. The reasons for this crisis are multiple and range from

20 the emergence of widespread resistance to available, affordable and previously highly
cffective drugs, to the breakdown and inadequacy of health systems and the lack of
resources. Unless ways are found to control this disease, global efforts to improve health
and child survival, reduce poverty, increase security and strengthen the most vulnerable
societies will fail.

25

Malaria also poses risks to those traveling to or working in endemic regions who

normally live in malaria free countries. The risks may be greater to this traveler

population because they do not have any background immunity to malaria from natural

exposure. Another aspect of the risk incurred by a traveler to a malaria endemic region is
30  that the disease is often mis-diagnosed in its early stages due to the flu-like symptoms.

When the severity increases and malaria is finally diagnosed, it can be too late. Within a



2 few days of the increased synptons, death can result, for exanple, from
cerebral malaria, or sonetines organ (e.g. liver or kidney) failure. One of
the nost acute forms of the disease is caused by the protozoan parasite 5
Pl asnodi um f al ci parum which is responsible for nost of the nortality
attributable to malaria. Another formof the disease is caused by

Pl asnmodi um vivax. P. vivax is the nost widespread of all nmalarias. In
addition to being present in tropical and sub-tropical regions, the ability
of the pawasydef th@incmaqsﬁdestympitctrss doshvart BsWy doreexamptep fpar cerabra snaa@id, ow as 15
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nosqui t e sporozoites nmgrate to the liver and there infect hepatocytes
(liver staageg dmmpment)eye l@lgglﬁglbemnd thoes foyiFafaltipar2Bexoer yt hr ocyti c

intracel lular stage, into the nerozoite stage which infects red blood cells
(RBC) to initiate cyclical replication in the asexual blood stage. The

cycl e i sagetiehatietmaye Btheeals fdoefronideadtiony safpoat forithediclief thamahafiatdwes in the

RBC i nt o sexual stage ganetocytes which are sted t he |to wher e
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SPON@ZO0ihAgri Ay MitniidiRh Sviltflive fadbAlohV@ENua8lddnslaria sporozoites. The
persistence of intra-hepatic stage in vivo is required to produce and maintain protective
immunity, but the underlying mechanisms have not yet been completely defined.
Antibodies, CD8 and CD4 T-cells (Hoffman, 1996} have been implicated as critical
effector immune mediators.

20
The life cycle of Plasmodium sp (eg.P. falciparum or P. vivax) is complex, requiring two
hosts, man and mosquito for completion. The infection of man is initiated by the
inoculation of sporozoites in the saliva of an infected mosquito. The sporozoites migrate
to the liver and there infect hepatocytes (liver stage) where they differentiate, via the

25  exoerythrocytic intracellular stage, into the merozoite stage which infects red blood cells
(RBC) to initiate cyclical replication in the asexual blood stage. The cycle is completed
by the differentiation of a number of merozoites in the RBC into sexual stage
gametocytes which are ingested by the mosquito, where they develop through a senes of
stages in the midgut to produce sporozoites which migrate to the salivary gland.

30



3 The sporozoite stage of Plasnodiumsp (eg.P. falciparumor P. vivax) has
been identified as one potential target of a malaria vaccine. The mgjor
surface protein of the sporozoite is known as circunsporozoite protein (CS
protein). This protein has been cloned, expressed and sequenced for a
variety of strains, for exanple for P3 falciparumthe NF54 5strain, clone
3D7 (Caspers, 1989). The protein fromstrain 3D7 is characterised by having
a central imunodom nant repeat region conprising a tetrapeptide
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t ol er at edpeaticksiportiomod érd CS pMicmt e). 25 The RTS, S/ ASQRA vacci ne has aI so
shown evi dence of efficacy in clinical trials in the USA and in the field
in West Africa. RTS, S/ ASQ2A i nduces significant 1gG anti body responses to

P. faki aaiamﬂ.ﬁlitmqumorogmist RTRISOhelatia aﬁtﬁir&lﬂasddaﬂittabrolelﬁahd bdefruni ty
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3D-MPL and an oil in water emulsion) was used in consecutive Phase [ studies

20 undertaken in The Gambia involving adults (Doherty, 1999), children aged 6-11 and 1-5
years (Bojang, 2005), which confirmed that the vaccine was safe, well-tolerated and
immunogenic. Subsequently a paediatric vaccine dose was selected and studied in a
Phase 1 study involving Mozambican children aged 1-4 years where it was found to be
safe, well tolerated and immunogenic (Macete).

25
The RTS,S/AS02A vaccine has also shown evidence of efficacy in clinical trials in the
USA and in the field in West Africa. RTS,S/AS02A induces significant IgG antibody
responses to P. falciparum circumsporozoite protein and substantial T-cell immunity
(Lalvani, 1999; Sun, 2003). Efficacy against P.falciparum experimental challenge in

30  malaria-naive volunteers in the USA has been estimated to be about 30-50% on average

(Stoute, 1997; Stoute 1998; Kester, 2001) . The first of these studies (Stoute, 1997) was



S5efficacy in the first nine weeks of followup and 0% efficacy thereafter
(Bojang, 2001). These studies (Stoute, 1997; Stoute, 1998; Bojang, 2001,
Kester, 2001) show efficacy against infection. Results were recently
reported froma trial using RTS, S/ASQ2A in young African 10 children. It
was di scovered that the CS protein baged RTS, S vacci ne can confer not only
protection against infection under natural exposure but also protection
agai nst a wi de spectrumof clinical illness caused by P. falciparum
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epi sode of clinical malaria did not significantly wane (A onso, 2005). 25
Al t hough the vaccine formul ation descri bed above shows clinical efficacy,
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G i niscalzopgni festation of malaria can only 5occur if there is a productive
infection of the liver leading to the formation of nerozoites and their
rel ease fromthe hepatic stage. These nerezoites can then infect RBC and
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20 prevalence of infection. This is in contrast with previous trials in malaria naive volunteers
or Gambian adults which suggested that vaccine efficacy with RTS,S was short lived
(Stoute, 1998; Bojang, 2001). Furthermore, after an additional follow-up period of 12
months, it was observed that the efficacy of the vaccine against an episode of clinical
malaria did not significantly wane (Alonso, 2005).
25
Although the vaccine formulation described above shows clinical efficacy, additional
improvements are still needed in order to increase both the number of individuals
protected as well as the persistence of protection. New adjuvant formulations such as a
formulation which contains QS21 and 3D-MPL in a liposome containing formulation
30  (referred to herein as adjuvant B) have demonstrated a higher potency to boost T-cell

immune response in various pre-clinical and clinical investigations.



above, follow ng nosquito bites would be highly desirable for a traveler
popul ati on that does not have pre-existing i munity, because by preventing
t he productive hepatic infection the vaccine would prevent any subsequent
clinical manifestation. This can be contrasted with the aimof vaccine
devel opment targeting children or people in endem c 15regi ons, where the
Maj or aimwoul d be to decrease the severity of disease and/or to decrease
t he nunber of episodes of disease, but not necessarily to prevent them
conpletely. In theory, it would not be possible to indefinitely maintain

sterile protection in people in enden c region nd therefore they need to
but | d ughPRRICH o6 RARER Ry oD VESeGat eropl il & 1 CORECEPT BIIAE: ¢ her mor e,
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manuf act@PEad witkiiata pértectis ey ARRmPYi g e R EPOT PEORIA HEMIE™ % gi ons
agaiBst BEOMIGHNARR:R afin WLRALH Bcorease thRNBIAId iselda@hplss Lo endeni C

regi ons e mal aria nave. us, the invention 10applies to nalaria nave
i ndi vi dulgbxsase the number of episodes of disease, but not necessarily to prevent them

completely. In theory, it would not be possible to indefinitely maintain sterile protection
in people in endemic regions, and therefore they need to build up their own immunity by
exposure to malaria infection. Furthermore, it may not be advisable to confer sterile

20  protection on people living in endemic regions for an extended yet limited period of time.

We describe heretn a challenge clinical trial consisting of a head to head comparison of
RTS,S/AS02A versus RTS,S with a different adjuvant (adjuvant B) which contains QS21
and 3D-MPL in a formulation with cholesterol-containing liposomies, in a malaria naive

25  population (see Examples). Both T- and B-cell mediated immunity were investigated.

The results show that in a malaria naive adult population the RTS,S antigen in

combination with adjuvant B is greater than 50% more effective at protecting against

productive hepatic infection following malaria challenge than RTS,S/AS02A. Thus, the
30  RTS,S antigen in combination with adjuvant B is more effective in terms of the sterile

protection which is required for malaria naive individuals traveling to regions where



The invention is particularly concerned with reducing the incidence of
productive malaria infections in travelers to endem c regi ons, who nay be
any age but in particular adults. 15 A second aspect of the invention
provides a fornul ation conprising a Plasnodium antigen or an i nmunogeni c
fragment or derivative thereof and ansadjuvant, conprising a lipid A
derivative and a saponin in a liposone fornmulation, for use in the

i mruni sation of travelers to endem c regions agai nst productive nalaria
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(LSA-1) (see _eg W2004/044167),. liver stage antigen-3 (LSA-3) (described 5
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and 4gP %Z, 11843 madRivestdaduagen -1 (Exp-1) (described for exanple in
Mer al di al 2002, Parasite Imrunol vol 24(3):141),
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been shown to be present at the liver stage (in addition to the
erythrocytic stage). Al of these antigens are well known in the field. The

ant i1gen A8ycol® addist d@Mhd eI RHNIQ a RANMIEARMQIRiSad 4 PGRPYher eof or a
derivative of either of these. Inmmunogenic fragnents of nmalaria antigens
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response agai nst the native antigen. 20 The Pl asnodi um anti gen may be fused
to the surface antigen fromhepatitis B (HBsAg). One particul ar antigen for
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CS pr ot &jnfbunts of a formulation comprising a Plasmodium antigen or an immunogenic
fragment or derivative thereof and an adjuvant, comprising a lipid A derivative and a
saponin in a liposome formulation.

