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parasite causing malaria) occurs via the bite of
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P. fal ci parum, 10, 000-40, 000 progeny per infected

Americedfuroperiaad darian venirast aglarigaicaear dEOTanpie dian W0gsarsgiuring every
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occurs via the bite of infected female Anopheles mosquitoes, which are active from dusk to
dawn. Sporozoites migrate from the bite site to the liver via the blood stream, Where they
multiply within hepatocytes, producing, in the case of P. falciparum, 10,000-40,000 progeny per
infected cell. These liver stage parasiteé express a set of antigens which are not expressed in
sporozoites. This new generation of parasites re-enters the blood stream as merozoites,
expressing a set of antigens which are different from those expressed during the sporozoite and

early hepatic stages, and invade erythrocytes, where additional multiplication increases parasite

1



WO 2004/ 045559 PCT/ US2003/ 037498 nunbers by
approximately 10 to 20 fold every 48 hours. Unlike the
WO pwe/04335¢ en day devel opnment in the liver, whPChUSmeX037498

not induce any synptons or signs of illness, untreated

bl ood stage infection causes henolysis, shaking

chills, high fevers, and prostration. In the case of
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[007] Itisin this context that the modern period of malaria vaccine development has been
particularly frustrating. Since the early 1980, breathtaking technological advances in
molecular biology and medical science have occurred. These advances accelerated the

identification of stage-specific P. falciparum proteins and epitopes, and host immune
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nol ecul ar bi ol ogy and nedi cal science have occurred.
These advances accel erated the identification of
waeagme4sspeci fic P. fal ci parum protei ns and epi POPES2003/037498
and host imune WO 2004/ 045559 PCT/ US2003/ 037498
mechani snms and responses. This know edge was
translated into a range of novel vaccine candi dates
[5,6]. In one sense, this nodem period has been the
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sporozoites [12- 19]. These st udi d St that .
19]. Tlaeserafudics éémat[ziﬁaﬁﬁél tb%tfaemﬁlﬁ@a eI AL &3@%%?%“‘/ was
possibl\é\gg?\ggvge?,f‘cég l)rgliy v{/_%\g{tg\f)ggd#gé g\g)r%i%s Wehat iin®radiciafect a volunteer

s to infect a volunteer o
with P. falciparum, treat the volunteer with doses of chloroquine to suppress but not eliminate

the parasite, allow gametocytes to develop, and then feed mosquitoes on these volunteers. Even
if one could produce sporozoites in adequate numbers by this method, it was considered

clinically, technically and logistically impractical to immunize humans with an irradiated
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with P. falciparuin, treat the volunteer with doses of
chl oroquine to suppress but not elimnate the
Weanasisey al | ow ganetocytes to devel op, and tPETUSEEEI037498

nosqui t oes on these volunteers. Even if one could
produce sporozoites in adequate nunbers by this

method, it was considered clinically, technically and

| ogi stically inpractical to inmunize humans with an

sporozoilervagdélh@t Brlathe\Wax 1208 448 H6&h9e BETHLIS20i03/10d ta bgdelivered alive,

either by?;gg]raigeigﬁi i%l%g%/q%;é(i)sggitgelé? allel?}ir @grpg%{otgf Fr&ei‘éc’%ioﬁglg' t“%g ?lglgef/ \%%t{l] grﬁce. The
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vie sever al h ienti . -hel
s, 150050 kS B TR, T DL ey e
routes (1((3)'%'%12 SRZME]) Sxhi¥RBEI et besiall RREI ofyastectickAfidctaloshel 868 Xheind
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immunizetimgice.p42@nt eral routes (i.m, i.p., and i.c)
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(0fian Thi s L b @Y S o R hBT W P At e
intramusR iy 68 ey eralabd speezoitep o LRI lughal epdit leshéffietive than those
denonstrated that intranuscul arl ga,'i nj ected, irradi.at

injected systronaishicls RsPIerIVebE HEHBRIZREENIFS AEFIRY shapFaer g fene. The
chief lin*itlipﬂﬁ}ﬁ ipge%v%%&?é Gfe i AV BN YriAl S wak B8 diM@haht for intravenous

. Ce agai nst sporozoite-induced malaria..
immunizatidg a pibéedfrd posingamacrppbeveeticalgiskn” Gxttensihdnreferred to in this

human trials was the requirenment for i o
quotationmpraipeienibyrihainiraREeHify Ob@gﬁ?ﬁfd&ﬁg‘%e@égﬁ%%@q %’3 ad,protection
by the sﬁﬁc%{t‘a?re?u'b(ljoﬁgt@e?s @%}Jﬁ){lr eferred to in this quotation,

protection by the intranuscular route ranged between .

[01] W?X@b fzﬂuiﬁ]l%mas[hgwgrthatlexftheo‘rarlfow rauites of iipEWnEzGESR §ssddp vaccination

Was . . "It was furthgr . .
stomptS G POES Hgit £ BIOCP S A Cort UL 06 TR oo Baie gyt B bighest

degree @it 8133&5 drfd thOY 8 Saiulcibl@tesuits. The oflyhsibéranepeffctive rous of
egree_et%. . t(ﬁle nPlr]tra\?febtrﬁous T oue_%sg Sgave t he hir hggt _ dlg ree.
immuniedtiopriobe the lite fnefeptod tiradipied duesapiteesy” 2]-11% ?hlsrh%g%d"ﬁ}”fiw> Use

.ot h ffect.i f i - iQn.:i .
R S S BT AR i
goes onlthidfcdA3Re p¥hRINVfor déselopif; aRpBicabitomahiihencangdnd concludes, “In

Sporozoites in the | munoprophyl axis of Mlaria," Dr
conclusins sseeviidingsgopear dp indisag tg@ﬁgé npw aypihe pesessary ppwertul tools

. evel opi. a_s ZQi t i a. ' . )
i SFERRLB00E AR BE NS, QELAIAALFSF ipschhcct iy and
isolate ﬂ&ﬁ@t&@dtﬁetahagemwﬁ@mm\g eonditone thessepys powestdsd theglsivelopment

raspanrch SOt vl the Tean 0 FL AR ot o e
future.” Dr. Nussenzweig does not discuss the idea of utilizing a whole attenuated sporozoite
vaccine as a reasonable alternative, only the use of sporozoites to provide the components of a
vaccine that induces immunity against the sporozoite stage.

[013] In 1980 after nearly 15 years of work on the irradiated sporozoite vaccine model, it

was concluded by the unquestioned leader in the field, Dr. Nussenzweig, that the route to a
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I sol ate the protective antigens. Under these
condi tions, the various obstacles to the devel opnent
W@®@000a/083369 0zoi t e vacci ne for mal aria appear toP@EUS2003/037498
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future.” Dr. Nussenzwei g does not discuss the idea of
utilizing a whole attenuated sporozoite vaccine as a
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[01ddv eThspe was alse B Furthen v ‘iOé{%ﬁ%JPBSPP Y %F%@O‘FO%&W‘%&Q‘@

o ©¥e rai¥@F&l Bepticatio uﬁ@@%s% ticatgpyrified, and
becausem%g%bgoﬁ%o‘?m?gﬂ%éeastergf whi cﬁ) v?/as t hat desgl te these

suitably plesyread sndfeconstiteed pior taedmaligrations andredier shichdrspineny would still
] e appr.oach to adm ni r oi tes ot her
have to lffhgﬁ BVQ Fﬁﬂr‘gtg‘éth"&dgmﬂﬁ’ﬁf?ﬁpﬁls gt‘ﬁlg{ﬁ Ié1gr §rE&E‘I%ﬁe bite of

[0 fv\%f %Eé?ﬁalr%ﬁg%ﬁ ReSartslo? 1M prébleme o‘ﬂ@ﬁ)dabt&m toughnbtrecognized at
to devel op an attenuated sporozoite vaccin

the umeme beingeclated te porelopiig arsatigpuitad FRAFRZYS VBEFRG “eaeibgipg reported. In
1975, 2 SeipaLs Ve & POR iR PL LR ks &#&Hg&d 2, 28 fbllowed in 1982 by a

reconsti
method ?&rﬂr&&hfgaéah%cy&ﬁ droaf theske aﬂmk’est[ﬂé]alr[rw% W[wdeepmiekl that humans

have to be able to elicit protective, i e, responses
could banindavteslchyi the spaspeadtes p@ﬂﬁ]?eqﬂétné‘?ﬁﬂil‘éq’e%]@rt% g‘?ﬁ‘s"ft %gi?d?tvé“o

culturesi%ﬂ llil ﬁg%tr\}(f)algrgﬁqufo eell %9 g}’]?xro 'S BH)QHE& Walout BRQEMICARRS of in vivo

o0 devel opi ng an
producthlof BaatedyEP N anink €Thae de\redaqpmmt%orb@ﬁm gwmewﬁ tnebadermate to

overcoméé?@@gg ggtggp??sztg %2&?&5%{;@ ggigala{ ﬂ sQ@rg%m eyvacm "{'k;]e?e was not a
way to qgg%&re%?ﬁ%gﬂhg gﬁﬂ?&&gﬁég & xfoHQée 4rla8%6cesihk p&BzdiBA unddm

sre humans = coul d be i nfected
conditiday thdd énes prpubst@y seadprs dimédrmqre,rtb@q eroee dath andiepiias

on these in vitrq cultures
properlyBgpdbesd NG RERAESE spoet i ol s e e S B Fefficall
acceptaial'é a}{ijg)pacupglq%gll on of ganetocytes in humans. These
nments on their own were not adequate to

