- 1 - PURIFI ED PLASMODI UM AND VACCI NE COVPCSI TI ONS BACKGROUND OF THE

| NVENTI ON Field of the Invention [0001] This application relates to
purification of eukaryotic pathogens and parasites, particularly,

Pl asnodi um sporozoite-stage parasites. Mire particularly it rel ates

to substantially pure parasites and met hods of preparing and using
them The application also relates to vaccine and pharnmaceuti cal

conposi i ons of PRIRIFIRES! PEpE T H5)FARTS VA CONPESITHENS bot h
attenuat ed and non-attenuated, and methods of using the conpositions

in vacci nes and other preparations to prevent mal aria and ot her

di seases, treat diseases, and as a neans to infect volunteers in the
testing of nmalaria vaccines and drugs. Background Art [0002] Mal ari a

is a disease that is estimated to affect 300-500 m|lion people and
kKills 1-3 mllion indivi LY el I enor nous
econoni ¢ i npact on peop|gﬂﬁiﬁﬁﬁ§5§§$§ﬁ35ﬁﬁﬁgﬁiﬁYgﬁfE@EEcia||y t hose

i n sub-Saharan Africa. Plasnodiumfalciparum accounts for the

majority of deddbsthknerentteharia in the world. The World Touri st

Organi zation reported that of the nearly 700 mllion international
tourist (agetjval s raonsiaRatar kdikde iporifQH0n FPRKaNbIBpRIGgéhsMhdd pabsites,
were to West, Central or East Africa, 37 mllion were to South-East
Asia, 6 mil | iPdricigrigodtiesmmeign Sparoroithitrgs parapigssOddansi Rartipylarly it relates to
estimated th : Lca, ;
and Japan co%%?ég%ftilg%?%%i %Q ?)Sgrgsoilécg?ﬁ.é%:gg% of {e@@%ﬂﬁ%ﬁéﬁ%@gﬁé %‘E‘!ﬁi{pﬁg@a‘“’"
every ml it amsocahpai gnvaomduotdephanneseatica | canipasitiess bf ansfitd spatpzdite Sitage

forces have d re casualties frommalaria than fromhostile fire.

A osti mat oc TSGR 08 s B TGHFO BT 671 GOp AUgMg. HBS MO 71 iihe
1.2 million dombbgtidiien\iaetingdmrosthtd siepAsteonk Qo Rdvafid Ralaria and other diseases,
[ 0003] Transm ssi gn of the Plasnodi um parasite occurs through the hite
and feedi ng &Fat difBessednd enameanniggRlriew et it hedesiing oh matasiagaesipes and
from dusk togsdawn. Plasnodium at the sporozoite stage of

devel opment, mgrate fromthe bite site to the liver, primarily via

the bl ood stream where they nultiply within hepatocytes, producing,

in the case d&¥ackground &rt. f al aparum about 10, 000- 40, 000 progeny per

infected cell. These |iver stage parasites express sonme proteins

whi ch arl@0Bdt expMalariads atdiseprs thaioy Griniated te plieps 300 0§ milldios peqpde and kills 1-3
parasites re- r.- k. | r S r | tes 2SS] S .
oot oi ng. whi SR g Rl bt f AR IR T AR Foo L FRE n $90e i e
sporozoite addveaiihy Wepht éspedilfgelsose aind subh¥ahd @ane Byftidd. oRMSB&diumhRiEparum
additional nultiplicatjon ingreases parasite nunbers by approx] ely.
10 to 20 fol &Cféw_gﬁsy%&éhmwgm_ymﬁs Al s mplsnieolny g ‘_das}g-dﬁ ﬂ%%ﬁ@{a _erant
in the Iiver Orgmimoé%%ne@that DEUE @AY 7RI A BitePhatishARSurt alf@hRkdcdrded
untreated bl ood stage i nfection causes henolysis, shaking chills,

hi gh fevers, wardwgicowt 2¢00; epproximatdhe Scanidikorofer, tof Wiesti Sgnimah ort Bast Addea, 37
danger ous of 116\ (J8hA0-FIRRGLT Bl AT MM, LARN0 GAHRE DYTBRa 1 ic
di sease (P. vivax, P. malariae, ari BHEVErE SRAOW esi can’ al €8
cause human dithrasklat mbtwe thas eHEE00 sawbrp/ficea Mgt Wnthrss UBliops, &fd Japan
nicrocirculatorF blo?d.fIOM/and met abol i c ﬁganges in vital organs .
such as the BPHAS MAdRepE ¥57d Fempgere thasgllenysays durrg Ryery gnlaly Fampaign

not urgently cbrR@lc8dvhdrO QM ANwES hi8kdnliNEd, MARC FiIBesOe 1Rl Rorel QKM UBm
mal aria remai ns one of the great challenges of nedicine. Despite over

one hundred ywéari than dfoiro hostil$ dinel rAvd sstohated 12,00M800 perderi Hayssweng lost during

research, Ii crifice. . fromdedi cated physici,ans and.
o ontists, ARgThES g LERNCETEEbERI SR ORISR s o
mar ket edoos¢ci ne Teanghiseloh alfehORsRbdiliagistabedund gedighllie SoOUhd &Rdipg of
humani ty.
Y infected female Anopheles mosquitoes which are active from dusk to dawn. Plasmodium,
at the sporozoite stage of development, migrate from the bite site to the liver, primarily

via the blood stream, where they multiply within hepatocytes, producing, in the case of P.



[ 0005] A generation ago, public health initiatives enploying

chl oroqui ne, DDT and vector control prograns seened poised to consign
faki parummalaria to insignificance as a worl dw de nenace. The | ack
of an effective vaccine conplicated these efforts, but sustainable
control seemed inmm nent. [0006] The pronise of inpending success was
short-lived and the reasons for failure were nulti-factorial. The

BT or dabl e ant i Tiaht NG AT Bost R pisnioled ol RIS B sragp emasics

and trans- ni gipiesOBomdProtéd waRANRE NGt Sk REsdat hﬂhe@?%ﬂﬁté §isgeLaal Ras Ytage,
nore comon in endem c areas of the devel opin As a result, P.

fal ci par um meieEasies FeeiRr g bloazﬁlrﬁﬁr&mpy%plpa‘em@s,aqxpr@agg somg pioting avhich are

humans at ri
mllion peopﬂgffe@%%@%ﬁgggx @g%FQPMI%gQ@G ﬁr@{oﬂ%%@? F %ﬂpﬁkﬁ%{ a‘} Ltg%g’ didtnvade
political probytbresytehatwihdré | iadditivhal dewliblbition mmrbasles Pparksiteci patibeis by

mal aria is increasi Y ~S bot h r oot crue |t of

t hese i nequi tFPRYH aﬂ%y 191 92@ ia@u vErY ¢ nyﬁfﬂf% \}P heh %Ye‘geé{uhpmem n
conpl ex pr 0b|tEéTEverG@HIE:h @béslrﬂﬁuﬁucé ﬁfé)@@}ﬁ&ﬁ@ 6@1@' slof pdalarfaN@niElaNa bR RId NG ee
worl d may not, be possible - - wthout an effective vaccine. In

practice, gi velsctigicgagses hﬁ@lol}tslsc%hﬂkﬁlﬁ@hébobighrf@eﬁemq Rrpgetione bk iceseeof P.
t hat a vacci o [ 0

orogr am - and” a8 b8 S8 36Resfle SERRDRA ol oAU bF AANLALRP B Bhuse
[ 0007] Duri ng huhmnldaﬂ;aseZ(? yoax,sP. rvnslbrmemar}t tovelk f[Br kndndssi baemiscs past hofhan
identifying tf i,geni c subunit,s of th asi whi.ch conf er
immunity - u S(?Fste nél% fliscasq iy fiO rp%lécﬁlteflhbé'ngé%ﬁrl%"f 9{. ReCPEElaiary b?ﬂﬂdsﬂow and
effort and t heetatolie BHaipks & \flifa! Stighid ©8h bdithd %ya@;h CitEHn@Qs ﬁldslt!h%laﬁk@enﬂy leading
vacci ne have been descri bed (Nussenzweig V ussenzwei g,

Adv. | munot to@g@gg“pong'gmgggreggﬂ Hof frman S. L. .et aI | n: Hof f man

S.L., e laria Igg;!ig
Appr oacﬁm(] 1996) Was Fﬁ%dtﬁg?l %}!&J&Qggﬁgﬁ %r es s)L dre %égﬁag??’ ne Oféh [ 8" eat
and L.H M | Ichallenges ofradfdfomen IE:spltqz o on&/hlhraimdaye‘mw effert,emddedpomilliora of

Mul ti -1 mrune onse 96) \\a ASM Pr ess
op. 1. 13; " Ep iR I oA G s ARCE o et BPisictans sog Bients 33 many
Richie, T.L. p&rﬁsm§ad:tber1rhattw&ccxﬁ8§(@ﬂe)re 4 86 @r%ke?é&ﬂzaccfn@oc@&hgﬂﬁie%r@r&' the
continuing effo rtz cgpy produce subunit mal aria vacci nes. Typical of

such attenpt ¢ 515‘3@%“88%0*'(}{9“9“1‘5 766,597, issued 6/16/98)

di scl osqggpsieconbian \ t f ' CON

For one 1o hor o ol Soanfe s BuRERAL My IRy SRRl el B
t er med NYVACVBStIL coptrekpropipms sednodd passed tgpotnsighif@bpamadramilariy acinsigeificance as