25
In one embodiment of the invention the Plasmodium antigen is a P. falciparum antigen.

In another embodiment of the invention the Plasmodium antigen is a P. vivax antigen.

Suitably the antigen is a pre-erythrocytic antigen.
30



25 which fragments may be fused together. The CS protein based antigen may
be in the formof a hybrid protein conprising substantially all the
C-terminal portion of the CS protein of Plasnodium four or nore tandem
repeats of the CS protein i nmunodom nant region, and the surface antigen
from 30 hepatitis B (HBsAg). The hybr7d protein may conprise a sequence

whi ch contains at |east 160 am no acids and which is substantially

honol ogous to the C-terminal portion of 8 the CS protein. In particular
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of P. falci i i i i 7-395 of

B 131 o parnEP Y7 AR LAREEY 38 9.9 TETPRRHANA L NAIb AT &R B S0yt used
i n franes9I®49), Exporkddraaigen + InfEap- ) ddstrebe-foreexampdd ind¥leralds Apl 2068 | i nker may

conprise a portion of preS2 from HBsAQ. CS constructs.for usge-d he
present eﬁwgﬁ EWPI%HV@ J g%@%ftbr HEG°TY te%%e%}ai-a?g?gn&réchppg PEelmcﬁTlM bnst r uct
i's the hyblokitdindtiBienstkgomitizas (SN A% tidesbodpoadinirelaté@afSdyhisls drotéin ( wher ei n
it is denoted RTS*) and WO 98/ 05355, the whole conten 3 of both of which
ar e i ncdipéraldasemiadan \V QYO A2e.aHPS Y 1456913’?48{9%/ lﬁ%ﬁ i2gd prigtlei n for use
in the i y ! VBT d i i {sts of: 20
A mal'?) hi orﬁ%(rﬁie’qdre %g}%%e% benco?egg%ogﬁgﬂgil ]21())'? pgg@@@g@f&%ﬂfgﬁﬂgﬁﬁ ved fromthe
Sacchr orshesn ¢ebepicsinhat tFDHBergéage (Beldiivodo thevmghiocytiogage). All of these Thr ee

am no aci ds, Met Pro er.d ved.froma nucl eoti de (1062 to
251070) a&%&%&s@ﬂe H@ll %ﬂ%w%fno Fﬁlﬁldp(rjrohgeaaﬁzgeél rBngdﬁ t?% egtgrﬁzjt?é%@{&t%ﬂe hybrid gene.
A stret Ghinfnok&8c aagmentakrels oraniefideilcly etihes lo€ dickel ebnrkOitibeio 1637
representing amno _acids 207 to 5 of _.the circunsparozpite protein (CSP)
of Pl as n%ftﬁntﬁﬁ‘fsfql%ﬁﬁﬁﬂngﬁsaﬂ]rﬁ wg in@@a@b gygl}plg_g@g:f%%omam tIrom 9\1\%\-1
15  (described e.g. in WO 02/077195). Derivatives include for example fusions with other
proteing which may be malaria proteins or non-malaria proteins such as HBsAg.
Derivatives according to the invention are capable of raising an immune response against

the native antigen.
20  The Plasmodium antigen may be fused to the surface antigen from hepatitis B (HBsAg).

One particular antigen for use in the invention is derived from the circumsporozoite (CS)
protein and may be in the form of a hybrid protein with HBsAg. The antigen may be the
entire CS protein or part thereof, including a fragment or fragments of the CS protein

25  which fragments may be fused together.

The CS protein based antigen may be 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
30 hepatitis B (H{BsAg). The hybrid protein may comprise a sequence which contains at

least 160 amino acids and which is substantially homelogous to the C-terminal portion of



9 An amino acid (Ay) encoded by nucleotides 1638 to 1640, created by the
cl oning procedure used to construct the hybrid gene. Four am no aci ds,
Pro Val Thr Asn, encoded by nucl eotides 1641 to 1652, and 5representing the
four carboxy term nal residues of the hepatitis B virus (adw serotype)
preS2 protein (Val enzuela, 1979). A gtretch of 226 am no acids, encoded by
nucl eotides 1653 to 2330, and specifying the S protein of hepatitis B virus
(adw serotype). 10 The RTS nmay be in the formof RTS, S m xed particles.

The RTS,ife @aptoteinedn potipulasBubsmontipDy, yibeibt iCkesniRd$oatich & thd/E8 paatyinbe

synt hesi.zed, si nmul.t aneous] y .gnd _spont aneously form conposjte. particul ate
7ot B &) B drbeid B A5 TRORHP LA ener SET R SCBRG: BT AC R bo

expr ess e thdunYig&s from Wb EOIP ffciParbe EYSRAIALS of MofelGh 0orhast AsKTS Wil | be
expressed as |Ipoprotein particles. The recipient yeast strain may already
carry i MlatAsndtndrteapenptidsrenca ot alledCe opites mey bgslerag af theilastp2 S
expression_c . esulting strain synthesizes therefore two

pol ygeptaf%ré%',g&é?g%% t%@?ex%c%%:{l. spont aneously co-assenble into m xed (RTS,S)

| i poprotein particles. These particles may present the CSP sequences of the
hybri d hle)i_r surface. The RTS and S in th«%se i.xed particles may be

pr esent Lhé( ng{qt@ﬁ?%frus?éﬁ' § INEBROLINAK B 8 Potgn 14 ot PYUPRPE her

el ari a ROk Pedteidlof Pr W)&nﬁhbﬂ%ﬂa\ﬂﬁtab ¥ErréspendBRE to dinihb acilYENEIDEr i s al so
enconpassed within the invention. Qther pre-erythrocytic antigens such as
AVA- 1, 1FsAlgipangp3R7 clgss derivedifremdghe strpigENFg4 @@p@s@%ﬁmﬁ@ﬂ@l 917) and
Pfs ;461Q, iRy conhi i i nat i S, S may be
use&ai n%%%g?{%agﬁ P%%%(\S/j\nﬂieﬁq a utl)a(rl)lg}“g?gég gﬁ? %%ﬁﬁéaﬁ?@?gﬁékéﬁg%tc’? surface

pr ot ei n-pteS2MBkn HBsAdescri bed e.g. in US 30 4,837,016), erythrocyte binding
antigen-175 (EBA-175) or MSP-3 (described e.g. in EP O 666 916). 10

| mmunogeni ¢ fragnents of any of the antigens as described herein wll

cont ai n @ cdrBBdts R@sERI th@?@s@ft itvRBtigNire @e buttinel & Wpl #8y1018basina
antigenicity and are capabl e of raising an_imune response when presented

in a suifegiHET eersueiie ihe hybed paeindnovR ampile SN PES BIVE &/ Hivér nal ari a
ant i;genguRkref P& deAORa TEISS At W bFBHSS5, Ble WESEM &R Hboth GAKRILEre t hE

incorporated herein by reference.

-

A particular hybrid protein for use in the invention is the hybrid protein known as RTS

which consists of;

20
¢ A methionine-residue, encoded by nucleotides 1059 to 1061, derived from the
Sacchromyes cerevisiac TDH3 gene sequence. (Musti, 1983).
e Three amino acids, Met Ala Pro, derived from a nucleotide sequence (1062 to
25 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, 1989).
30



i mmune response being directed against the native antigen. Typically the

i munogeni ¢ fragnents contain at |east 20, or at |east 50, or at |east 100

contiguous am no acids fromthe malaria antigen. 10Derivatives of the

antigens or fragnments as described herein will simlarly contain at |east

one epitope of the antigen and display malaria antigenicity and are capabl e

of raising an immune response, the inmune response being directed agai nst

the native antigen. Derivatives include for exanple fusions of the nalaria

anti gen t os arat zhﬂslno pcidt(@iy) enduded brayclestideay 63®to 1860 adredtdreby thelckomira pr ot ei n

and may be, for gg HBsA% 1% I n,accordance with the invention, an

aqueous squPﬁHﬁ HEOGARSRUCE e iy Rd 8r ot ei n nay be used directly and

conbined with the suitable adjuvant according to the invention.

Alternatively, the protein can be |yophilized prior to mxing with the

adj uvant . Wh@oad@mamcidndiro Beal a?hIAeruiedcca:hd by sueiheitlend et tod 65ecamdst i tute the

antigen into_a ui d v ccin thLaon f her provides

t he use of arwrssgﬁ% %Lﬁt i gnﬁy E)eménr@ fer%'rﬁlﬁsoogelﬁe hel}a IHS b vu’EuS&—deri vative

t her eof and aaoggkymaszpﬁmﬁp(vsemgwaghwpnd A derlvatlve and a saponin in a

| i posone fornul ati on, as described herein, in the manufacture of a kit for

25i muni sing travelers to endem ¢ regions against malaria infection,

wherein the %“ét% 1296 RN ch ﬁl:o'dé!@ﬂ?hﬁélécﬁﬁei PE4D @nA36 NFqanti gen and the

adj uvant are m X prlor to adn nistrat he 'vacci ne dose in

accor dance mmmndbhgtth@nnmomthwubeBbenmégb&&ﬂQ@@dMg RTS, S per 30 dose,

for ﬁxanple 25 to 75 ug RTS, S, for exanple a dose of 50 ug RTS, S protein,

may be present in 500 ul (final liquid fornulation). This is a

sw t abl ghd gsEs Ifngyb@ﬁrﬁhe Formldf FXRJE hsixedpastitleabl e dose for use in children is

hal f the adult dos that is 25 ug RTS, S, which may be present in 250 ul

(final liquid forrmulation). Simlar doses may be used for other antigens. 5

I'n accorganes %aﬂackbeomms%%%wp@ﬁu&e@m%w SheORy fednpeside@n adj uvant

which conprisés a lipid A derivative and a saponin in aliposone

f or mul atsinowtaneousBuandabprtanapusly derns caupesitd pagiculotetstiactiurps éRTP G ear e

det qxi fied rom any source and non-toxic derivatives of lipid A
gﬁ aﬂg pégﬁg%@ﬁP%al stinmulators of a Thl cell response 10(al so herein

aIIed a Thl type response).

