WD 2004/ 045559 PCT/ US2003/ 037498 METHOD FOR THE PREVENTI ON OF MALARI A CRCSS
REFERENCE TO RELATED APPLI CATI ONS [001] This application is based on and
clainms the benefit of U S. Provisional Application S. N 60/427,911, filed

Novenber 20.waXMdossiye entire disclosure of this provisi jcation is
| ROy

relied upon and incorporated by reference herein. FIELD | ON
[002] This application relates to preventing nalaria by adm nistering a
vaccine. Mire particularly, this invention relates to a vacci ne agai nst

mal aria infection conprising the admnistration of attenuated sporozoites
to a human or animal. | NTRODUCTI ON AND DESCRI PTI ON OF THE PRI OR ART [ 003]

Mal aria is a disease that affects 300-500 mlIlion people, kills one to three
mllion individuals annually, and has an enornobus econom c inpact on people

in the devel opi ng vior METHESPFORAE PREVEENTION OF SRGKRIAAT rica [1, 2]

Pl asnodi unf al ci parum accounts for the majority of deaths frommalaria in
the world. The Wbrld Tourist Organization reported that of the nearly 700

mllion t?g(fggmgk ' frhed wor | dwi de in 2000,

approxi matel'y %E%Noélﬁ%r&rﬁgL?‘gr%g‘??L@g%ﬁg or East Africa, 37 mllion
were to SoutfooBasThishgipticationis bdsedon drd chiomt theAshefit of IS, Poovisidbhal Applicatié eani a
[3]. It | i t hat re ,000 travelers from.North Anerica,
Eur ope, 53\5%%3@?5 ﬁgﬂ‘?‘{ﬂ@fe%¥ %é Eﬁ&) ﬂjﬁ‘e FRiLP filS%GF“rﬁBf@lstmaY}m?% apRILAUOTY yr i ng
every mdrbhcipos aiPmapoatddyGtRnvhRr@nel ari a was transmtted, the U S
forces have h nore casualties frommalaria than fromhostile fire. An

a
est i mat eSTHED QD THEINVENTEONays were lost  during World War 1 and 1.2
mllion duri t B8 V2t A i i a - . T i ssion
of the par as[lﬁgzé gﬁ'éssér?g%l um ?‘?ﬁfgé %’?pté?‘%iz{%%ﬁ%lg%ls %anl%ggt%ﬁn gQ/r% uéeFi{i\g e occurs
via the partienlaty, thi§ mvetibnirelnes & dveepihe hgdnsimaria irdegionwhinglisiag theact i ve from
dusk to awn. S orozoitesd m]_grate frgmthe bj tag site to the liver via the
bl ood st PUBMSIRFRY of aftprupted SRPOPYIES 1QF RHPAR @B cyt es, producing, in the

case of INTRODUCRHIOMAND DEYCRIPTION OFauBPRIOR ARTf ected cell. These liver
stage parasites express a set of anti gens whi ch are not expressed in

spor ozoi t es.[06Hi Mlasip ijariseasei that a8ctp 30490 millioneneenleekills prestoirspmilien eam as
e 0oLy RIS o S ol il ot T e
er yt hr ocydpesiallyhesecin aulsl Satiacanad fricai [ 1t, 2p |Alasatodivm foleipueas escopats &withemajority
of deaths from malaria in the world. The World Tourist Organization reported that of the nearly
700 million international tourist arrivals recorded worldwide in 2000, approximately 9 million
were to West, Central or East Africa, 37 million were to South-East Asia, 6 million to South Asia
and 10 million to Oceania [3]. It is estimated that more than 10,000 travelers from North
America, Europe, and Japan contract malaria per year. For more than 100 years during every
military campaign conducted where malaria was transmitted, the U.S. forces have had more
casualties from malaria than from hostile fire. An estimated 12,000,000 person days were lost -
during World War 1I and 1.2 million during the Vietnam conflict due to malaria {4].
[004] Transmission of the parasite Plasmodium (the protozoan parasite causing malaria)
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 parasitcé 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
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1 WD 2004/ 045559 PCT/ US2003/ 037498 nunbers by approximately 10 to 20 fold
every 48 hours. Unlike the five to ten day devel opnent in the liver, which

does not induce any synptonms or signs of illness, untreated bl ood st age
i nfection cawgemediagbysi s, shaking chills, high fevers, O&Z& 94§P| on. In
the case of P. falciparum the nost dangerous of the four Specl ¥

Pl asmodi um t hat infect humans, the disease is conplicated by disruption of
m crocircul atory bl ood flow and met abol i c changes in vital organs such as
the brain, kidney and lung, frequently leading to death if not urgently
treat ed. npR0E] by’dppedxiraateiyVi®) t¥ 20 ola@vary 48 hohrs.PUnfikd the five tmﬂeﬁahyaddvalopmaﬂu ns

one of the great _chall enges of nedicine. Desp |t over one @undred years of
of fort, MIGIESvED doesmPbRGUGany SEIPIaRS oF HERLdlcsh unfreaied AT Eagsrifice
from dedm&hs&icﬁ@yﬁieﬁiomfs S ChAR! Kigh foved/hd PRVt B, OB e iR | TENt A
vaccines, there is no narketed vaccing to alleviate one of the great

i nfecti Qﬁéﬂmwrfgemosﬁdanmm efithe fyugsnecieniof Dasraqrium #@binf@t hemtnshtheni ti ati ves
enpl oyin or. ' v, r d to
consi an At s apRRl R A BR0h SRR ARRN Bl A B SRR RS

| ack of aumlefg‘aﬁs:iuchas tha bedimekidreypahd hap ofequbeydeadiid ordesth lf)mttt usgentlyi nabl e
control seened imm nent. [006] The prom se of inpending success was short
lived anfedt reasons for failure were nulti-factorial. The parasites grew

i ncreasi ngl Y[o@sijs'&Ie?f&:tﬁ&vel%ia@hymﬁsftfPe?&lbz}SEruﬁﬂﬂalaﬁé Rt dhe 3PiHe prdaR! ari al

medi cations, vector control -neasures [apsed, and trans-m gratlon war and
econoni cchaﬂp@es.:pfmwcmecanﬁnﬁemcmlhngdryd yesreofelortohunidreds oflamilionsafeas of t he

devel opi I | annual |

ol aci g Do1atDhfieath (BelohF Sifihive (A RRULTMIRBEL Byl Al BS 85 S 0. Y anc

Killing prom3sing éxpeimenteloyceanesthetehie noatayketsdoiaadine eatiaviaie@pe efnshe gegatrent al  and

polltlcal roblem;th flict the devel opi l.d,, P. fal arumrralaria
| nor BESHRGASOTERFIuTEE & SR AR B et raes e by Ehes e

I neqw ti &ﬁorogxgﬂe IBDPasd mwr@enudlwaﬁgﬁ&mbm&&p&@dwb esnsﬁgiqa@zpmmh%@&&bl ens.

Control ling | ci parum mal aria in devel opi ng worl be possible
wi t hout mﬁlgewﬁfc@r@plas/@wdémd«venenane pFhedackead an g wweye@qm com pﬁ;sattﬁd thesel and
econoni ¢ ffoei—?sl B&tls %m&bﬁlg c*n@r‘é?&t xgl%le e that a vaccine may be an essenti al
corrponenf 0 STt R naple cont rol pr ogr am and will be required for a

gl obal &adi daodjomhe peopise gfimpending success was short lived and the reasons for failure were

multi-factorial, The parasites grew increasingly resistant to highly effective and affordable anti-
malarial medications, vector control measures lapsed, and trans-migration, war and economic
disruption became increasingly more common in endemic areas of the developing world. Asa
result, falciparum malaria has resurged, annually placing 2.5 billion humans at risk, causing 300~
900 million infections, and killing 1 — 3 million people. Of the many social, economic,
environmental and political problems that afflict the developing world, P. falciparum malaria is
increasingly seen as both a root cause and cruel result of these inequities, and is a singular
impediment to solving these complex problems. Controlling falciparum malaria in the
developing world may be possible without an effective vaccine. In practice, given social,
political and economic realities, the inventors believe that a vaccine may be an essential
component of a sustainable control program, and will be required for a global éradication
campaign.

[007] TItis in this context that the modern period of malaria vaccine development has beer
particularly frustrating. Since the early 1980’s, 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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[007] It is in this context that the nodem period of malaria vaccine

devel opnent has been particularly frustrating. Since the early 1980's,

br eat ht aki ng t echnol ogi cal advances in nol ecul ar biol ogy and nedi cal

sci ence haye_wn:mw/mgggg_ These advanpes accel er at ed the 'dFEJF/hgioﬁé%shﬁg of
stage-specific P. falciparum proteins and epitopes, and host Tmmune WO
2004/ 045559 PCT/ US2003/ 037498 nechani sns and responses. This know edge was
translated into a range of novel vaccine candidates [5,6]. In one sense,
this nmodem peri od has been the golden age of nalaria vaccine research and
human t egfebiGisnddane Yedponskd) FHi kivwaédge weis bieistartdiatd £fahgs 6fhooél vasding | a

resear chers the mgjority of these vacgcj ne(syﬁha e fai | ed to provide any

prot ect i §eIGdpAS -6, TnAnersndhis marem pererd Res bren the Relet sea ol MAARIRERIR bl e
shor i { SRR 1@83E MAbwb k36 WhiRbriit AR RIS of fislah Fkdokefs,%] -

[008] G ven enough tinme and resources, these vaccine strategies, or others
yet to béhe miadorty of thdse vaagined haverfeikefl yo previde any proteolinesmnvmety imbumagswewitly , at a

Ki ' "Nal.aria' s Chal | . E | nf 0 '
Vacer nes i e Sefuire i ot gt B R el M R hNE e vl a1
vacci ne pacigidntd@-9]) aunched" as a commercial product. Many in the room

I ndi cated that they thougﬁu, the first vacci ne would pot be | aunched until
2016-2025. (PR |@ixeRsnogeh timgaad spyrresiinpsseraccinesgRiceies s g others Y5t #elfel op a

recombi Nateidped,iidyaiIRRALKR le&d b %%ﬁid%%fééﬂé._t gogle\{&,ea&g rr\e{c%’ﬁmte(iﬁgf)sto\{@ﬁﬁietﬂf‘g, voi ced

the nost optimism’ It was indicated that i | , this single
prot ei n Vielarin's (heliénge tlerot Infantstie @engmicy todVarcimes’ [(R tipnt20dw®s werE pollad ahat

GSK and e U V. een. ' . protein CSP
Vacci ne & T 0 R AR O TR T B T RO AR PR M

mal ari ol €girséd iekqatedthat digeyaRsughathe fiost vitdeaic aruldnot bk teghehadruntie2 01630281 ne wi | |
be adequate to sustainahly contro aria, this ting line of nore than 25
years f pﬁa@e}@qmgﬁéﬂw %&11%%'}%@@192_?{0_@? o dexelep ﬁéeca{qlg@égt B JeRipPrihg y

" eal i sti GirARpRRskilaifoih (PROGP)RAGTANdiddl HRSmé@bplaAlL ARIAMHERE BAS Aat
will truly reduce the burden of this disease. [009] Protective Immunity

Af t er | mwent well, ttonsingle hroin vagcinsreopidibe {laanabdd” i8e8 peans (2689-2010)1GiEEn that

Nussenzwei i ntr S 10 ' di ation
Nt onuat SRR URE bR ha i BB o FERERN SRR bhablp Bichh fotlnk Bhoc e
chal | enge984d diéning 6if the PIGSPS[15], ahd thghanyspalaiclogiste sxfdrds jconcEhessto mbdtsi a st udi es

provi ded the inpetus,for, H% n studies, . and by the. early 1970s, two, groups
Dt bl | s HBACBIRIER VAt wilS SHEaR 1 S Br omih helaris, s tm Yine of mote thah

25 years for development of a single protein vaccine places a chillingly realistic perspective.on

the possibilities for developing vaccines that will truly reduce the burden of this disease.

[009] Protective Immunity After Immunization with Radiation Attenuated

Sporozoites: In 1967 Nussenzweig reported that intravenous administration of radiation
attenuated P. berghei sporozoites to A/J mice protected the mice against challenge with
infectious P. berghei sporozoites [11]. These rodent studies provided the impetus for human
studies, and by the early 1970s, two groups established that immunizing human volunteers with
the bites of irradiated mosquitoes carrying P. falciparum sporozoites in their salivary glands
could protect volunteers against challenge with fully infectious P. falciparum sporozoites [12-
19]. These studies demonstrated that a malaria vaccine offering sterile protective immunity was
possible. However, the only way to produce sporozoites at that time was to infect a volunteer
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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the bites of irradiated nosquitoes carrying P. falciparum sporozoites in
their salivary glands could protect volunteers against challenge with fully
i nfectious P. falciparum sporozoites [12- 19]. These studi es denonstrated
that a mal arwe ¥yRmeisse of fering sterile protective inmuni i bl e.
However, the only way to produce sporozoites at that ti rrel;év\(r/a[eé@z %’@ﬁ?ict a
volunteer wth P. falciparum treat the volunteer with doses of chloroquine
to suppress but not elimnate the parasite, allow ganetocytes to devel op,
and then feed nosquitoes on these volunteers. Even if one could produce
Spor 0z0i §pefozbife RREHE Alitalpe PaR s his bdthsseid dporbzoitds hab o boduivered alive,
clinically, techni ca%ilgépand | ogi stically inpractical to inpmunize hungns wth
an i rr adiBERRy e Wis Sbiplkertsd $an5quitRcs, By HTVERPES JUSCUOP 8F WEHINE WHLRICRel b n

| arge pagcfentibis sot¥$n HEFRIFQNERNESRN AR HERS F3EmhuRizRGrdGbllY 8b6Foakd Ve,

either by the bite of infected nosquitoes, or by intravenous injection as
was doneadsiudte ori compaihle prefestiontas sowpared toimmunizatien by witrdverons Injagtion ot ot her
routes of | i 10 | d.not Dpravide e r e _protection
s comare B A PO 0 Sos ey Erns BT Bl sl PR 0 0 o

I nf ect edvaceiae ftomakeit pérspeetiee Mhe publishetviewd oftsaeeralsaclofcigitisi ateeduettdbplomozoi t es
as a vacci fromtheir perspective. The publjshed views of several such
scientists g&w]qug%‘éﬂg’i%‘f"g‘\?ﬂ CF’@?LC‘UP“’&IH{?‘QO‘E?HQW PTG e \%&F?fg%rg aﬁﬁli evi ous
reports (ks SRIZNE i1 969) YAd ERERR BeiRRtlind¥8Foupd 8frhice ielmlBH8d b bfleprkida t hei r
findings. Goups of mce inmunized bﬁ ot her "parenteral routes (i.m, i.p.,
and i . c)routeh i bpl, and i¢y exhubifed apprpral) feviel oftpsetestion mrsblowentban theaw the i . v.