[006E rﬁmsefoéllommg the tfes lvpb of the IneadariagscisaiEp spmBRtyfo discover a
attenuat ed spqrozoit.e vacc
method§p §eHies AP SBPTOZH ges dpar %Q%?ltl eé‘c%'é?ra%@%a@ ggacg%%‘{‘@a)ﬁn&o
sufficieR{ t‘a%%ﬁi%vé HRhIBRI poRicties, tHodtdnuatkd rspbrbzmtw/abhae waetlropped from
regul at ory st andards. Furthernore, Eglre wer e _nqQ dat

chmcahcpdsl@qmmcng and e copmp)étma; pﬁsggﬁglcl@/dD%\ Siﬁn&‘&’g@ég glrapﬁl [012]
above) EIFIB]E?]%%@ e SnSo4L DG RAM i RE B6RDINCAESHE Uva¥cihd) Several

promising developments launched the modern era of malaria sub-unit vaccine development. A
monoclonal antibody against the major surface protein of sporozoites, the circumsporozoite
protein (CSP), had been produced and shown to protect mice in passive transfer experiments

[27]. Additionally, the gene encoding the PfCSP protein had been cloned and sequenced [10].
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acceptabl e and practical manner. [016] Thus, follow ng
the failure of the nalaria scientific comunity to
waelk@govsssy a  nmethod to deliver attenuated sporPZDUSHES3/037498
in aclinically acceptable and practical manner
sufficient to achieve high I evel protection, the
att enuat ed sporozoite vacci ne was dropped from
clinical consideration, and the conmunity as presaged
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agai nst the maj or surface protein
vaccine. Hin&i® ag obishdered M@rmtrcaLmaap@chmz ond edmmmréh@ SHOWD}tC vacceine,

had
g Sy LRSS IR B0 SRl SR gR e

subseque%"t] cadlog, ghfk? ff o toprdhisd 6f bhﬁﬁit heaRes! oned and
uence . 5"WD 2004/ 045559 PCT/ US2003/ 037498

[0 1@:}u i L 98wt the firstecdoimbinanp pratéin ¢2P lraad srshefmrerpfe ] faccines
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efforts focused he prom se of sub-unit v
work wis@a#jed|qut mgm Roheigheieadih. rygflllrr@%@ﬁmq#skﬂys$§m§?§mﬁ rq%g malaria

work pr%gggti%bé het @g@ | S ks log?ccﬁé&%ﬁlsgg gd ﬁﬁttlge?ﬁcot‘él?geﬁscbf

expec I nst ea consi deri ng
1rrad1atefdr§§o%%ﬁ@é @Mﬁﬁtm@icea Iplot@dtioﬁmuéﬂe&ﬂtosthmdmtnptr&nVafmnmber of

candidatecheeines 1533 R TSRS RGRES SERC OB G i hnine of the
gene en?qrﬁw%ﬁate 'F%} g 755{7;52 cik Bholt ?rJtélﬁ (PFCHPS G4 1 98 through the end of the

anti1genic targets of "these
milleniudf mg%@me& thel possibidity eﬁquakxpmg sinunabeivialigfsidrighole spagegoite vaccine,

e S A D A i
ina pra&i’ga% }ngmtlé?e Tigre og@ﬂes'ub g (Pecoﬂlgﬁﬂah‘d proRUe Rynthdkteleptide,

I's rodent malaria work provided inportant
recombinast ‘ghissDNm plasmiu) nadcagyi formaletions hayg bagrsham tg @Fadaice excellent

protectltggé} gliqsel, gtlfx{ ngl};}{irrlg? g%:alﬁ%dli»lﬁ gr(l) oz%r'rsgg ‘f’r%étqge bﬁ%&q in IFHCC by

1ntrave1ﬁ)%19 qgﬂﬁﬁﬁra\ﬁ%ﬁ oF ReRlididd spdBdzoitt [lﬁlﬂ Qﬂ‘d tb fh&ﬁﬁn studibisgthat demonstrated
wer e conducted after the cloning of the gene

that exp@sm@cﬂo thy Hitee oPirradidted pasqwitoes Wil ﬁs{%@é@ UESPRFFPRFTAN their
in 194thr hthe end of the mllenium
Sﬂﬂ@mgﬁgggg%ﬁaﬁﬁﬁg33%§§1g iTity of devel oping a hunman
[018] a6 Bisedafiial Rinfieeb Paiddpeintiag elineal ribBoduste unio RECH vaccines,
the investigators t hought it was pos&pl u
immunigaticrdef veiluttears By g1s hitey EBiop@uitoes carrying j%lczpai Bmoé'qaorozmtes in
their salivary glands and then attenuated by exposure in vivo to gamma radiation was begun at
the Naval Medical Research Institute later Naval Medical Research Center (NMRI later NMRC)
and Walter Reed Army Institute of Research (WRAIR). The goal of this research was to better

delineate the clinical characteristics and requirements that led to protecting humans with the

irradiated sporozoite vaccine, assess the protective immune responses elicited in humans, and
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in a practical manner. Interestingly, sub-unit
(reconbi nant protein, synthetic peptide, reconbinant
WO 20048455BNA pl asm d) vacci ne fornul ati ons haveP@EES2003/037498

shown to produce excellent protection in mce, but

not hi ng conparabl e in humans. In contrast the

protection in mce by intravenous adm nistration of

i rradi ated sporozoites [11] led to human studies, fthat
identify fhemmtiginsahé dpitdpeatn thase proteins bat ¢lisitpd iraaupg ToSPRUSHT Ry wgrans. It

oS R M o LR AR B b v
consider%c? §(§1&gl_@%ﬁﬁ‘iﬂ;%1€éiséﬁpﬁfd téhniaB ARARAsIbleng padduné eh at vaceihe as well

P vaccines, inmmunization of logical
as to adriviistertseelr s vippineh @rgimisgrycflinisgbigsilisang exiensiyF Hgmpnological assay

results i AT CORUBLUIER [ 10 ViR Rt ol ] SRudR ol hgfed with

those of B&&H orfdhis s‘ilhﬁcgi?am] Megéased oRemdansahding of ifteritmenunsiagical
Naval Medica e

search Center (N ter NVRC) .an
responsadh hemaReisunyringd Witk radiajioa aBFmRéfgeP?g V‘J e ’P(‘IVWAFEST?’Z"#%%%OW@V“’
oal of..,this rese L 8ab& okl he.

e iR Elr R BSRERIET G RPLn adhREBole vecin

[0 19|08 rkgilts bBRTESVHOL Jeatshelinical reapireenee with dhese nmanizations and

vacci ne, assess the protectjve i ne,r.esponses

challengeb it rsderithy RRATRYs AR e @%ﬁ@ggﬁ% Jﬁm@ reports of
immuni 8 pREOORORLARReq PAERbIA, SBR-BM BENEoARH: BRICANS ST