The RTS protein may be expressed in yeast, for example S. cerevisiae. In such a host,
RTS will be expressed as lipoprotein particles. The recipiént yeast strain may already
carry in its genome several integrated copies of an hepatitis B S expression cassette. The
20  resulting strain symnthesizes therefore two polypeptides, S and RTS, that spontanecusly
co-assemble into mixed (RTS,S) lipoprotein particles. These particles may present the
CSP sequences of the hybrid at their surface. The RTS and S in these mixed particles

may be present at a particular ratio, for example 1:4.

25  The use of a further malaria antigen or fragment or derivative thereof in the invention is
also encompassed within the invention. Other pre-erythrocytic antigens such as AMA-1,
LSA-1, LSA-3 (described e.g. in EP 0 570 489 and EP 0 833 917) and Pfs 16kD, may be
used in combination with RTS,S. Alternatively RTS,S may be used in combination with
a blood stage antigen such as merezoite surface protein-1 (MSP-1) (described e.g. in US

30  4,837,016), erythrocyte binding antigen-175 (EBA-175) or MSP-3 (described e.g. in EP 0
666 916).



An i mmune response may be broadly divided into two extrenme categories,
being a hunoral or cell nediated i nmune response (traditionally
characteri sed by anti body and cellul ar effector mechani sns of protection
respectively). These categories of response 15 have been terned .Thl -type
responses (cell-nedi ated response), amd Th2-type i mmune responses (hunor al
response). Extrenme Thl -type inmune responses may be characterised by the
generation of antigen specific, haplotype restricted cytotoxic T

| ynphocytes, and natural killer cell responses. 20ln mice Thl -type

| acoa SdBEPBRERIRTREEoTA L 1D Hafeirerene CorRed e U faun fgpet

| g&Ra s : i

ant i bodi @ epilbpt-df¥Reartizen BRI 8iSSIRY Bﬁﬁﬁaﬁhﬁ%&ﬁ@ﬁ%ﬁ%é &apdblBYf Fhgnganer at i on
of a range of |m*runo‘%liobul in isotypes including in mce | It can be

a. 2
consi derlBEUNgA¢sPOREE qn\nrwnﬁeam@SIBtahlerr@nﬁtﬁ@t,cw%asO@rr@ﬁﬁmt%? whpeSsed wo t ypes
P : | ) | - i tend
Co 1 avols fEERARESSnAkhs DY bHE} RSEmaldidnt B4 & e ch ARGV © 08 T

ant i gen,imshinkes¢sphigibeirpvditestedfagdin@-the/paive phingeni MMypichbn thetimnimwgertic t he

i nduct i f | i to t ti .12 Th i stincti
of Thi ' ARETERS OB FINAC6epBreas trat Kot ADSorEREL: HARoRAHSTARL { he form
of a conhé pdlaneGyeen these two extremes. In reality an individual wll

support an i nmune response which is described as being predom nantly Thi or
predom nantly Th2. However, it is often convenient to consider the famlies

of t Ol d : 1! i N, N6 + cl ones
by NS A G e g hethled R B Gl B8t D e
ar e assaugkapéepewfitie artigep awbidisplap mabiiatahBgdniNEygahme cpabk of resngdyn

T-1yrnphocytes. Other cytokines often directly.associated wth the
nduct | JREEe HPOLE (e SR £ peds bRLe SraREe i R PBuReEoulER cels, such
as | L- 12Derlvaticaarihdladd for TXatnplé Yiptons ©F fHRNA€ i AdiRipds SOaioftice grotéih ivHidie
secretion of IL-4, 1L-5 1L-6, IL-10 apd 10tumour necrgsis factor-beta
( TNF- bet83Y, ofrpay 26t bg gipthenaglatia prossim andmay Re fanrsmalt 4188 particul arly
suitigd to the stinmulation of either Thl or Th2-type cytokine responses.
Traditional ly, indicators of the Thl:Th2 bal ance of the inmmune response
after a Inascordauce githdhe innpriton; anaqueonLaptutivnrod ghe pusiiied &b petein ofayt he
producti . } I 0 iLn.vitro after

resti wlbgﬁsgidl\{m&%iﬁg{é%tl—%gﬁﬁ %ﬁ @%S‘ﬁ%glzﬁg%‘g%pé%éﬁﬁ%gé? tqeelgxée?ltlsrrlf m ce) of
t he | gQAllgtRaeclvathepratbinant bgéyophjized pricr tamhixingdyitlr s pdjns&s. The

adjuvant may be a liquid and is thus used to reconstitute the antigen into a liquid vaccine

20  form.

Thus the invention further provides the use of a Plasmodium antigen or an immunogenic
fragment or derivative thereof and an adjuvant comprising a lipid A derivative and a
saponin in a liposome formulation, as described herein, in the manufacture of a kit for

25  immunising travelers to endemic regions against malaria infection, wherein the antigen is
provided in lyophilised form and the antigen and the adjuvant are mixed prior to

adminisiration.

The vaccine dose in accordance with the invention may be between 1-100 ug RTS,S per
30 dose, for example 25 to 75 ug RTS,S, for example a dose of 50 ug RTS,S protein, which

may be present in 500 ul (final liquid formulation). This is a suitable dose for use in



Thus, a Thl-type adjuvant is one which stinulates isolated T-cell

popul ations to produce 20high levels of Thl -type cytol ci nes when
re-stimulated with antigen in vitro, and i nduces antigen specific

i mmunogl obul i n responses associated with Thl-type isotype. Adjuvants which
are capable of preferential stimulatilgn of the Thl cell response are
described in WO 94/ 00153 and WD 95/17209. 25 It has | ong been known that
ent erobacterial |ipopolysaccharide (LPS) is a potent stinulator of the

i Mune sadsitens saittbodesh fortise irs éhildneraid jhelf shet ssluhalosd) e iscAhrtgaRTRE, by its

toxic effects. non- t oxj erivative.of S ngphosphor | ipi.d A (ML),
pr oduced"HE P66 RTESEH 1 hgp glérfl@a@mcgmp lgﬁ)g%ﬁggra(fﬂﬁgsﬂﬁ@y b‘ﬁ&e %% e from
t he redughdianggshs30 gl ucosam ne, has been described (R bi, 1986) and has
the following structure: CH2 O HNHIOH C=0 CH2 HC | (CH2)to O

5  Inaccordance with the invention the antigen is combined with an adjuvant which

comprises a lipid A derivative and a saponin in a liposome formulation.

Suitable adjuvants according to the invention are detoxified lipid A from any source and
non-toxic derivatives of lipid A, which are preferential stimulators of a Th1 cell response

10  (also herein called a Thl type response).

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

humoral or cell mediated immune response (traditionally characterised by antibody and

cellular effector mechanisms of protection respectively). These categories of response
15  have been termed Th1-type responses (cell-mediated response), and Th2-type immune

responses (humoral response).

Extreme Thl-type immune responses may be characterised by the generation of antigen
specific, haplotype restricted cytotoxic T lymphocytes, and natural killer cell responses.
20 Inmice Thl-type responses are often characterised by the generation of antibodies of the
1g(G2a subtype, whilst in the human these correspond to IgG1 type antibodies. Th2-type
immune responses are characterised by the generation of a range of immunoglobulin

isotypes including in mice IpG1.

25 It can be considered that the driving force behind the development of these two types of
immune responses are cytokines. High levels of Thi-type cytokines tend to favour the
induction of cell mediated immune responses to the given antigen, whilst high levels of
Th2-type cytokines tend to favour the induction of humoral immune responses to the
antigen.

30



CH3 C=0 (CH2h4 CH3 A further detoxified version of MPL results fromthe
renoval of the acyl chain fromthe 3-position of the disaccharide backbone,
and is called 3-0-Deacyl at ed nonophosphoryl lipid A (3D-MPL). It can be
purified and prepared by the nethods taught in GB 52122204B, which
reference al so discloses the preparatipon of di phosphoryl lipid A and 3-
O-deacyl ated variants thereof A particular formof 3D-MPL for use in the
present invention is in the formof an enulsion having a snmall particle

Si ze | eSphetdidimcor2efTH Inndi Thi2eles immintt resfonsstinnet abfoll®, arelruah aadeuhe | S

di scl osed in WD 94/21292. Aqueous fornul ati ons conpri.si ng . nonophosphoryl
i pi d A famp 052 UrinYen TPy Resh Bup CxfEamss; JEP % w8y b 76l SHRETGRCt o | al

I'i popol Vigagmbasd ded@ity 8 de@ibblY 8Mbeing FreRSmitamty TH1 bNGediRineRly Thvent i on
may be purified and processed from bacterial sources, or alternatively they

may be Fssyevehétis ofterFeanveniantpb eonsider itlfe fanhilias 96 pyiokiphomyterns giitkpt A | s
described in R.bi et Ri 1986 d 3-0- cyd at nonoph horyl or
Gt phos prsrbet e BB Ed e sies braRarRan 2 Cothan T PRRRE 19 8n 5200911
and US 484208dallyCrhetypR WéspbhsRe ardsceiidd@ith thelpriRabiy 58h6 MEFigdpsnahave been
descri bed (Hllgers, fSBG; Hi | gers, 1987; EP 0 549 074 14 Bl). One

parti culcto g Hamphogtgso Djiea e pRinPueltertites i esspeiated swth the indectionvent i on
S 3DW%T%@Q9§%§§§L§T$§%§§SJS€§ rfb‘%pko\ﬁ%édftﬁﬁﬂc@ﬁ{ siYasHE- 195 ffkonfladthe Present

i nvention are nostimufants that aré simlar in structure to
t hat of THRStype rédpbnser adbsielated witlathetsheetial ¢dLrbtL e [tHelll-FGakr i vat i ves

St 00 BB ioBieS SRR CAFE bR Thi i munosti mul ant s, Saponine are wel
known adj uvants ( Lacaille-
It is known that certain vaccine adjuvants are particularly suited to the stimulation of
either Th1 or Th2-type cytokine responses. Traditionally, indicators of the Th1:Th2
balance of the immune response after a vaccination or infection include direct
15  measurement of the production of Thl or Th2 cytokines by T lymphocytes in vitro after
restimulation with antigen, and/or the measurement (at least in mice) of the IgG1:1gG2a

ratio of antigen specific antibody responses.