Sunseauent * ekl fdihe CRRENEHY: Y Sl 9abr Lot SRR ctons, bu

[ 0009] Si m | arhgtaingbdotdndiol saimdd dameestibuni t ci rcunsporozoite VaCCI ne
was propi%? (il and igentlfled as RTS S/ ASQRA (Stoute J. A et at

| nf ect @] (199d¥e P?‘Smsﬁi’fi@mﬂ@l‘) INZrPRCCESS SRSt @C’Hfhvteﬁé‘nfjlth%fe%s@r dg5lure
field trial qferd Huki-¥RERINS ThE paRSindsOktewYiRat

Mozanbi que vvaserre o;ted aAI onséﬁﬂl ° Q—g‘{v 1at ?.ar%qjy %Sgaggﬁ?higﬂly effective and
364: 1411- 142efiomkblagati-nRldrial artedraatlcm;metor G@@@&)neaﬁﬁeszaﬂsﬁd 204 8zns-migration,
Epst ei n,

woreCthe T s upef ndpeopl! iG] aereasinipty fadte <SRt i BReRl B of the

J.J. etal. (2e&ljpidhaolanesta B4k, PLEAGpdabilmalBed fdur b, @huAly iﬂ?&%ﬂt least
NEJM 359 2521 32.; Abdullah, S et ab@g2008 NEJM 359 1 2533-

vacci ne has dendider himaans b gisk+ caysins S9Pi908 rallianciaiptiogspandkitking kg million
ot her hand, e t f f t

radi ati on at ?gﬁ)&gt Qgﬁ%p%?& z%:a%agsec%]ﬂﬁ? ?véél?e%hﬁ{&ﬁﬁu rra%%f({)%? EF%’%% Satﬁét affict
nmosqui t o ex pdmﬁeaelapndg t“@rl&ian&!czmmsrtz sndbaria inincesasinglysedr aswhoh a root cause and

i nocul ation) in, co n h 1 evel.s of otect .ve inmmuni ty when
) cruel resﬁll %thesg mqultzes ang 1s a smg% ar 1mpe iment to solving these complex

problems. Controlling P. falciparum malaria in the developing world may not be possible



- 4 - inmportantly attenuated Plasnodi um fal ci parumto human hosts)
was an early mlestone in the quest for a suitable vaccine (Hoffinan
S.L. et at, J. Infect. Dis. (2002) 185: 1155-64). Eventually, this
led to efforts to explore the technical hurdles which present

thensel ves in transform ng these earlieB-observations into a
practical vaccine appr oach conprising aseptic attenuated sporozoites

Luke, T.C & S,.L Bi ol 2003 06:.3803-.3808;
bof fran, S, L gy B el e in Sl W sockpalissalaang promic realites,

Publ i cati on 200%elRAR8M48 a) vactine hasy dks@ kRehtlad cbﬂ@b&%%@ﬂ 4 RtR4iRMe control
generally in the utilj t% of vaccines utilizing attenuated sporozoites
)

(Menard, R., RR§EPe be geqired formglobajgragicationcampaign. at Sci ence.

(2005) 3yD28- 53
Par as! t g@_ﬁ%‘gom) %un\%gtﬁg f’lLaZS%S m 3 n%LFresgS}QI? effggth’as %e%eWem\%nC 1dentlt;y1ng the
(2006) 5: 473-ap8gsniEpiueitnef the Parasite which $upfea)mm[1ﬁxqu 1]11ﬁnhmﬁateip,dseﬁh teks than

hat at t enuat i LR 820 QL B (PRgof AUFER S AIGai QR APIOE & Sultble

Pl asmodi um benglitd hiveVeat i chibaagNaghMsdig K., DangRes. N{ﬁhe@a&w&gﬁﬂ@mﬁm%oz
aL US Patent 7 122, .179: Mueller et at Nature (2005); Mueller, et

PNAS (2005) (1980 45:) 383et34atHeifnan (Sbos) ok ol Haffman $hoey: Migerie sVaccme
US Patent 7, L

Receﬁt |e3 gen?&cégéf’gngngg%@ uﬁ% }éggﬁog’%z’q ée%ngo .) %&gl%%l% uPn as},‘L SM

be di scl osed BressypsShels; kloéimaatS. PLan8 ICNEMIHQ‘QB]) Rife3maR).;, eV avBlasii Wdecine
t at PNAS. 012]Sim | ch tt t P, nodi u

be descr bed HBIPRAPT. & Midh-PRtits Roingiin, iPpa60s) 001 BAIGBs0m Do) ASM

et al Vacci nerés20g8)- 1355143*3@9 -J38 )et al, LU BpirOMoR e 4280 B |95 12- Eiﬁ‘f’r&élﬁé)qq, &

met hods of cul turing unpuri re arations of sporozoites and

i ed
i nduci ng paraﬁslslalél PW%r@QP(ZDéH Jaxenic liver stages (Kappe et aL
US Pub. [@6¢¥p/ 0233438k ard &Qﬁlﬂhﬂi?%ﬂ%&tﬁﬂﬂ ﬁ%d@e%ﬁﬂlﬁﬁmal%gé) VichEel c’jlfy(rafctapof such
certalnllmtatlons For exa | 'e sporozoites delivere 0
human hosts jtewpls, Briolasti of ala(lﬁﬁsﬁ}ﬂﬁﬁ ﬁﬂbmwda&/&/asﬁ difclase tai re@nibiimann pox virus

response agaln a et hod. of . del |ver is.clearly not a.
practi cal E%m?%r B&&c g’o %O%{wﬁo ﬂ“&tﬁ% % R é%l CEFNPBY ‘%E’fq proteins,
agai nst mal arimcﬁudmgidntmmﬂahneﬁlt tetine8 NYIVAICCRL7, hedsiily @skfilOasth PéRntifla¥Slaria
suggested that the §E| ivery of attenuated spor ozoites_ to mce

i ntravenous| Y2 aPWse@enkiostingeof (ifferamatsncs prryed e hp slisgppaiting (Eiclenhouse,
(e.g., intrarusGLA) mkd: 82 ot. An intravenous delivery
met hod however, is angot no{?gg;ggzﬁvcall?&??ﬂa mal ari al vaccine is to be
del i ver d80&% nurreﬁoméarlyndnmhﬁu:an@dm wethundti agumbgporakoén vacuihet Was proposed and

costs, and pittEREL RIS ARSI TR £95 4y bR i DEBRE R 412 The

usi ng such armatthoﬂ theTfirds Phdsb e¥befisldigrigl dfetﬁiﬂ vabeihid\én Bfid-foup y@a[rQMﬂ @Ril@8n in
effective malarial . vacci ne that E ovi ot ective |inmmunit

t he vacci ne (hz 1948 WasiTeRsted 4 érr F by L %CGHE(?H%S364[16%1L@]"2C\N&1HHSO
regard to consi eLATLARS (ﬁ@GS)hH@QmM@l%l Eﬁs%emtﬁ@ RUl 'S{qyraofhcfl%e'l‘l, F. & A.
i munogen and the presence of absence of hon-speci atten

mat erial whi aulndyprajeas wengitegeesilts afotheoRhase ab ﬁel‘duﬂalhmmmse(mppaﬂe Ji. etal

i ssues whi ch t s sol e l,s t

spor020| te pr(epafg?]%oIﬁ%{cgaEsﬁﬁsey 3|b1ﬁ5%2t SRS d|e§c @Q@é) %-g\?/l\é[ ?%2#5??&2
cont ami nat i ng\bdoilatoSher a/aRUes)ANBIMNEEIe26533-44. TGS €acoRs s HRQEndtAtddNBodest
art to devel og)ésporo oi t e-based vaccines, particularly in humans,

that enpl oy REBFHIVES “9°¥orepared, sterile, purified preparations of
spor Ozogﬁ(ﬂ%l for ugR B HMRGCHAE, BRMPASITkAMR: ofgﬂféhef?e%ﬁ%deﬁsabf ¥vhole parasite,
prepare purified preparations of sporozolites nm

ef fective t haadiation-affemiatddegpormzeipar(deliensl tvxmamaalhokts by epssyaitd aqmsmre and to

adm ni stered travenous el ver ods. . 0.., )
am¥narl1?msts y intravenous (1.V.) mom}iat%%s Qn confer(n%ggmgh levels of protective

immunity when recipients are subsequently challenged with pathogenic parasites (most