I muni zZef n‘hgzeed"mi%g,OLz 011] "These studies have confirmed a previous report
whi ch derfonstrated 't ha i ntramuscul arly injected irradi ated sporozoites of
P. berghei d40H]f &Thdsestadiel heetdowfirniddapreviomaeportwhich dembmiagd @mpus| y in
protectively i ni,zi ng, m ¢e. agai nst. sporozoi te-indyced |aria..,. The

chief | i‘HF?IéFﬁcgg}lw‘é%% W_é‘affﬁ SBYPENEH Bﬁﬁ't 7 mhgﬁ?"lrﬁ?sélegg%é@ tlﬂﬂ’i‘éh‘_?séqui r ement
for i ntraeReUsravbiBuspiig ?idt&'ﬂvél%z RO ABEIFHH SniBOSIalBt 4R RIS HBRGIL 3T he

ri sks." n the study referred to in this_ quotation, protection by the

i nt r anusehigfdimitation preveniige @nisstensemtotmmn igls wasthe reaupeertder istiavepgust he
subcut a : . I "1 fs I . af the
vart ouo TR EplSaldbosidrlraciitbble mbdod B (i BE G B WL Bin Bl
(i.m, iquotatioaupmtdcioeby the ipeamusylarcrbate rarighé betneera Vs and 42% uhé popscdon he

hi ghest . degree of protectio nost reproduci ble results. The only other
very ef f@'cf‘? \?‘g’cf‘@ﬁ?‘g‘s gqute was 8%?[&(1]

[012] “It was further shown that of the various routes of immunization used in vaccination
attempts in rodents (i.m., i.v., subcutaneous, per os, etc.) the intravenous route gave the highest
degree of protection and most reproducible results. The only other very effective route of
immunization is by the bite of infected, irradiated mosquitoes.” [22]. In this 1980 review, “Use
of Radiation-attenuated Sporozoites in the Immunoprophylaxis of Malaria,” Dr. Nussenzweig
goes on to discuss the potential for developing a sporozoite malaria vaccine, and concludes, “In
conclusion, recent findings appear to indicate that we now have the necessary powerful tools
which should provide the means to clarify the mechanism of sporozoite-induced immunity and to
isolate the protective antigens. Under these conditions, the various obstacles to the development
of a sporozoite vaccine for malaria appear to be surmountable, hopefully in'the*aot too remote
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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| mmuni zation is by the bite of infected, irradiated nosquitoes.” [22]. In
this 1980 review, "Use of Radiation-attenuated Sporozoites in the

| mmunoprophyl axis of Malaria," Dr. Nussenzweig goes onto discuss the
potential for devel oping a sporozoite malaria vaccine, and concludes, "In
concl usi on, WOQ8H04555hdi ngs appear to indicate that we norCInes2eo3d3n9s
necessary powerful tools which should provide the neans to clarify the
mechani sm of sporozoite-induced inmunity and to isolate the protective
antigens. Under these conditions, the various obstacles to the devel opnment
of a sporozoite vaccine for nalaria appear to be surnountable, hopefully in
the | ot vasecing bydhrouglf modern stiemde; undgsstrodingithaunidlegic msehagisss pf praf¢psion gedy of
utilizin Q e ' ' apallg
alternati Sg?mﬂics/m g%tégﬁtsﬁggeoﬁ O%g%{egé%n}lgées?%%%’ (Q)I\?q %}sﬂ%{ﬁggmonent s of a
vacci ne dpesdzoiterchecins. Fromuthér gnvagdsi thert whakessapiatly no neetiat agiscu$sidhzh then 1980

after nearly 15 _years of work on the (rradi ated sporozoite vaccine nodel, it
was concligigige B@/&‘ﬂ%m{fﬁ?ﬁ[ﬁl@gﬁl Btﬁ@&atpggbglte PRISIE RPOFOZRIG vacpne ajp ReeHAhei g, t hat

the rout gactie forhulEh? P Hald Rasshs Riel HeIeRPst Widaas m&ﬁﬁ%iﬁ%éséys&%ﬁgﬂh nodem

sci ence; understandi ng i munol ogi ¢ mechani sns of protection and’ t

ant i geni tsseazghg e sciesftists thad dispaveted @trpasenablmapproacketopdmivisteringigporazaiiesrailari ng a
"subunit; I i ' I t was essentially no
menti on %1?“ gfgxggéegﬁoéﬁaq/n?]ﬁ%ﬁg@drﬁ %tbgr%; lﬁrge% f@@@é@@%ﬁﬁ é&devel op an attenuated
whol e par asi[0Bt]s pihepe wad fsommciirther vasrk &o @avalop iag altenuaed sparezdite ivaduiegans f or
many reasons, not the | east, of whjch was that despite these 15 rs of

s ear choeenise i BRISHSS R Bive o UEmist b SERHE SHBP oS rsPzaly Pyt and

adm ni st @ilaPIg ppdaved Md RSorRMRM pribh@ hdinibtRiioA VR0 QRS AERTBdtmbAB IS DY
the bite of Infected nosquitoes. [014] There was also no further work to
devel op kavedr behittocdick pertessiye iramyneciesnoases whee admistgied. spor ozoi t es woul d
have to be rg{§ee i.0.: | ' ' 3 L il itably
prescrved. atgl HogsiBARERNLS RAAARERLRAERE bbRcn Wbl Bl ecBifzed

t r eat menthe vimelad bsihg rdlatedvdevelopibg am bitanutted sgorazoite paminectvere deingiepoeted.eBponses

when adnm nj_stered. .[015] .Pofentjal solutions to f. the pr e of

b oduct | K151 RSt ST Iatenf dflsiarat i e v eaoud T 245 s THRE 0 o
devel opi Rethad fiptRIbAL BEmEREYIEFRbh Bhe¥@EduRa [24)EIne 986 inFad RPSrEddanat hifansl 975,
a method for culturi n%hql?@pfalm parumin vitro was reported [23, 24],

f ol | owedequid begigfectsg by rseitgs produegstinanasquitpepthablas fed op theps inhvétse cul tur es
24]. In it ' : .
Spot ozof PAIRITLY TS e FRElekAa v HUFRRSgorf el WA A RERHA o Hino
production of gametocytes in humans. These developments on their own were not adequate to

overcome all of the obstacles to development of attenuated sporozoite vaccine. There was not a
way to produce enough of the sporozoites or produce and process the sporozoites under
conditions that met regulatory standards. Furthermore, there were no data indicating that
properly produced and processed sporozoites could be administered successfully in a clinically
acceptable and practical manner.

[016] Thus, following the failure of the malaria scientific community to discover a
method to deliver attenuated sporozoites in a clinically acceptable and practical manner
sufficient to achieve high level protection, the attenuated sporozoite vaccine was dropped from
clinical consideration, and the community as presaged by Dr. Nussenzweig (patagraph [012]
above) embraced modern molecular science in the hope of developing a vaccine. 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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cultures [26]. There was therefore a way to produce sporozoites w thout the
difficulties of in vivo production of ganetocytes in humans. These

devel opnents on their own were not adequate to overcone all of the

obst acl es t owdeelapsxgnt of attenuated sporozoite vacci nepcdh&hbi ghot a
way to produce enough of the sporozoites or produce and process t
sporozoites under conditions that net regul atory standards. Furthernnre,
there were no data indicating that properly produced and processed
sporozoites coul d be adninistered successfully in a clinically acceptable

and pr acthiaidentalny) éfe firkthleified Foesmbinaht ppoveinyatdine, thitepatitis® surface amigen | a
scientific conmmunity to discover a nethod to del I ver attenyated sporozoites

in a cl |Yﬁ°§‘i§‘Psl‘VaSé5@Z'f@ﬁE°&ltﬂn€ magketaed 281 | the weight gEevidenge pndfrends I YCgiBhi eve hi gh
level prof&et begﬂmd H‘@ff@r%ﬁ&%?éircﬁ&@ Q8L 1 §EiekiY FeVaidp Qﬁﬁﬁaﬁqamﬁ@m
clinical consideration, the community as presage

Nus s enz wesicging p Sinagit aipsis cmsl@red igipragtiyal mé@@@néﬁmmltéﬂcmm%mﬁ@ﬁme in the
hope of r I nched t he
nodem erge%ggmgrg‘% §9| angﬁj%&vdﬁ‘?l? P%E%‘g‘ﬁ‘%e “a‘g%/eg e&h&%c&‘i aﬁr@ﬁ%@‘l}l ona ant i body
agai nst §ubeequenteffoss fdcassd cmrthé ﬁrlomlszfofsmﬂnmzmcbmss t he ci rcumspor ozoite
protein (CSP een ced and, shown t rotect. mce | sswe
transfer ex Fﬂngﬂtlg h‘% EF&F"{CP@ ‘é‘ﬂ‘?mt‘?‘l‘?gz@éiﬁ S%‘HE%&H?@“‘F?{Q

protei n HaGohsel (I hrdtlidive eBREES ikl of SondleARDM ARG ent of an

PCT/ US2003/ 0 498 Coi ncidental [y, the first purified reconbi nant protein
vacci ne, attenuvatpdsparézoite vgcmrwladewmomgéﬁed irapossible to presucreand|adménisternd

mar ket ed e ence seened
to offer S“[l %trs |f%lcr&(F;;\eedye,‘%1 ‘rﬁla%resgdgdﬁg Iﬂge 0 61%?% CMI’?&% reép@né‘é‘ﬁ%%&%ﬁ%@gn mal ari a

vacci ne. inthadty, aﬁdmaantcgmszltdgetedfthew;asmtmhmafasplmsés antdd@dmpmgst er the
Spor ozoi t vacci ne, et urni rigv to an att egéat ed O| e ﬁal’ asite cci ne
delivg

seened uSHVERIE¥RCEINGS andivagsing Rsyatems thag Bﬁﬁééﬁ RotesHeRs Maem s §asi¢ he
prom se QbrSWi-ddteld cURmGthESher %ﬁdﬁg&%&&éﬂ?%dél@?st&ﬂ Stthis A RialRA!

protein [29) and synthetic pepli vaccines did not prove to be as
protecti werlmoudgblmp@uantumgléamt@m mwhgnmmeambmig@pmmmf an

2t enuat oo RIS S VASEL AN SRIRS SN SRLCHLITPRER L Guboduce and

admi ni st sts ocuse m‘rune
responsi tdndidarrvapindsg8 -39k Noneotithedeystudas’ dv}ﬁdiﬁwaa togimoied aftaftgeélsmﬁg of mes e

el | vor y Ry PENon e P JARIGE Y St THFBHBEIrGR  AEHTJRS Righabals td o e |-

millenium suggested the possibility of developing a human irradiated whole sporozoite vaccine,

because none of the investigators thought it was possible to produce or administer such a vaccine
in a practical manner. Interes;cingly, sub-unit (recombinant protein, synthetic peptide,
recombinant virus, DNA plasmid) vaccine formulations have been shown to produce excellent
protection in mice, but nothing comparable in humans. In contrast the protection in mice by
intravenous administration of irradiated sporozoites [11] led to human studies, that demonstrated
that exposure to the bites of irradiated mosquitoes with P. falciparum sporozoites in their
salivary glands induced protection [34].

[018] In 1989, after a number of disappointing clinical trials of sub-unit PfCSP vaccines,
immunization of volunteers by the bites of mosquitoes carrying P. falciparam $porozoites 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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work was carried out in the P. berghei and P. yoelii rodent nodel systens.
This rodent malaria work provided inportant insights into inmunol ogic
mechani snms and antigenic targets of irradi ated sporozoite vacci ne-i nduced
protecti on awd 10eghsssrot he devel opnment of a nunber of canptﬁ,ag YAGfHgnes

[ 31-33]. None of these studies which were conducted after e on| ng of the
gene encoding the P. falciparumcircunsporzoite protein (PfCSP) in 1984
through the end of the milleniumsuggested the possibility of developing a
human irradi at ed whol e spor020|te vacci ne, because none of the

i nvest i gidentify thhmﬂxgbths antl epmapep 08 $hds¢ motemsphaj dlicteddmmudetaspatses indwohng It

vaccine in a practica Lnt eresting 0 badke j,pant
protein, HW?E? FODS' “ogg de VFIé)g cﬁﬁgcﬁ?pof/ %éss 6%}&'“ ‘%H?) & ne
fornul at bmsdefaa\banip&@aly B #etick and et allyeudedsibianio prcp;fu@é swhiaomacdife mveal but

not hi ng conparabl e in humans. |In, contrg@t the protection in mce
i nt r avendu® admRisFueR e vaseing Prelimigary chipical sesults yid extensive jmmupolpg G?F&Yn

studi es, tat frﬂ-ﬁ megc;;a&@eéem:%hﬁﬁsh@& eTEé%e 5xﬁﬁuﬁ’dl&5§ [Qfudies e&flbaa@%h

nosqui toes wt arums oro s In t |vary ands 1 nduced
prot ect i dros§ Gﬂlqtherf o 8ys sthem[GQ-%hfmeased onuwrisierstapfling jo§ &ppmnnmohglcell i ni cal

trials of_ sub-un Pf CSP vac vol unt eer,s the bites
o apequrthRet e B A R el MR8 B FaBloakily SRFSENES. ewls U8, 0 L
and Ithen é}aid Qﬁﬂlﬁi@dmb%i‘aﬁmm&ﬂémoh wamgtd&v?aﬁagama?a@a B}ﬁﬁiomﬁl‘é éebﬁgwn at the
Nava Medi ¢ Res rc In tute ater Nava |VE I Ca esearc nt er NVRI
| at er NI\/RC)af 033l Iemre%# Rgé'ﬂf iRyt ) yearg olipigpleexperiones with these wmmatw%@dgom of

this res %Rilﬁﬂ%éé’%ﬁ:ré ﬁc&ﬁltytré‘ﬂoxteéeinﬁrégﬁ%ﬁe&Q»ﬁhﬁil 'tHé' pﬁﬁhstﬁ:ﬁ%ﬁﬁ&%&ﬁéﬁoﬁs lgs and
requirenents that led pr ot ecting humans with the irradi ated sporozoite

vacci ne, uamwsmgﬂlh@amwlemadwéedﬁfnm@mnemmé@ [éﬂ] feom dep Umvmmvfs and 6 WO
O SRR 008 031098 LR obdY, bR ERLL S PP SRS\ RBCANOS

pr ot ei ns i"mune res

consi der wehmntohwd@o/aidabe Navad daticatReeach Ietituesinalse mowmmo;mqmc:mnaa it
was considered,.conpl e |rrpractthcal and teghnl cally unfeasible to produce
such a vAateysprvations geqse frogithe gnalysls thptovascordieieds vaccine. Preliminary

clinical resphg Q‘hé‘ré?a%%‘ﬁ'dﬁ%ﬂe §80he b pRsiSRe ithRaH Idi&s
studi es wer eM lf)lf?)ghe [ 35-4 5'P?Sgse |%$uﬁﬂtol ogi caflst ud}t}teéni%%lned SSVI th

t hose of cmllhegesl byrthe WGSOf§db‘} @iqcterlmcsw}oe:i rduréesn el 1 pveluntaete (B aritimiugized t he
| munol O%#nﬁx%lblté &6 %?a{e%%_etﬁﬂofv‘\oeo@gxﬁ‘%&éq ﬂlﬁﬂ%dzﬁgs ‘MtBél vl}é%gg étcPe'a Rhhgnuated P.