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

antigen specific immunoglobulin responses associated with Thl-type isotype.

Adjuvants which are capable of preferential stimmulation of the Th1 cell response are
described in WO 94/00153 and WO 95/17209.
25
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
30 glucosamine, has been described (Ribi, 1986) and has the following structure:



10Duboi s, 1996). Suitable saponins for use in the invention include
i mmunol ogi cally active saponins for exanple, Quil A (derived fromthe bark
of the South Anerican tree Quillaja Saponaria Mlina), and i munol ogically
active fractions thereof, are described in US 5,057,540 and " Saponi ns as
vacci ne adjuvants" (Kensil, 1996) and3EP 0 362 279 BlI. The haenol ytic
saponi ns QS21 and QS17 (HPLC purified fractions of Quil A) have been
15descri bed as potent systenmic adjuvants, and the nethod of their
production is disclgged in US Patent No. 5,057,540 and EP 0 362 279 Bl.
Al so described in thgs H_'ci_{&erences is the use of QS7 (a non-haenol ytic
fraction of“'@ | - A) iC ctg as a potent adjuvant for system c vaccines.
Use of Q821 Pty in Kenshl et al. (Kensil, 1991).
Conbi nations o¥ Q821 cycl odextrin are also known (WO
99/ 10008) . Ho© Partlcul t i Si
* des

such as Q821 and QS7,@ i
| i popol ysaccharidacéld Haponi h i Hmu

93 73y and WO 96/11711. The
gpcri bed above for use in

the invention are flor nul at ed @et her w t\h ' one carrier. For exanple,
the carrier may 25c$&’rpri se c est er ol sones as described in
WO 96/ 33739. Conbi i i ons of R 2m)nophos y i A and a saponin
derivative are d jbed in 94/ 001p%io VWD 95/ ]I?Zlﬂ!}i WD 96/ 33739; WO

98/56414; WD 99/ {296%° WO 99l dd241, ahd the contgmation of Q821 and 3D- MPL
i s disclosed iom@0D4/ 00153. |15 Thus$H3uit abl e“ﬁ,p:j uvant systens for use in
the invention i ’9? f‘?)'f'cex%'f‘r’pl e, acae-mm natign“of a nonophosphoryl |ipid
A, such as 3D oget he(lcmytgh a s§ |n deri ive, particularly the
conbi nation of CSHL and 3DIMPL as di sqﬁ Led in §0153. The adj uvant
systemincludes a |iposone rrier, f&Hyexanple lchol egterol - 5 containing

| i posones, for exanple in a corrposi tion where ttﬁ!"’QSZ?"ﬁ% quenched in

chol esterol containing |iposonmes (DQ as disclosed i 96/ 33739. Thus the
saponi n such as @21 may al so be present in or associ &t ed with the
menbranes of the |iposones, as described in WO 96/ 33788 The 3D MPL or

other 1iQkduey 9&5&&@& wlf@m;k (VL E@m&rﬁaﬁ%e r%fnw of%%gpaﬁﬂ. hBmldle menbrane

of the I'i posones, outside the |1 posones, e particular
adj uvant3-paiticmnsd thendisztteharrdtaéilacklmne Ccodps ¢xdled 3t®r@aavwaueMnmophqsphdraht s @21

and 3D- NPL, .Ii I at| on hol es i.n somes, in
o oh e RAMPES. dheRs St taf HebERd BY B P in B T e
assoGi atad23048) whint refep@s0BRS discloses the preparation of diphosphoryl lipid A, and 3-

O-deacylated variants thereof.

A particular form of 3D-MPL for use in the present invention is in the form of an
emulsion having a small particle size less than 0.2um in diameter, and its method of
10 manufacture is disclosed in WO 94/21292. Aqueous formulations comprising

monophosphoryl lipid A and a surfactant have been described in W098/43670.

The bacterial lipopolysaccharide derived adjuvants to be used in the present invention
may be purified and processed from bacterial sources, or alternatively they may be

15 synthetic. For example, purified monophosphoryl lipid A is described in Ribi et al (Ribi,
1986), and 3-O-Deacylated monophosphoryl or diphosphoryl lipid A derived from
Salmonelia sp. is described in GB 2220211 and US 4912094. Other purified and synthetic
lipopolysaccharides have been described (Hilgers, 1986; Hilgers, 1987; EP 0 549 074



15 The amount of the protein of the present invention present in each
vacci ne dose is selected as an anpunt which induces an i nmunoprotective
response wthout significant, adverse side effects in typical vaccines.
Such anmount will vary dependi ng upon whi ch specific inmunogen is enpl oyed
and which specific adjuvant. Cenerallyy, it is expected 20 that each dose
w Il conprise 1-1000ug of protein, for exanple 1-200 ug, for exanple 10-
10Qug. An optimal anmount for a particul ar vacci ne can be ascertained by

st andar (BBt Wiiegfarticnled bydtargnl tbsgslyatdtaride hdjavdnt Badiye tn the @sveatish ieBDer
responses_in subjects. A suitable vaccination schedule for use with the

i nventi S a primary course prior to 25 travel to a nalaria endemc
regi on which nay be conpleted for exanple at |east 2-4 weeks prior arrival
in the region. This primary course may involve between 1 and 3 doses, for
exanpl e AccorditglyobebPS ddnivatives tabudawbe hsednn thetpsesgnl ingdntign arecthete 7 days, or
between .1 and 4 ek r for.exanple a nt h do rimary
vacci natlmmgﬁtﬁfpl\é%mﬁ%/a?ﬁrg Sfr{)ﬁl 6%%“%?%@%@%?%%%\%@? % 0532’?5’1@% Qn nont hs for
as | ong aasthar sliskatiob (ROLPDEQOIti0es 18Xy 154 s achRtddatbmshahstidy, whivhds Bat i ons may
t hen be agpropriate prior to repeat 16 travel to endem c regions. Suitable
anmount s Yp-PrItgndo thesbaye st gEMELr ¢ as given herein above. The vacci nes
of the invention may be adm nistered by any of a variety of routes such as
Soral, topical, subcutaneous, nucosal (typically intravaginal),

i nt r averfeposins pigtatserild doimunostimyleataaSaponinsunt weld kadwn adiuyandel lnaskillend vi a
suppasi t . i i fur, i : . :

or 1 g baadieis {6y SRl Ry P By Wi BRI AiA0 B e ¢
RTS, S orsapériey fop exangaatudieAdaivad fiongthe baykosithe Saouth Andiricke rrenQuillajam of t he

vacci ne be adm nistered in a Heterolo qQus 'prime-bpost" vacgi nation
gl . SR CORIBENEP Bpealt 5Hte BE0E NUoRBErT IR O have at
| east ongoANs40R8 “BipHMTIRacdhd PuGAt (KémilN 03och eseBB arich 7a B 1l dgat i cal
formof the antigen; it may be a different formof the same antigen.
haemolytic sapomins QS21 and QS17 (HPLC purified fractions of Quil A) have been
15 described as potent systemic adjuvants, and the method of their production is disclosed in
US Patent No. 5,057,540 and EP 0 362 279 B1. Also described in these references is the
use of QS7 (a non-haemolytic fraction of Quil-A)} which acts as a potent adjuvant for
systemic vaccines. Use of QS21 i1s further described in Kensil et al. (Kensil, 1991).
Combinations of QSZI. and polysorbate or cyclodextrin are also known (WO 99/10008).
20  Particulate adjuvant systems comprising fractions of QuilA, such as QS21 and QS7 are

described in WO 96/33739 and WO 96/11711.

The lipopolysaccharide and saponin immunostimulants described above for use in the
invention are formulated together with a liposome carrier. For example, the carrier may

25  comprise cholesterol containing liposomes as described in WO 96/33739.