-6- 100181 I n an enbodi nent conpositions of substantially purified

pat hogeni ¢ Pl asnodi um sporozoites and net hods of using them as

research tools, in clinical testing, and in prophylactic vaccination
regi nens are provided. [0019] Conpositions of live, infectious,
attenuated, substantially purified spordzoites, as well as dosages,

regi mens and routes of adm nistration to human and ot her manmmal i an

subj ects are

parasites in leégﬁaﬁlﬁgq terglg%%g]r%g\%og&ﬁ ﬁ?? "’Z‘g‘i. cu{) H%%?Sg Si %ese"gg’ Pigtone in
sporozoite stt]aug@wm‘fodemtabmdzme &mfﬁnmas aseﬁceermfeaszi c;HlOlZ)/lmtIllS!i%M).
i nfectious, free fro conta rial. In .
anot her enbo %JIP% ® E’Qg Pt tp £¥plgred %Eeélﬂﬂl?aégﬂ%a g&!é%d?‘%??m thgmselves

anot her e”bodllaﬁﬁﬂxtmm% hBes® RAKIRE QJbk@FatRing i8df b iRactiBhll Vacgiht ea@?ﬁ)raﬂg cBl%pnsmg
prevent devel opnent beyond the |iver stage (mature schizo stage)  of

the parasiteapptie #ipanaied [spoPgites EabendrC.dniSdai Heffimanndt Hxds Bick, (2003)

provi ded for ctd ve it

host s agai nstzeﬁgpgjr ?%d%ga}ggs yg’]\é/i’ I‘-a’%lg?fgdi%ﬂﬁ# Qégg?%@hj Sghg??g’i%zgaand us.
providing |i \P](cablmm:)mhmiémfﬁﬂ% pdt hias @lsoiled @ohéreassd uﬁéréﬂlgezwrﬁtj/ in the lltilllty of
sporozoites of a Pl asnodi cies in ex and_su nti al
Poe o att elAHes HATARE RCTRa0 SRArrtet OV B Nt O0GM a0 e Tof: Watks,

sai d sporozoig p. RF eRaIR}cn6N) (2@0§)a'3@7|39§-t530 k%anvPth%oigi'Iﬁabood Int. J.
mani f estations of malaria are gr evented and t ‘host is protected

f rom devel opPAgsirli(207 34170871 SuBedyuentt %XEMECW O/ aseinpro Pty 5:473-481;
Pl asnmodi um sparoz o e‘% anSu ?d speci es. [0022] I n another enbodi ment,
met hods are provi de fying netabolically active, infectious
parasit ¢8011parti c(ﬂﬂwlrlnyodé’sa)sﬁ reteliuations peveoaleo theen Bymatsawtedli g @ample, It was

agueous pre- p r|f tion eparati on c ri sing sporQzoi

at t endant noﬁ hﬁgﬁtfetnéatg‘éﬂg‘??%‘tcs Eeélﬁ@gglfﬁo&} g 35 1?1‘2;°£ ﬁé’smogmm berghei
preparation ﬁai’U’tQiﬂthlcé agﬂhs’c()’f b&gBA retgalKlape il tws Pat&R VOO udler 8 al.
first exclusion filter with a nom nal %ore si ze capabl e of retaining

att endant nafNeRIra(200ak Jdvelich 2n 24 FNAST(Z9RS) avar Bik éwfnﬁN%s §4198) bf2: 121@4-
sporozoites; dr X I h r

capabl e of ret aﬁl ﬁg&%}?t éﬁdglrl#ﬁﬂng?g{) |1§a$ %%éedr e{iﬁgn aétg: {qﬂg Mﬁxﬁr 2007)
and al | owi ng Rpasﬁla@ncﬁc tteeudpar afztbe spepzars of . galtipameh BisZiee disclosed (van

et aining suverae o PhSS A QBB b G A gl as 1 o

m crons [@od] al | WSS Sli’@ﬁcﬂfatfeﬁﬁitﬁﬁ@f%wn&ﬂﬁzm $bBE ABdctiBed YPurcell ef ol
purified sporozoites are | ected on a collecti ng filter with a

pore size capBttelmspun. (20?)8)7@]\49%[1994 Pigeelhet ak ¥arcined 29083 26:4R80- Bﬂe _
p!.ll’l fi ei ‘g@'rr 0Z0i by 8 at ?ﬁbo%sh‘?oetdhﬁl@th%hy dcu t{nq{@ tupg ﬁ&g%%g%nesr of

filter esuspende ired concen
enbodi ment, ecporpastes avhmduses phraixwrdlffatmmanomtngxtrim heérfstagas:g(apfpe et al. US

mal ari a- re! akgg&{[}gg@gﬁgg}vacci nes are provided. The conpositions

conprise live, |y purified, pathogenic Plasnodi um
par asi t ¢s014BRI EF DERSERGET |diddudsed hbbveDRAMMNGCIELi WRERtions. For example, while

sporozoites delivered to human hosts by the bite of a mosquito generate an effective

immune response against malaria, such a method of delivery is clearly not a practical
method for vaccinating a population in need of protection against malaria. Additional
studies in mice, referred to above, have suggested that the delivery of attenuated
sporozoites to mice intravenously are also effective, whereas other means of delivery
(e.g., intramuscular) in comparison, are not. An intravenous delivery method, however, is
also not practical if a malarial vaccine is to be delivered to mumerous individuals

(including children and the eldery). Intravenous delivery has increased risks, increased



[ 0024] Figure 1 - Photo-m crographic observation of crude and purified
preparations of PfSPZ (Canpaign 3). Photo-m crographs taken at 200X
magni fication. [0025]Figure la - Before Purification SGVM = 837

ngl25, 000 Pf SPZ (Sanpl es were adjusted to 15 x 106 Pf SPZ/ nl)

[0026] Figure Ib - After Purification SGw#= 0.23 ng/25, 000 PfSPZ
(Sanpl es were adjusted to 18 x 106 PfSPZ/ mLl) [0027]Figure 2 -

Phot o- mi crogr, i ki, 9 0
P SP2. (Canpal oh s PRRERAL R RS il U G o8 dadsiet REERALIEL iblRa *Ths,
[ 0028] Fi gur e tlxae -wdBed oreed F?ulrthé iagtato pmv&deSﬁﬂ\/szﬁdnwgﬂﬁﬁn@lO@adEfnSPmat provides
(Sanpl es were dustedt 78. x 106 Pf SPZ/ mlL) . [ 0029] Fi ure b-
After Purifi @5‘% %’ﬁ'e lm%:y GV h@? th&’_f%mﬁ(%n% @D(S%éﬁ%we t}l’j%jtgwed
to 16. 71{0&1 06 Pf SR rebhrd BQG3Q4ifRBIHR 8r hurPhrRURcHRE Ghd | bﬁ‘nt?W 1R Fhrfnogen
of PfLSA-1 faI ci parum spor ozoites versus 3 day |iver Stage

[39

par asites). 3P FPIgERnEe 3¢ Abppgpofi peberidly, vittehdaah maftetial pibBh may be
monocl onal — aniihg %’emcl 0P36liE 'agé”fﬁrtl”r)btﬁ[ﬁé ?Egss{x&c ?cﬁ'Leﬁl ﬁcﬁ previgusly been

anti-PfLSA-1 polycTtonal anti bodies ure
st age par asi tresshiedc Idpktteaatishtdtedbsporozbite SRpdratpasy ad usaain aurhesbmwueﬁd above,

contain contaminating and other attendant material. There was a need in the art to

develop sporozoite-based vaccines, particularly in humans, that employ aseptically
prepared, sterile, purified preparations of sporozoites for use in vaccine compositions.
Such aspetically prepared, purified preparations of sporozoites may also be more effective
than non-purified preparations when such preparations are administered by non-
intravenous delivery methods. (e.g., intramuscular, intraperitoneal, intradermal,

epidermal, mucosal, submucosal, cutaneous, or subcutaneous).

BRIEF SUMMARY OF THE INVENTION

[o016] Disclosed are compositions of live, infectious, substantially purified sporozoites,
particularly Plasmodium sporozoites - attenuated sporozoites as well as pathogenic
sporozoites. Also disclosed are methods of making live, infectious, substantially purified
parasites and methods of using compositions of substantially purified attenuated
sporozoites as vaccines to prevent malaria. Also disclosed are methods of using purified
pathogenic parasites useful for assessing the effectiveness of antimalarial drugs and
vaccines, and in comjunction with antimalarial agents such as chloroquine, useful for
conferring protective immunity.