fal ci paru sporo ron-or nention of
tryi ng tdewdopiigdioaistagetie y&laipadmsipfdctnmwh&n ohaldmxgerbwn}un 10 weeks of their last

primary immunization. There were 35 challenges of these volunteers and there was complete

protection against development of blood stage infection in 33 of the 35 challenges (94%). Four
of 10 volunteers (40%) immunized by the bite of greater than 200 and less than 1000 infected,
irradiated mosquitoes were protected against developing blood stage P. falciparum infection
when challenged within 10 weeks of their last primary immunization, a significantly lower level
of protective immunity than among volunteers immunized with > 1000 infective bites (p=
0.0088, Fisher’s exact test, 2-tailed). There were 15 challenges of the volunteers immunized
with less than 1000 infective bites, and there was complete protection against development of
blood stage infection in 5 of the 15 challenges (33%), a significantly lower leval of protective
immunity than among volunteers immunized with > 1000 infective bites (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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[019] The results of the first 10 years' clinical experience with these

I mmuni zations and challenges were recently reported, and conbined with all
t he published clinical reports of imunizing hunmans with irradiated

Pl asnmodi um s ' [34] fromthe University of Maryland (1970's, late
1980' s and egﬁ:g&%g%&), and the Rush - Presbyterian - STCVHR89303%4% cal
Centre in Chicago and the Naval Medical Research Institute in the 1970's
[12-19, 34]. A nunber of observations arose fromthe analysis that was
conducted. [020] A). There was a dose response in regard to protective

| mmuni tye . Bepifoe g kinigle @halldng® gEshelhinteer fivd Yeaffaffer [bét imhuedatioh (not
nosqui toes. Thirteen of 14 volunteers (939 inmunjzed . by the bites of
gr eat er PRigRtedl E5Ts Were @p other challenges pasessnpdguger iy of pretestiy: BYREJ agai nst

devel opi ng glbgzald acgt apRtdetioh %§h&%ﬁﬁﬁ‘sk&ﬁﬁ&?5&'¥om%rsc\b&k Iclgﬂ% dWialhi n 10

weeks of th t primary 1muni zation. There were 35 I Tenges of these
vol unt eeisslatendf P.lfeicipanas diffengit €tae thepsattes with whizh dhayswere ewmbmigers The &fur bl ood

al | en 94 our_ eers

t i nf ect.i in 33 the. 3 h 9 af .. | unt

Caoo, | miaisEtG BreRiny BRuain R SPRTe’ 68 umiRbloor® alltetBotMeRFle: ca
i rradi at pdfaivgmemmt oes were protected agai nst devel opi ng bl ood stage P.

fal ci i ' wh hal | d withj 0 f thejr |ast i

arn? 2ot o0 Ehoriebuse s a3 Rk ot SRR ot
VOl unt eeg,gokdiTh Heafitd ot 68 iFradfd iﬁf@%t@&fn‘o&fﬁi@és{, ﬁxﬁi;‘r@ll'_ecte@ %Q@@hall%hgﬂa@éga exact

test, 2-tailed). There were 15 chall enges” of e volunteers 1 munized wth
| ess t haf2 wedo afterflast ekpasutsi wesnotanaiedi¢ttewkenrashalenpide’ veapy aftee tast exposgaionst

devel opnment__of. . bl god.st age, i ctiqn in.5.of the 15 chal |l enges %, a

S ont 11 cBree e P8R FioRiGioe, i dsttolsd e A mbtple SafCEL AROGs (P <

| Muni zefiradlated, infeb@A@ndsqiiees) and rbchatlengad-by@xpOMIELD thdbirhds' dn-igxdigted t est
2-tailed). [021]mg). Protective inmmunity lasted for at |east 42 weeks (10.5
mont hs) . MesdpEogsintsige with e faleiggiaim sporspiest T volypiesr warpiergbeganstittbs to 42

weeks (23 fecAbus chilenBé {34 MbntbasthRRls at tHRIr&tEctive Sl

\ _ uh%%va%&diﬁbhé Wifh Secondary
I mmuni zati on were protected agai nst experinental 7 2004/ 045559

PCTI US2098glo8mmpege te ireadiatadgiporogsitaspt for a single challenge of one vol unteer
e 2ea SEAAL R AR P e SR LSRR T
was not giestad thars pEOOi chosquitd-bitks, Meted fir@elesst 1e.5 enatitial rehgeschotwP! falcipsmhat es of
P. falciparum di_fferegé‘ than the isolates with which they were i mmunized.
The f oyr 1solate (strain) speci
A “sub-unit” vaccine demonstrating this level of protective efficacy in human subjects

would be recognized as a major breakthrough. Though it was routinely observed that protection

resulted from this experimental irradiated sporozoite vaccine, the sheer power of attenuated

sporozoites remained umecognized until after completion of the careful analysis necessary to

publish this report. Interestingly, when these results were presented by one of us (SLH) at the

Keystone meeting in March 2002, “Malaria’s Challenge: From Infants to Genomics to

Vaccines,” they were considered interesting, but no one in the audience even raised the idea that

this approach should be pursued as viable malaria vaccine, because all thought the vaccine to be

impractical to produce and impossible to administer. This view is still widely held in the

scientific community. In a recent publication in Nature magazine (October 2, 2003) [49], the

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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vol unteers were conpletely protected in seven of seven such challenges with
different isolates of P. falciparum [023] D). Imunologic nenory |lasts for
at least 5 years. A volunteer who had been exposed to the bite of 1601

i rradi ated i fiepbpslsésqui t oes, and protected when chall ngF/g 23033&9 42
weeks after |ast exposure, was not protected when re-challeén & y‘ggrs
after |last exposure to to irradiated, infected nosquitoes. He was treated
for his malaria, boosted by exposure to 147 irradiated, infected

nosqui t oes, and re-chall enged by exposure to the bite of 5 non-irradiated
nmosqui t Ogﬁesiiﬂx_ﬁsﬁﬁiteﬂd v Eeh;nE\fvesza begomomjll%w ﬂzmgzlmufjaﬁmﬁsg und ciitti@dtriatas )
protected_ agai nst that infectjous en ,.demonstrating.that the
prot ect | VBEE r?fﬁﬁﬂﬂt“}?g\}éé% reﬁﬁ?}sﬂ’é ‘Paé‘%ﬂbi Oge og&ﬁ b?oég @i ghqng was %&8‘3&% ed

SpOr 0Z0i L RSeanl AR Aistdt W nuadsdNpBFozbRR bYaToRE HaXYehctibal F5:0Bfant A8EIn&0 % of

chal | enge experinments after reater than 1000 nosquito bites, |lasted for at

| east 10 SEMMARY OFARHEIRYENIIQN fal ci parum isolate (strain) specific. A
"sub-unit" v ' t i r L ' ' uman
Lo ) 8O D0l Ukl A Wit 6l
routi nel Plainsdinmespedisaporproiteschdcause theespodotzaitts hadim YehieEverzdby thebite af

I rradi at exg_ s%@r O%gl ée vacci ne, .the sheer power of attenuated .svp)or zoites
r emai ned "URFCHGRRPE PBAVIES B CBMUEBANe P HHTSTVERoRS RISF AT P Disarporhat
NECEeSSar Yiad BeenRURY ﬂf)éﬁioﬁél'ysﬁdth ®RRRhs andHhi6S RSdectey, ,an&/a@yaéc@%gg 3{’1 ﬁ%(t)ég{gﬁtiﬁ@r e

presented by one o s (SLH) at the Keystone neeting in
"Mal ar i a‘cemumyalty ertheontFweinte athigye highdewd potacve mgnun{liicci nes, " they were

consi der ed i (46t GBLiiten b0 (SR plcBE LB SpSU Al B3Rl 0Py dea that

t hi s approac € pursue S aria vaccl ne, because -all
t hought tnivsquitaditene inttmvédm®us injgetian ttheyglass thropglo the béood steealmtoabes liver gnvazle

b oy R L o L SR '
di rect or sgHizdat Whidhruptufes dnd réfease MefiaViads WiiRdh aade iffRERa SlerfiRREfes, WAl el a

Program st at ed, "The barriers have seened suffici ently daunting that no one
has been digpase knejva a5 malewa. Thug, theyare atipauated. Date indiraie (hat B qrderds pligit adegunts t he

Uni ver si . ' ' ' . -

shot o <" ploiy Xt eibohd, 4 bl lROARMGR helRibyies, fartl depllp, and, |

him" | nexpadsmawtprottinethat are chet targstslo€ biotoe ek itmaineiréspoases,pasubkle G8 Trake such
a vaccine, but there were several critical 8 WD 2004/ 045559

PCTI US206%1%037498

[027] The inventors theorized that there is a direct correlation/assocation between the

infectivity of a preparation of unirradiated sporozoites and their capacity to elicit protective
immunity when they are attenuated. FMemore, we theorized that there is a 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 elicit protective immunity.

[028] The present invention described herein was discovered in response to asking the
question, can one administer the attenuated sporozoites by a route that is practical for a human
vaccine?

[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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guestions that had to be answered before noving into cGW nmanufacturing and
clinical trials. These are outlined in a recent publication [50] One of the
nost critical questions was whether one can adm nister attenuated

Sporozoi tes W @odifAkkse that is practical for a human vaccjne? RY OF
THE | NVENTI ON [ 025] Heretofore, it had been considered i%‘?‘f@ﬁ"@%@&

I mmuni ze humans with attenuated Plasnodi um speci es sporozoites, because the
sporozoites had to be delivered by the bite of infected irradiated
nosqui t oes for imruni zation, or by intravenous injection, as this was what
had beenadinitrati@viofdttadiytedspdiovitenms naradedqiatedy protiotied invneicy (20s28). Indfactaccept ed

by the scjentjfic co nity as_.the.only way.to achi eve high | eyel
protect | eriSH?ﬁB‘Fﬂ“F%S %f“%ﬁm _Hgﬁat}%‘@ﬂ a‘%‘?ﬁ’é‘ﬁ%ﬁi REY apraﬁg{xﬁbygsp@g (311
i rradi at 9fess RRAKRE WhiBSweE Brifi@lily\Rheth Y mibPRA W the chichBidd thatit WaMRMOUS
I njection, they pass through the bloodstreamto the |iver, invade

hepat ocypessiblefardevelon ifradistes) spprozeifey as hprectigal. chnically seleypntanalariaageipe for

devel opi Jri i : | . es

ror oz« Bamhih e BBl b il 1605 hE el Bcat ok R AR0r SALEEE S
mal ari a. fromusorkinfgeyithal. deeghetinuel edce tDatoskingdith & podliat BAhB&rmice. This wés ci t
adequat e rotective | ne.r opses, th sit.es si. L nvade

hepat ocyP&&us ?fﬁlzﬂ%w_g‘g@eZ‘{aéf%ﬁ\qaﬁﬁﬁ?%%F“@égg%@%"?J%?@ﬁémhﬁ%?w‘éﬁhé t he
targets Qcﬁmﬁh[s%r&i?}’.g)b@lii {TBAIER/E A5 QOWSSHore PRIdidtGE bEP.| MiciHaBunt inféctioh $n hirhé] The
I nventors théorized that there is a direct correlation/assocati on between

the i nf geniwgs inyrayenonstyedministercd . barglaii Thinvpsindaee pst berapsedntrayeapushyei r
capaci ty ol finhdi&d b JOCBi Bhbozkifes Wﬁéhym&@ oty todhiSe @taﬁ%ﬁ;r%nousgf .
theori that there t1on/assocdti on

Furthernore, we z is a drect correla
bet ween tdministdfredlP.i berghei sforaroites. dte 40% dnfegimue dasetie micshe inteeyenaisiyt er ed by a

particul af_met ho ang..t ne, acity of t.ho 0 ites wh i fradiated and
el | ver e GUBSRER P RRRHBAATGTR Rt f spheorgBi, L0 1RhArS Toy g amm e 8% ecent

i nvent i Omfeleides ddse df REFRbAr: WAB AUBECANE bRdalindst @R HARSRork QoMpiahe td the 50%
question, can one adm nister the attenuated sporozoites by a route that is

pract i calnfsctipusdesaphRlasmedivmfe-raasitey inprimateg sh poh Malesidamaskess aadifng t he
P. yoel 'yazééﬁ@gﬁtiﬁg??n d PRI Blrlehes. Hthele F990s,ba§PQ>Qﬁhat£1?g6§Em &thé

parasite, een studi ed previous I'n a repor I'ted above (11,
20- 22) . TNaey Boupbegphovorking atithsh yodininstend oS Bberghed sftatreading pdyets and heatingt ed

it tect A/J ..ni this | ed t he h di .
dononet r BEARA RS Fom AT o B Raty tibu BB sl Hapestea the £ Soen

parasites used by the Navy laboratory from one of the inventors (SLH), and essentially switched

the work in her group at New York University on rodent malaria to the P. yoelii model system,
primarily working with BALB/c mice.