Combinations of a monophosphoryl lipid A and a saponin derivative are described in WO
94/00153; WO 95/17210; WO 96/33739; WO 98/56414; WO 99/12565; WO 99/11241,
and the combination of QS21 and 3D-MPL is disclosed in WO 94/00153.
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15 Prime-boost imruni sations according to the invention nmay be perforned
with a conbination of protein and pol ynucl eoti de, particularly DNA-based
formul ations. Such a strategy is considered to be effective in inducing
broad i nmune responses. Adjuvanted protein vaccines induce mainly

anti bodi es and T hel per inmune responses, while 20 delivery of DNA as a
plasmd or a |live vector induces strong cytotoxic T | ynphocyte (CTL)
responses. Thus, the conbination of protein and DNA vaccination will

provi de Thas, saitsble edjuednit efsyenad foi t3aLinehe ias@mioa éscludeh fis ekivapleyarent i on furt her

provi des the use of a Pl asnodi ym antigen i mrunogeni ¢ 25f ragnent or
deri vat iCQE’btrﬁB?‘éB a@ﬁﬁoﬁwsfg{hrﬂu%@f\cﬂﬁgr"? gbn@!a L 'ioﬁf)‘gffg‘ﬂt BFRPEE ve and a
saponi N gefyAive! RREQAIRT BF BBk O6h oAIS HESRrIMEPINY Bidlosel @ORcher Wi th a

pol ynucl eoti de ‘encodi ig the Pl asnodi um antigen or an inmunogeni ¢ fragnent
or der i \P4{00V&3.t Rleg aslpdvant systereinakud e alipaspme ofrTigr gorgxampiashoteslerdti t  f or

i mmuRi sing travelers te endem.c reqions.. i t] laria

|t st sutei RO Res, B aPletn s S BRR AL I e R B G

Pl asnodichslestadol g@tainingdiposonms{DAR as diséloagieWO®6/33689.vat i ve t her eof
provided in |lyophilised form an adjuvant conprising a lipid A derivative
and a saponin in a |iposone fornulation, and instructions specifying that

t he ant ig@dtheadpdiidfiich a@@}ttz@@ﬁdyoaw Beprésehtiftd@ssobtedivAth tha hignitpadde M xed
Sprior to admnistration to a traveler to an endem c region, thereby

pr ot ect ioAghedmogomesagedaseribegdn NS0 9533d8%t The3 IRl Prothar lewd Adterivatiss ™ wher e
RTS,g& of a@?r%%tﬂ?gsrentp&éhgﬁ&makg& HEEHDP a%onh%ﬁl%b]Ebrﬁ SiflsidSmkhe pol ypeptide
conponeﬁ? of "a prine-boost” regi nen, t he pol'ynucl eoti de conponent will
encode GPodlngsy atteitin One particuimadpgent for hseag meninvartiodevinpasdsvie tver eof The

DNA may .be del ivered na such a | asmi or in.the formof a
Fecond] AEEIPTRTEL Q37 254 S Nt Bdor OV e AT e may e
repl i calipesorstlf BGitivethe BRAMPIES eftfagpkd ¥itMBChO lifostics RndBi G 1used are
poxvirus vectors including 15 nodified poxvirus vectors, for exanple

Modi f i edssgriatpd wigliéie APPIWF, al phavirus vectors for exanpl e Venezuel i an
Equijge Encephalitis virus vectors, or adenovirus vectors for exanple a
non- human adenovirus vector such as a chi npanzee adenovirus vector, or any
ot her s(ihtatvioant dfviee proteime! the prkseiinvablien prdssmo i ¢agk viaineubee &s a | i ve

vector ise':]e&e(? zrm! aF arrl?gu%? Evh\llc%clﬁcihpc%s aF Fn%gﬁo%gotgcgivtqusponse without significant,
adverse side effects in typical vaccines. Such amount will vary depending upon which
specific immunogen is employed and which specific adjuvant. Generally, it is expected
20 that each dose will comprise 1-1000ug of protein, for example 1-200 ug, for example 10-
100ug. An optimal amount for a particular vaccine can be ascertained by standard studies

involving observation of antibody titres and other responses in subjects.

A suitable vaccination schedule for use with the invention is & primary course prior to
25  ftravel to a malaria endemic region which may be completed for example at least 2-4
weeks prior arrival in the region. This primary course may involve between 1 and 3
doses, for example 2 or 3 doses, administered with an interval of at least 7 days, or
between 1 and 4 weeks or for example a month between doses. A primary vaccination
course may be followed by repeated boosts every six months for as long as a risk of

30 infection exists. Pertodic booster vaccinations may then be appropriate prior to repeat



invention is a | ow sero-preval ent human adenovirus such as Ad5 or Ad35 or a
non- human ori gi nati ng adenovi rus such as a non-human prinmate adenovirus
such as a siman adenovirus. The vectors may be replication defective.
Typically these viruses contain an El deletion and can be grown on cel

lines that are transfornmed wth an Eljggene. 25Sui tabl e sim an adenoviruses
are viruses isolated from chinpanzee. In particular C68 (also known as Pan
9) (See US patent No 6083 716) and Pan 5, 6 and Pan 7 (WD 03/046124) may be
used in tdvel Prepdanic regiventdudtable BTheasts weRITS[Sproin i dosnarpuat giver to i nsert a
het er ol ogous pol ynucl eoti de according to the invention such that the

pol ypepted#ds a8¥€or ding to the inventi on may be expressed. The use,
formul ati on and manufacture of 30 such reconbi nant adenoviral vectors is
described in detail in WO 03/046142. 18 Protein antigens may be injected
once or Bevwarcehesdftesinkentionweay tpyadsrisisisrediyrany DK vadety of sqwestsielhas or DNA

eeheti streor 28y DKA VA
or ot & - T isii<eh or . Ao AL BRI AR D e Mok AU gt o1 €

f ol | owedinbynapilpfidlinguad, iftraterraalpmd viacwppssiexanpl e of pri me- boost
i mruni sation according to the invention involves primng with a single dose
of a polynucleotide in the formof a reconbinant |ive vector such as any of

those depidihbgfliodRRYDe HRhdr AR inVhRIOSEbRDrithd boRN@gRienOr € doses, for
exanple 2 or 3 doseS, of the adjuvanted protein such as RTS,S with an 10

adj uvant descri bed herein. The pol ynucl eoti de encodes the sane protein
(e g } in hdifh | L ¢ f SedfRiipephidSotdighgol - Thus
t he (%Sﬁ%g%%%&?gﬁ?g%?ég}%ggﬁgggggpﬁarn%%gﬁ?%%ape |tﬂ%gﬁpr§gﬁﬁg g a) a
Pl asnodi ¢ompsitiogendiffereanformod thegeictioe firagdradnimsterdé in ¥ b¢teroéogoher eof 15and
an adjuvant conprising a lipid Aderivative and a nin.in a |iposone
For mul at e Gaar vaceinatfonyssBiie, oG e Bt TR LR BT 1Y TRETH aqrrod um
anti gen QfimmRitiolWHI Q8RS Ut Geakt RENRAEePI cdftomblihedgh ek aefiecyddiigian @) and b)
are for use sequentially in_any order, but partjicularly wherein b) is used
identical form of the antigen; it may be a difterent form of the same antigen.
15
Prime-boost immunisations according to the invention may be performed with a
combination of protein and polynucleotide, particularly DNA-based formulations. Such a
strategy is considered to be effective in inducing broad immune responses. Adjuvanted
protein vaccines induce mainly antibodies and T helper immune responses, while
20  delivery of DNA as a plasmid or a live vector induces strong cytotoxic T lymphocyte
(CTL) responses. Thus, the combination of protein and DNA vaccination will provide

for a wide variety of immume responses.

Thus the invention further provides the use of a Plasmodium antigen or an immunogenic

25  fragment or derivative thereof and an adjuvant comprising a lipid A derivative and a
saponin in a liposome formulation, as described herein, together with a polynucleotide
encoding the Plasmodium antigen or an immunogenic fragment or derivative thereof, in
the manufacture of a pharmaceutical kit for immunising travelers to endemic regions
against productive malaria infection.
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20as the prinme and a) is used as the boost. The invention also provides for
instructions with said kit, specifying that, in respect of a), the antigen,
adj uvant, and optionally a further carrier, are to be mxed prior to

adm nistration to a traveler to an endem c region. The conposition a) may
be any pol ypepti de conposition as desg¢yi bed herein, in a 25 suitable

adj uvant as descri bed herein. For exanple a) may be a conposition
conprising RTS, S and an adj uvant conprising Q21 and 3D-MPL in a |iposone

f or nul at Taea invamnibndisonprgvides far b kiteownpotiop ad¥asdesém egeher e n such as an

adenovirus vector e.q. a chinpanzee adenovi rus vector,. encodin protein
PR A Y B Kot i S AT et s
conposi t t&paditl 4 heidR0as VaRde GRIPOHohInGR armgysd@@e_ dehiuese dnd hstétnk han one
dose. Furthernore the initial primng and boosting doses nmay be followed up

with fur sprsHymediea thernsigermagiupentaandeaaptigpally a Yrihersqarmier; e & be mixeNA prine /
o ; ) . _ o
Phar mceli R iitiddeh Mo fi%o an EHICHE LU ByifGE iy SRAERBIE LS o

are wel | agamsvprddoctiveendatia aufigttioncl ude for exanple water or buffers. Vaccine

preparation is generally described (Powell, 1995; Voller, 1978).
Encapsul ation within |iposones is described, for exanple, by Fullerton,

U.S. Pat ghiis #h&ddRI8 or &0tHeH fdllyp&Ptidebagpd @ned Nrotedn ib&séwwmapblfygéﬂtﬁa i's
di scl osed, for exanple, by Likhite, U S. Patent 4,372,945 and Arnmor et

al ., U, Scompanspt olg prims-hars! ragimerh Siaralymisisetide eepanaetill 5rogsr Vi des a
met hogl fgfottﬂﬁbpéﬂqnﬂhﬁg)gm@?ﬂgfne i ALEYRLdS Protected against malaria
a n o m

foll ow n mnistrati aria antigen conposition, in 15particul ar
a pre-erythrocytic malaria antigen conposition, to the individual, which

mci v duale DAY Be per et kPR e e R mER B P PG o

][relt Ihod_ fﬁ’coﬁl@_lrﬁﬁﬂiﬂﬂ%_@toﬂhﬁ%vh@éct@il‘s fongkevih thedhvdnsiop halyéetrgslicagai nst  nal iari a
ollowmng admnistration._ of a malari a antlgen conposition, |n partlcu ar a
pre-eryt a?fsewei EXARpies Péh‘éﬁh‘t"?cﬁgﬁwgﬁﬁﬁl}@i s BRd axePoxpguS EeloRyingludig | whi ch

net hpgl coifeaeox MBRSIEILRY firhR aGRRAZAIkRY Vs RhkaaivRed) ephidhsed in the
i ndi vidual specific for the nalaria antigen. In a further "aspect the
i nvent i oMeqvIsorgEamalenvanigaeslipn Equins Easemiglitiherusiviertorse 9r efenavicisigram e

vacci ne, foqae%%ﬁlﬁllélaqoh}ﬁuﬁnaﬂ raﬁéx%rvyﬁlp (O dubh g@ngﬂiglﬁgﬁzeg 38&1-00&% {/&tc}rp&

prevention
any other suitable live vector.