€ proteilns at el ci I fune responses in . .
Marylad@U(TB7Es, 1hie 1980's andeaty 20900s)sirdehaRign Rrgshyésyianopt Luke's Medical

o o s SRS S EEP LT i 88 A e
of obserglg{i&%isa'rge?mtng’t raﬂgﬂfgi% 1M Ghs @odRefdne as well  as to

mni'ster such a vaccine. Prelimnary clinical
[o%v,@]s UAY. ﬁheured;vmet 36 FaspOnSeTIL @aubﬁom@teﬁs\@aym% mogg volunteers
romthese i€ re puplished [35- %) 1 :
challeng TibY B Bt SUTIRF ECMEORHRE T 01 ACSLmR ) qmmunized
by the tds Bf‘%x%éyf%ﬁ%od e AS, ik senmosioes wertgrstandaggngf
e | nol ogi cal responses in humans |,gg$nézedkvmt1tﬂ - last
developimgiblavd stageal’t fefniat e 1Eectieq ‘(Yh%’a?h?ﬂ?%@r‘@ @ weeks of their las
) However,. there was i f i |
piman PN L1 SRR TR 0,08 IR LR, gl compler
protectibf] %giin&fa%vélsﬁrﬁéﬁts)f@toou_rmgfa iinfsetichn paaf the 33 dhalleages (94%). Four
experience with these imunizati o%w ggal %en 880 infected
of 10 valenteens €6} inympigest bethe bils @f 8t5atsT RS A5 htaﬂg lniected,
o blished clini N i1z \ S fokecti
1rra1d1at$c#J Flgaq\ﬂ‘iOS%Wﬁe apsr%gtlegEg%%%?gg%?glgmg]ﬁa%g glpnﬂ_jtlﬁg i inffec 1or11 |
when c%beggécswhwano wods wF aieit 1§t priblasy, inhrauwzatBBOa sigaifigarthy Joyver leve

of protegisige @gm’u@gghat@ ggwﬁézgg;gbeg{sgs o %ﬁr@id%g(t}gT %m&a fn?e:citﬁle bites (p=
0.0088,2?1%1%%23%@%!’( Qec‘stt,i 2—&51@@; gl“hge%ewéi% 19’ challchges 8 thd4blun®eftumparmized

ervations ar romthe anal ysis that was
with oGRS T00AnTLA20bitel) andTthercovasaonypleoprotacien agaiest dgvelopment of

regard to protective, i ni nmong. . ¥ol unt tecti
blood s@qg&ppfgg@@dné}pfttﬁ%ﬁ%@aé%eség %%iians% éﬁé&&%%@ﬁ%ﬁ%\é&égf pro ec'lve
immuniw 'tﬁatnea?ﬁbn%fvoh‘l’xté’e‘i’i Hhesr&d WRBY 100 fcdeslbites (p= 0.000015, Fisher’s
exact test, 2-tailed).
[021] B). Protective immunity lasted for at least 42 weeks (10.5 months). Five of 6 of
the above 14 volunteers when challenged from 23 to 42 weeks (23, 36, 39, 41, and 42 weeks)

after their last primary or secondary immunization were protected against experimental
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by the bites of greater than 1000 infected, irradiated
nosqui t oes were protected agai nst devel opi ng bl ood
wae@ge4$B59 f al ci parum i nfecti on when chal | engedP@i/ukion3/037498

10 weeks of their last primary inmmunization. There

were 35 chal |l enges of these volunteers and there was

conplete protection against devel opnent of bl ood

stage infection in 33 of the 35 challenges (949 . ur
challeng@fExteptifot singlerchalletgeipf pnervetimieer P sieaes aiet Sbmnumzaﬂon (not

BRI TIE T R R

[ozéﬁv e:) oppREcRbRREs BbegRiTspetidicCF arvolmideteoticehallangedwith
enged within 10 weeks of thejir |ast pr

isolates fifryimlicipatino diffesengithpmi the isaltasywithoyaich tgygyere Iémmu}/uzed The four
volunteeky o%r% ggllﬁég%ely Rfog%%t%%lélh%gft‘lﬁgp genvﬁ%ﬁ g%%ﬁﬁ@eé Witk QifF&ht isolates of

I sher's
P. falcipg¥agt test, 2-tailed). There were 15 challenges of the

el op e s Lnan 1000 L0t e
exposedgcp1 ﬁ]el bét%g)zg%?gg'%d%lt&? q].fesctt qﬁftﬁ&st Fuﬁf‘pﬂofbc@:dq{/hetnr&aﬂélged 9 and

a si gn ower - | evel
42 weekB Elﬁéxelﬁétlekposutdm&al Inbypmtmtedaﬂmnge-whdﬂlﬂmgetéﬁ yearﬁﬁﬁen lzeg@xposure to
with > 1000 i nfective bite

to 1rrad1@tg@,(;{1fe§1§§gnosgu1@c§S| Hg yvas FG?ti‘]l %cg)hls rpplg{%,il%qostgld %he }:r)]osure to 147
1rrad1ategf i%%%ﬂedﬁﬁ%sg@hoése a5 reAhaEled thy ERpSsub®Rt s bite bf yﬁomfrreﬁhated

14 vo unteers en challenged from23 to
mosqu1t6é’s mReted WiBBP. akipdom sparozaites. Tizis weklatpr Was prieciadedgainst that

SO WL R e e D Rt
single ef%?#%g%e?&%@géﬁﬁozcﬁf%@l | enge. Except for a single

enge of one volunteer five years after |ast
[OR4imitiuz Afrbeatigmwes aghioeddn expter e P8l dbalengsierpsriments after

arcater fp 3o P SR BRI G AL P ORGP np it

late (¥@aiH gffs. were challenged with isolates of P.
150ae(¥ +1 Pp;)grum different than the isolates w.th Whl"Ch th

A dterbeunitfaacine demhsrating this legplafpeged CRCH At PPt $H ects

otected in_sev
would Hglrf:q«ogpgﬁ a5 g prajord gea?&thr%@/ﬁe h?ﬁ'glglé ?J&@mlr&[ﬁfg)lgg/soﬁ%ﬁved that protection
resulted f%Hd RQk gerintBRFm fiYadi@8d Spdrozoivtvat@ns tthésly:elap@yer A)f attenuated

vol unt eer who had been exposed toag e bi 1 i
sporozmtp$ etlaineddmrerogaized UpEHadier tgBRCtiomet 1P 6118 éﬂa Wl%llecessary 0

pubhshﬁlg?reé)lpgg C&e?e&&x\?\ég \%ﬂen\/\@l S Qi & deré prRbeREPREShCof WASLH) at the

re-c al 'enged 5 years after |ast
KeystoRXRe&inzan Marcli 2002, I“B/tﬂlaﬁaei:lChalhrhg@tFeolmdn@qmto &gomigs to

was treated for his nalarla boost pasUr &
Vaccinesg7they weesdionsidgrediinfersing H{)%(h%ﬁlet IBZ]SC PRI Rk the idea that

this apprgac%r%ﬁl)l!dg ?qusktﬁd G PAEId a1k {R8ink)] Be%a&lfe all thought the vaccine to be

rra nosquitoes infected with P. falciparum
1mpracl$®®td:{irodmcesandﬂmpessvkdb tmadeeinisicasTips sicacis stll 2g¢eln deldin e

ey S TR LSO 30 IR ARPRODRL 2 B8 6, e
director of clinical trials at the Naval Medical Research Center Malaria Program stated, “The
barriers have seemed sufficiently daunting that no one has been willing to give it a try,” and a
malaria vaccine expert from the University of Oxford in the United Kingdom stated, “It’s a long
shot....It’s worth a try, although the odds are heavily stacked against him.” In contrast, the

inventors believed that it was possible to make such a vaccine, but there were several critical
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singl e exposure to irradiated sporozoites. [024] Thus
protection was achieved in greater than 90% of ’
webakhesge experiments after greater than 100BCT/US2003/037498
nosquito bites, lasted for at |east 10.5 nonths, and
was not P. falciparum isolate (strain) specific. A
sub-unit" vaccine denmonstrating this level of
protective efficacy in human subjects would be
questions SROBAT tlbeﬂ answaedrbgiore opwiag inte 6GYP mrngaeiiring agdglinical trials.
routinely observ t.ha rotectio r '
These are BRI BP0 o B o B DstsD o Bog TN RIS s Btdher
one can Qcﬁmsté?f ﬁ%&a%#%%ﬁﬂpit&ﬂﬁf Oitd thst is pramiicu dortrnecagvriceind?
unti1 after conpletion of the careful analysis
SUMM?ﬁNeGFéi‘HEltINVENBIONh this report. Interestingly, when
ese result re presente . 176 Rtk -
03y SR S g R Do PGy Spraizk B atenuated
Plasmodclfﬁrﬁ %%s%ﬁ@&z&i%s%@ﬁée&ﬁe tporoditeshates, bt delivgreduby éhe bite of

ons red interesting, but [ '
infectedénradiated it®equitoee fqrd@m%ﬁ?@iign,tqg i%g %gtgaa'.eg%tttsﬁgjgﬁtg?ﬁ, 39 ﬁﬁs was what
rsued .as . vi abl,e ma i a: ' ‘e
GG L
commur%]ig}llégst_ﬁé bhie a9 taderievestiigh levhprateviiesminsustyi | | wi del y

in the scientific co ty.. ,
(Opal meon Atz e TP ibiielstapora i dslzgyed oY
.the director of. ¢linj ' ’ -
s HECL PRSP bl ok fasbiualoDiheg v
hepatoc%lsf,qqaﬁ%mtsr&ﬁv@uﬁ,fand itieemi dryestidavatopmgnt, heer dovelpring isths @agture liver
Willin i " i :
schizonb gt Up R ENElPPaReV g aP ol v B S flgovies and the
disease ﬁ)@v%i gﬁnafaﬁg eﬂnﬁ, by SreditleRitded. $33@1 indicate thit'is ovder tdwliit adequate
ry, a ough the odds are heavily stacked agai nst
protectifié [ﬁlfhgillélreepmisesaﬂte, pardsies inpstanyasie JeprPGyicse BAtRRY H@Yel%gnd
possi bl e to make such a.vacci.
O L o
cells. questions that had to be answered before nmoving into
cGW nanufacturlng and clinjcal trialf” These. ar.e
[0ad} | Thethvemtor thevizad thati Bhierecis @idiisC SO agpw/agsocating Bipween the
) .critical questi.ons wh > F i .
e e ggrotigpol SYBEA L i BERUEERAS O bRppocen
immunft® Whin MEFBR HRAGHEE ?FurShdMiBRY weRhcbiiEzed EREeON a[d)26]

retofofe, it had been considered i g .
correlationfansocagioh betvesn Hict infegfiyi@hg%qrgxaacﬁgpg gﬁ{;gﬁj § ?"lﬁ‘g% Igtgglimstered by a