[0017] In an embodiment, methods of using aseptically produced, sterile, infectious,
substantially purified, attenuated Plasmodium sporozoites to confer protective immunity
against malaria in human and other mammalian hosts are provided. Such methods and
compositions can be used to confer protective immunity against malaria caused by P.
Jalciparum and other Plasmodium species, without complications which may result from

the use of unpurified preparations.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0034] There is presently no

FDA- approved nal ari a vacci ne. However, results published during the

| ast 30 years have denonstrated that adm nistration of radiation
attenuated P. fakiparwn sporozoites delivered by the bite of greater
than 1,000 P. fakiparuminfected nosqui®oes provides sterile
protective immnity in greater than 90% of exposed - 8 -

individ for a ; i i i

20l at et bt ol e e o S R Y QAR en kR
as these obseparatdisnsindi gethodsav usinghem he yegthth ntodlss iy gesital atestmge amd in
or an obvi ous g’gplr oach t.o tdeveli(&)%ipn a mal aria vacci ne, because of
several techRT®V 2R AeLBaHITER E%‘eipé%‘? ing and purifying

spor ozoijp@9] and dQoR@osiBont sialvedmEdRtibss, GO thicd iBstaktiAlly PRFTBI Srord¥dItks, as
by a nunber of scientists jndicated that excellent protection could
only be achi &e8cpsidestass meaigsss ﬁ%&ut@ﬁt@mIIBW4tlﬁﬂﬂ%$m§“d other mammalian
adm ni strati Qyioks %%mgd sporozoites. Because parenteral

non- i nt ravenoué routes of adm nistration conventionally used in human

i mruni z40020h, e. gln subemb@imeenispaifitdi Rlasamaiseupassiicndo ubxaipian , ardiptovided,

not lead to ad e pratective immunity in this nmouse. nodel, syste

't s ot c SRURHBHE ARIIES b e SPOIOHINeTHgS e Xii b als MgoH e o leally
vacci ne for hepRDSinfdstibls, Zandg sabsi@iisRy "REE! frdy St@MhiRalt ntGRaNS ifofBther
nore anal ogous_to human nal ari a caused by P. falciparum it has been
found that p&meadiaical the nsPRFZPiGre AU ascRBFALNi Brepated. ol gpotBporwbediment, the

| eads to hi ' i : / ‘
any o her + CRRaT ST KU SOf Ry ar Snaar T Dot e v sage

accept abl e, Kinstereachieonistage) sfthaparssitedidciynte. have al so been overcone -

anong t aseptic_production of sufficient .quantities. of .. :
spor oon&@s}]i sol aP‘e%‘P%}Féﬁ%“%P@S}?BaHF“}P&f &5 pé?“?@ﬁ r B%E}f??“él&ﬂ’é?t?“g}{" € Immunity
Hof f man, SL ahanabimilidseandburha dsh2agaBd) maLA3bdustdD WoVETRladnoinss isP&ies,

suitable for routine use_in_human suybjects requires a substantial]y

¢ . ) qulr. !
pure i nocul ufiPERTSES B GRD Ve MeRAlcaly AelEi Idectiopy rdewiafedssporpgeites of a
have been subgianbhal k¥ecRdlihf A exdfiiP idaes Qtﬁﬁ@a?lyf FOMoMatteliah BMateBl Gnd
produced. The vaccli ne ‘conposi tions provi de erern conprise
Pl asnodi um spdmoustéringsati leagt engbdasamifi slid yprozditei prepdrgiom to said host; wherein

substanti al | ree. of attendant (source) nater;i i ch i.s. nat

speci fic to PRECBEsHLpBMERIRRL of SPYRE bR o BLny e ot G Pbrected from
embodi ments dével@sed nNelagia iRes sibs@usnE@usEet paR®ichict MiesWRtHh Bforozoites of
conpositions gre substantially free from contam nating material,

mi croor gani sA¥A&PRFEx0genous pat hogens. Provided are substantially
purifiedo@BpProzoi egAne ABbARRS: etk 'afe)@rﬂﬁdg?cpﬁzrr%%féﬁ me@BGically active,
conposi tions of purified sporozoites and eXcipient. FINLTIONS = 9

- [ 0037] " Addiinfpaiwus perasitrsdpdrtiewdany B&smodivursporozeitesdryppuomiding an aqueous pre-
conposition ; sSporozoite preparation t.o facilitate . .
preservati on%glgﬁ%ﬁlégﬁ r %’ﬁga(rglg i0 Wp%iﬁéiﬁswgéﬁe%aafdi %%%’Pﬁadl non-sporozoite material,
cryopr ot ect aséguestiatly passitdMbOpaparatidryhesugh a seovd sd ek Qudickafilids comprising: a) a
[ 0038] "Aseptic" as used _herein neans _absent the introduction o

f .
det ect abl e c &Rt FHPNSPR GHIEHMIEY AdOminal ROBT §anicapables tic Frtajaing AdieRang material

fungi and pajped:QBe 10 fitiPeS and BIASER Ph&a L NBE sBbhroSRRs0BPA k&ond exclusion
preparation reSults in a sterile preparation of Sporozoites - ?ree of

any ot her tydenwithiaorooungawrs size capiahfeadfiretoinéngagtendant whagerib lavges ghaadbout

Abeonce of cOmt IR baf 2167 58 iR SRR, P RRBE R o) HHECERE rdbvion

means nat eri alemibfar® Klfed Gthod gRalsa lpb@Nsifd capalsla if r@siniMai tbstingiali9tall attendant
specific to the parasites ger se. For exanple in a _preparatjon _of
spor ozoi t es, Ma{erehipeRr thay &7imicrong apg allovme gyssege pbthessperazeites. Bupstamtally

Spor 0zoi te Pefifg: stdAREARk Mt &ikaba bRG MHeSiFRtIRY Wil $B6SIsdeCaple of



- 10 - which have been exposed to radiation at the sporozoite stage,
they retain the ability to infect host hepatocytes and express stage
specific proteins, but are unable to deyel op beyond |iver stage, are
unabl e to reenter the blood stream of infected hosts subsequent to

|l iver-stage (nerozoite stage), are unable to cause the disease

pat hol ogy ofretauling the. sporogetesaand theapustics] speroaeite picpprativess har gbitedefom the
may retain th bi |4 to infec t hepatocytes.. devel op beyond

liver stage,coﬁgcgln efl}l%%ﬁ%gﬁqs%s(?gnéﬁdpée%zhn?%TSRF&n %%F@?tﬁg'sts subsequent to
liver-qoexsy (mer daoidohest @nlddimantyd oMpositibhe abefal Yérhaaemtiame thet efficacy of
subsequently arrest devel opnent prior to the stage at which the )
di sease pat Hedlegg radatededrags Anfrayacrigs sarg t reyided.[ dba 1qommositioas rqomyprise live,
protective i AN i viding to a

popul ati on OSF{H%&H%&SI]?' P?ﬁﬁgé%qﬁgu&ﬁé?’\i‘fsﬁﬁ’gw" %%%Q%g'i lity to generate an

i mmune response to protect against a disease (e.g., malaria) caused

by a pat hogen (e. I i i RAr, C jical

mani f est ati ons, M@Wéﬁg mw&msﬁfﬁ@iﬂﬁ e

reduced as conpared to a non-treated host, or such that the rate at

whi ch ijpbegti on, mgurelli DiPasl-MRAbIrEsHi @ bbRidatioR M RAIRMA (i oY FRéRPRions of
of disease appear wWithin a population are reduced, as conpared to a
non-treat ed KGempgign PD o-gyerographateken af@0&onegniesdionon as used
her ei n s adv I.£1,0US NECL QI [ Vi C } }

pat hogé%cont a%!?%uar%'ilc?n", B‘lré%(%? Sgﬁnnlﬁatg?ﬁ %cé?f [i %q]t g@b ?’gb‘ggﬁ?ggi(g?mpm were

vi ruses, nycdhlsedng 18rdof BRRZ/AN aseptic process is designed to
prevent the introduction of contamnation and a sterile ;pPregar ation

i s absdM26ihe pr ddgiieel bof Adksitilicatipon SCHhM ridnagi2 500% (Samples were
non- bi ol ogi [Fplelc i@ @2 as well. Contam nants may be
acci dent al | %dg{me?ggéggﬁtoeﬁt yllﬁﬁt roduced at any step during a
procesq40037043] " Digurer?t * Phstousierbgngthéd obsesvadiomedictutiei amdwiurified preparations of

sporozoites or 0zoi te_conpositions are pr red 1o achieve a
desired coné%ﬁ’??z@?wwbﬁl-é’gﬂw-wo ép%sftafe“«é‘g%ﬁ@?é‘}agﬁ ‘rcPrﬁ‘Pn'sa! i ne or
phOSphE[qugégUf fered l3ane Be@breMBeliffcafibt N %M@@] H%iiﬁ@o@?fﬁ@'(ﬂﬁhﬁ@%vere

(medi um with Earle's B%I anced Salts). [0044 cipient” nmeans an
i nactive suldivateddo 1248 xald)” RfSR#/miler, vehicle, or diluent for the

active | edi ent_. of h utical pr -at.i Qn ci ne.

Ao uscdoPBlci e it BbT AL B PP R DAt o ReTe2 T88mBtes were
preparati on adpisieddo 1991ixS1@° pESEAmANd purification process to aid in

t he process, mnimze non-specific interactions or adsorptions,

and/ or [P de vdiigure 3 -Btegepipesifigfexpression el E.SAnt (Bdelcinvawmnisperozoites versus
proteins sugh . 1ns, particularly human serum al bum n,

from what evg’rdagahvr%ggét,ggglﬁﬂﬁ%)hg but not |imted to purified from

bl ood, [pa3duced aig@eBecEMPNARIbAEDNVEh AN @nti{PTOSE aRcosyndlRatibedl. | y.
Sporozoites dissected fromnosquito_ sali varPy | ands may be placed in

exci pi dB@3% or f udtigue 3pr SERE incybated withiaht ~lopolyelerad aptabodies.

phar ma hcal pn i0 i i ng, _
naintaﬁﬁ#%% acti&ﬁ@g?%%ncggg&ﬂﬁ§§§%§%ﬁ#ﬁ%§g§ggﬁg#gggﬁ |%81Fﬂ§;vérQ%¥%onm
| oss of i solaatibstliepor ozoi tes throughout the purification process.