20 A suitable adenovirus for use as a live vector in a prime boost vaccine according to the
invention is a low sero-prevalent human adenovirus such as Ad5 or Ad35 or a non-human
originating adenovirus such as a non-human primate adenovirus such as a simian
adenovirus. The vectors may be replication defective. Typically these viruses contain an
E1 deletion and can be grown on cell lines that are transformed with an E1 gene.

25  Suitable simian adenoviruses are viruses isolated from chimpanzee. In particular C68
(also known as Pan 9) (See US patent No 6083 716) and Pan 5, 6 and Pan 7 (W0
(3/046124) may be used in the present invention. These vectors can be manipulated to
insert a heterologous polynucleotide according to the invention such that the polypeptides
according to the invention may be expressed. The use, formulation and manufacture of

30  suchrecombinant adenoviral vectors is described in detail in WO (3/046142.



25 mal aria, which nethod conprises neasuring the |level of CD4 cells raised
in an individual against the candidate vaccine.. Also there is provided a
nmet hod for assessing the efficacy of a candi date vaccine, particularly a
pre-erythrocytic candi date vaccine, in the prevention of malaria, which
met hod conprises nmeasuring the concenfgration of specific antibodies raised
in an individual against the candidate vaccine. In a nore 30 specific
enbodi ment this vacci ne conprises a Plasnodi um antigen or an i mmunogenic
20 fr agrmadieirnantigens may be/iydehedronoé onstaterahtimeg foliawed b9 ope osmog RNAI pid A

derivative and a sa inin.a lipqso formul ati on Exanpl 5 ampl e 1:
Vacci natddoRnGER IS FF SIBR AT4Y bRt SR 195 OB 4T B FRATTHBITEAIONTAR AFT Bhal | enge.
The Vacciags mfe bRivimRiNstond fin tanbhdis palmpeRtd PRaGhad n of 424

am no acids (a.a.), consisting of 189 am no acids derived froma sporozoite
sur f ace faHewekhy prokén.CS protein central tandem repeat and carboxyl -term na
regi%ns, 189 amno acids in total) of the nalaria parasite P. falciparum
straiin NF54 (the CSP antigen, a.a. 207 to 395), fused to the am no

15t er m riEtus endrtiiuldr beartydlp af piims-bBostiimiminBapendcedrlingSoitke mvadionc Da

pol ypept.ide (226 am no aci ds, ong) correspondi o the surface antigen of
oDtV i e FROA SIS A A PG ket OBt Bl ol <
Enger i X-Btiok s¥C4zial§ of thosd MRcHNER 40604, FollSw el s HostCRHh bk 6aaedel ul arly in
yeast (S. cerevisiae) and spontaneously 20assenble 1 nto m xed polyneric

par t i cul deses, Sarresempledsortiinsenpétheadivvarted prtedn sl asdiSa? Wilpr oxi matel y 100
pol yl%eptddﬂﬁ%nt described herein. The polynucleotide encodes the same protein {e.g. CS protein)

or an immunogenic fragment or derivative thereof.

Thus the invention further provides a pharmaceutical kit comprising
a) a Plasmodium antigen or an immunogenic fragment or derivative thereof
15  and an adjuvant comprising a lipid A derivative and a saponin in a liposome formulation,
and
b) a polynucleotide encoding the Plasmodium antigen or an immunogenic
fragment or derivative thereof;
wherein a) and b) are for use sequentially in any order, but particularly wherein b} is used
20  as the prime and a) is used as the boost. The invention also provides for instructions with
said kit, specifying that, in respect of a), the antigen, adjuvant, and optionally a further

carrier, are to be mixed prior to administration to a traveler to an endemic region.

The composition a) may be any polypeptide composition as described herein, in a

25  suitable adjuvant as described herein. For example a) may be a composition comprising
RTS,S and an adjuvant comprising QS21 and 3D-MPL in a liposome formulation, and b)
may be a live vector as described herein such as an adenovirus vector e.g. a chimpanzee
adenovirus vector, encoding CS protein or an immunogenic fragment or derivative
thereof.

30



The preparation of RTS, S is described in WD 93/10152. 25 A full dose of

RTS, S/ ASQ2A (d axoSm t hKline Biol ogicals, Rixensart, Belgium contains 50
ug of lyophilised RTS, S antigen reconstituted in 500 uL of ASQ2A adj uvant -
oil in water enulsion containing the i munostinulants 3D MPL(r)

(d axoSm thKli ne Biologicals, Mntangg USA) and QS21, 50 ug of each. 30 A
full dose of RTS, S/ Adjuvant B (d axoSm thKline Biologicals, R xensart,

Bel gi um) contains 50ug of |yophilised RTS,S antigen reconstituted in 500 uL
of adj uvidth tig pri3ding ocinpositicrgaridthe boosting sérinpasitamt rea)3ie ddbivere)l immereS21 (50 ug
of each) in a fornulation wth chol.esteral,-contajning | ones. The

| i posome8aaf 4988-p Fragrespe pital HPQ’EIE?(@%&}Ooﬁtén-go#oéfsclg%%gg“ilgﬁe@WchoI i ne
(DOPC), Ghohedbednks #Rdh 3y WRlallemaQdda fstlt 50 ¥ LNDNAEhE] Protdiebstiskt ur e i's
dried down. An aqueous solution is then added to suspend the 5lipid. The
suspensiforth¢rd Wi closd { yrthierqudteinrddse- t he | i posone size is reduced to be
steride filterable through a 0.2 urn filter. Typically the chol esterol:
phospshati dyl choline ratio is 1:4 (ww, and the aqueous solution is added
to gi ve &pproprédte pirvinesdudtaly aoasebit ddvdntrorakcipicnts foOuseygh the. in@Ridni s added
to the chol esterol -containing.ljposones, 10 Met.hadol This clinical trial
has evalaﬁ%tt"’éa ﬂ%ﬂga@sﬁg,an?ggc&%%ﬁh?w WRlhRR %Fﬁ g\g%lcﬁmgr%mﬁ BPP i nary

ef f i cacyis fncRall{Pd BRI\ PEHEINE 999N Flien] 19g8). Encapiulgien Wb Bp@dindyant ed with
ei ther ASQRA or adjuvant B. 15103 subjects were recruited into two cohorts

and wer edeserdnior expramde,rydailigaon WS sRaerd 230137 dr CoaivertiRd AdEIFWF iy to a O,
1, bpad s CoYsfaat, UikephehoeyNUMera gf subj ects

i nvé%%&rﬁég%gﬂgé{Sg%mcg)%g&?%yc%afn?gedggn%ch’allj]tsenged Sequent i al ?y. For each
cohort, Aohatret eler$SvRatentdedjdesl/ed t o undergo a standardi sed primary mal ari a
20 chal  enge (Chul ay, 1986) two to four weeks following third dose. The
primary chall enge involved allow ng five P.faki parum sporozoite infected

Anophel emanstheyapsd: theiadetioapréiddseatdetaod fadbteahiaklgongahstahuidieidnalf or a
period of five mnutes. For each cohort, twelve unvacci nated cantr.ol

vol unt eels Prafested ageist wAIR SHipsHng SEMIRTABKT et BRI ARUGRFORROUFPRAT t he
pringyy dla%%jg%-rgwﬁw@}tﬁ%§1aﬁbm}/g]%ﬁ Comp&iesd, ad tal inlNRUAL WhdY chal | enge

were asked to undergo a Tepeat challenge. No additional doses of vaccine
wer e adninthsd eoraprisse mwesminghbg leaeigd S D4R eelisapised incthaindévidenl veesificafor i ed out

as for e DiAIaY G A ARG is BOLRAG dtfiHof derdiintdBAfflPah ed control
vol unt ee g re also chal I enged.
individual is protected against malaria following administration of a malaria antigen
composition, in particular a pre-erythrocytic malaria antigen composition, to the
20  individual, which method comprises measuring the concentration of antibodies raised in

the individual specific for the malaria antigen.

In a further aspect the invention provides a method for assessing the efficacy of a
candidate vaccine, particularly a pre-erythrocytic candidate vaccine, in the prevention of
25  malaria, which method comprises measuring the level of CD4 cells raised in an
individual against the candidate vaccine.. Also there is provided a method for assessing
the efficacy of a candidate vaccine, particularly a pre-erythrocytic candidate vaccine, in
the prevention of malaria, which method comprises measuring the concentration of
specific antibodies raised in an individual against the candidate vaccine, In a more

30  specific embodiment this vaccine comprises a Plasmodium antigen or an immunogenic



22 After each chall enge subjects were followed daily for a period of at

| east 30 days to assess whet her they had becone infected with malaria. The
principle nmethod of detecting infection was an eval uation of a