[030] It is important to note that all work with P. yoelii has focused on administration by
intravenous injection or mosquito bite, almost certainly because of the previous work in the P.
berghei moci'el system described above [11, 20-22]. Furthermore, because of that work in the P.
berghei model system no one has experimented in the P. yoelii system to try to use it as a model
to develop an attenuated whole sporozoite vaccine. Immunization with irradiated sporozoites in
the P. yoelii rodent malaria system has been used by scientists for the same scientific objectives
described in 1980 by Nussenzweig [22]; to identify the immune mechanismis ofprotective
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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I nfected nosquitoes protects humans. The P. berghei system was al so used to
prove to the scientific community that intramuscul ar, subcutaneous and

ot her non-intravenous routes of 9 WD 2004/ 045559 PCTI US20031037498

adm nistration of irradi ated sporozoites are not adequately protective in
m ce (20-22)WOiH0404%69 after subcutaneous admi ni strati on rfT/US2003A67400
attenuat ed sporozoites protection was 0%|[21]. These studies which were
primarily done in A/J mce led to the conclusion that it was not possible
to develop irradi ated sporozoites as a practical, clinically rel evant

mal aria vaccine for.  humans, In the .early.to md 1980s, the val. Medi cal
Resear ch® FFQ&?W‘?&“Q‘ he Franrest b “%"J&egﬁﬁa&a‘# Eﬂﬂr%ﬂﬁ Fﬁ'b“’@ytma(igj.élg]ﬁgpghei in A/J
mce to WREKLKIOhidelndt BeendBE.1 1 in BALB/c nmice. This was because the
scientists ‘at the Naval Medical Research Institute believed that .

i nt r avenous![31]adie invsniershpvpdisgaysredia methadfopmampgiziag wkiecipigaingt walpte i ve of
P. falci ' ' L |- Wall red P.
ber ghe . Ve Qb F e Vlocifh B WP e AR St i ONE O SELL AL 1

yoel i i sretativelyishers time caveils thecimpraetiealityndrelcgotentis! daogariof thet greviowrmethods of

I ntravenpusly. .admi ni st.ered P. _berghei .spor.ozoites.. .,The 50% i nfecti ous dose
to m co. BHe PRREiR mAEYPeS i f fhe G L ipios oY BEFYEPOYS nigntsy and yviigh provides

appr oxi Mpdo@dchonl&nphddik foithaR achiewd by thaed pisten&ds. | nf ecti ous dose of P.
berghei 1n BALB/c mce and al nost certainly nore conmparable to the 50%

i nfectious d83d dMorppagicularluivekave discersraddBaticifeqive pratection ageinst smalgpia qapowl esi
I n nonke ' i) PR : | y
19905, - abooledby perl Bl OREHRE I L BRRR: b REnladpo BT slfect BP0 Rie |
yoel ii i otherethah infrav@noteeinggaton, icluding, beadt hmitphiodhssubndateas,iimgamuscular,

presentations fromscientists fromthe v rou Dr. Nussenzwei g requested
the P. yg’gla&?ma{’)éﬁ”ﬁgﬁ’égb%%@aalb?l%gghﬁ%u@g%Wséglg?? from one of the
i nvent or BECATHED PESCRIPETONAF THRINVERUIONhe work in her group at New York
University on rodent malaria to the P. yoelji_nodel system rimaril

wor ki ng wi t HOBA| Hhe instang inversi providess nefrsdipicaly refeyapiaing ageentable methed of wi t h
P. yoeli} . 1 ]34 i s i

s t o GRSk RaHaRE PRERo i it Aoltfoltos M BUERAN Brobflof i alfinlleg

ber ghei spodwebiteste tbe msadiers @niabeine @ipoevent mdlarid-hampns, Fantras, apiass, abdothase of
that work.in the.P. berghei nodel system no one has experinented in the P.
yoelii sYSEMPEty to use it as a nodel to devel op an attenuated whol e
Sporozoi te Ve34li Mae idvertioH’g siphifibantirhprolenicad bar pebviduelyGmdadndthodsohe P.

yoelii rodent malaria, _s%/rst,em has been used by scientists for the sane
scienti f@cgmg@}rg&ni, gqministration by intravenous injection or by the bite of infected mosquitoes, of

attenuated sporozoites is that it allows for a clinically practical and safe method of administering

the vaccine that provides protection comparable to the previous standard methods.
Administration by the bite of infected mosquitoes can never be used as a vaccine for obvious
reasons, and administration by intravenous injection is a method that is not in general use for any
vaccine, because it is a technically difficult method of administration, especially in young
children, and it is potentially dangerous because of direct injection into the bloodstream.

[035] With the present invention, the parenteral administration may be administered in the
skin (transcutaneous, epidermally, intradermally), subcutaneous tissue (subcutaneously), muscle
(intramuscularly), through the mucous membranes, or in the submucosal tissue-Preferably, the
administration is subcutaneously, intradermally 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 muitiple ways. For example this

can occur by attenuating the parasites so that inoculated sporozoites can invade host cells,
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described in 1980 by Nussenzweig [22]; to identify the i nmmune nmechani sns of
protective inmmunity and the antigenic targets on the parasite of these
protective i mmune responses. For this reason, since it has been "known" for

nmore than 25y§egimedshat only intravenous or nosquito bitg, ' tion of
sporozoites provides the 100% protective imunity that mf@%@”ﬁ“éﬁdi at ed

sporozoite nodel so effective, these have been the routes of adm nistration
used by scientists working in this system The other routes (e.qg.

subcut aneous, intranuscul ar, intradermal and 10 WO 2004/ 045559

PCTI US20 patigiB7d38lop dn thesesdells,uatl amest ldevdbepmentbéforededcbingahestagecompaable dd @d
sporozoite, cljnicall racti.cal and _acceptabl e have not been,used. 311
The | nverarehibaies el B Sl oo MRS RTAr B i CYBPEEy LRy e

mal ari a cafak giteddk| THISLYbObf dtGuateddribitt bﬂﬂbdl%rme’ﬂrd)ﬁetﬂlwﬁéelgsa@ﬁve,&iéh} ects with
attenuated sporozoites in a, relatively short tinme, avoids the

i npr act i ERlirating paresitot Atenuationonisealsasccunhy prpdugimg perasies b capmvadg and py

i nfected [ : ' ] | L 0l i nd
whi oh pr S0y db s inflost Bt BARE Sag, Qmpsl SR 1P e FURRE Mgt Bl M

met hods. fip0i3R¢ hddd cellspbuttbe cmatde todevelep iraarpthdicytes teethe goinhejuieddf foc themdo !

protectign agai nst..nal aria can e obtained b ar e I adm ni,stering a
osage. oPaut Htia v e S5 fhu BFwadind e sl S oo ARARPAS

I Nt r aveng@uignallpjdeedlopin, hokteells €5 the stagddomiatable tdainurt Bepdlic s@dd pathaRSRAPfire

i ntramuscul ar,  intrader nmucosal , . subrucosal , epidermal, and cut aneous

nal , : p .
rout es. Bemyhe host petschytpeuppbleto demelop ja grrthrooxtes tpsthe PaibrennissdLar thement i on
provi des el I . 0 ring
B enuat S e T s AR SPAASs0 PO TLe
at t enuat partiakdypdavelopiané pradychrevipoteinssbut arest de vedopmenpbeforsrreachraigdhe siaden

humans, nanmal avi ans,, an t her  relevant eci.es. [034] .The jnhvention's
Cionlt: o PRt OnaRFe ndRfe Bheifemslf bRl i e Rinarbetitort Lt AVER L0 om
adm ni st egitiredytdiyand Bhusa\diagyes | nj ection or by the bite of infected

nosquitoes, of _attenuated sporozoites is that it gl lows for a clinically
practical an@3Zhs Whilenyperous mghadseistteniation may ke vsee oV Bavefawndihdyi des

protecti o oAl ARk &ialioh LRErBNE irotSe o BRRALNEE WiRBStical§ABEVY, §éd-at i on by
the bite of Inf ecy?ie)‘_jg r?osqui toesglgﬂén n%verB e uggerg as al(.\;/aa?ci.ne’ﬁor obvi ous
reasons, rephicatangparaside. dtenaatiopyf thetsperoeditss sari by ascorplished inemwiipleoichys With is not
Ingener Erir{ultyp%a dc];sgge r%g%nens. The attenuation can be accomplished while the sporozoites are still in

the mosquito, after they have been isolated from the mosquitoes and before interventions such as

cryopreservation, or after they have been isolated from the mosquitoes and after interventions
such as cryopreservation. The current dose of irradiation based on previous experience is
generally greater than 12,000 Rads (cGy) and less than 23,000 Rads (cGy) for Plasmodium
Jalciparum sporozoites with 15,000 Rads (cGy) being most commonly used [34]. One skilled in
" the art will recognize that this dosage may vary from species to species or strain to strain or with

the apparatus and techniques used to irrradiate the sporozoites. One skilled in the art will
recognize that the irradiation can be accomplished using numerous methods, including, but not
limited to gamma rays, x-rays, ultraviolet rays, or other subatomic particles such as electrons,
protons, or combinations of these methods. _ -

[038] Inthe 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.



vacci ne, because it is a technically difficult method of adm nistration,
especially in young children, and it is potentially dangerous because of
direct injection into the bl oodstream [035] Wth the present invention, the
parenteral admnistration may be admnistered in the skin (transcutaneous,
epi der mal | y,WonRo&d®shal | y), subcut aneous tissue (subcut arcmusebosjos7eegiscl e
(intramuscul arly), through the nucous nenbranes, or in the subnucosal

ti ssue. Preferably, the adm nistration is subcutaneously, intradermally or
intranuscul arly. [036] The goal of attenuation is to weaken the parasites,
so that they are viable enough.to  .invade host, ¢cells an roguce new
proteins, buf néﬁﬁeﬁu%n%&%@é’e&wl@ﬁfl%ﬁei&wl @EM%B%B ?fa%’i PSR i%ct i on
that caugRfHitesARFdrugY WRIGH plev it dedlloptent!éf thepaftdifes Rbeh caf Ripli€ataiwp! e
this can occur by atfenuating the parasites so that inocul ated sporozoitcs
can i nvagwtbrassiescel |'s, 11 WD 2004/ 045559 PCT/ US2003/ 037498 partially

devel op in t[@ﬁje Aifehiafion %ﬁg a rb%%{:higx?e\ﬁ% %%{Eth%ﬁio?&%it@f@ﬁﬂ%ﬁ@nﬁﬂ? goe
conpar abl e t0 e Ul 6 NEpatic s age parasite that can rupture releasing
mer 0zoi t &entdiatheiparsgitks. er yt hrocytes and cause di sease. This type of

attenuat ed site can terned a netabolical active, nop- replicating
par sl e ANDKdbE BB R ETSG oL Y PhgPReRs Rope Al Gter DY an

i nvade amdsquite bitdbd HitrakRYehsHAnlifistididh, such hs bhthot Mited adiajeeiPwiRRk@gl0 a
mat ure hepatic stage parasite, rupture fromthe host cells, but be unable

to devel easdieqné syringe.Jayitiple needlesand syinge apray miese-neestles widhpnesto huadreds tai sease.

This co 0 r . i ) . _ i nvade
and. nor Bavy R PERY ncBols FRUR el RERARI B, HREIrné ichyfal, | 0
hepat i.c soageitgsanaysildoche deliptrad by a trasouthireuhipath, oebh 8 pattictiateenaserih|fer t o
develop in erythroc to.the pojnt required for themto cause significant
i sease, SR, B PR WaR atmoBYledh e fis! ool it e SBER ha

SPOr 0Z0i #nB&ulatidAl # isHréftrreteihel DRrieHSE thoQe Hiots NEMIR0AE 8F ot beXffcatt.

devel opment before reaching the stage conparable to a mature hepatic _stage

parasi te thdP4dardhe prsfaired ineaulsatis agnakasiagmaunizatiomefieciing ameunt of gitenpefed Pes and
cause di | : 3 ﬁ:ﬂilﬁ# j . , we
have f ou%%ﬁfaﬁ% Bpgﬁﬁ%reelﬁ%gé{l@gﬁﬂ c%??% I 6(1){& ?%f}l‘h?éo%g% rent dy“%?@%"r"?“i‘&“?%?

pr oduci ngnge frerh abalt il 04D ity 1G000,080, aithough tiipinay be vanpdodepersiitgon eMatuatioraby on of

the sporozoites can be.accompl.i shed.in tiple s with nultiple dosage
o B8 P iarER B¢ TR SRRy B0t o B BoriioHE prpa b Ree ar e
still in the44 0 2@y llmodihEspetiae yarkkite Sevbe BMaltk2 @ lsadedidally, iy thB@sd¥as endl t oes

and before interventions such as o )
method of the invention. In one embodiment, the parasite is P. falciparum. In other

embodiments, for example, the parasite may be P vivax, P. ovale, or P. malariae. In other
embodiments it could a mixture of these parasites. In other embodiments it could be
Plasmodiium knowlesi, P. yoelii, or other Plasmodium species parasites.

[045] Inone embodiment the invention provides a pharmaceutical kit comprising the
attenuated sporozoites in the delivery instrument such as a syringe.

[046] In other embodiments the invention provides a kit which includes a container such
as a vial, but not limited to a vial containing the frozen 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. © e

[047] In other embodiments the invention provides a kit which includes a container such
as a vial, but not limited to a vial containing the freeze-dried (Iyophilizied) 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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cryopreservation, or after they have been isolated fromthe nosquitoes and
after interventions such as cryopreservation. The current dose of
i rradi ati on based on previous experience is generally greater than 12,000

Rads (cQOy) ardbRmesskhan 23, 000 Rads (coy) for Pl asnodi Unge Jf,?gggsyg@;&ygn

sporozoites with 15, 000 Rads (cGy) being nost commonly use

skilled in the art will recognize that this dosage nay vary from species to
species or strain to strain or with the apparatus and techniques used to
irrradi ate the sporozoites. One skilled in the art will recognize that the

i rradiati on [048] lIEOﬂmmlpﬂdﬁrscrédﬂﬂémwgﬁmmvidw kitwhighl éncludes & gofitaiger sbelt not
limted O

part ol et sanoaeoRiBied g SV colrifilirtisFled siTmeR spRbitilen s SOBRERL fich 3y

[ 038] | na tabcdntdinifi@ fluidttd eﬂuatthetmtemtamonfozdﬁeed dnd theeacagl dﬂhe{'y&&]wcab@m&l nray be
achieved by genetjc pmanipulation of the parasites prior to their being

i nt r oduc®d $yH0ge aegdleci ne recipient. [039] Attenuati on may al so be

achi eved by (hAgiatnd Gl bt ctoREAheulof PhbRbraP KRRABIES L ARANARA t €S

Wi th drugs h prevent devel opnent of the parasites so that they can
replicat Blasmodlmepmmstsy@@zmm ay\eseoio/ hereds Sothpadnindaiet 0By wssine f@40]

At t enuat | one Ay orre§ 1ono®smen ntl)éi treating individuals before or after
exposurert 8 oroz ¢ i ch prevent devel opnment of the
parasites sqosa]atrhbli:e),enﬁ@nprbeiabs mﬁzﬂ dnhanoed)drlﬁllbprysteeﬁon OmatviiRiiag hoton may
al so be achj eveg by treatin he sporozoites chem CEQCL whi ch _attenuate
the par aRieYiRUsly pepaFxPased i BiRlarigreaiting RAtOBFL O fhs § C¥RoS f?uwéflwcfa’éwor

i nocul at haRkcRlhThe [lvaitidmay RSB dsed B feucRihd dRhAR\EALHT0 mhpisation, such
as, but not limted to injéection with a single needle and syrin mul tiple

needl es mmuglysrrcmgeﬂarqhm of heeomingdlewhennais infegted, lted)uqmlrrmheeerstypgthét housands
of pores needl ectl n b ch an e. The

ot t bnua: MERSCHEE oS BIeh, BhEEbACRef e tlicleRfuck ISR o Bhallfieh i o or
on a par w&tﬂdqfeﬁ;oﬁatreds teduce xﬁeﬂaht;a&aﬁmhﬂanag@hei; dmea:dacpowmtb ehaldriaiparapiessibl e to
achi eve a | evel 9Vgrotectlonwl § Ln“g ane{{ﬂoculatlon it is preferred
that a sBAR:EsEYevERhBayRl prpfeetiqnsbefe ﬂa LI GF Pbdsiirese B@"@Fﬂtéﬁt@@’ thE"‘043]
The pref gLfigdn hﬁ@&ﬂh@s@fbehe?it@of%bﬁ( 30% fHTjSHé‘;hYaﬁBﬁ RRy BhTELdiEMBoRI PRIk &T a
attenuated P. falciparumor other Plasnodi um species sporozoites.

dosage i the heatthof ap:gnununmz ahdof tha mdaxyduals residing in the commumty

[051] A “vaccine” is a composition of matter comprising a preparatlon that contains an

infectious agent or its components which is administered to stimulate an immune response that
will protect a person from illness due to that agent. A therapeutic (treatment) vaccine is given
after infection and is intended to reduce or arrest disease progression. A preventive
(prophylactic) vaccine is intended to prevent initial infection. Agents used in vaccines may be
whole-killed (inactive), live-attenuated (weakened) or artificially manufactured. A vaccine may
further comprise a diluent, an adjuvant, a carrier, or combinations thereof, as would be readily
understood by those in the art.