[ 0045] "I mmune response” as used herein neans a response in the

recipient to the introduction of attenuated sporozoites generally
characteri zed by, HYETROILEDMDESCRRTIONIOF THE DY VENRON es and/ or

T cells. Cenerally, an immune response may be a cellul ar response

such as induction or activation of CD4+ T cells or CD8+ T cells i
speci fi[80¥dr Pl ashhse irareseidy ae FE-apprevcd malatiaveeding Skpyevee refults published
i ncreased pr i O i i I £S5, .bot h

cel lul ar anéj?l ﬂﬁ%llr‘ea St?geos g%agégg‘% Wﬁﬁﬁ%ﬁéﬁgﬁ t% g&gﬁﬁgﬂtfg?iogqé%gtgqnn%tfeny ?{8d P
i mune r espoispalish 3pbrosdied delivaed 89 chaitecohg@eatsd thgn $ 00002 GhleRrum-infected

mosquitoes provides sterile protective immunity in greater than 90% of exposed



[ 0049] "Nom nal " as defined herein and with regard to the pore size of
a filter means the effective pore size and refers to the apparent
pore size for passage of globular partigles through the filter such
that 90% of the particles of said size are excluded by the filter..

- 12 - [005Q0]"Parenteral” as defined herein nmeans not through the

al i ment ary dadiyjduals for raftIeast 4% Wegks, e vad retieplivu agring nuldiphre tsolates of P.
route, as i i n Lre 11 rg&gp' :

i ntracapsul (r’PrJ kﬂ%ﬁ%’??s%? ﬁgp&éﬂfoﬁp ?Ha%l;‘t§ %rrldria‘%{ ﬁﬁgﬁ?‘?&g\l‘;g%aﬂs&%ﬁ it might bave
t ranscut anedusn, thE@cd hot' Rrgpestnd Vaasnadef hnedvivas epproactd taideekloping Remalaria
context of preventing nmalaria neans to keep.,a mgjority, up to all, of .
the pat hol ogfaRt OFFHPEat! MEMITFedFdi shls_fileﬁmll%rﬁvi\ng rigffating and purifying
mani f esti ng.gpb005ids" &t HJiM% s8Sind&f hs%gﬁlc Q@ﬁ{ﬁ{igns@?'qrtﬂéﬁr{bré,e@@{kdb); Q number of
preparati ons of sporozoites, neans to0 separate from attendant

mat eri al or scienggpardcaed thohexmilentipabtectoomsiabéd enlytte dvbiavad és ihealnbese model
[0053]"Sterile" as defined herei.n and with regard to.s 0zoi tes,

means absentYSRY RoUAKTINE FREHIET G5/ I RHCUNROFRZP R H5eas Rarinlal non-
of sporozoi tiggaveno@PEidiest MniBRAABoR coffbnAsRAl GseB'iBRRIMN PAmunization, e.g.
met hodol ogy. The sterility of a preparation is determ ned by specific
assays, i nclsubéuienepus anbinirhinpdaqudar inqeutation Siid mot Jeny toTasketuate progedtive/BRmMunity

of " <por ozor 1B RadneSr Bafel ot i bR et oG aprafla datieTHBb B Aouate
cont am nat i GRofoRoitessccinear 8BmBkL 2RilRRY £ BRLSZ RolifiSsydlemAihal Rawhsiaéted Sore
fold reduction in attendant contam nation. Satisfaction of either of

the af or enerfPrlgaRe ‘orhumesn malasiagapsedcneft /Aleperems st hag Yreagavng thehpaenteral
Spor 020l t €5 1 RURRARRLLE dnhiRUddanehr sdoRbonts TORARLULLE 1608 BRILAGH (Us
herein relates 10 reduction of clinical manrtestations~or pat ol ogy

whi ch have dlubdastionbEooae0:1e208088). . Mant bteapehhicelahlndleefdfeddvelpment for a

amount " as used herein neans .an anount sufficient to reduce the
clinical mahbPERICSEIGHY acseptale. diyg, atispualshprlig Varciae Savesdlsq hegnovercome —

| ndi vi dual, ongn@fiP Uty RUUGHER of QufiRREFAREINR SPLSBLoitthIiG e from
clinical maniteStations, pathology, or synptons of di sease appear
wi t hi n a popiteadanomatgri@DEEE peacoiang, Haffmas e’ kel €Ciuks, @S gr22pa2atE2on

conpri sj an i nogeni ¢ agent and har maceuti cal |y accept.able

di 1 UendOfEl ent | alFSSEcBrBTREET SR/ Foo RO IS, "] uitFlin SO gpavires a
additive or spp@hffalidfure TAGulUATURA YL SpdFBYoiREINBATRA REMIr& sfr € that have
i nfecti ous agent or a nol ecul ar subset of the infectious agent

(produced byeemeulistintielly pusfiedyéom, the gourpe fiomawhigh theyrwere pbddvead.| Bhe. vaccine

When t he vaccc; ne ;ts Sadm' ni s glr ed to a sub% ct, ;the irnnunogen tantiall
stinulates an IPMUAG PSS & TR SRR E’SW"@‘&B’séHWQﬁ?‘ Shift 1% fyestantially
with purified form, substantially free of attendant (source) material, which is not specific to the

sporozoites themselves. Additionally, in some embodiments of vaccine compositions
provided herein the vaccine compositions are substantially free from contaminating
material, microorganisms and exogenous pathogens. Provided are substantially purified
sporozoites and methods of purifying sporozoites, and compositions of purified

sporozoites and excipient.

DEFINITIONS

[0036] The terms “about” or “approximately” means within one standard deviation as per

the practice in the art.



- 13 - infectious agent, protect the subject fromillness or

mtigate the pathol ogy, synptons or clinical nmanifestations caused by
that agent. A therapeutic (treatnment) vaccine is given after

infection and is intended to reduce or arrest disease progression. A
preventive (prophylactic) vaccine is intended to prevent initial

i nf ect il@®Wr r edudddithie” ragrused hetoif aga wuntipa@ somMpoend o comgerition gddeyd to a
i n vaccines I3 -AS| t | G L: - -
whol o ki 11 od P01 Rat PERAEr LLFthe BSGvalilbiae Bl TR may ipeiude
to fully pragyesstettantoygdh dslBMSA arddezlgetdleand Ditiopidantki ed or

artificially manufactured nol ecul es associated with the parasite -

e.Jg. r 8% nant PYSEPIE ngis é&??ﬂ hBSTER d’éiﬂ“ﬁdé@s,enbl\li&epllété?ffuﬁgfm aff detectable
recombi nant haaesid oPAbCidoSERNERS ith R 8800 UM Bla%difoloflc viruses.
vacci ne nay conprise sporozoites ong W th other conpdnents such as
exci pi ent, dhh assptic neghadi dfrspoppreiseprepiratia) readfumantterde padphetion mirspreozoites
D O ol B e R OB ieaious agant, Nictostological Sssays used

[ 0057] Pl as maginRieP&E h@ptiOAeAdlbREy 3sRs:Hhe s SRERY hbkhéd/of ddnfidlihdH RS

as well as in vivo in Anophel es-speci es nosquito hosts, nost

t ypi cal[P§3%nophel ‘@tentdapheméridi gast wsed Nier¢indseant matendlcial 4 yerurdel prgpamgon of
Pl asnodi um speci.es lLiyer s age.ﬁaipgﬁjﬁt es SﬁtKaﬁge etF al . USl Pub. . £
2005/ 02334334 H ods b FP T oY PRPLEH BT & 2h FABRC A B RIFRGHOD ©
Pl asnmodi um spefiz6ess RAEREAE hRFeriaPas thaUkRIch Yis noelspadsc @ B apbbBgbitNfer se.
attenuating parasites in nosquitoes, and harvesting attenuated and

non- at t enuat nﬂ@@irmtémle@clag@ maEnAlL snecifiisdo dhe sarer fiamevibgle sporozoites were
descri bed ( f.fman ke, U, S. Pat. 7,22 24 Pub. .No, . .