G esma-stai ned peripheral blood snmear to detect asexual stage parasites by
| i ght m croscopy. This indicates thatga subject has 5undergone a productive
infection, with parasites having been rel eased fromthe liver and
progressed to erythrocytic stage. Thus sterile protection agai nst chall enge
has not fagewnachieeivetie theredfundfanragijuvantgonpiisingfadipid Ardesultivecind aner e
declared to .be pgsitive for malaria and received a curative dose of

chl or oquPRUD ¥k hﬂﬁ?ﬁﬁ&?”@%ﬁﬁ@acy readout was sterile protection, that is

t he subj ect never devel oped asexual stage parasitaemi a. In addition the 10
time between the chall enge and the appearance of parasitaem a in those that
were not fully protected was recorBenmples | n addition, peripheral blood
nmononucl ear cell (PBMC) sanples were collected at pre-vaccination, at
2-weeks post Il and at 14-28 days post |1l vaccination (Day of chall enge:
15 DOC) . EXphfils 1s ¥aplirstioicnsng B4S,3 sndddjwane BG4 expdri@Patal nodatiar esponses
by cytokin% flow cytonetry. The latter technology allows the quantification
of T-celihelepgeeific to a given antigen. Antigen-specific CD4 and CD8 T
cells were enunerated by flow cytonetry 20 fol |l owi ng conventi onal

i mrunof | uorescence | abeling of cellular phenotype as well as intracellular
cyt ol ci nEke Yaesdmesti on. Briefly, peripheral blood antigen-specific CD4 and
CD8 cells can be restinulated in vitro to produce IL-2, CD40L, TNF-al pha
or I'FNgamma when incubated with their correspondi ng anti gen. Both HBs
(hepat i tRES,B: sRTRas e ShkDadgehiid polgdpGBide ghah of 624 guinoiadisls wr.d cassglings

anti gens restinmulate antigen-specific.T 25.cells. | e expressed
as a f re‘htlt}gﬂ@ff'l%? a%%ﬁegwe%gggﬁa-%)gﬁzgn%i%ﬁaggg?trlﬁf . {h%lce%t% {’ét”\%\genglgif' f er ent

cyt oki negn@®RpeitRADarbbiyl dernhiNT redipina 1 8 DaminbMeigia tavmtal) 6ftheniakaeiaCD4 or CD3
T cell sub-popul ation. Antihod i

_ t | evel s are determn val uat i ng
ant i bodyPaasye fadepamaeiraroNE pe(the Cgb ARLgeL; %Errﬁ)%t%éggegéﬁ‘fmrt O as
measty edtsih iondlo? Rl Patkls A 1BS BRAGK 0giies 20MDB pbRBeriRR QYIS AAMb Prot ein
R32LR as iggt%ée antia&n. B%LeL%y, tgewsgﬁéthr%iejn @ﬁ§%&§oré§s onding to
t he repemidsdon@gonpspONANDYO Bk stiecerAnHg Rl e Vivey 12 AEpBFfozoi t e
protein 2{ PBL idsi ﬁx%aéflgB?&E&c% %g-%(;@{.h®%@cth%s. After saturation of the
pl at es, lese$hn?sanp 88 8P al “dFT Ut rons are added directly to the
pl ates. Antibodies to R32LR present in the serumsanple will bind to the

pre-coat %96 t'iRJv%szr&ein-ggree Brlog&ceea ir?tgaecellularly in yeast (S. cerevisiae) and spontaneously

20  assemble into mixed polymeric particulate structures that are each estimated to contain

approximately 100 polypeptides.
The preparation of RTS,S is described in WO 93/10152.

25 A full dose of RTS,S/AS02A (GlaxoSmithKline Biologicals, Rixensart, Belgium)
contains 50 ug of lyophilised RTS,S antigen reconstituted in 500 ul. of AS02A adjuvant -
oil in water emulsion containing the immunostimulants 3D-MPL® (GlaxoSmithKline

Biologicals, Montana, USA) and QS21, 50 ug of each.

30 A full dose of RTS,S/Adjuvant B (GlaxoSmithKline Biologicals, Rixensart, Belgium)
contains 50ug of lyophilised RTS,S antigen reconstituted in 500 uL of adjuvant B



5washed. A peroxidase | abeled Goat anti-Human 1 g3 y)antibody is added, and
it wll bind to anti-CS I gG anti bodi es. After another washing step, the
addition of a chronpgen substrate solution specific for the peroxidase
provi des a nmean of detecting anti-CS 1gG bound to the pre-coated anti gen.
The peroxi dase catal yses a col or reagtion. The intensity of the color
formed is proportional to the titre of the anti-CS |1 gG anti bodi es cont ai ned
in 10 the serum Anti-repeat antibody |levels are determned relative to a
known s eonimigthe anthunestinodaneatD-NPRT end QR21 élaigefgraddsed fommulggioml . Resul ts
nt.eers vaccinat of volf.mt eers

15Cohort 1: Aﬂ: uva}nt Nunber. of vol { ed frr‘oer
chal | engé# ‘(}W. EQ1-COPGHILEE RASCRIGTrhERE THOSOBFL S PLRATEHAY P TSR Bunber
pr ot ect €/)o146bHyphAtid31ABIIAe (HABY), cholesterol and 3D-MPL in organic solvent,
wherein the mixture is dried down. An aqueous solution is then added to suspend the
5 lipid. The suspension is microfluidised until the liposome size is reduced to be sterile
filterable through a 0.2 um filter. Typically the cholesterol: phosphatidylcholine ratio is

1:4 (w/w), and the aqueous solution is added to give a final cholesterol concentration of 5

to 50 mg/ml. QS21 is added to the cholesterol-containing liposomes.

10 Methodology
This clinical trial has evaluated the safety, reactogenicity, immunogenicity and
preliminary efficacy of a malaria vaccine containing the antigen RTS,S adjuvanted with

either ASO2A or adjuvant B.

15 103 subjects were recruited into two cohorts and were randomized to receive 3 doses of
either vaccine according to a 0, 1, 2 month vaccination schedule. Because of the large

numbers of subjects involved, the cohorts were recruited and challenged sequentially.

For each cohort, volunteers were requested to undergo a standardised primary malaria

20  challenge (Chulay, 1986) two to four weeks following third dose. The primary challenge
involved allowing five P.falciparum sporozoite infected Anophelese stevensi mosquitos
to feed on each challenge volunteer for a period of five minutes. For each cohort, twelve

unvaccinated control volunteers were also challenged.

25  Approximately six months after the primary challenge, volunteers who were protected at
the primary challenge were asked to undergo a repeat challenge. No additional doses of
vaccine were administered between challenges. The repeat challenge was carried out as
for the primary challenge. For each cohort, six unvaccinated control volunteers were also
challenged.
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5 (3) ASQ2A 25 24 (9) 5 (1) TOTAL: 51 41 10 Cohort 2: Adjuvant Nunber of
vol unt eers vacci nated Nunber of volunteers chall enged (nunber protected)
Nunber of volunteers rechall enged (nunber protected) Not done
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After each challenge subjects were followed daily for a period of at least 30 days to
assess whether they had become infected with malaria. The principle method of
detecting infection was an evaluation of a Giesma-stained peripheral blood smear to
detect asexual stage parasites by light microscopy. This indicates that a subject has
5 undergone a productive infection, with parasites having been released from the liver and

progressed to erythrocytic stage. Thus sterile protection against challenge has not been
achieved. At the first sign of infection subjects were declared to be positive for malaria
and received a curative dose of chloroquine. The primary efficacy readout was sterile
protection, that is the subject never developed asexual stage parasitaemia. In addition the

10 time between the challenge and the appearance of parasitaemia in those that were not

fully protected was recorded.

In addition, peripheral blood mononuclear cell (PBMC) samples were collected at pre-
vaccination, at 2-weeks post Il and at 14-28 days post Il vaccination (Day of challenge:
15 DOC).

PBMCs samples were used to evaluate CD4 and CD8 T-cell responses by cytokine flow
cytometry. The latter technology allows the quantification of T-cells specific to a given
antigen. Antigen-specific CD4 and CD8 T cells were enumerated by flow cytometry

20  following conventional immunofluorescence labeling of cellular phenotype as well as
intracellular cytokines production. Briefly, peripheral blood antigen-specific CD4 and
CDS8 T cells can be restimulated in vitro to produce IL-2, CD40L, TNF-alpha or IFN-
gamma when incubated with their corresponding antigen. Both HBs (hepatitis B surface
antigen) and CSP pools of peptide were used as antigens to restimulate antigen-specific T

25  cells. Results were expressed as a frequency of CD4 or CD8 T-cells expressing at least
two different cytokines among CD40L, IL-2, TNF-alpha, or IFN-gamma within the CD4
or CD8 T cell sub-population.

Antibody levels are determined by evaluating antibody (IgG) responses to the P.
30  falciparum CS-repeat region as measured using standard ELISA methodologies with the

recombinant protein R32LR as capture antigen. Briefly, the R32LR protein



Adj uvant B Figure not available 19 (8)

Not done TOTAL: 52 39
Adj uvant

10

15

ASQ2A Figure not available 20 (5)
Cohorts 1 & 2 conbi ned for
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primary chal |l enge:

[corresponding to the repeated region (NANP) of the Plasmodium falciparum

circumsporozoite protein (CSP)] is coated onto a 96-well plates. After saturation of the

plates, the serum samples serial dilutions are added directly to the plates. Antibodies to

R32LR present in the serum sample will bind to the pre-coated R32LR. The plates are

washed. A peroxidase labeled Goat anti-Human IgG(y)antibody is added, and it will bind

to anti-CS IgG antibodies. After another washing step, the addition of a chromogen

substrate solution specific for the peroxidase provides a mean of detecting anti-CS IgG

bound to the pre-coated antigen. The peroxidase catalyses a color reaction. The intensity

of the color formed is proportional to the titre of the anti-CS IgG antibodies contained in

the serum. Anti-repeat antibody levels are determined relative to a known serum standard

run on each plate, and are expressed in pg/ml.

Results

Cohort 1:

Adjuvant Number of Number of Number of
volunteers volunteers volunteers
vaccinated challenged (number | rechallenged

protected) {number protected)

Adjuvant B 26 17 (10) 5(3)

ASQO2A 25 24 (9 5()

TOTAL: | 51 41 10

Cohort 2:

Adjuvant Number of Number of Number of
volunteers volunteers volunteers
vaccinated challenged (number | rechallenged

protected) (number protected)

Adjuvant B Figure not available | 19 (8) Not done

ASO2A Figure not available | 20 (5) Not done

TOTAL: | 52 39

Cohorts 1 & 2 combined for primary challenge:

24



Nunber of volunteers vaccinated and chall enged (primary chall enge) Nunber
of volunteers protected Number of volunteers infected Vaccine efficacy

Adj uvant B 36 18 18 50% ASQ2A 44 14 30 32% Thus in this trial, adjuvant B
was found to be nmore effective at protecting nave individuals against

mal aria i nfection. 50% of individual g4chall enged fromthe adjuvant B group
were protected conpared to 32% of individuals challenged fromthe ASQRA
group.