. orqzaite beca f had: .
particu e T ERet e FHGCHT 06 iare SRARTPLAAS, Hadild &R delivered by that
method Mkt pRfsctive imirimlni zati on, or by intravenous

I njection, as this was what .had d i .
688 Tt avire derubybirary SRR e SuRkiRKine the
. the scientif. ' ; t .
avs G STy 8 g Bt o

vaccindheori zed that when properly irradiated sporozoites

are delivered bX . g . .
[029] This question was addressed using the P. yoelii rodent malaria pa¥asite, not the P.

berghei rodent malaria parasite, which had been studied previously in all reports cited above (11,
20-22). The P. berghei model system was used to establish that irradiated sporozoites protect A/J
mice, and this led to the human studies demonstrating that exposure to irradiated P. falciparum
infected mosquitoes protects humans. The P. berghei system was also used to prove to the

scientific community that intramuscular, subcutaneous and other non-intravenous routes of
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nosquito bite or intravenous injection, they pass
through the bloodstreamto the liver, invade
whepanesys es, partially devel op, and then arr eBCT/US2003/037498

devel opnent, never developing to the mature |iver

schi zont, which ruptures, and releases merozoites

whi ch cause infection of erythrocytes, and the

di sease known as malaria. Thus, they are attenuated.
dminis(ion sbndh At shodoien Do AdID el TP Ie AR RIS L20-25). In fact

protective, i.mmne respgnse the | '
afer suLREBR e P B CT o T B B L ARl o abe, WA G211
These stRAil §hith Wdiepridhalyt difie i AdRiicedéd forthé earcluseon tirtinwas not

responses, particularly CD8 T cells. [O z% Th% . .
possibleittdeve ayr isratifatsairsppedoitereas amagtisal, §11@°%H.‘/rréfet nt malaria vaccine for

correl ation/. i \ ' | Mi ;
homans SRS B GRO0g] P S A e el Bl Mppace) sitched
from wo‘ﬂaﬁg%}iﬂlyP. tb@r@ek’ Gi A/TRhioE ecivbikéng Withinydeyii whB ALBregicer dhis was

atteénuated. Furthernore, we theorjze ha& there is a

because dﬂifler @mntisf@ gﬁ tledfavehVgdisalcReseaish batijiEe el%q){g Hf ggEaIVW({Vly

.. 0 1 rr | ! i . + Ri . .
aamis i P A PR HARE A} £ SRRUBLP o gt tdion i b
than wa$ ﬁﬁﬁo&ﬁiub@sadmﬁieteferdua dieat/et] Thirdwakehilarge part bgcaubmintravenously

__method to elicit protective i ity. [028]. The .

adminisfsressBrtoelihSPeFZO8PS HESe ishand grirrg?‘!ﬁw&éé‘l IBFC§]cﬂ&%}£ar% g Jnayencusly
.. Ies i ng.t i g

P BT 8, AR s ot

adminisRr &P ; lii anzABB!‘um’RB is appreimely 03B]00fHimesjowst thep the 50%

Was i i :
ol B AT e s LA oI e e S0
infectio%&&s@ o? ?%sﬁl%ggx_ng%?%h%ﬁié&gﬁ‘ph%ﬁés)/s_dcﬁ a@lPl kiepei s mohkeyd and P.

ove )- ber ghei nodel system was
fulciparaseid Humaes thanlis Bhberpledi. Tv thaciudy e990spanrsdmelsly By yeasggfter the

AlJ mce, and this led.to theyh . Les: .
S TROENCTE T PR b
present%ﬂ!ng 'éﬁﬁbgrLée{:ir'ﬂéntisisrff&ﬁ HRANABSHYS, IrSNpEsehsedis réquesad theThegoelii

. _ ghei systemwas al'so used to proye to the . .
parasites Gngﬁhby fhie Navy iehomitory froratong af Pgrines r%lfS,LI'il’J Bﬁg?séﬁ%t@l]}g switched
nd. ot her n

the worg@-}lgﬁe%gggé)& Q@Qﬁ?ﬁ%nslsﬁgro%%)&&t ﬂ{afla?riav’é@tg@ﬁﬂogﬁ PRedel system,

. tratiron of Irradi at’ed
primari?p\%l‘k%%®R§B@II§3/B%ic@dequate'y protective in nice

20-22). In fact after subcutaneous. admnistrati.on .of .
(0583 s rpctantionatelasHbrBEON RS HeUt Be PSS agpniSlation by

) 21]... These st udj ' . i : :
1ntravex£ﬁu‘§ dhipelipny og.t?%sgﬂg{)) ﬁgt?,\a@%ﬂg% ct@ﬁéltﬁlyﬁehgmig,g IOE %%eqﬂg\ggg?vgﬁledn the P.
berghel Bo8 gt desdrivdd abedt [3 P22 Fasheamore, pecaosd efithat work in the P.

clinically relevant mal ari a .vaccine for humans. 1n.
berghei meddaystyming apedrag mmm@ma@%ﬂ 4 mgaéf"csa{ Pt@ﬁe@%t‘eﬁmg it as a model
to deveLog)Sgn:qa%t{éBSathg%.tsg[)%Z§N§é {SREA, Trhh O MK g irdidle Psporozoites in
rgherin mce to working with P. yoelii in )
the P. ;%ghﬁlloaeﬂm resarid hjseenwhss bdep csedstey schratistsifenthe sanse saientifis objectives
val Medical R ' '
described i BR8N pvenze\;e?ga EZcﬁ, tlonlgér{t%f}lfl %hee ir%%%dn%\ﬁ?e%hgﬁ%s of-protective
immunity and the antigenic targets on the parasite of these protective immune responses. For this
reason, since it has been “known” for more than 25 years that only intravenous or mosquito bite
administration of sporozoites provides the 100% protective immunity that makes the irradiated

sporozoite model so effective, these have been the routes of administration used by scientists

working in this system. The other routes (e.g. subcutaneous, intramuscular, intradermal and
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adm ni stered P. yoelii in BALB/c m ce was nore
predictive of P. falciparuminfection in humans than
woer@4iomssavenousl y adm ni stered P. berghei . ThPGT/ua=03/087498
| arge part because intravenously admnistered P.
yoelii sporozoites are so nuch nore infectious to mce
than are intravenously adm nistered P. berghei
sporozoites. The 50% i nfectious dose to mce of
others) thattwonlebereshired mdmalei the Eradinted sppeezoite clipicaly mpetic ard
I s, approxi mately 100-1000 tines |ower than the 50%
acceptabilgpayeob PREPHSEL” of P. berghei in BALB/c mice and

[oﬁn MESE RN Rlvk dIREFr6ONRRIIAA for indmiikiging@%bjects against malaria
I nfectious dose of Plasnodium sp. parasites in

which alfovisnfat &, vascioiticasofargk nombersiof FebjershrEh attemgtad sporozoites in a

. JfaJciparum.i umans .t h LS P r j :
relatively g%‘@%gmﬁpﬁ% itﬂ%{@rﬁctfﬁﬁg’eagra é:)ogefn?glrcgi?xg%r ofkg?/ xlgglrogﬁgleﬂlods.of
bite by iRESREA B HHAE, W ih fhdbasy 6fide byristr@adons infectibe raghi ehich provides
after readi ng papers and hearing p({ esentations from
protectiaogommparahile tof thatrachissed\aw thesf B MEROISNUs senzwei g
' gyested the P. ' ) .
oS4 Sl 85 b AT Ml cn
be obtaifS&BPbirahthly sihingd@the o dusagwsflaticnudtet spgrazopesto aNalyject by a route
YorkK University on rodent nmalaria to . the P goel i I
other therpuigpvenpys wigetiops inpeAine, WP KIRY i e e Pt BLiramuscuiar,
intrader{p%g rcr)rillllch%aé,;s%%)hllﬁe&rﬁ %gfdeﬁlgalpﬁfd%uwfébusaﬂohte‘é@r kK with P.