2005/ 022082%?8%5281‘{@8‘3%8#‘? ftacly ibg)r%ogg%edg gy iark PR GTary Proet sail Braterial
separ at es spgilezdi diesg fwitinted tspmdasitesnit ar tiible Sirefara&fon0STHat twhiblSthakes a

salivary gland materjal (hereinafter, " SUI\/,I'a , hosquito-specific

material , arfieRAALSE hERdRoi. Sisontspdrtempterial imitho Praperasioneard wideresyd to
achi evi ng a sﬁﬂ%%%ﬁ&t bl dés B‘{Htérfa’l %Eeo?ﬁ@?cﬁﬁ%%uﬂﬂraqg B AR the sporozoites have
sporozoites. an aspect of purification, sporozoites are

concent r at edlevelbptd wefrdm whick tidastorcoittahavediden gsalettd rwith regacd tasporozoites
SUM Here, the puri of .a. preparation is. nmeasured jng an

enzyne- | i nkéﬁSSF&F%rﬁ%B_s%%db@ﬁ[a@s S (e sy &Tﬁaﬂarﬂﬂ@ﬁgmsﬂﬁ&aﬁ attendant
antigeni ¢ SUMBRASEThe hokt GhalbR; tpwﬂeﬁﬂ edivefeRanR a8l 8hd saliva. Attendant
sporozoites (hereinafter, "SUM- ELISA"). Qheéer methods, such as, but
not |imted maerigdagods aoty imtleds comiponends syhiohadwmve pleaenr oreitiopally eddeddo a
phase chromat ogr.aphy inmmobbotti , .light-scatterin nd

Spoct romet ryPrTRES ot 8 MR RIAY Aafied RS dErbSG Pl hacempgpent of
Wth regard denddhe nittrial Wdedhi 108 beén remaohd frobP @RI préfardtiodth&PbE 6&fed back
ot her than nosquitoes, simlar assays, such as ELISA relevant to the
attendant ngedhg purified praparaiue qntispae spdrezeiieriotecitkincsPosgyette Apiuaggenicity,
are to be purifi . | sim lar adanpt The . devel nt. of .
such EL1SA ?é'sél’&’g&é’&ﬁop‘# g%nt%omén ig%nﬂ%éls(%f g‘é gﬁd éin gcrlr(a{%ear%ln(aapqéaﬂ?ﬁ]conmdewd
sour ces ot hetttehdrmb ad @St heresal | vary gl ands woul d use a sim |l ar

protocol . comonly known to those in the art. To illustrate, a .
prot ocdP04Yr an i“Wiisaraty” assused heteimmeanftamendsumlivg opganismyeeble fo Gogplge its
be understo t i : cQl = i i | 1ys: i.on.

be modi f ed e g 1o, MhORPEBERCR The PR Hey Bive b JFREELIRBAH e
i nt ended t o dxprest ptoteins aapeo dévddethroavdndonenlifesycleatages . buPkliRbdts évidldphhent
METHODS [ 0059] Di scl oseg herein are nethods of éﬁuri fying live

Pl asnodi um Spécpalculyr Hfe evoks slageiand vf vaabledp sevdepmetaldy; gragress beyond that
[ 0060] The mefhipdsy g fih @56 thedidh | o2 8is@GIHREAR, i ¢, parasit
filters of ”gi%?er elntﬁ%ypeg anJ wh%tﬁdg(a??'g?@%%%gsﬁszgg% asse’nlbel g%faSI ©
in a novel and non-obvi ous fashion. The nethodol ogy eli m nates




nosqui t oes are di ssected. The sporozoites are released fromthe
salivary gl ands by passage back and forth in a needl e and syringe
(trituration), and sporozoites fromthgge glands are collectively
purified. However, several fold nore nosquitoes may be di ssected in
scal ed up preparations, in an enbodi nent up to 1,000 nosquitoes, in

anot her enmboHiigk have pesnoexposBbionadiatire e she sporeasdie tacce sy detanthe pbility to
to 10, 000 i - - i I f i

ol ands by ¢ A BT dierafoastls g SRBISEE Rl Spdtis IS i b Rt 1 Helelop
(pre-purifi dayomhlipsrepgepire anable &¢ fecpter td Hdodytrdahto SinfeetedX@IstsSubiequent to
filtration process disclosed herein. Sporozoites are maintained .

t hr oughout tIHET-HALS fMERreitsstagedcie ¥ngble frcauscthgidissase najhnlegy ofymglada. Other

percent hu in A i i4.h; ; I

(£ 100). A MgREiARR AR G- pRRkp MR e A IRt 4 Hoatocyres,
triturated diesslepbeyonddivedstage, (panterphe bibbd atréamn o Pimdqrdadaidsrspbseguent to liver-
recei ved altogggtrzer in.a single tube at a time. This i%ethe SGM

pre-pur i fi caFB6n (BFEpSia: B8 | 04 PR BHEL SHORHOCYED, GWp yubsaquently arrest
bi I'l'ion sporfz@bhSent ;ﬂfo?ftc?ﬁl%g_{a‘réeﬁi whitf$fe disdtst ghﬁ@log?ef RARkHE $HandRds itself.
nore preferably at least 25 m[Ilion sporozoites. Thé neasured anount

of SGM[Pllhe pr dCoufarfing airdientiyr eparaitybasi sseds natdity tofrsvdenp@@ilimg) to a
and 12,000 n . 25,000 or ozoi t.es e i cal | etween 400 n

and 1100 nd'opltio 3eaonsh Bityet peSicuaieins ify P eeleriicl iEp Sorgne o
is then dil yredet Q%éiﬁst”h BhdBe G, PhRiMria) SQbdd BYSa 3PHARSRAPLLS, Fsmodium
kept between 15-30C for the duration of the purification. B - ' _
PURI FI CATI OvleiracpnUrEh[thgehy chnien) maniestatens, pribologrpontsymptirhueedisease in a

pre-purification pr ratlon | nped acr er 0 (4 .
el usi on { APERRS Soasd b IBplghieB PPERRIIARE, Rl SSainel sfégps ot which
than 1000 nmiAfection, R edigicabindnidéstdidas t pathdlbgy)ion sylaptom¥Oofidiscdsé hgpeab@Gthin a
nmMJmn, and nore preferably with a flowrate of at least 3 nL/mn and

no nore tharPopBBtiaR A rRducshascompatsddnainaprtiepigd paplaien.each filter is

at lea [ hr/ n QE?] : . . .
to 1503&9#?/ ng, arﬁﬂ%@?ad&?éﬁ%%a y%g?&kégg{eﬂ%gﬁ%%%%%ﬁ%%%n{g{%lal or
t han 250 Lt hirairRonthiniriatios carpatiogame coadniimt®al iretuding tad hot whitdd to bacteria,
medi cal grade silicone tubin Preferably, the.ipitial filter (Filter .

41) or the IATETRMYENRATS BE SNEEAR SRR GIOGH I%C_‘%flga? torR{P Yk s inrsfition
and are md%foéonﬁﬁﬁi}i%&pﬁh@rhestemr?’a‘?i’e%ﬁratiﬁﬂ li@MbsEi X @ Gr8ddnbd QFEcRBdnGhation.

and borosilicate glass or other erial known to those In the art

may be used.Catahispstiblngay béaopdmibgicatipofgahicetoxicFids tveell ontanimants may be
menbrane filter st preferably a . track-etche ol ycarbonate filter,

o though o feRdpR AL PR BTk Be s aft FEE R S5 hase i n t he

art mayopgjused. “ERrueaeRd uSedheffdys &s mdihifn fih! Which ﬂfo@qz%iteg iah@ - spofozoite
an enbodinent, three filters (Filter #1, Filter #2 and Filter #3) are
connect ed i rroBwoRESNBIAE Ppparedota ashigye acagningd eepnibgntepéign. Bilgent may be, for
filtration Oer)](ai%i i { %romﬁfé}'saﬁlqdio% i O at];:iblu%iee{esd IHke b(? ug(%g. uch as medium 199 or
Al ternativelYy, Brﬁ’y one Bt wo LT eeT s nay be U&ed V&84 di scusseg

bel ow i n PanaghiapE199Xmelione B wifls Eagde’s Baldiced $ditsge filters is

optinmal . In an enbodiment, filter #1 is a nenbrane matrix with a

noni nallf%tHe si ze Egfipignt] Bigans Howastive sibppreseosed ap atcapierrpshecle.Hagrfliluent for
about 30 m ; . ! ns, - N0 .
fhan 20 m or Baatye gty o PhainfRBldP pibau ) S5 R Bileslto ATRSEL perein
si ze of abouin e¢kOipitnt isoansingtctifenaaddeli tte &tel prepaastem diring fhdisohBon and purification
(Pol ygarde-CN Optiscale - MIlipore Cat. No. SNIHAA7HH3). In a scal ed

up enmbodi med¥otHR G F‘%t athe PHOCEE S NS AT SREC IS HeRERIT 0T lgpr@tigns @nd/or
of Filter #2:{absdhufEMBaRGITRE okliplchitsind RS Ina0U Lordrefhe ThdhOBS serum
but not larger than about 1.2 microns. |In one enbo |rrenpt, the pore

si ze i s aboulbuwniés,npatioudanly thiamanf sekim adibwmina riean ofhatévebsanmge, including but not



[ 0066] For exanple, purified sporozoite preparations, isolated from

di ssected nosquito salivary glands shown in Exanple 1 (Table 2)
contained a range of fromO0.19 ng to 1.01 ng SGM per 25,000
sporozoites and the percentage reduction of attendant SGM ranged from
99.91%to 99.97% Alternatively, the mdtlhod described in Paragraph 59
bel ow provided a preparation of sporozoites with no nore than 85 ng
SGM per 25, 000 :{.95% r. i t . 4l . are

consi dered 38 éf%egm%l?fﬁ yg%uﬁl?ioélgsé’Tﬁ{ebgg%gng ri ggér?gr[etl)ﬁr?agi I%%%Ani R produced
purified preppmtheticols fSpomzbhes difsepted diont nenquanpdivarysglbnds Taby &c Dlaced in
(using 3 size exclusian filers).was Q.51 n r 25,000 .
sporozoi t es WERCR ég%é%ﬁpfod’g te: Eﬁ?lﬁﬁe\}tdpg%g%c%ﬁ\tﬁ pgmaﬁelél_c@lpr;:@ratmns
SGM per 25, 0G8: a0 Z8isb@S inclddRE0 MaidtBindi AhibRY NRAEIYSnE RO TR preventing
Filter #3 is elimnated fromthe filter train described in Paragraph