Adjuvant Number of Number of Number of Vaccine
volunteers volunteers volunteers efficacy
vaccinated and | protected infected
chatlenged
(primary
challenge)

Adjuvant B 36 18 18 50%

ASO2A 44 14 30 32%

Thus in this trial, adjuvant B was found to be more effective at protecting naive
individuals against malaria infection. 50% of individuals challenged from the adjuvant B
group were protected compared to 32% of individuals challenged from the ASG2A group.

5 This represents an improvement in protection between the two adjuvants of greater than
50%.

Furthermore, in cohort 1, adjuvant B was found to be significantly more potent than
ASO2A to induce CD4 T-cell responses directed against antigens present in RTS,S

10 (Figure 1. p=0.01663). The combined data for cohorts 1 and 2 was less significant
(Figure 2. p=0.07). ‘

Before vaccination, there were no detectable CD4/CD8 T-cell responses directed against
HBs or CSP. In contrast, at 2-week post IT vaccination as well as 2-week post III

15 vaccination (DOC: day of challenge), HBs- and CSP-specific CD4 T-cells were detected
in most individuals vaccinated with both formulations. At the same time points, no
detectable CD8 T-cell response was observed. These observations demonstrate that the
assay used for T-cell immuno-monitoring is specific and sensitive, which is a prerequisite
to perform formal comparison between groups having received different vaccine

20  formulations.

Figure 1 shows that individuals from cohort 1 vaccinated with RTS,S/adjuvant B have a
higher frequency of CSP-specific CD4 T-cells compared to those vaccinated with
RTS,S/AS02A both at 2-week post II and post III vaccination (DOC). A similar

25  conclusion can be drawn for HBs-specific CD4 T-cells producing IFN-gamma and
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15  an effect is noticeable 2 weeks post II vaccination). Results are expressed as geometric
mean concentration (GMC). Pre refers to the initial time point, before any doses are
administered.
M1 refers to the time point 2 weeks after the first dose.
M2 refers to the time point 2 weeks after the second dose.

20  DOC refers to the ‘Date of Challenge’, which is 2 weeks after the third dose.

Protection against malaria challenge is associated with a significant higher CD4 T-cell

response and specific antibody response to CSP.

25  Increased immunogenicity of RTS,S/adjuvant B compared to RTS,S/AS02A does not
necessary imply that it will translate into a biologically relevant effect. However,
individuals vaccinated with RTS,S/adjuvant B in this trial have shown increased level of
protection (18 out of 36 individuals: 50%) against malaria challenge compared to those
vaccinated with RTS,S/AS02A (14 out of 44 individuals: 32%). A possible link between

30  amplitude of CD4 T-cell response and protection to malaria has been therefore found.
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Finally, since there is no detectable CD8 T-cell response, it can also be concluded that,
20  most likely, malaria pre-erythrocytic stage protection conferred by RTS,S adjuvanted
with adjuvant B or ASO2A is not likely due to induction of CSP-specific CD8 T-cells

following vaccination.

A similar picture is observed from monitoring anti-CSP antibody responses. Figure 6
25  shows antibody concentrations in protected and unprotected individuals (results relate to

both cohorts with both adjuvant groups pooled).

It is clear that those individuals who are protected show a significantly higher antibody

concentration than those who are not protected (P <0.0001).

30 Discussion
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15 cytometry approaches. The present report demonstrates the feasibility of using cytokine
flow cytometry for robust monitoring of T-cell responses in 2 human clinical trial.

Furthermore, it also demonstrates that it is possible to identify a marker of protection that

is not directly linked to hurnoral immunity.

20  Although adjuvant B has been demonstrated to be significantly more potent than ASO2A
formulation to induce CSP-specific CD4 T-cells and antibodies, the difference in terms of
frequency of CD4 T-cells and antibody concentrations is relatively modest and one could
have concluded that it might not be relevant biologically. Data obtained in this clinical
trial allow formal assessment of the biological relevance of such differences using

25  protection against malaria data as a biologically relevant marker. Analysis clearly
indicates that modest but significant differences between adjuvant in terms of T-cell
frequencies and antibody concentrations translate into significantly higher degree of

protection against malaria challenge.
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31 Cdainms 1. The use of a Plasnodi um antigen or an inmmunogeni c fragment or
derivative thereof and an adjuvant conprising a lipid A derivative and a
saponin in a liposone fornulation, in the manufacture of a mnedi canent for

i mruni sing travelers to endem ¢ regi ons agai nst productive malaria

i nfection, wherein the Plasnodiumantigen is the circunsporozoite (CS)
protein or an i munogenic fragnent @kyderivative t hereof capabl e of raising
an i mrune response agai nst Pl asnodi M$2. The use according to claim1l
wherein the CS protein or fragnent is fused to the surface antigen from
hepatitis B (HBsAg). 3. The use according to claim2 wherein the CS
protein or fragTﬁr@mse pka Piasmﬁéwmlmg@m opathiiyniRp gspistisigmenbapiaryiriye

Fubst ant | Akt Bllantd1fy Sl @ ARle PREEUOR Rl DB 83h 1 1BbsFhasod, ur
four or more tand e ea tern domi nan region, and

t he surf&sﬁnﬂmﬁimrgamhferrﬁuﬂuﬁenaé bf & SlE:BIC(ﬁh’iBﬁ‘A@) imménisibigaravelersxoeadething to any
one of claims 1 to 3, wherein the hybrid protein conprises a sequence of CS
prot ei n dELipng againsf Br&fiufftwegnﬁgﬁwamf?%qonywa%re@dh@ Sgsadivapntigcniithe aci ds

207- 395 r n frame a
a |linear %Ftlcﬁ E?ArtS %(Htt%h(Et BF% | na hﬂ?aﬁégs% Oﬂfgg%ﬁ'efe&)éd?gﬂg%g%%fdng to cl a:“m

4 wher ei reapdide hiyfaisig: aprmmume tespoR¥Sagait P]'dwmodam according to claim5bs
wherein the RTSis in the formof mxed particles RTS,S. 7. The use
according to claim6 wherein the anount of RTS,S is 25 or 50 ug per dose.

32 8. The use @gGRE Qéd&ﬁilﬁ@t@ﬁ%ﬂpp%h@fen?{}ﬁ' dpr%té@o?frﬁ@ﬁérﬁh@fu%&?toadl uvant
conprises 3D-MPL and Q521 . The use according to claim@8 wherein the

Q821 is dhesvfeed anmgﬂmffmreéltmtmﬂs E:G{Bsaﬁgil ng |iposomes. 10. The use
according to any one of clainms 1-8, in conjunction with a pol ynucl eoti de
encodi ng the Pl asnodi um antigen or an inmunogenic fragnent or derivative

t her eof , 3wher eiThetul@a@RtdiBe Ry QY aerei He W Lpdth bhea d@ﬂémnsuﬁltﬁ@t ide are
for use sequentlall in any order. 11. The use according to claim 10,

wher ei n tfhen gbR ered Biotdie eoprisisg subsiangelly algthe 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).

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

5. The use according to claim 4 wherein the hybrid protein is RTS.

6. The use according to claim 5 wherein the RTS is in the form of mixed
particles RTS,S.

7. The use according to claim 6 wherein the amount of RTS,S is 25 or 50 ug

per dose.



12. The use of a Plasnodium antigen or an i nmunogeni c fragnent or derivative
t hereof and an adjuvant conprising aijdpid A derivative and a saponin in a
| i posonme formulation, in the manufacture of a kit for inmunising travelers
to endem c regions against malaria infection, wherein the antigen is
provided in |lyophilised formand the antigen and the adjuvant are m xed
prior to admnistration and whereinft e Pi 52034 um ant i entis t he

Ci rcunsporozoit e(ué%fwcﬁf PRiGABr g T C R 3% e V6P derivative

t hereof cRRAPIE TH-MPL sha@san. | mune response agai nst Pl asnodi um

VB61495 seq |ist SEQUENCE LI STI NG <110> GLAXCSM THKLI NE BI OLOd CALS S. A
Cohen, Joseph <120> VACCI NES <130> vs61495/PcT <150> GB 0513421.8 <151>

2005- 06- 3D <16 <170>..Pat ent. LSk <210> 11> 4 <212> PRT
2215 1 abmoat URTAT Er b i 0L SRR e DT B e LB g1 1 & Sono

PRT containing liposomes.

10. The use according to any one of claims 1-8, in conjunction with a
polynucleotide encoding the Plasmodium antigen or an immunogenic fragment or
derivative thereof, wherein the antigen/adjuvant mixture and the polynucleotide are

for use sequentially in any order.,

11 The use according to claim 10, wherein the polynucleotide is used first.



<213> Pl asnodi um f al ci parum <400> 2 Asn val Asp Pro 1 <210> 3 <211> 4 <212>
PRT <213> Hepatitis B virus <400> 3 P30 Val Thr Asn 1 Page 1

12. The use of a Plasmodium antigen or an immunogenic fragment or derivative
thereof and an adjuvant comprising a lipid A derivative and a saponin in a liposome
formulation, in the manufacture of a kit for immunising travelers to endemic regions
against malaria infection, wherein the antigen is provided in lyophilised form and the
antigen and the adjuvant are mixed prior to administration and wherein the
Plasmodium antigen is the circumsporozoite (CS) protein or an immunogenic
fragment or derivative thereof capable of raising an immune response against

Plasmodium.
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plasmodium falciparum

1

asn Ala Asn Pro
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PRT

Plasmodium falciparum
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Asn val Asp Pro
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