ocused on administration by intravenous
DETAILEIEDESORIPTION O THEANVENERIONst certainly because

of the previous work in the P.. .berghei del
(03tls e BHent iDL povishs 326 iR FlePst LoD hethod of
ini ' e ahebr7BHE! thastaiienitRaaiel foasttenuated
admlms{eeg%gra}lﬁlrgr%‘%égéf) IE%Q?Cﬁ%mSB ;%Iég?ﬁ systemto trtg}ﬁt 0 use it
sporozo@t®s @ bended as 4 vaadténeab ppevant melaen Uehusepnahis P msle pHaes, aad other
vacci ne. I nmmunization with irradi ated sporozoites in
relevank §pECIFS. yoel ii rodent mal aria system has been used by
| efild St sntoffs S NBASAMBnSoLankitliver mbyieasdly ¥@adard methods of
[Ogﬁs?ﬁ bleda% r? 1S98%-§6y Nuslzlgn;\/vei g [22]; to i d%nt IJ% t he ¢
administetiomedmegibaationrhy inkpreopeciniegton priihibe pitg 4F mierded mosquitoes, o
antigeni.c targets,. on th I A aGriaMBiinisteri
snun S S050RGs S8 8, L A RBL 5 EEE, B i
the vaccik&@Whprolfes PR tbhabmparalieas shetjratiomndtandant mathedous
or nosquito bite admnistration of spoir:fﬁzm tes

Adminigiraticndesthe hite 00 DFBoHIITNRININE PRWEHTOF UHAES Hafsle pobvious
irradj ated ..spor ' . .8 85 GchaMaise fi

reasonsb@'éﬁa%@s&%? e %%r‘ﬁgé %ugﬁg%tg? ?Soﬁﬁ%glgg th{)ag 1Ssltclz(ihe.n? P sts setorany

vaccineVBEdaugdit ish feblirScaSlysti#ivult Fiethot dfednicistra®n( espgeially in young

subcut aneous, intranuscul ar, Jintraderpnal. an
childrerz@od 8 BatsatiplyTHanEcioBSPesasFRs dlf&?‘h‘@u}ﬁ%‘?‘%{ i &\%é)g O\éi%%am‘
UisF h hag @tibe el ivRiagakhivtered in th
R e

skin (trdideutanscan) epidermally idirateouelhgdsubcniendiud tisgne (PFhetiangeUsl); muscle

subj ects agajnst malaria. which .alJo for .
(ntramg 43T e 1N 2B G AR 8 Sor e Hisue-Preferably, the

admini &SR Yl BduS RYUGE Ol k88ertddlId or intramuscularly.

[036] The goal of attenuation is to weaken the parasites, so that they are viable enough to
invade host cells and produce new proteins, but unable to produce a replicating asexual blood
stage infection that causes disease. Attenuation can occur in multiple ways. For example this

can occur by attenuating the parasites so that inoculated sporozoites can invade host cells,
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relatively short time, avoids the inpracticality and
potential danger of the previous nethods of bite by

WO pfoao¥d8 nosqui toes, or in the case of m ce bRCT/US2003/037498
i ntravenous injection, and which provides protection
conparable to that achieved by these prior nethods.
[032] More particularly, we have di scovered that
effective protection against nmalaria can_ be obtained

partiallyodevplapén these gellsdandursasedavielppmegbefgre reaching tha siagegomparable to a

. It t. bj . .
o PRS0 e B BB S A g
cause dik&Be STINE tipa BE Btidhuaied ihhRINS Cal R termdédd matibolilly active, non-

nmucosal , subnucosal, epidermal, and. cutaneo rout.es.
replicatipEpatasitn SitgoRriipTraNd @EO PR | DR g I{f?@@%?g bga% invide and
i nst ant . i,nvent rovi [.i.0j . .
rormat A0 PR R IS ot S AL St Bl
from thcfh@ss gEl, bon &pgxabESo dposl @z i drethrdelytes tortdegwirit requirad forghem to
for attenuate sporozoites to be used as a.vaccine to
cause digeasgehitis AeHldplsg OPA R RARRUATRE MFEPEASIEY tthgy, garpingage and
. . > HD o
ol LGS RS0 L T RO AR A gt
from thehest Belid, bat beomabkdoidavedop at drpthrdwytase thavperdusquired for them to
i ect : : .
caus sptanmacs p o4 Beb Sl RHEE B TR 088 1l sporcnnites
artiallFAdVRI AN rBIRE bk & oY, HRBRARIENQEpREnt 3RO teabihl B st
partia fﬁe Jgg%ﬁﬁg that p 63ides profectioﬁpcgﬁpargble togthsage
comparfirle W umtise hepitic dlage phosis: thatimirnptore iglepging pgrazegepihpieinvade
br of infect edd.m)squi toes can never be used as a vaccipe
erythrogyigs 298\ FRB<59%8sons, and adni nistration by

[0B7f T WHEE Qfhetdts REhRR of SttéhuaBbM By bBaked, Svellabe found that
general use for any vaccine, because it is a

attenuatiethynireaidtipnds ¢vriently profererbipr prodayaing ginetpbalically active, non-

o e S E Sh BF  is
multipl OHORES kdpaashs. T8 alendhtith tdnebenicesplished wetie ithnspotdreites are still in

"parenteral adm nistration may be admi ni séj red in the
the mosgkites afiier thes havabresugolatep frgBY HAMSFILLGE AR Befoen injpyventions such as

cryopre?clyr?%t%na Qe Qféfi‘ t . %yf/l?a% tb&érPﬂS%IeﬂQﬁQH ﬁ{e)’r)losqggﬁ%l #nd after interventions

ramuscul a rough the micous ranes, or in
such as ichpsdsbination aihetdusstedose Bf rfadiasibh pasediva previous experience is

Y T T T Lo T
falczpa;ty\ug%ﬁpozto gs oh%!o‘bl@ ?Qsadg gc(?)g AkinkRYst 8bBmbhALLSBd ?ﬁﬁﬂ?ﬂle skilled in

nva St ce roduce new pr ot el ns, .
" the art wilbletezrize thatlisclsazerepl vapfiongsmsie tradpebies otstragn togeérain or with

e oobBLR b S ok SRUSES SRR AL DA Wi

recognid {RPHRLIAGaf fiEc R ARLSBSliHRd Lfiak nliftfouk aleditbds, including, but not
sporozoites can invade host cells, 11 WO 2004/ 045559

limited RCTATIS2003), 837v0 8ltrapimlatirayls) gr efbareiubgioimic paytieles sush|as electrons,

protonsgg%g&g%tg)ngg)}lﬁ{eg mept .before reaching the stage_

[038] In the future, attenuation as described in paragraph [39] above may be achieved by
genetic manipulation of the parasites prior to their being introduced into the vaccine recipient.

[039] Attenuation may also be achieved by treating individuals before or after exposure to
sporozoites with drugs which prevent development of the parasites so that they can replicate in

hepatoctyes.



mat ure hepatic stage parasite that can rupture
rel easi ng nerozoites that invade erythrocytes and
we@auwge4dssease. This type of attenuated parasi PET/US2005@37498
terned a netabolically active, non- replicating
parasite. Attenuation could also occur by producing
" parasites that can invade and normally develop in
host cells to the stage conparable to a matyre hepatic
[046] adétemantian inay, algohst asrtgf@vecf boireating ipdigiduals|betore g itggxposure to
.unahl e to devel op in . ervthroc : ' ; :
sporozoifigquitr Gbey B REHE I e LT SRR They e ggpticatn
erythrocPEEUr by attenuating the parasites so that they can
i nvade and normally devel op in, ho}'slt cells to,f;‘s‘i%? :cals which
(0481 agétenurtioamadyl asa by achipyedbe trRE: the SRATgFUtes ¥ gcals waic
rt:ﬁlgt ure. fromthe host cells, but be unable to devel op
attenuatq {he PASESh oyt es to the point required for themto
[o@?usme sicgnd 6f arthistlitsransy bdinysmethodsifoa iswubgon pthisy than by
_aftenuating the parasites so that 0r.0zoites . . ol
mosquitphite PrinfroveneyerdpniHALion SHEE: %WOE ﬁm@ﬁﬁ% jgqtion yifhaginele
devel o b | i SRahakk o héndeds to
needlc a8 T ipREA Qs BREGRRE Ay, i hectRIRANS
thousandsedfgasdsgeeti @z iijéceion biyakllistiv tedbniqaesy aid beyikesThawitenuated
cause di sease, [62@7] Wi | e nuner ou% nmet hOdS‘Oflate material. for
SPOTOZOMSUBHUAE BhAFHIFTHOY AERRSCHRNIOLY BUF iy R @ A et ’
examplepbBHAL, GifM: IslooRibiRkd Alhidye 2087l 8R blatedtioa ity oeingler
producing a netabolically active, non- replicating
inoculatip@l A4 preferrdti tlen aatiicrp{divo thaospmEORaieRsPT CEPOHESS be effected.
acconplished. in | t.ipl e, ways with.. i.nle
(0 g Remestorenge el r e Al HEe b P enenuated P.
falcipar%}é?é %Efe%f PFa@ﬁl()l@i%nﬁif ci8d bdrozoites. 1@ deB&GUL hamand perindduiyion may

en 1solated fromthe nosquitoes and before ,
range fromtabowteln®dbios] Os 00Hh0CEs althaueh this seaybervagiad dependingen qvayption by
have been.isolated fr t he ' :
e oG ETR, LA L TR 88 B0 B fpons.
(08105 € 8f Plakih 88l dpeAle DRI RGte OtveR i Balioptisgeme e iyemarp be sised in the
general ly greater than 12,000 Rads, (02{)' and Ilessht han
method 28{le00veRsids. [ra@yeentbadipenisthe anigric Bl &R - 1o other