56 above and igpdyerigny loseef iselpisd sgarpzoites heausbels tegprificatieynrectsst e

Filter d Filt | £ R i uted as . .
descri bjg(]‘ﬁq Par ag%nﬁﬁggséésg%%\gegs Itﬁpcglr?gé@a}ﬁ%?%saéﬁ e%%ﬁ%e Eennt%d?eﬁ%’ﬁ%nf Q the
crude prepar aticdnctidn &f a6&nungld 2ppRRAGitaspgamently tdsravegzddoby elsht avd limited to,

purified as describe jnus Filt 3). After collection (either on
a 0.4 nicronPHugH S o fyccl et FErigigIRe TesRanssnayrhegpeliular
preparation ¢@pbmdenach 8¢inductich or £84ARnOGFOCSPLMOZME to??}DSQée;/ITQ:eIH BRcific for

reduction factor was greater than 18 fold and 94. 6% of _
cont ani nat i ol /asEdpENDPESS TOROPES epahneieh respopemsifddnaensed production of

substanti al | iLif e : - Th I of  pufd-fi

por o701 t 65 ABHEllhEdbecigty MM gick T oR BB shd bl Rfied Dl Blirq oo
the startingnplapavaatingrnthe imswat resporet werblishedtbandvattive cobPAGA spdivites
T e at o, ML Bt LA P Y S R R S
the sporozoi besias aidpey 0pIRs phnsitk tfi@ethe hakasit@f htle Bitdred W &1 é%gﬁblly
1) (1979) 87-91; Orjih A U, F. and Nussenzweig RS. Am J. TroP. d.
Hyg. (1980) boRatyeytesaad mononyclens calipomigh g dendritiseoclp ardioroiotompgnants of said
preserved by byopli, LOR i ; ' : ' -
preserved by ?r e?ir%lE g%rtg?%gtﬁﬂt Hclileﬁlg ra&#gtgﬁ gg:’s‘? g@?htpcrhteajsi%tg\% 2? ﬁ@g}&g@gﬁﬁ%\%ﬁ 5, the
to those ski limsgné nrespoasar preveTT ATt [ 60 AQjiSgeec aparasi@nstoofthe asexual
i nduci ng PI asgﬁqj u sgalcg)r glzgi te attenuation are known. These incl ude
heritabl e gefel A CEat o ¥ ut ati on, radi ati on exposure, and
exposur g4} Nut agehirgvenbes” gadeSine® kHemUnears AntoRiARPInGdhdiBh PAitdc QY into the

chem cal s and expagsure to environmental conditions such as high or
| ow t enper at ﬂl‘%ﬁnd?faﬁﬁ‘?é’gﬁ?‘%l.mqw}l]‘f?&ehﬁ% agf VeiRduci ng attenuation of

i 11 nant s Loke, - /oty RO S e JORAT Rl 2R 4 SBBY s gty

Spor ozoi t es sesjentativat fiemiersedndysoate [ldasycld Offo@gsdsutWith regard tdnaattenuated

1000 Gy, ferably 120 to.2Q0 d_most pref er abl t. 150 Oy,
The at { entiat PRCRY PR CRRA G b iet e By reReSiipnts B gt aemitbostes

herei n al | owis@tuezfidtie viloapaet Bl hities alithife ¥BY0ityeS @PL af@plogess through
active, infectioys with the ability to invade hepatocytes (potency);
whi | e ensuri fgPt faclgpaene stagesfnd §6 NOVRGErSHnE staggreperidicipyotas.ur e

l'iver sghisgpnt st : n ekt ogt i Qv -
eryt hr oggq%g or r?gghga%ﬁe&ggsﬁerﬁsgpﬁﬁ? a g%dtga%eg VS\%IH {gﬁh{: gﬁ@ée’d{’}s grfggﬁérate m
(saf ety). Thosesdy, skiptomsnardie pathologin of omtlarie| whidietreight rotherlaise manifest
devel opnent al_,st ages, of t.h% arasite and adjust the attenuation as
necessary. f%%qz%n g5 618 y of the Plasnodi uminfection of

hepat ocYo@9] pr ovi desmdRPes defhdd Reih Biid Wih YdghfdroABSPOLE siz8 ofl 8 ARBShHERL She
bot h potency and safety. Normal l%’t sporozoites m gr ate fromthe bite

site of the FBHYF Peredze #d tefoyeto, the appatent ppraysize fom@assaeref slpbwanparticles

but potenti amré(ug‘ﬁitﬂe ER& SLMQ%/:? ofthe }Jﬁ"fﬂ:lei 8¢ staﬂesiéei € Excrhpi%g bMetfilfglr..y



[0073] The | evel of infectious potency of purified

radi ati on-attenuated P. fakzparum sporozoites nmay be assessed by
measuring the expression of P. fakiparym_Liver Stage Antigen-1
(PFLSA-1) in human hepatocyte cul tures using an inmmunof| uorescence
assay (IPA). PFLSA-1 is a protein that is not expressed by

spor 0z df@ &, but "Parcalepilegs é?ﬁwtlwrelﬂmaﬁaﬂahﬂlﬁmaéh@ alimeRapteanal, but rather
att enuat e
hepat ocytes (Fig u?&t@égﬁg gr e gélleoér;{ﬁégf I%g?et & MR a% the h%gtﬂgt prgramuscular,

att enuat ed Sﬂ@ﬁc@ﬁmll1ﬁ&a@dp9ulﬁﬁﬁ1ﬁbﬁbm€laidti}astaﬂial Vﬁtrm{eﬁ&?s‘b]nl:lidfﬁ&ﬁbutaneous

hepat ocgt es (cel | -1ine HC-04 [1F9], See Prachunsri, J.
Yi mamd U, reven(y13s desipyd hpeinsgilieyd dp Eﬂ?eosaqﬁea%t @f prez&ntne PglgFig means

pre-infecti t
and F. 12 Ha?n%@ SRty PR P g BRSO D] iRl B MR Bom
2% penici | | mna(m&'sm@)t onyci n sol ut| on (HC-04 growth nedium). The cells

are se at a g r,l,tr -0 4ce| s/0.3 m/wel] into

o et | D63 Tok” perhd an(Me}% e WP e T RisBaiPT RO OB means
Col | agen- | V ¢ agihiate @‘I%g-)att@ﬁ&% Qﬁﬁknﬁngr it CePARRI B Haterisd: co'i_ﬂs‘ftlg@a to be
and 80%rel ative humdity. Wen the nonol ayer confluency reaches >

80% at 24 ﬁlnﬂgamrablepost seedl ng, the culture supernatant is aspirated

et ur naBOR the | STRGL 8t dePouBA oAt rmer i PG S rabb AL R 0y

are dil uted dohfathitdem@Anitredikdhide di léfBrﬂl@pﬁ:pQ@ﬂG& BF 5gdrbsite®is SBined by means
sporozoites/td. Fifty pl of the dil ut edﬂparasﬂe sanple is then added

to each wel |0f anf QSéPtKaﬁrﬂPﬁ@tlphgn@WOngO heesthrindy odlal repagtion tsodeiermpped by
2.5 x 104 ce s

hepat ocyt es %‘%ﬁﬁt'%%sﬁ ?c%luc#lo%eb %Ogﬁgﬁt}%%urtge%tgﬁqegmﬁﬁpggmﬁiﬁﬁfe?%th

HC- 04 qoesdlh rTEdI“GiIbsh&‘ntgiﬁ@t berifeai kathi edpaed tbhe Iﬁqﬁmﬁtﬁi affit sporozdfles means
and cultured with 03 of fresh medi um per well tures are

observed dai"P§refigp i H}Eeaémd@y@f Ftéqndawonwéweetmdﬁ less tlﬂ%@%ﬁ@%éﬂ% Spfrozoites
contam nati A-at h&sﬁé}{? lﬁzﬁﬁr}gﬁjcﬂg ql?ﬁgér[qaﬂla&%nl? 1n5th&1 Cg%ﬁgﬂ gon of eltBer of the
supernatant 1s aspirate rom. ndi vi s and replace

m of fresh aﬂﬁeﬂéntgﬁr@d/tdmtermiis woffetadnt Yo agrder etpwpafmixohmftsberozmwb‘aulmtannally
At 72 6 hours _post infection, cultures are observed mcroscopically

for possi bl é’uElgﬁ am nation. In the absence of contamination, the

cul turggesyie washgely P&ﬁﬁ:”tds RBintd h8PirOreRitdd to%dt&tﬁ%ﬁmﬁlﬁlﬁpfnaﬁffﬂatlom or
saline (PBS), fixed at roomtenperature wth 0.3 m of cold nethanol
(stored at -paﬂmti)gy W\IanshdadveaaimaldgrbecMnematufmSAU@mfgne@h@lm efefctirBSnamt” as

stored in 0.3 the sane. Sli inar fr| er at

2t 2°5C for Gt beRnAgsD e PREh RS (aq ipish Ranifedait Pablology,
i mmunof | uor Qﬁ%?ﬂx%ﬁnﬁ!ﬁbﬁ&ls@dﬁe abh 1itfiladball oPoh YMbaRRduTHi@BRI tb FRBFcdiD MS rate at
the primary anti body and an Al exa fluor-488 | abeled anti-rabbit
secondary amhldodl}lmcahen@l&ghatl@n%nmmxpgsan@ gasriemsapk dissatey @ppdar ownithin a
stai ned sli d%@ulaﬁ)ﬁ des are nounted using Vectashield nounting nedi um
(Vector) and°B0Ver&d with a cover sliP. Slides are eval uated by

counti ngosd]l par asateigeaises hbteth Flalpbdyatatidairco blnlg%hﬁﬂurﬂ;lhogemc agent and a
epi fl uorescence m croscope with phase contrast (Figure 3). The

spor ozoit es P&ﬁ@%ﬁ%@aﬂer@ﬂeﬂﬁ@ﬂe stluert Rotentially 4n gembBMtiakHE: xsipigT. adjavant