[052] A vaccine may' be comprised of separate components. As 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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range from about 1,000 to 10, 000, 000, although this nmay be varied dependi ng
on evaluation by the practitioner or the i nmunogenicity /potency of the
attenuat ed sporozoite preparations. [044] Any Pl asnodi um species parasite,
even if altewghofgigishcal ly, may be used in the nethod ion. In
one enbodi nent, ?ﬁg parasite is P. falciparum In other O;%%fhgdr)r@r{ﬁ@& for
exanpl e, the parasite nmay be P vivax, P. ovale, or P. rnalariae. In other
enbodi ments it could a mixture of these parasites. In other enbodinents it
could be Plasnodiiumknow esi, P. yoelii, or other Plasnodi um species
parasites. [[08%] Ant'efuetiveliironiuniging dosage may eange batwsen V9Ukandd Opnidliaaceut i cal

kit conpri si uat e [ 0z0i t | I greﬂ such
as a syr PR %zoﬁfseg%t]coﬁlh bS?%xg?r 1g%§ramunorﬁem%§¥]/g&eﬁ@ or{?l? eo‘?ma\é‘g‘?%\‘/ﬁ @&Eﬁsg e whi ch
i ncl udesvaciheniayivealimétigtéred aﬁnﬁﬂﬁpladmcasbm Anteffdctivé ahniter afimoailatmnmmy ni ng
the frozen attenuated sporozojtes, ta| ng such ~as a vial containing

fluid tord8es betwesnland:§ Efa‘t"E]&‘ng"ﬁG?’o%’Eﬁ ters Apses HsURsIayERt Y§&Si very devi ces,
such as a sypsf9BdRNMHe rf&%gélﬁg gérfal heécnptmn%a ﬂf‘d”i’@ﬁ&'dviﬁg @Eﬁuw@esbm%tak@n
provides a Kit 'which includes a container such as a vial, but not limted
to a vi abxemplarapnd explanhiony edeaed ae mebreqtnytwpwf thezneegjiomtas ehimeds Moreover,

spor 0zoi ;,es ont i t he

at t enuat ]éehg I%Vﬁgtrlgnzlgln ﬂgﬁedsgﬂl}’t I%ﬁm%l g’llboggﬁ%t\%gggfﬂgev cg&hggﬁéh%%é%g syringe
and needkvay. Farthéf) tRORANDARED Asddld th%ﬂB@ﬁdrﬂaﬂa&%boBﬁ{b&}s ik ﬂotdhﬂ&ﬁdledﬁﬁbé)dl ment s

t he inveption rov des a kit which includ GO ch as a vial, but
not |im E’&fmcgo 15C6 f1e$COpRA %BF ﬁYeﬁ?j‘t mvggféqwﬁsoa%%wa 5’31 YM8ites, a

cont ai ner sughsasyitkreshért t @lofbalGesf the h@eﬁt%xmnhsmﬁasg&eeaeﬁ ﬁﬁé}b@ﬁfgdvalue
sporozoites, and the actual deélivery devices, such as a syringe and needl e.

[049] Thbetwaersthe npper fd lomsr lipits of e sanghto at deastortepfhof hedewer Liit's Miigtundass on of
att enuat g . F. a3 M& %HléaPe%%'t %EQOF\%%} S 1n9e§mg§§gcfo&#$%gse?%§ye ther s’tat dt he

admi ni stration of a’vaccl prevention or severl
mal ari a. irftéroéhfingWadues. nmmédven ﬂmrmwmieﬁalpmeﬁcbmbassaﬂaagus&dclumhgfeiﬂ]hdr opbaheﬁt i on

of a hu n who h o ously een e r|a ausi ng

pat hogent eﬁppﬁéggl%@@ﬁ ‘H‘k‘g@gé‘ﬂ ra’lﬁ?t‘“} &S Wﬁgﬁﬁx §re ‘HF@#@E{ g state éaqgﬁvent i on

may al so be [956)d Uifdess QeltiR o&rreewfsb Qﬂ&ﬁeﬁﬁngd%‘f &l &emneal@nareéla{dﬁa terrd3fuB&d | ON,
&

reduce the charice of becoming ill when one is infected, reduce the severity
of the herein are those commonly understood by one of ordinary skill in the art to which this invention

belongs. One of ordinary skill in the art will also appreciate that any methods and materials
similar or equivalent to those described herein can also be used to practice or test the invention.
Further, all publications mentioned herein are incorporated by reference.

[057] It must be noted that, as used herein and in the appended claims, the singular forms
"a," "or," and "the" include plural referents unless the context clearly dictates otherwise. Thus,
for example, reference to "an attenuated sporozoite vaccine” includes a plurality of such
sporozoites and reference to "the agent" includes reference to one or more agents and equivalents
thereof known to those skilled in the art, and so forth. ’

[058] Further, all numbers expressing quantities of ingredients, reaction conditions, %
purity, and so forth, used in the specification and claims, are modified by the term "about,"
unless otherwise indicated. Accordingly, the numerical parameters set forth insthe 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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illness, such as fever, when one becones infected, reduce the concentration
of parasites in the infected person, or to reduce nortality frommal ari a
when one is exposed to nmalaria parasites. In nany cases even parti al
protection is beneficial. For exanple, a vaccine treatnment strategy that
results in aWp 2804/@b¥se benefits of about 30% of a popul ap¢ROsIBYzhAYE a
significant inpact on a the health of a conmunity and of the individuals
residing in the community. (051] A "vaccine" is a conposition of matter
conprising a pr eparation that contains an infectious agent or its
conponent s, h is admnistered to. | at e. an i nmune r.espgnse Wil |
prot ect R9SH Fs Y ppgerical valug oggeer ?rFfﬁnB' cRgiains Ce‘:&"”ﬁ‘ ﬁ’é?rﬁ&%‘{)&% S'(a{’ﬁsaéfgt nent )
vacci ne deslaqbrygﬂts@B&rﬂﬁeﬂtﬂfﬁgm@ﬁe@nd is intended to reduce or arrest

di sease progression. A preventive (prophylactic) vaccine is intended to
prevent ini ﬁ 0591 Ohfneesly,dnanYAg%ﬁ@u@gwduwmp e prasgntieventipmire presibled
(inactiv tyted. A
vacci ne 1rgn)ﬁh "Jcif\ﬁ%t%%g&g& l%’icése aﬂg uen Q&gﬁi a og\%n’tmgﬁrg{%%%%r&ﬁ%

conbi natappéersied biainethe imgention irdny be praetitiet ythenmshamn mmbehﬁcallyakecnbadt he art.

ceparat o CboRBHelow i Beh S (et TEre e GRERGHY Tt PHEdacc ne |

act ual | yjligstamvé Sfbe indventibne@t AisClosy AtiouiBénefiflaliroetidsif Seredie mbemems 6f Yy t0 a
subject. In that sense, a vaccine conprised of separate conponents nmay be

vi ewed abe @vRationo Thesesxamplgs shoykdnat b ﬁ‘@}lsgé‘?ﬂa?ﬁ datingyhe inventieorponent s.  For
exanple, in Fext of the instant invention, a package may conprise an
attenuated Sporozoite conponent and reconbi nant subuni t vacci ne conmponent,
including but not . limted to a recomki\dﬁLEgi_r otein, recombinant virus,
reconbi nant bacteria DI, 51 L€ ,
WD 2004! 045559 =ERAP3 2 ACELIAS : ' IR 0sage may

range between 1000 and 10 fIhHalv@:Ebu%l! O & or&mtegoul d be |l oner if the

i mrunogeni ci ty/ potency of the vaccine 1s increased. The vaccine may be

adm ni stere L ul ations
g() K”slt&dym/ag cBh ?édqgﬁveﬁ@ate%é( &ndpattfive mf%@gt;vgty gir"ﬁ'ésgﬁ%g

range en 17an oses Wt and es in
su bs equ shssegtghswrozpm@qehm& inttaderinalle G&),ngtrgmseulaﬂy déc subpnﬁaxmuslm SQher

fol | ow ng _det ai cripti.on.ar exenpl .ar nat or y and are
not | 1 os e Ehish Ve RES phBL KRR oY aimio AR R e GE B AR R0, Fon s
not Iimlhaﬂocgqoﬁdaﬁlepﬁgtlmui@r enbodi nents descri bed, as such may, of course,

[062] Methods: BALB/c mice were infected with Plasmodium yoelii sporozoites hand-

dissected from salivary glands by ID, IM, SQ, or IV administration. The level of infection was
determined by assessing thick blood films from day 1 through day 14 after administration. The

results are shown in Table 1.
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[ 059] Qobvi ously, many

i nvention are possible

Comparative Infectivity of Multiple Dose of Sporozoites Administered Intradermally,

Intramuscularly, Subcutaneously or Intravenously

[064] A study was conducted to investigate the comparative infectivity with lesser

numbers of freshly dissected sporozoites than used in Example I.

[065] Methods: BALB/c mice infected with Plasmodium yoelii sporozoites hand-

dissected from salivary glands by multiple routes [intradermal (ID), intramuscular (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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in light of the above teachings. It is therefore to be understood that,
within the scope of the appended clains, the invention many be practiced
ot herwi se than as specifically described. [060] The foll ow ng exanpl es
further illuglgRbgoskdle i nvention. They are nerely illustrative of th

I nvention and di scl ose various beneficial properties of cEr PHPR0 3é9’?6‘f?ﬁ| ment s
of the invention..- These exanpl es should not be construed as |imting the

i nvention. EXAMPLES EXAMPLE 1 Conparative Infectivity of Intradermal.

I ntranuscul ar, Subcutaneous and Intravenous Infection of Sporozoites [061]
A study was Tablellicted to investigate the conparative infectivity of freshly
di ssected sporozoi tes delivered intradermally (I1D), intranuscularly (IM,

subcut angousTy (S prgfavenQyslsyy (TV)Nd. U [S N pay 1V
adm ni styation is qhon3| € glto be The nost rel |abl e  nmethods for achieving
i nfecti oh. [Oﬁjlg}y_p%t hodsSPZBALB/ c mike ¢ wer Inféatefdect ed with Pl asnodi um yoel i
sporozoi fes hand- ssected fromsalilvary glands by ID 1M }SQ or IV
admi ni stfati onIVThe | evel00of| i nfed@i on was 1Met erm nedl®y agsessing thick
blood fi]ns fromday 1 tBPough day014 after 9adm ni strat9on. |The results are
shown in| Table I. 16 WO 2004} 045539 IPCT/ US2003/ 37498 30abl ¢ | No. of No.
No. G oup %1 nfgcted SpgoMice 1 nfijgcied TV 200 O 10 1@ TDH 100 10 9 90 1D
500 10 1p 100 | M 500 10,30 100 $Q $00 10 30. {100 [063h Th¢se data
demonstrpte that i{ is pQ§SI bl e tqor Eutl nely i nf ect BA4B/ c fice by delivery
of sporo UrLcaIMu fre- ar\ido, sct 90 1ru WULG}L angous—tt St

20 10 3 30

4 10 1 1

SQ 100 10 9 90
20 10 4 40
4 10 0 0

[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 is a
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 spor0201tes

[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 density gradient centrifugation. The inoculated mice were

challenged 10 days later by injection of 100 Plasmodium yoelii sporozoites hand-dissected from
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EXAMPLE2 Conparative Infectivity of Miultiple Dose of Sporozoites

Adm ni stered Intradermally, Intramuscularly, Subcutaneously or

I ntravenously [064] A study was conducted to investigate the conparative
infectivity | r nunbers of freshly dissected sp é)ﬁﬁ)g n used
in Exanpl e |%F€‘E§’]§§s§/it hods BALB/c mice infected with Plo’ésrro&ui“ﬁ’%’@“g% i |
sporozoites hand- dissected fromsalivary glands by nultiple routes
[intradermal (ID), intranmuscular (IM, subcutaneous (SQ or intravenous
(I'V)]. infection was determ ned by assessing thick blood filns through day
14 aft er- salivey blafds. THORfEcEEN Were agsesss throughrdaih 44 hterl challehge BOHACOMOOH 5559

PCTI US2003/ 037498 Tahle ||l No. of . of ...% j nfect ed ou, SPZ n ce

| nf ect ed Sxegr- Thp level f%e“fi@@n"%‘eiﬁugg‘lgﬁnaﬁfa%féﬂ%“%dtf&ﬁmﬂ%?‘8*0 % 10 3 30
4101 1%&%&@%%3@%0&%&&%% 18 Gmnfhnizatidn ihociatiAOTH reSulfdGre HowhGn4 40 4
10 0 0 [066] These data show that adm nistration of small nunbers of

Pl asnodi ukableddll. i i sporozoites hand-di ssected fromsalivary glands by the ID,

IM or SQrOLtta%Fe feads to infections in mce with nearly the sane
efficiency as™as by the IV route. Since we theorize that there is a direct

correl ati Q;r}/(,géT 20dice pn maideeh Daes i hf By 51 ty oays rrddia 1%por gzoi t es
when
Protected/ {Level Inf.{ Protected/ Level Inf. Protected/
Challenged Challenged Challenged
Cont 8 0/8 +++ 0/8 4+ 0/8
v 6 2/6 + 1/6 + 0/6
D 6 4/6 + 2/6 + 1/6
M 6 3/6 + 2/6 + 0/6

[069] These data 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 thouEht 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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adm ni stered by a particular nmethod, and the capacity of those sporozoites
when irradiated and delivered by that nethod to to elicit protective

i munity, these data suggest that it should be feasible to successfully

i muni ze by {id2odddesdsh and SQ routes as well as by the sd@]gggzrogy Yi0g T OUL €.
EXAMPLE 3 Protective Efficacy of Single Dose of Irradiate PO201 L &s

Adm ni stered by the Intradermal, Intranmuscular, or Intraveous Routes [067]
A study was conducted to investigate t he conpar ative protection provi ded by
i mmuni zation with a single dose of 150,000 radi ation attenuated sporozoites.
[068] Method: BALB/c mice were i noculEXAMPRLE # a single dose of 150, 000
radiation attenuated (10,000 Rads/cGy) P. yoelii sporozmtes by the ID, IM
or IV routes. Th OF ( n . 0Obt, I, bva o ﬁl%lty
gradi ent cent BEf e |

by injection of 100 PI asrmdsumgge@édusosmmouineuﬂwnd d| ssect ed from 18 WO
2004/ 045559 PCT/ US2003/ 037498 salivary glands. The infections were assessed

t hrough day af chal | en 0Q f infection
was eval uat e[y(gn ‘%1 %‘é%ﬂ”és% %gr %%e{?‘éﬁséga&ee{hg3&3’5?%%@50%&%(‘ é‘\é‘g{*fdo‘? nfect i on).
The cont hugizficn wigCeityridrdvegimemsn thied doses ofmanaﬂoatauemuateﬁrmas“naﬁwnt ﬁoear e
shown in Table IIl. Table I'll Goup # M ce, Day, 4 Day 5 Day 5 Day 14
Pr ot ect e8Porezsites by the IDoF bY aites:i? ragiyen exprgicd toie fléeqr% pte pe{%ﬂtwe R&apst
mallengggggmg}:gﬂ @gsk Cont 8 0/8 ++++ 0/8 ++++ 0/8 IV 6 2/6 + 1/6 + 0/6 ID
6 4/6 + 2/6 +1 '6 3/6 + 2/6 + 0/6 [069] These data denpnstrate that
admi ni strat |[@ﬁ1]of__a_§i BAlB/dosiee wéreiimqcaldtedtvath asﬁmirdmgpf £30000pdiatien | D and I M

routes eljcits res nse th 0 ec ai nst
Coor oxor e PRI AR k) PISRG R0 Shorkitfs BB S e i o
of a si ngdceiveldBm Wfoster doses of 30,000 irradiated sporozoites (total of 110,000 sporozoites divided

into 3 doses). The sporozoites for immunization were obtained by density gradient
centrifugation. The inoculated mice were challenged 14 days after last booster dose with 100
Plasmodium yoelii sporozoites hand-dissected from salivary glands. The infectioﬁs were
assessed through day 14 after challenge by thick blood smear. Infection was assessed as present

or absent. The results are shown in Table IV.