.SPOrozoites W : NG PORLIHRFMB BINE
embOdnﬁ‘E%ta’ R etﬁé;]%%%lgeégg?)ﬁ%df ﬁ)(e‘&gﬁ' O\t/%/lgzlei &r}:‘gogﬁi Ze that
emboditnBhtS {{IRSROEmiRRYre\vdthest bansitpeni atlsertembodandntsit gpuldtbeai n

to strain or with the agqpar fus and techni ques used
Plasmodign fravd@iiol e veatis o5 9815 2 GSHREIUMSRECER PRPEES n the art

L 11 o iF t h b ARt ghRrsaBulienl kit rising the
wg@to@pﬂ@%ﬁ%@%ﬁ%@%@%ﬁ? net hodgl, N nc}ludi né,cogx& ¢
attenuate@kporbidties edthe defammpinstrayent such ays syumger avi ol et rays,

or_ ot her subatom c particl.es such as.el.ectro .

[ORf bteriSher SmhOg AT TG PGS Abi Uae: melips p gopgpiner such
asa via{, %BE 08 1 METE o VAL L ERERAORe 3Dz ESBhLReE spdtoRstes gl @lfainer such
above may be achieved by genetic manipul ation of
as a viat tentgimngghuid® dhitothe tienvatadrsppiozaiies; md baaewal dehiveryideaices,
vaccine recipient. [039] Attenuation nmay al so he
such as 3 SHBSAPIRF ¥ eat i ng i ndi vi dual s before or after™

[09% P OB W Rerleh5oARHh Q@ OihE @%vertib N pibvitds a Mt whicipireltelt a container such
devel opment of the parasites so that t h%y. Cadﬁ
as a viat,dpl hgtdineitddrio aheg spp@injegsthe freeze-dried (lyophilizied) attenuated
sporozoites, a container such as a vial containing fluid to dilute the attenuated sporozoites, and

the actual delivery devices, such as a syringe and needle.
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12 WO 2004/ 045559 PCT/ US2003/ 037498 [040] Attenuation

may al so be achieved by treating individuals before or
W@baoen4Bxposure to sporozoites with drugs whi cPCPUS20031037498

devel opnent of the parasites so that they can

replicate in erythrocytes. [041] Attenuation may al so

be achieved by treating the sporozoites with chem cals

which attenuate the parasites. [042@ T,he,mia s of .
(048 imotber ermbashmenty SiseinserORPEMAES a6} WhichABATUGes gypontainer such

. .ot her_ +than Npsaui:-1.0 _hi ' . .
o i iy 0 R RGN B B8 ARASBNt  cppor uho
a vial cotalding@f16idne lddutenBeskeduated spordiaigs, anduhd agbad dakeaty devices, such
.and syringe arrays, mcro-needles with one to hundreds
as a syrings andisedlands of pores, needl el ess injection by

[O@g L gt Bnti6e Eﬂ%hgrgﬁw'cﬁg glettﬁg of ié%r@ teraN 8didini @PAUBA 8Fattenuated
oroZoites nay al o be" del T ver %y a transcut aneous
Plasmodi@h peciddlsporvzaitdsaistdesuuibad Bereht, ar thaladmingstratior arfrpveccine for
gol d beads. Wile i% is possible to achieve a | evel of
preventipp gt EEBetN QLSEYETHY 8 RGI4!2- i nocul ation, it is preferred

[o%d; atérgag i&%%ﬁ_&ﬁ Fgﬁrécie‘é‘%ﬁﬂfal, WRh&ckdOf %mﬁiol%ﬁo@ bf EXPRASKHES has not

recte e preferred inoculant is a
previousibean expbsedito azadlarimcaking pathogem o bt besh eapessAubat égnap fully

e A LU, 0t o S SERCAGRL S
infectim\f}l g@d{fce %f&gn dé_)ofl&coxgg% i0Qfhenahnt MoMBRtddnteslub@the Beverity of the

ried depending on evaluation by the practitioner or
illness, dulk as faven egeniooe bycanmestiefectpd gedudsdhaansarfzation of parasites in the

S O T TR e
many catsgkeeveﬂ'?ﬁﬂﬁgp&ftecﬁhﬁ iJ BBAeAERD Mor kRaraple, £vdvothen®atment bigategy that

parasite is P. falciparum In other enbodi mentts, for
results imayrpf @eset henefiarodsbews 3y olfrepmulAtipn Kayplave ¢ glgailicgpt ipipact on a

,hal ari ae. .l n other . ' S 49 xture of
e e BB e B TRRALTEO PR B R .
[05] 1254 ReghcingmiknenhgsitionRE nyaet témprisingt hespartatias tadcanains an
. _ species parasites. [045] In one enbodi r{ent t.he
infectioiyagent PIoFs qortPneRis VA GhHa AdRIETierd 1 StRlategRimRNIng gesppRse that
it roflst SPUSHPRGARSE 0 Roos bl Spbipec et i
after inf@d_itil?ﬁl eﬁhg.ﬁs ﬁltéﬁ'dh(li whiedhcd moirtediediseasc progmissien. A praventis a
vial, but not limted to a.vial_, containing the f
(prophy pctiehisarioa SpsPUTLIA e cPA TR AR QUENS St B P may be
16 . -1 U | O. .
ool AN GH2109, LAt B g asgtes o may
further auntrive ediinents an adjovt, d euroether cosithuaions eseaf s would be readily

I nvention provides a kit which includes a container
underSt%QS]cWﬁia%e‘&t{W%ﬂ" but not limited to a vial containing

[050F ANEEGSs Bhy 86 cohmyaRil dfisgpald cahbenuans & used herein, “separate
components™ refers to a situation wherein the term vaccine actually comprises two discrete
vaccines to be administered separately to a subject. In that sense, a vaccine-comprised of
separate components may be viewed as a kit or a package comprising separate vaccine
components. For example, in the context of the instant invention, a package may comprise an
attenuated sporozoite component and recombinant subunit vaccine component, including but not
limited to a recombinant protein, recombinant virus, recombinant bacteria, recombinant parasite,

DNA vaccine, or RNA vaccine.
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sporozoites, a container such as a vial containing

fluid to dilute the attenuated sporozoites, and the
wa@eawaksseel i very devices, such as a syringe anPCTEsDE037498

13 WD 2004/ 045559 PCT/ US2003/ 037498 [048] In other

enbodi ments the invention provides a kit which

i ncludes a container such as a vial, but not limted

to a vial t ai ni d i
osa] cont o B iramais hedon amBoHnEs NG [ UL Ui
. tt i . v
sSSP LG R il gt o

vaccine By BOhdrBinistated be mubipdy bebasiobh s écéfeoﬁvejb’ammhee pfhinoculations may
adm ni stration of, attenuated

( Pl di [
range betyyrsnd 26 oedpsesWHRS A Bl 4 e‘i"@sﬁr’a&%g? hlgs%gﬁ?ﬂ%ﬁﬁl’tg% 5t i on
10y PigfEiFE [616pdjRh peti KRR pAn Bha BTG IAR oR alISq jclibtion arc
exemplagnitans@tinatory 6nly ngretret tastivtivg obthk imentiohasstdmadt Moreover,

T IR T e .
vary. Flg[eﬂlég %épt%fhi%%r%g :u§<9d R4S Jaftidubfl ef®olidenedis A6EinGinded to be