‘Table IV
Group No. Mice Day 14 Day 14
Prot/Chal % Protected
Control 8 0/8 0
v 7 77 100%
SQ 8 8/8 100%

[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 infectivity by the

SQ, ID, and IM routes (Example 2), it seems obvious that administration of sporozoites by those
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irradi ated sporozoites by the IV route. This finding was predicted by the
infectivity denonstrated in Exanples 1 and 2 above. |Inasnmuch as IMand ID
nmet hods are nore easily used with large nunbers of people and the

adm ni stration can be carried out with nuch greater safety and ease than by
| V admi ni st r WO 280#/045538 present inventi on nakes possi bl e theresiesdsiwe

i muni zation of significant populations with attenuated sporozoites in a
manner nore facile than heretofore denonstrated. In fact it nakes it

possi ble to conceive of for the first tine a practical attenuated

sporozoite vaccipe. Adm nistration_ of th i,ngl e dose of .irradi ated

spor ozoi FREes| ‘fHo‘é‘d‘El FOfpATRRIe Profgtiod i'li‘ﬁ?B(?% .BE?%%HOP@GPB&F*&B}#’FFPP?% SRS i ce

that wer @ GiRbRRGEH theddVs PEdt&%on WiBLEButdR¥o¥BMMUNIFRHG 6PAN A6 With Riafibs t O
potentially be adequate t0 significantly reduce norbidity and nortality of

nal ari a Pitennaied Bi kaighe! spasoroites repprteddireviensty [2bhpisstatadabayve belieyg dhah evr

i nfection; [ Q45 / r Lve

E11 1 cacy BFPRr Do T BOIe by Birjes st dad it 470 AR ol DR

Subcut anedevantap A fitleipremis hinarsothah GAbe P Abesghedph/Imasuseomeietéystdnt.0 | nvesti gat e
t he conparative protection provided Mézati on with a standard regi nen
of three doses of radiation attenuat iumyoelii sporozoites by the
IDor IV routes; a reginmen expected to elicit conplete protection agai nst
sporozoi te clafdctivitveof Syidvrddoitekeisobded BADBIsityGdient Centrifngadied sxiCompiwed fir st
dose of 50 80 radji.ation aft. ( 000, RADS/ c Pl asnodi um yoel i i
Spor 0zoi t & sectinn of Qalixary (lands, Whe PG By the ntEave e
30,000 irradi ated sporozoites (total of 110,000 sporozoites divided into 3
doses). The [6p3r da GXIAA4PLBS 3iandrd thezraice oerevimmeinidet i admiigtration sf irpadgteddi ent

centrifugation. The inocul gted. m.ce.were. chall d 14 days after [l'ast
oost o Seeraes hathed Beg Qe bl PR Erie PR MARaE T AP SuL e WER Ao
sal i varyugl %ﬁ%oit%h%)llﬁt&i B HERAP g¥Bieht ceRETFRREES of fE QbR undalorddoptht er

chal l enge by thic ood snear. Infection was assessed as present or
absent . esquitesidre desninectiiiothan axg spergreites Yandrdipieeted {romr selipariiglanyly. dkth@dy 14

Day 14 ﬁ)lre%%e% thc%’eli) Lhirst gs@ociation between the infectivity of sporozoites and their capacity

to elicit protective immunity as stated above (paragraph [068]), then it should require far fewer

and i

t

sporozoites hand-dissected from salivary glands than sporozoites isolated by density gradient
centrifugation to achieve protective immunity. The inventors therefore first conducted an
experiment comparing the infectivity of P. yoelii sporozoites isolated by density gradient
centrifugation to those isolated by hand dissection of séiivary glands .

[074] Method: P. yoelii sporozoites were isolated from Anopheles stephensi mosquitoes
by density gradient centrifugation or by hand dissection of salivary glands. BALB/c mice were
inoculated by intravenous injection with differing numbers of sporozoites. The infections were .
assessed through day 14 after challenge by thick blood smear. Infection was assessed as present

or absent. The results are shown in Table V.
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Control 8 0/8 0 1V 7 7/7 100% SQ 8 8/ 8 100%[072] The data in Table IV
clearly denonstrate that one can achi eve 1005/ 0 protection against

i nfection by subcutaneous adm nistration of sporozoites (SQ) These results
were predi chvarhobyosss® results of studies shown in Exanpl % 2 and
Exanple 3, but for the first time ever denonstrated in t |s

G ven the conparability in infectivity by the SQ 1D, and | M routes
(Exanmple 2), it seenms obvious that adm nistration of sporozoites by those 20
WO 2004/ 045559 PCTI US2003/ 037498 routes woul d provi de conpar abl e
protection. The 100% protection reporteTthlmVExarrpI e 4 stands in stark
contrast to theSO% pr ot ) ' ! ; .
with radiation SHEEEht '

As stated abNusfépz beI i eve that qunmbehrmwgmummmndmm Si bI e by our
recognition that the P. yoelii-BALB/ ¢ nodel i ] rIevant to P.

fal ci parwn iMiettedhns, than HandRissectign - o Densiy Grradient Ceptrifugation oy EXAVPLE
5 Infectivitgpspf Sporozoites |soljgigd by Densi t'm(f;‘r adi ent Centrifugation as
Conmpared to by Hand Di ssection of Sallvary G ands When Adm ni stered by the
| nt ravenous te [073] In EXAM®OHAS 3 and 4 t 1l ce were i nmuni zed by

adm ni strati of irradiated sporg/zlgl tes that been isolated by density
gradi ent centrifugation. It had been our assunption that sporozoites

i sol ated by &lensity gradi ent cent6itbugati on of &/bee head and thorax of the
nosquitoes are less infective than are sporozoi tqu hand- di ssected from
salivary gl ahds. If that is the %?se and ther¥1%®s a direct association

bet ween t he 50%)2,&1&&&“@9&@ @agmgacy tes and theigzzcapacity to elicit
protective immunity as sta above (paragraph [068]), then it should

require far WéﬂerTheSip@rloifebltBééClFmbbﬂem@M bat qpomo@lhm@d;ssegtedrfum t han
hi
2P0 070 A S RO SR SOOI i

protective experi nment
conpari ngerttﬂilhgatrﬁne'@‘hd 50% ynfedtiokls dysedsd mbreshmrxmztunés@eatercfbxaetpeszbuesdmw Wy

o1 ands. . deraRH preghen i eaPpe (1 e ShBRLGUNTE CETeRbE BEBIOLEOHE PR Gt os
st ephenshidRaed kpREitedN dqteatsy s¥ocSHi@ry B the GiEBdtIvith O Ble 1 AporbYoilRa Bétore

di ssection of sali varc}/ gl ands. BALB/c mice were
they were attenuated, then these data would indicate that the numbers of attenuated sporozoites

required to achieve protection would be substantially less for sporozoites isolated by hand-
dissection of salivary glands sas compared to sporozoites isolated by density gradient
centrifugation. which has been the standard way of isolating sporozoites for immunization
studies in the P. yoelii-BALB/c model system.

EXAMPLE 6

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 protective 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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I nocul ated by intravenous injection with differing nunbers of sporozoites.
The infections were assessed through day 14 after challenge by thick bl ood
snear. Infection was assessed as present or absent. The results are shown
in Table V. 21 WD 2004/ 045559 PCTI US2003/ 037498 Tabl e V Sporozoites

| sol at ed by PEP@04M4E¥8cti on or Density G adi ent Centrifugedi/oseooddrsef spz
Nurmber | nf ect ed/ Nunber Chal | enged I njected Hand Di ssection Density G adient
Centrifugation 625 10/10 7/10 125 10/10 4/10 25 10/10 0/10 5 5/10 0/10 1
0/9 0/10 50% Infectious Dose (1D 50) 4.9 433 [075] The data in Table V

clearly denonstrat.e t.hat ,sporozoites hapnd-di ssected,from salivar ands
ot 6 ot o DA 6 fartedialid £ el p ST esAl 2k T UELE, g L g NGt S

centri f uggdrbbites ibiated BYodemit® @ddiess cel@sRgation(R4,600, BR00 SAdts, (0eSodfisgt er for
sporozoites isolated by densi t§ &radl ent centrifugation, If the_ hypothesis
i s corr eé¢copphaand thid dosestrespertinelyas Froupg 4> seceiyef gporggoitesispBirdydand por ozoi t es

is direc | | ' { V] . ok : I efore
ey wor SlskeeRBT0E Rl ) gl riy § 854 4 fnlogiOf, T8 pfte ARAARALS B8ret
at t enuat ebalkpgadoyidi 109sP. ypdijisporerbites isalatiddychapd-dissastipmnf selivamy ghaads 14 days

substanti gl | ess _for. sporozaites. isolated b nd- .di ssect. o f salivary
o ande s aler B R iRl RE dink BB} BbE G e Ehe A T eeh haflensi By
cent ri f ugtdél Kl6ed sMidae InfedgorD@ e hstdisedsk pregdét dr saynt0Thd Sedlatareghowpah Takiet es for
i mmuni zation studies in the P. yoeliil-BALB/c nodel system EXAMPLE 6

Protecti V& Effi cacy of Sporozoites Isolated by Density G adient
Centrifugatifpasyy Conpared to by Hand Di ssection Wien Adm nistered by the

Intravengus Route [Q76] Based on the results of the jnfectivity experinent
in EXAMPLE 5, a prGtagtive ef fi chcy#dMiger i fevtedl Jesi OhPdotediod prpt ecti ve
efficacy|] of a reginen of irradiajed sporozgites
Density gradient centrifugation 9 1 88.8%
24000 , 8000, 8000 (1)
Hand-Dissected-18000,6000,6000 10 0 100%
@
Hand-Dissected 10 0 100%
9000,3000,3000 (3)
Hand-Dissected 10 0 100%
4500,4500,4500 (4)
Hand-Dissected 10 0 100%
4500,1500,1500 (5) |
Control-Non-immunized mice (6) 10 10 0

{078] The data in Table VI demorlstrate 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 sporozoites (4500, 1500,
1500) isolated by hand dissection of salivary glands had 100% protection. Thes; 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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I sol ated by density gradient centrifugation which was known based on

previ ous, -experience to give 90% protection, was conpared to the capacity
of much | ower doses of irradiated sporozoites isolated by hand di ssection
of salivary vloandgossszoachi eve protective inmnity. [077] p@b{}%w&qﬁghel es
sl ephensi nosquitoes infected with P. yoelii sporozoites were 1rradiated
with 10,000 Rads/c@y. Sporozoites were isolated by density gradient
centrifugation or by hand dissection of salivary glands. BALB/c m ce were

i nocul ated by intravenous injection of 22 WD 2004/ 045559 PCT/ US2003/ 037498
three doglesesef inradiadest powgoites, yhetheriby dhoho2Bi Mr R rutsbexillilerdde protestivey oup 1
recei ved e?ﬁ‘%ggl ated sporozoites isolated by density gradient centrifugation
(24, 000, and 8,000 for first, second, and third doses respectively).
G oups 2-5 r §78] vEhkse palaca]zso istgportthohyoddsib thatitha &. yaiisBadiB/omodé] sga¢mvar y

|l ands. & 6 t
Chal | engdboThElotelt Biists Wik PreoTLdNERen ELP: Gine it sy e e d eebadh o
sal ivary ghas ﬁ'ﬁ)dél%yﬁ@dism paftt8EaukdI6f théliniich 1 mgm&l rihféétwy@%%)lmﬂtes inthept i ons

wer e assessed t hrough day 14 after chall eng t hi ck ood snear.
| nf ect i ovoadisysen dumans£an pe Sdkyimmunizgd §léﬁle bltq’ﬁél(?@stcm@@teéﬂé Jalpiggim n Tabl e

U rob! SnblhiePhuRifieMiaR 161 LRAERRH o A BloARb RN B D dpiRboies

Hand- Di sseendfedd3(00, BARD i6he OaseéOthén llY immiizedandprilestsdbireghs hee froladiLo

Fand. D1 s S8 APTBPAD B0 S5 e 05db Ceseeitt & PRBE A i amdt ce (o

10 1? 0f [s%t&h giréé&:r @aha 00,0007 aﬂﬂr@zows id61aea Homtagd-lvadctdd saBvarfBlARd 2Rl Whddh a
total o
to achieve protection by intravenous administration, and this immunizing dosage regimen

provided no protection when administered subcutaneously {21]. In Example 6 it is demonstrated
that administration to BALB/c mice of 7500 P. yoelii sporozoites isolated by hand dissection of
salivary glands provided 100% protection. The fact that BALB/c mice immunized with
attenuated P. yoelii sporozoites and humans immunized with attenuated P. falciparum
sporozoites are protected after exposure to similar numbers of attenuated sporozoites, and A/J
mice immunized with P. berghei sporozoites are immunized with more than 10 times the
quantity of éporozoites, supports our hypothesis that the P. yoelii-BALB/c model will be more
predictive of what will occur in humans than the P. berghei-A/J model system.
CONCLUSIONS