~ 7 developing a aria infection, reduce' the chance of
limiting e nhaxgope bf thh presemtanyantionrald be dmited @obyebyt Hecladser i t y

of the illness, su f _
0% efunt bt Lo ST ek R Lo OB BB A g v
betweenmte&ﬁﬁe% A PRAP Nmiflof iR et RRsttaatkhthyof ticolowenlimit sunit, unless

none is exposed to malaria parasites. In nman
the conteastesrlpviehcaesratherivigsr dluethern, 81 INeenGen ERGBRRASSCS BBY other stated

) exanpl e, vaccine. treat t t ol

e BRS: HBeSRE B S B EphS mbBl e BB el g oo

the uppd? AUE 1vet liaisiIf eidfanbéTRakks gRcificallihexdhekdiffonnthesstated range.
communi ty and of the individual '

[0 midmess efipabatherayisey Hedneraangs é)% 3{1 ge(sg o g]lgqn:dgﬁltegﬁﬁc terms used
herein a?%iltg%tr clo%ﬁ%r@ng% é'ﬂ@eq%t?oc? P}Z 8@% ?rfp (%)rgféﬁﬁ{yj;@(ﬁm% iﬁfgt;gl@ i@fst'ﬁ whiich this invention
belongs.a_djlﬁie i SEckaRd skitl if et wilbalamappreniate thag spomsthoth and materials
St B hhotect 2 person o ness, e Lo Kol 896 cnion
Further,'pa?lg)gl?ﬁikﬁfbng H{%Rﬁénédrﬁe?&ﬁi ef ihQrpSdiadyEfcadcest di sease

. essi on. preventive (prophylactic) vaccine is
[05T1t dnghest Bemoxdtents isedthierin amf iodhd appendegeeizigsytegingylar forms
vacc - Ki ' i
"a," "or," @pg Il'fglg't?’ @ﬁnﬁ’éFg rﬁl\%g&%ﬁ%{hrl)hle%ghe%(ﬁ?%& Ig?égﬂ)l}’/ >c/1ictates otherwise. Thus,
for exalg@?}&fefé‘fé&éé 881w arPArRGREN S ABbite MBEE lin€l OF3ra Seratity of such
uent, an adjuvant, a carrier, or conbinations

sporozoithearikferame wo the apent' imakiidps refaipns te PBOOT HYPre agsatE apd equivalents
he art 0 A vaccj ne,na e conprised of separate
there"f%%%‘bWeth?ée. Siﬁ.ieddgﬁ& iﬁgiagﬁl A, yqrgl'epar at e corrponenltO s"
[og?éj{ e HeP afl rvhibeas dx@resving 4 aritiohef ingretienss eéanton conditions, %

ual Iy conprises two discrete vaccip b
purity, arsorfp ,exsecﬁnPrsfép apesifiqajion anchelaings, éf&tmo‘ilﬁg‘ﬂ f%fgfhegt@ﬁ’% gboyt,”

unless offerwise indicated. ggc%rgi{;lgly, the numerical parameters set forth inthe specification

and claims are approximations that may vary depending upon the desired properties of the
present invention. At the very least, and not as an attempt to limit the application of the doctrine
of equivalents to the scope of the claims, each numerical parameter should at least be construed
in light of the number of reported significant digits, applying ordinary rounding techniques.

Nonetheless, the numerical values set forth in the specific examples are reported as precisely as
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separate conponents may be viewed as a kit or a

package conprising separate vacci ne conponents. For
wexaapssso in the context of the instant inventPONUSE03/037498

package may conprise an attenuated sporozoite

conponent and reconbi nant subunit vacci ne conponent,

including but not limted to a reconbi nant prot ei n,
reconbi nant virus, reconbi nant bacteria, recaqnbi % dard
possible. pﬁﬂmmmcal Bilite, hawehereinheieninponfaRE peTEAn g om the standar

04/ 045559 PCT/ US2003/ 037498 [053] An "effective"
dev1at10n| ﬁ?‘l%‘?rﬁ‘ée%%e@ UHFEY"Y ange bet ween 1000 and 10

[OS@]‘mmlB\qausﬁ’f’ ) GkQ%QhéESicativub afdvdrihtioas dfthe prdsénttifmeention are possible
nogeni ci ty/ potency_ of the vaCC|n§W:s |nc%§ased £ the
in light offthe abmtcammgt ugéhea@fmerﬁoéapéméﬁsfeﬁd L yigjg the scope o

cas| on QUIRGLiQf thhDRCHe s RS dd¥BANbed.
appende‘f‘g g’ﬁt‘%eél 011 g%% pygg%s W %ﬁln a yeaériIJe Y d[)";5
[06191309}&1ﬁ[lowﬁmpESMMq?mmtwhau?ﬁnm?slzﬂjheg@mmméy
or egoi ng general description e fo
llustrativgetf alg me@wgnﬁ@gqcﬁe g?.léousé%ggﬁ% %WOW F%ﬁg te(r)nbod1ments of
nLy tdoSr@d s Mignit ﬁféﬁhﬁﬁhﬂoﬁs
the inverfiphy G oFhfipld o R pL e cofitnla MR ARRARIORS o
EXiAMPRESt i cul ar enbodi nents descri bed, as such may, of
course, vary. Further, iiﬁ!!ml ogy used to
descr+ be particular enb not intended to be

L b A9 tivd HEScthy? O?QQH%d@tfmilhﬁltPﬁlﬁﬁﬁﬁﬂaﬂ Svbaitaneous and
Wi S clalnms. [055] Wth respect
to ranges of Vwﬂtmmimpasses each

i nterveni ng value between the upper and lower limts
[O6q§1 WheudaReecdndudtd temséstigateaind dongfardthve ihibutvityl ofifrashly

dlssected:fm()tmgtgsl gég’er;dcgﬁgd%ggg&@gﬁ’ggé!%%%écgﬁ‘?yg ﬁir éq@rn\gaﬁﬁy (8Q) or
1ntraven%111§iyo{%/ ig@ ggl }/% T %\égﬁﬁlﬁgﬁgﬁon s I@ ndidBFEDE) Rtha ltrﬁﬁt rﬁhable

ang I ng e|t er or both of t
nmﬂmd§ﬁﬂﬁmn inegenl i Mts of the range, unless

AL e L LA .
d1ssectei %ﬁ%}gslar%rx %gbqlr %g ‘fgt LM §?ﬁt STVB S Edtratite]. §he I%Eoﬁlh&‘éﬂon was

e of ordinary skill in the
deterrnlrﬁ:ﬁtbytdgséAﬁhg khi¢thbsod lﬁi\ham fiomrdaydethgh daié ager weipisgayon. The
skill in the art will also appreciate that any nethods

results aggpghom@tiBrighled- similar or equi val ent to those
descri bed herein can al so be used to practice or test
the invention. Further, all publications nentioned
herein are incorporated by reference. [057] It nust be
noted that, as used herein and in the appended cl ai ns,
the singular forms "a,"” "or," and "the" include
plural referents unless the context clearly dictates
ot herwi se. Thus, for exanple, reference to "an
attenuat ed sporozoite vacci ne" includes a plurality of
such sporozoites and reference to "the agent”
i ncludes reference to one or nore agents and . .
equi val ents thereof known to those skilled in the
art, and so forth.
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[058] Further, all nunbers expressing quantities of
i ngredients, reaction conditions, % purity, and so
wo eoottl4ssesed i n the specification and clai ns, BCEUS2003/037498
nodi fied by the term"about,” wunless otherw se
i ndi cated. Accordingly, the nunerical paraneters set
forth in-he specification and clains are
approxi mati ons that may vary dependi ng upon the
Talbesk red properties of the present invention. At the
very least, and not as an attenpt to lim¢t the
applli cabl N aof tNe. doctri nBlo. of equivalents to the
Growgcope of the|claims, éeach puneri cal p%{‘rlélﬁ@tteé]r shoul d
at lleas®rbe dond¥icted iﬁnFng’ﬁt of the nunber of
repqrted—sigrrficant digits, appl ying ordi nary
Ivr ounjdi n§0@ echni qués. |Nonetlifel ess| the rdferi cal
val yes set farth in the specific exanples are reported
as grecisely [as 15 WD|2004/ Q45559| PCT/ US%QOB/ 037498
IDpossli bl €90 Any nukérical val de, holever, herently
contjains certjain errons fromthe standard deviation

of ifts 36 erirrenfﬁl rrEasurelSrBEnt. 059] Q@i ously, many

Dnpdilfi c ons| and“varifati ons of the present invention
are possible | in lightl of the aboyeteachings—H is
II\/{ herief 0Lgyt O be upderdqtood fgat, w thin fgoe scope of
he | appended cl ains, {the inventi on nany be practiced
otherwi-se—than—as—spegifieattydescribed— {0601 The
' Sdrm I lowi Bg,exanmpl eg) furither idlustrate thgo nventiion.
hey| aré nerely [lugtrative of fhe invention and
di scl ose various beneflici-al—prepefties—of—certain
enbodi ments of the invention. These exanpl es shoul d
[0%%‘A BRsE QRS UEMBHstASe it isi pagsibleao dutidely infect BXAMAL e by
MPLE 1 Conparative Infectivity of Intradernal,
deliveryl oft sparnzeited iathe Sib ounsgleeoiBbaHancousfis¢enous | nf ecti on
of Sporozoites [061] A@ggﬂ?ﬁ’ﬁgﬁ conducted to
i nvestigate the conpar tivity of freshly
di ssected sporozoites delivered in mally (1D), ‘
TultiploD aseofSiporozoitesAdministered Intradermally,