[080] The process of developing an effective, sustainable vaccine against infections like
P. falciparum has proven to be slower, more difficult and complex than expected. There is no
licensed malaria vaccine, but it is now known that immunization with radiation attenuated P.
Jalciparum sporozoites by the bite of greater than a 1000 infected mosquitoes provides sterile
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 is 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 it is

technically difficult and potentially more dangerous than are standard methods of administration.
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irradiated P. yoelii sporozoites (24000, 8000, 8000) isolated by density
gradient centrifugation had 90% protection. Mce imunized wth a total of
7500 irradi ated sporozoites (4500, 1500, 1500) isolated by hand di ssection

of salivary @lodagsesdesesd 100% prot ecti on. These data, when g:@ 3m'sthe
data in EXAMPLE 5 indicate that there is a direct associ afl on between the

infectivity of a preparation of sporozoites, and the protective efficacy
they can elicit. In fact it is not yet clear how | ow one can go in terns of
doses of irradiated, hand-di ssected sporozoites, and still achieve 90% 100%
protecti \&cedsfe'mdwls offinimipistiation donviintianadlytused injbemans foir pgmyhizationdike] 23 V\D

2004/ 045559 PCT/ US2 037498 . d

the 1V,  FEbitog gttt Rl o5 (98 Pl 0BRE Rl B3R R Y
dat a al sanéusppAél systemhiy pas hastoforé hettcohdiderdd pqssxblelto dBAldY an avetedtedsyst em

nore cl osely predi QtS what oc _s, in mans th P. falcipar t han does the
P. ber ghePORZofte Yagqiae %Baeﬁnss§§ igng aid% %‘éatrget{%ﬂtﬁﬁgl ?&‘i@hprﬁw@%r

i nfecti V'1B\Yesf~?%at§r9 QeHRk iRSoveRed 4 ¥BetRod oﬁ'éaﬁtlmbte %%p%%zolﬂsm&qe&ﬁ'?o Rign ekl ¥

i muni zed by bite of 1000 irradiated arum infected nosquitoes

[34]. It mrefeetivn@ghis nraticalasaie 256 pecspiehJdis @tceyerﬁéh%d éciliata utiizatign pHs t es
when it f ._protected
hunmans arrgéa(%(?d {)t‘%é%mmétémr&%ﬁ#e ‘{‘%?f‘{ %%{%%§It35%®8%h$§€%es%%. In

cont r ast dehverém&teﬁuatbd?xpph&lotté\inllaﬁﬂNacﬁ.:lmsode| system greater than 100 000
sporozoites | a rom hangd- di ssect | ivar ands, wer

achi eve prot é@ﬁh ’h f?fuPthrgeR}‘gﬂ‘Eﬂﬁ‘é’n%t%fr?‘V ]i3§t %Wﬁﬁor%qﬁn?wp%’e?ﬁﬁ%ﬁ?l ng dosage
regi men  PrRskiee e KeréiyHp8atit AN iNRFrasdbietdreiced subcutaneously [21]. 1In
Exanple 61t is ‘denonstrated fhat adm ni stratlon to BALB/c m ce of 7500 P.

yoel i i sporoZoi t eBramss| g Earsiey thedvirpopptamus magifessations eterminantyl andstipeteyi ded
100% pr ot q@ﬁellggl Qﬁd%f’iﬁ‘ 54@%1@&5_ ?g ('(5161064 rpTunl zed with at t enuat ed P.
u e

yoel ii sporozoi s an mans "I nun attenuated P. falciparum
sporozoi tes are pGalhgclieSadfstBr Thx@osome thales iofimatariandinmilefrop Meddiye00as ed
sporozmg& %nd AlJ mce immunized wth P. berghei sporozoites are

i nmuni ze v§5f nore than 10 tines the quantity of sporozoites, supports our

hypot hesi s that t{Qerid ToifighiOrgBikdios. IRERt oMl tduriBar P by @ﬁ%%&ﬂ \.r@teof what
wi || occur in humans than the P. ber ghel A rmdel system
[ 080] Th@OQE ARPE VY. WO AL O aarol, ’ eSto dats
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5. The pharmaceutical composition of Claim 1 wherein said attenuated sporozoite parasites

invade cells of said host.

6. The pharmaceutical composition of Claim 5 wherein said cells comprise hepatic cells and

said parasites do not induce subsequent hepatic cell rupture.

7. The pharmaceutical composition of Claim 5 wherein said cells comprise hepatic cells,
said parasites induce hepatic cell rupture, and said parasites are not capable of subsequent

development within host erythrocytes.

8. The pharmaceutical composition of Claim 1 wherein attenuation is achieved by a means

for gene alteration.

9. The pharmaceutical composition of Claim 8 wherein said alteration means is chosen from
a group consisting of irradiation, genetic manipulation, and treatment of sporozoites with

chemicals.

10.  The pharmaceutical composition of Claim 9 comprising radiation-attenuated Plasmodium

sporozoites.

31



51. Beier, JC, et al. Quantitation of Plasnodiumfalciparum sporozoites
transmtted in vitro by experinentally infected Anophel es ganbi ae and
Anophel es stephensi. AmJ Trop Med Hyg 44(5):564-70,1991. [082] O her

enbodi mrents of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention

di scl osed herein. It is. intended that the specification and exanpl es be
considered as exenplary only, with a true scope and spirit of the invention
being indicated by the following clains. 30 CLAIMS 1. A pharnmaceuti cal
conposition for stimulating an inmmune response and conferring protective

i mmuni ty liln n@hephdrmacaticalicompasition 05Claail o sheiginedaspgerafradierialing radiatiands ng

pat hogen§it le%ﬁggﬁg@?ﬁ&%é LA &2 31 5h c;btsyol ated netabolically active,

at t enuat ed sporozoite parasites and a carrier. 2. The

phar maceuti cal conposition of Claim1 wherein said sporozoites are obtained
from han@- di Thephamagentipdiaospositisnof Cloing l wherein dsageds pra&imatheo 15,000

phar maceubi cal conposition of daim1l wherein the species of said Plasnodi um
parasiteclgfalciparunl 4. The pharmaceutical conposition of daiml

conpri sing Pl asnodi unfal ci parum sporozoites and at | east one additional
speci es aB. Pl Thephirihacspiosladaipositiodof Tlagn plramprsiag ht leat 1000ypasiot imdre thén C ai m
| wherein said attenuated sporozoite parasites invade cells of said host.

6. The pHAORBELYUSPRIREOESnposition of Claim5 wherein said cells conprise
hepatic cells and said parasites do not induce subsequent hepatic cel

rupture. 14, Thee PhamaBGRhll RlpoSiaoR OEC iR 13 @dmpridhdte S 060, bubidtthdre! | S
conprise hepatic cells, said parasites induce hepatic cell rupture, and
sai d par dkAnt189,089.spatzoitetpabl e of subsequent devel oprent within host
erythrocytes. 8. The pharnmaceutical conposition of Claim1 wherein

att enuat i,gn | 51,20 AUEd N BpiFEaNSn of aird T EofbhakALI: 10000TBE: not more

phar maceufi ca nposition o alm erein alterat’ion nmeans 1s
chosen f rtieam 508008y spozovessi sti ng of irradi ati on, genetic nani pul ati on, and
treatnment of sporozoites with

16.  The pharmaceutical composition of Claim 1 wherein administration of said composition
to a mammalian or human host prevents malaria-specific pathology in said host after subsequent

introduction into said host of infectious Plasmodium sporozoites.

17.  The pharmaceutical composition of claim 1 wherein said protective immunity is
sufficient to prevent malaria in at least 50% of said hosts after subsequent challenge with a

Plasmodium parasite.

18.  The pharmaceutical composition of claim 1 wherein said protective immunity is
sufficient to prevent malaria in at least about 75% of said hosts after subsequent challenge with a

Plasmodium parasite.

19.  The pharmaceutical composition of claim 1 wherein said protective immunity is
sufficient to prevent malaria in substantially all of said hosts after subsequent challenge with a

Plasmodium parasite.

20. A pharmaceutical vaccination kit for stimulating an immune response and conferring
protective immunity in mammalian and human hosts against one or more malaria-causing

pathogens, said kit comprising a pharmaceutical composition of isolated metabolically active,
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chem cals. 10. The pharmaceutical conposition of Claim9 conprising

radi ati on-attenuated Pl asnmodi um sporozoites. 31 11. The pharmaceuti cal
conposition of Claim 10 wherein dosage of attenuating radiation is at |east
12,000 cGy and not nore than 23,000 cGy. 12. The pharnaceutical conposition
of Claim 1l wherein dosage is proximate to 15,000 cGy. 13. The

phar maceuti cal conposition of daiml conprising at |east 1000, but not nore
than 10, 000, 000, sporozoites. 14. The pharnmaceutical conposition of Caim
13 conprising at |east 5,000, but not nore than 100,000, sporozoites. 15.
The pharmaceutical copposition of Claim14 conprising at |east 10,000, but
not nor e attenpgtedsta Tune SROF FPHE PaIasItes g Capt, Md?‘??&é gQItHaECQFer@d‘ﬁ‘Bﬂ%tﬁVFWSof

A aim1l whgigtibpadm nistration of said conposition to a mammalian or human
host prevents mal ari a-specific pathology in said host after subsequent
introduction into said host of infectious Plasnmodium sporozoites. 17. The
phar mace@di callhe sagsortion it obflainZ0nwhergim eqid inecwlation peanséca heedle. munity i s
sufficient to prevent malaria in at | east 50% of said hosts after subsequent
chal | engaan  iyg vadl AROR Uit BFLBARADWiRreid Siid TREWRIG MBASH 4 ARl GRIROSHY, on_of
claim|l erein sald protective imunity Is sufficient to prevent malaria
in at | east about 75% of said hosts after subsequent challenge with a

Pl asnodi @h paiThs ivaeeination kiflo€ Char2ferderdin szd inoowtptisi means iod neddhd-freelbalistic ei n
said protective immunity is sufficient to prevent nalaria in substantially
all of sdV§Wosts after subsequent challenge with a Plasnodi um parasite.
20. A pharnmaceutical vaccination kit for stinulating an i mune response and

conferrirg. prTht&adcination RiMoA Clayimi20 wirepsimbdid inoanigtidimeanshos heedighedsditioane or
nore mal arj a- causi ng pat hogens, said kit conprising a pharnaceuti cal
conposi t i"YABF i sol ated metabolically active, 32

25.  The vaccination kit of Claim 20 wherein the species of said Plasmodium sporozoites

comprises falciparum.

26.  The vaccination kit of Claim 20 wherein said attenuated sporozoite parasites invade cells

of said host.

27.  The vaccination kit of Claim 20 wherein attenuation is achieved by a means for gene

alteration,

28.  The vaccination kit of Claim 27 wherein said alteration means is chosen from a group

consisting of irradiation, genetic manipulation, and treatment of sporozoites with chemicals.

29.  The vaccination kit of Claim 28 comprising radiation-attenuated Plasmodium

sporozoites.

30.  The vaccination kit of Claim 20 comprising at least 1000, but not more than 10,000,000,

sporozoites.

31.  The vaccination kit of Claim 30 comprising at least 5,000, but not more than 100,000,

sporozoites.

32.  The vaccination kit of Claim 31 comprising at least 10,000, but not more than 50,000,

sporozoites.
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attenuat ed Pl asnodi um sporozoite parasites, a carrier, and neans for
parenteral non-intravenous inoculation. 21. The vaccination kit of Caim 20
wherein said inoculation neans is a needle. 22. The vaccination kit of Claim
20 wherein said inoculation nmeans is a mcro-needle array. 23. The
vaccination kit of Claim 20 wherein said inoculation neans is a needle-free
ballistic injector. 24. The vaccination kit of C aim20 wherein said

i nocul ation neans is a needle-free particle injector. 25. The vaccination
kit of Caim20 wherein the species of said Plasnodi um sporozoites
conprisesfal ciparum 26. The vaccination kit of Caim20 wherein said

att enuat 83. spd Er)lg yasicinatipmkih of Cladmi2Qwdhgeein edmisistrationsefi sgidrregiposipign prenents

vacci ngf ![ngarl]ari(al-stg)eahﬁ %t%%&‘g? % yg?c?ﬁo% Jheat i\ﬁ)?&@%:ﬁt@jqkr&ﬁwg@# o4 ?a(ild Hyst ar @?e%ﬂ&sf or

gene vaccl na 1on wherei n_sal
al ter at | QiasRa@ns: sppradonéen froma group consisting of irradiation, genetic
mani pul at i on ~and treatment of sporozoites with chemcals. 29. The

vacci nat i of C ri.si.ng.radiation-attenuat.ed

eporozol ts. Tbe Asinai kit AGERIR 2 iHechit i Pl SH S bhBPTG: g B RRERer R0,

but not m&latlhamewsemt@% hostS RAESHBsGBE callenddWith AQUhARIMpdrhdite0f C ai m
30 conprising at |east 5 000 but not nore than 100, 000, sporozm tes. 32.

The vaccination kit of 31 conprising at |east 10,000, but not nore
t han 50, G0, §ﬁ&?‘i9ﬂ?ﬂ%§‘t 0§§1331§ 20herejm said ReotechKe MmUY iemuificienblomeieat n

adm ni st nagiy ?ﬂn‘a{ leﬁ%l Bt 9P shidHIsR L RYATbS quirR kR4 Aleﬁ%if?/ﬁﬁ' fPIGspRAkP! 09y N

said hosts afrter sequent 1 ntroduction iInto sal i nfecti ous
Pl asnodi parasior ozoi tes. 34. The vaccination kit of Caim20 wherein said
protective immnity is sufficient to prevent nalaria in at |east 50% of

said h05t3% af L[% CClnsa?lgH Ritbr 65‘%'2‘6% re\Aﬁ Eald 8ro%cﬁ§m&1wﬁbp 2 rsé‘t%iic}egt to prevent

malaria in substantially all of said hosts after subsequent challenge with a Plasmodium parasite.

37. A composition for eliciting an immune response and conferring protective immunity in
mammalian and human hosts against one or more malaria-causing pathogens, comprising
isolated metabolically active attenuated Plasmodium sporozoites suitable for parenteral, non-
intravenous administration of at least one vaccine dose, said composition is capable of inducing
said immune response and conferring said protective immunity sufficient to prevent malaria in at

least 50% of said hosts after subsequent challenge with a Plasmodium parasite.

38.  The composition of Claim 37 suitable for subsequent administration to said hosts of one

or more vaccine booster doses.

39.  The compositions of Claims 37 and 38 wherein at least one vaccine dose comprises a
Plasmodium-specific subunit component chosen from the group consisting of native protein,
recombinant protein, recombinant virus, recombinant bacteria, recombinant parasite, DNA

vaccine and RNA vaccine.

40.  The composition of Claim 37 wherein said immune response is therapeutic for a host

infected with Plasmodium species sporozoites.
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35. The vaccination kit of Claim20 wherein said protective imunity is
sufficient to prevent nmalaria in at |east about 75% of said hosts after
subsequent challenge with a Plasnodium parasite. 36. The vaccination kit of
Claim 20 wherein said protective immunity is sufficient to prevent nmalaria
in substantially all of said hosts after subsequent challenge with a

Pl asnmodi um parasite. 37. A conposition for eliciting an i mmune response and
conferring protective inmnity in mamalian and hunman hosts agai nst one or
nore mal ari a- causi ng pat hogens, conprising isolated netabolically active
attenuat ed Pl asnodi um sporozoites suitable for parenteral, non- intravenous
admi ni st #at i olfhetompositeastt (aim Yavkdreia seid sempssitien wiggtss imalasia-spscibapabl e of

i nduci ng ajd i es) ferr] i t i V.e cl. ity
Ut i cf oRerDSep ey foshar A ol D e i Pisdie BB B R hg e Ho e A
subsequeMaspbdldespgtozoltédsubsdduers n® shid sdpiaisaatidreof safd. vaddige.conposi ti on of
Claim37 suitable for subsequent adm nistration to said hosts of one or

nor e vacgj.ne oster doses. ..39...The conpgsitions of C ains, 37 and. 38 wherein
ot Fenat Hne L CPROHEEET ClrHEH o uEerd SBH SOmBRT oA RELes EIaSHBEH component
chosen f paibloB ifdaRbRost QRS mtrodektioh iMakiid BoR oPirédlious PRSAPMLAAPSroPsiRE €l N,

reconbi nant virus, reconbinant bacteria, reconbi nant parasite, DNA vaccine

and RNA walsequeat toaid apénisertipesifsaidryaesined ai m 37 wherein said i mune
response is therapeutic for a host infected with Plasnodi um species

Sporozoi gs. e ddmpd ARACATARRH 17 Pherth siAMiifrBRTEL o Aldle SRITRAAM | ON
mtigates nmal ari a- s%em fic pat hol ogy in sal ost, sal a pat Ro ogy resulting
f rom i nt chobgs fiooma grotp camisting 0§ subofitangviue,atermal smufiubes,rapitieomals pocasab)i t es
subsequent, to sagi d ad{n' nistration of said vaccine. 42. The conposition of

C ai m 37 SHBYSERY), i 4 aREMosi ti on prevents mal aria-specific pathol ogy in
said host, after introduction into said host of infectious Plasnodi um
sporozoi #as JHbs@fAp®itiontof Claih3 Bahérsinshidaporopoitth afedd singlasacies seldated fihia
conposition of C aim 37 wherein §a,i d administration i s a host-tjissue

i nocul at REHOUPABE NG A Hesadi g crmemst (avgogrmates  iaaenie oye.mal |

muscul ar 1Pl&mo?ﬁigrgllowlm%ﬁasmorﬁw 9sal , and cutaneous. 44. The

conposition o m 37 wherein said sporozoites are a single species
sel ected from . ) o )
45,  The composition of Claim 37 wherein said sporozoites are at least two species selected
from a group consisting of Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale,

Plasmodium knowlesi and Plasmodium malariae.

46.  The composition of Claim 37 further comprising said sporozoite parasites invading host

cells.

47.  The composition of Claim 46 wherein said host cells are hepatic and said parasites do not

induce subsequent hepatic cell rupture.

48.  The composition of Claim 46 wherein said host cells are hepatic, and wherein said
parasites induce hepatic cell rupture, wherein said parasites are incapable of subsequent

development within host erythrocytes.

49.  The composition of Claim 37 wherein said sporozoites are attenuated by means for gene

alteration of said sporozoites.
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a group consisting of Plasnodiumfalciparum Plasnodi um vivax, Plasnodi um
oval e, Plasnodi um know esi and Pl asnodi um nal ari ae. 45. The conposition of
Claim 37 wherein said sporozoites are at |east two species selected froma
group consi sting of Plasnodi um fal ci parum Pl asnodi um vi vax, Plasnodi um
oval e, Pl asnodi um know esi and Pl asnodi um nal ari ae. 46. The conposition of
Claim 37 further conprising said sporozoite parasites invading host cells.
47. The conposition of C aim46 wherein said host cells are hepatic and said
parasites do not induce subsequent hepatic cell rupture. 48. The
conposition of Claim46 wherein said host cells are hepatic, and wherein
said pablsit &he bmméimquéllaim @ewherciupaidrgene W@hm@&fs 6] cpaseaﬁqrres g@ne
|ncapable of .subse Q

compost t FRTPSPE AT EASm, BV E RETEM ) o et S P iR sbByteans 1 or
gene alteration of said sporozoites. 35 50. The conposition of C aim49
wherei n $aj d Fheeompdsitioatdf QaireS o msisitgasdiatidnraeheatgl Plapmodionsperokdigs.of
irradi ation, genetic nanipulation and treat ment of sporozoites W th

chemi cal 51, . The co 05|t ai m.50 co risin adi at i tenuated
Pl asrodi 9t ap 36 SaTREon aps a8l wiEaerE Bl ogteEa G R B

Spor 0zoi iRRq@fds. rradiated while within nosquitoes. 53. The conp05|t|on of
Cl aim 52 mhereln dosage of attenuating radiation is at |least 12,000 cGy and

not nore than 23,000 ¢ 54. The conposition of C aim53 mhereln sai d
radi ati of3att Ehammmltwﬁgémm?pwbﬁwﬁﬂp@agﬁ f atienuaty radiptionsis at feps 12,000

conposi ti, ggagggg{l%@tﬁa%fmrd@nng at least 5,000, but not nore than 50, 000,

sporozoit e conpositi of Claim 38 wherein one or nore said
boost er doses conprise at |east 1000, but not nore than 10, 000, 000,
spor ozoi tés. e cahposgipmpysilaimo¥s whereih spichr Stiatiomeatiehvating dlogage ipprexistato
boost er qg%ﬁé &onprlse at least 5,000, but not nore than 100, 000,
sporozoit Y.

55.  The composition of Claim 37 comprising at least 5,000, but not more than 50,000,

sporozoites.

56.  The composition of Claim 38 wherein one or more said booster doses comprise at least

1000, but not more than 10,000,000, sporozoites.

57.  The composition of Claim 56 wherein one or more said booster doses comprise at least

5,000, but not more than 100,000, sporozoites.

58.  The composition of Claim 57 wherein one or more said booster doses comprise at least

10,000, but not more than 50,000, sporozoites.

59.  The composition of Claim 38 wherein one or more said booster doses further comprises a
Plasmodium-specific subunit component chosen from the group consisting of native protein,
recombinant protein, recombinant virus, recombinant bacteria, recombinant parasite, DNA

vaccine and RNA vaccine.

60.  The composition of Claim 37 wherein said vaccine dose comprises at least 1000 but not

more than 1,000,000 sporozoites.

36



58. The conposition of C aim57 wherein one or nore said booster doses
conprise at least 10,000, but not nore than 50,000, sporozoites. 59. The
conposition of Claim 38 wherein one or nore said booster doses further
conprises a Plasnodi umspecific subunit conponent chosen fromthe group
consisting of native protein, reconbinant protein, reconbinant virus,
reconbi nant bacteria, reconbinant parasite, DNA vaccine and RNA vacci ne.
60. The conposition of Caim 37 wherein said vacci ne dose conprises at | east
1000 but not nore than 1,000,000 sporozoites. 36 61. The conposition of
Claim 37 wherein said protective immnity is sufficient to prevent nalaria

in at |egpt abidondUrtioh of 8ldimBoSiterdh bad p@%ﬁeamﬂﬁnmalshm@%twaéaem

el
Pl asnodi um parasite. 62. The conposition of C aim 37 'wherein sai
pr ot ect | wmelarimiruatileast about 83%iof baad hosthaltar syhspquenhehaliengs with & flgsmadiumal |y al |
of said B{ggst.e after subsequent challenge with a Plasnodi um parasite. 63. An
i sol at ed®® et abol i cal | y active, attenuated Pl asnodi um sporozoite parasite
suitable for formng a pharmaceutical conposition with a carrier for
par ent er 2., nbie ¢comtpoaivien ot €1 Bi7Nitereiabaid protestivelinprhemityeis sufficeat toquesgosi t i on

ot ©y "ol o SRR R SR v R Wi Mo e

| east 50% of said hosts after subsequent challenge with a Plasnodi um

par asi t 63.64. Abls@l4dd, ARtadohtdligallive, agénuued Paish@duat §drd2oRs paaditeruitabds HEoi t e
parasites in the preparation of a nmedicanent for the treatnment of mal aria.
65. Use Hemdied plyrmercetical Gomnposiimy witha sereiosparenteigh ngn-iMEvaNGisdi cament i s
par ent al #i Thnd atib t i ltind! j 6.
Dot accor bt AU BARB AL R BibOT: Abatfof diplingan (AGNE RelBREAEY, o
one or npuferivgpoitentive oostieity thos@smalidn anddheman bostsisuffjcient tCipedvantGdalaiesinei n

sai d nedi ga o, further includes a Plasnodi u eci f,i ¢ subynit conponent
chosen 1 PR Pevsgt St ot AR et HETEDE e RRFoub M HEne “pr ot e n.
reconbi nant virus, reconbinant bacteria, reconbinant parasite, DNA vaccine
and RNA 6#4.accUseof h&abdlisellypatioedittegudtal hsatiod spdiezrottepamgites ingle cament i s
adm ni stered hy a hos&,-ti ss?e )

preparation of a medicament for the treatment of malaria.

65.  Use according to Claim 64 wherein administration of said medicament is parental, non-

intravenous administration of an initial vaccine dose.

66.  Use according to Claim 65 wherein administration of said medicament includes one or

more vaccine booster doses.

67.  Use according to Claim 64 wherein said medicament further includes a Plasmodium-
specific subunit component chosen from the group consisting of native protein, recombinant
protein, recombinant virus, recombinant bacteria, recombinant parasite, DNA vaccine and RNA

vaccine.

68.  Use according to Claim 64 wherein said medicament is administered by a host-tissue
inoculation chosen from a group consisting of subcutaneous, dermal, muscular, epidermal,

mucosal, submucosal, and cutaneous.

69.  Use according to Claim 64 wherein said sporozoites are a single species selected from a
group consisting of Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium

knowlesi and Plasmodium malariae,
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i nocul ati on chosen froma group consisting of subcutaneous, dermal,

muscul ar, epidermal, nucosal, subrucosal, and cutaneous. 69. Use according
to Claim64 wherein said sporozoites are a single species selected froma
group consi sting of Pl asnodi unfal ci parum Pl asnodi um vi vax, Pl asnodi um

oval e, Pl asnodi um know esi and Pl asnodi um nal ari ae, 37 70. Use according to
Cl aim 64 wherein said sporozoites are at |east two species selected from a
group consi sting of Pl asnodi unfal ci parum Pl asnodi um vi vax, Pl asnodi um

oval e, Plasnodi um know esi and Pl asnodi um nal ari ae. 71. Use according to

Cl ai m 64 said sporozoite parasites invade host cells. 72. Use according to
Cl ai m 73 70her @swa@ar@méﬁamﬂ wherein saispsppiogoitgs@resailepspiavoaspeeiesselpsted drom

i nduce s . pats X . pil. i 1 im71

wher of n* AGEBES i HERE Pt PR, oo BEEWHLRRILA ST, T (S

par asi t e Plash@tlivnciooteshapallnonadilm nalpiaer e, wherein said parasites are

i ncapabl e of subsequent devel opnment within host erythrocytes. 74. Use

di t i m 64 wherei it tt ti ' hi db
For gene T\l t SPHFBHT COrir Shobbrrte PPt ot 6y (o 1ot m 73

wherein the gene alteration neans is chosen froma group consisting of

irradiati7zon, Ukaedcotdingsdl PlainV3 ahereindid Hosedelie bite hepatimdadidi fatisited domot

chem cals. 76. Use according to Claim74 wherein said treatnment further

i ncl udes Rdas sbseRerthepptipgedduPteas nodi um spor ozoites. 77. Use according to
Claim 76 wherein said sporozoites are irradiated while within npsquitoes.

78. Use agcor ¢ishgecoRiifg & (aifP 7 WVBERINhodOS&Ae Bretlepatic SiHaid MAdicAHR AR, | S at

| east 12,000 cGy and no nore than 23,000 cGy. 99. Use according to Claim78
sai d r adiizeiydss parasites that indycalepatiecdllruptuesy iwherein said pasitopare Gycapatdeof Use
accordin I erel. i onprises at |east 5,000, but no

nor e tha%ugsg%u%g%&eggg\@@tz%@lgg.aagg}ftﬂ%gge%ccordi ng to Caim66 each of one or
nore sai d booster doses conprises at |east 1000, but no nore than

10, 000, 000, spise awordimsto Claim 64 wherein sporozoite attenuation is achieved by means for gene

alteration of said sporozoites.

75.  Use according to Claim 73 wherein the gene alteration means is chosen from a group

consisting of irradiation, genetic manipulation, and treatment of sporozoites with chemicals.

76.  Use according to Claim 74 wherein said treatment further includes radiation-attenuated

Plasmodium sporozoites.

77.  Use according to Claim 76 wherein said sporozoites are irradiated while within

mosquitoes.

78.  Use according to Claim 76 wherein dosage of attenuating radiation is at least 12,000 cGy

and no more than 23,000 cGy.
79.  Use according to Claim 78 said radiation-attenuating dosage is proximate to 15,000 cGy.

80.  Use according to Claim 65 wherein said dose comprises at least 5,000, but no more than

50,000, sporozoites.

81.  Use according to Claim 66 each of one or more said booster doses comprises at least

1000, but no more than 10,000,000, sporozoites.
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38 82. Use according to C aim66 wherein each of said one or nore said
booster doses conprises at |east 5,000, but no nore than 100, 000,
sporozoites. 83. Use according to Claim®66 wherein each of one or nore said
boost er doses conprises at |east 10,000, but not nore than 50, 000,
sporozoites. 84. Use according to Claim®65 wherein said nedi canment further
conprises a Plasnodi um specific subunit conponent chosen fromthe group
consisting of native protein, reconbinant protein, reconbinant virus,
reconbi nant bacteria, reconbi nant parasite, DNA vaccine and RNA vaccine. 39

82.  Use according to Claim 66 wherein each of said one or more said booster doses

comprises at least 5,000, but no more than 100,000, sporozoites.

83.  Use according to Claim 66 wherein each of one or more said booster doses comprises at

least 10,000, but not more than 50,000, sporozoites.

84.  Use according to Claim 65 wherein said medicament further comprises a Plasmodium-
specific subunit component chosen from the group consisting of native protein, recombinant
protein, recombinant virus, recombinant bacteria, recombinant parasite, DNA vaccine and RNA

vaccine.
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