I ntravenouysly (I t i ot ed that- |V admini stration
i s consi d@ﬁﬂ@i@m—e—é@w AT L htgusly GH Intrayd for

achieving infection. [062] Methods: BALB/c.mce r
[06AT edtsardywasicopiugteroiaiinyasiiens the cOpmaEtiyP tl%fg"thVéWdW\-Aﬁ‘ fesser

di ssected. from sal i 7! M SQ or IV
numberé&ﬁ‘?rﬁfﬁg}’ ggf‘?cge& Sﬁﬁoggﬁé%%?‘{ g%m?rrll%%t Sn was  deterni ned
[0%] anRamlMBALBiCkKidlinfeded Wit /fsmriiaayodiishowagiesdapd-
14" after adnministration. The . resul t? ﬁse fc,hovvn iln
dissecteriippra splivargglands by multiple routes [intraderma (ID), inframuscular (IM),

subcutaneous (SQ) or intravenous (IV)]. Infection was determined by assessing thick blood films

through day 14 after infection. The results are shown in Table II.
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WO 2004/ 045559 PCT/ US2003/ 037498 Table I No. of No.
No. G oup %infected Spz Mce infected IV 100 10 10
wAa2®4/0435900 10 9 90 1D 500 10 10 100 | M 500rADUL03/037498
100 SQ 500 10 10. 100 [063] These data denonstrate
‘that -it is possible to routinely infect BALB/c nice by
deL|v$ry of sporozoites in the skin, nuscle, or
subcut aneous tissue. EXAMPLE 2 Conparative Infectivi
Table Il ti pl e Dose of Sporozoites Agfﬁ ni st ered vy
Intradermal |y, Intranuscularly, Subcutaneously or
Thcr ar/.enoul%_yof[ 064] Nb. sftiudy waNoconduct &d infocted
i nvestigate the conparatlive infectivity with | egser

Gwonbef s of SAZeshly diussect edlgfﬁéﬁiézoites than uded in
Exanple |I. [065] Mthodd: BALB/c miiceinfected—ith

< LA ALV |

Avasnpdi um Mgkl i i spdfozoi tes Hand-| di ssect® friom
salivary gl aeds| by mibtilpl e roufes [intradéPmal |(1D),
mtrarmscula:r (I'M, 19ubcutaneodis ([SQ or i38trayenous
#DI” Imfergg on was @etjer m nedgby pssessi g9 t hijck
oold fil B 5t hr ough 1%ay 14 after ipfectiony The
resulfs are”shown |nlh bleIl. 17 WO 2004/%5550
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[066] These data show that administration of small numbers of Plasmodium yoelii
sporozoites hand-dissected from salivary glands by the ID, IM, or SQ routes leads to infections
in mice with nearly the same efficiency as as by the IV route. Since we theorize that there isa
direct correlation/assocation between the infectivity of unirradiated sporozoites when
administered by a particular method, and the capacity of those sporozoites when irradiated and
delivered by that method to to elicit protective immunity, these data suggest that it should be
feasible to successfully immunize by the ID, IM, and SQ routes as well as by the standard IV

route.
EXAMPLE 3

Protective Efficacy of Single Dose of Irradiated Sporozoites Administered by the

Intradermal, Intramuscular, or Intraveous Routes

[067] A study was conducted to investigate the comparative protectlon prov1ded by
immunization with a single dose of 150,000 radiation attenuated spor ozoites.

[068] Method: BALB/c mice were inoculated with a single dose of 150,000 radiation
attenuated (10,000 Rads/cGy) P. yoelii sporozoites by the ID, IM, or IV routes. The sporozoites
for immunization were obtained by densily gradient centrifugation. The inoculated mice were

challenged 10 days later by injection of 100 Plasmodium yoelii sporozoites hand-dissected from
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Intection). The control group received no i munization
i nocul ation. The results are shown in Table III.

[068P| €héseldata demonstrate that administration of a single dose of irradiated sporozoites
by the ID and IM routes elicits a protective immune response that provides protection against
sporozoite challenge comparable to the protection seen after administration of a single dose of
irradiated sporozoites by the IV route. This finding was predicted by the infectivity demonstrated
in Examples 1 and 2 above. Inasmuch as IM and ID methods are more easily used with large
numbers of people and the administration can be carried out with much greater safety and ease
than by IV administration, the present invention makes possible the effective immunization of
significant populations with attenuated sporozoites in a manner more facile than heretofore
demonstrated. In fact it makes it possible to conceive of for the first time a practical attenuated
sporozoite vaccine. Administration of the single dose of irradiated sporozoites led to a dramatic
reduction of parasite burden in the the mice that were challenged, an effect thouzht by many
malaria vaccinologists to potentially be adequate to significantly reduce morbidity and mortality

of malaria in recipients. However, it did not completely protect against infection.
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[072] The data in Table IV clearly demonstrate that one can achieve»IO(;‘% protection
against infection by subcutaneous administration of sporozoites (SQ). These results were
predicted by the results of studies shown in Example 1, Example 2, and Example 3, but for the
first time ever demonstrated in this experiment. Given the comparability in 1nfect1v1ty by the

SQ, ID, and IM routes (Example 2), it seems obvious that administration of sporozoites by those
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or absent. The results are shown in Table V.
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Protective Efficacy of Sporozoites Isolated by Density Gradient Centrifugation as

Compared to by Hand Dissection When Administered by the Intravenous Route

[076] Based on the results of the infectivity experiment in EXAMPLE 5, a protective
efficacy experiment was designed. The protective efficacy of a regimen of irradiated sporozoites
isolated by density gradient centrifugation which was known based on previous-experience to
give 90% protection, was compared to the capacity of much lower doses of irradiated sporozoites
isolated by hand dissection of salivary glands to achieve protc;ctive immunity.

[077] Method: Anopheles stephensi mosquitoes infected with P. yoelii sporozoites were
irradiated with 10,000 Rads/cGy. Sporozoites were isolated by density gradient centrifugation or

by hand dissection of salivary glands. BALB/c mice were inoculated by intravenous injection of
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[078] The data in Table VI demorrlstrate that mice immunized with a total of 40,000
irradiated P. yoelii sporozoites (24000, 8000, 8000) isolated by density gradient centrifugation
had 90% protection. Mice immunized with a total of 7500 irradiated spor0201tes (4500, 1500,
1500) isolated by hand dissection of salivary glands had 100% protection. These data, when
taken with the data in EXAMPLE 5 indicate that there is a direct association between the
infectivity of a preparation of sporozoites, and the protective efficacy they can elicit. In fact it is
not yet clear how low one can go in terms of doses of irradiated, hand-dissected sporozoites, and

still achieve 90%-100% protective efficacy. These data indicate that immunizing with small
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Hand- Di ssected 10 0 100% 4500, 4500, 4500 (4)

Hand- Di ssected 10 0 100% 4500, 1500, 1500 (5)
W@meissNon- i nmuni zed mice (6) 10 10 0 [078] ACEHUSHDH037498
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nouse nodel system
mice irhBAEES withan b3De D@@r@pmme irvesnizedivith exore tigym 10 times the

d
g st S AR v
predlctgf&rﬁ ﬁ’Yhé# D dosg %ﬂu{rg 2l { uEG]' the POHér%ﬁQ A nfidel %iétdno n Wh en

ered su y [21]. In Exanple 6 it is
coNddarsyog ated that adm nistration to BALB/C m ce of

[Q7ﬁ50c])o ggp pgcg:,ee%,sl <Ibf| d;ﬁglrggégébsgfgéf’v%g%ﬁa&a%{ ccﬁile %g%ﬁﬁchgxiiegﬁbns like
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protective immunity in greater than 90% of immunized individuals for at least 10.5 months
against multiple isolates of P. falciparum from throughout the world. One of the major obstacles
to making this immunization regimen into a vaccine for humans has been the fact that it 1s not
possible to provide a regulated vaccine to large numbers of individuals by the bite of infected
mosquitoes. Furthermore, work by a number of scientists indicated that excellent protection
could only be achieved in the mouse model system by intravenous administration of attenuated
sporozoites, a method of administration that is not in general used for vaccination, because itis

technically difficult and potentially more dangerous than are standard methods of administration.
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