Bt Toaat 20aT st Aot iR NG CEP e PR ol PR ERLBE, AFRER e bifetions

conposi t i ons:gemngr & siodeculdrveabiit anthel iinfeetique ragznd @;ﬁﬁducb@ﬂ)ﬁ? tht tiefectidus chgent,
and pat hogeni and net hods _of SI ng._t hese conpositions as prevent ive

vacci ne conp¥? Cf#l?ﬁl ¥ Porgraperntlyl sWhse thevacese paeApgueredcian | whpst the
iti t
conposi 11 ong Tﬁlﬁm'o éx?ﬁfnéﬁ’lgll %’Qﬁ ﬁﬁl‘hﬁné fts +}§rl y§t {Up? nﬁj U%%%dh%ﬁt llenge with

drugs, have een provi see partic Ho
US2005/ 0220822) . Various categories of attenuated sporozoites have



[0079] Sterile, purified pathogenic sporozoites are also useful in

chal  enge protocols to assess the effectiveness of vaccines and

vacci nati on net hodol ogi es in challenge studies of volunteers

previously treated with these vacci nes and vacci ne net hodol ogi es.
Simlarly, purified pathogenic sporozoildes are useful to generate the
synptons, signs or pathology of malaria in studies to assess the

ef fectivenes t r

[ 0080] Steril :in P%(Se%ﬁea grgr%\écﬁ%psggjg‘%o esﬂh{égs éﬂﬁ{n e%gfeée ﬁ%ﬁ?%*iser&?togg or
wel | as st eridligichi memﬁstaenwd:zﬂadecbbmmat egenes At thatapduaiv €treebntp widciredd given

are general ly ,nor.e uyseful, than th n-sterile, unpurified
count er par t s DSt AEEOD OS] ’t‘lfe&ﬂg‘iaa?tﬂe‘ﬁ‘ﬁ%ﬁ et iRTEST PTORGESSIoRy 1Y Breventive

purified sporgrphiiagic) @saR i9 intéldeltd Bleerk MBtiA1I Sk M Bduc8 BRAR e or burden
material or contam nation will cause unwanted inmune responses,

advent i ti ous aftheinfecEan Agentstused numme%@gamswm@r@@me disease sweicas melgria may
conpri sing pyy, | S rqz

usual ly are ad rr‘?fr]t(ﬁg eﬂrae{l l%ggr"g eraﬁ? ﬂé@g%é{é‘gt tgs &u[ng@ e %ﬁy PrOgress
descri bed herthiongh Smhhfeaqmla),es;: ptrlrﬁiddsm‘f adifitiany m&uﬁﬂm@lﬂmerecules associated
reduction of s rlt%/?Fltg mal aria, its manifestafions toms or |its

pat hol ogy. b FEAMDIREPOLIRS; SHyh %tﬁdp%ra%% plasmids, and

conpri si ng a&@d&ﬂtﬁﬁnt WitkE&P 8F %qcteﬁzt RRPRESSE MikdnidiBsh DRRLIALO] Ae§ac01ne may
provi de partial, enhanced, or full protection in human and oth

manmal i an sulpEprise ﬁ&rowtés/ﬁ@agleﬂesa@@éé@rnp@watsmmlams axeipieni, rdgluent carrier,

pat hogen, or p?é%gﬂrﬁﬁgﬁ g f&gae.r?%ltr oftﬁélrlrﬁm%ég% g&t ﬁ?‘rﬁﬁn %HP%SI Ll Oargsw&lnge

vacci nes are‘sim SR
devel opi ng a reidsly asderppodiby thosg inrtfieat.i on frontpara5|tes that causes

mal ari a, including species of Plasnmodium e.g. P. falciparumor P.

vi vax, and r ing ill when one is infected,
reduce t he severl ¥ﬁ9§§ Cﬂ%%%éﬁﬂgtch as fever when one becones
|nfecteq gﬁduce &g cance %qatlgalg ﬁ&’ ites q t.ne jnfecte g&
person, ‘of- feduce ROFCAlT Ty Fat BS T HﬁPgPﬁngﬁiBBBﬁP FHRSVER pd TRy e
to mal aria pds Asbpleses-sheciesanysqans BSsts wivst Ppiciilyahnghele dpmSlqrostdeMémods
in the tinme |% take an_i mmuni zed i ndi vi.dugl as conpare a

non- i muni ze®! 2KENA Htrgitutueﬁ aﬁ@umn%e%avmstqaetpﬁeswr(g@pwegr &r US| Rub.
frominfecti ogoég233898f kfd Akthod BF b¥duYing %&ﬁfaednadt @%r&&% 8 PIREBYim-

that results in any of these benefits in about 30% a popu at1on
may have a sispesidsi eponezoiteg apartionarth emptbadst Iq'f adrowingo amdiretteynatingl mfasitere in

i ndi vi dual s

corpr 1 st ng. A RAGiS AR e GRL TN 3o nf B8 SRR SPUEERS pie Knea i he
for denonstr attiang Habe bedrf desadiyedaBes dafinas& Cikegs .S Fat.tNe 14,228627TETS Pub.
of malari a, d 8@&1{%’%\ eat nents and preventions of malaria.

[ 0082] Provi dz{? 3 s for prevention of malaria in a subject.

The met hogkg) conpr irge pﬁﬁﬂbﬂloﬁt £hk&of thet MPertdR] &phrafds ‘éﬁ&%hélt%svﬁ’érﬁ MyefAGmt

been prepared aseptically and conprises substan urifred live
at t enuat ed Pll'@é?ﬁ?g supl aspoesarise hess shlivagn gland material tlwtmafer t“6 G By mnsquito-
B!t oAUl b A Sl SR B S Sy hiein
suscept i bl e eubstirerily eorifitd prepam&’uracmﬁalmag 3pdrbsoitek.0hs &Uﬁipe&&iﬂ}ﬁﬁﬁcahon
adm ni stration can be via the % LT Pnt ary tract , such as oral,

I

adni ni strati SHOIB%teﬁéfep%qneﬁttfét e F‘Uéﬁfﬁéam [sgRtamsating magesigl ’é‘t?h as SGM.
mucosal , i nt HRRASRE pudly Eﬁgaraﬁbﬁ ANERMSred! LR E Lii Jlke% osorbent
Su and t emfnlutge.

subcut aneous, i nt rader mal mucosal and i ntravenou ]
Mor eover, t h@SSGM ERISAY &t iquantif yattbedany antigenicn uSGM! prebentijorcrode byd purified

single or 0 ) de \a

ni cr oneed! es! o phdp F‘l@g@% ‘gfltjﬁs?g“’ﬁ?ze&gﬁ?m%‘ﬁ %{hd$%lrﬂet E&ﬁ‘%@nbﬁﬁf “ﬁﬁl"&? i Syely g, but

be readily aseer ligite@d thy dabilaBKi bletebphorsik) t mager spoytr@Nahyatb@hseOf phase
chromatography, immunoblotting, light-scattering and UV spectrometry, may be

similarly adapted to measure attendant material. With regard to the purification of



[ 0085] Ef fective and optinal dosage ranges for vacci nes and i mrunogens
can be determ ned using nethods known in the art. CGuidance as to
appropriate dosages to achieve an anti-nmalarial effect is provided
fromthe exenplified assays disclosed herein. Mre specifically,
results fromthe inmunization pattern.dascribed herein and in cited
references can be extrapol ated by persons having skill in the
requisite art to %Tovide a test vacci nhation schﬁdule. Vol unt eer

subj ects ar e SPHGEUALIOR §auress Pheq HiRG reRsquiss: Smlacassays ah AhEEIS Ay relevant

and test bl oqgl tsaERERBnAhRteEYRlL Bleetuli® hrdpatabs Rim MIRNESIdroniRIANE be
mal ari a upon subsequent challenge wth infective parasites. Such

resul ts can Warifiebdvaud besimilarly adapind. the development efistch FLIDA essapwiadapted to
dosage r egqi : X r f i i i i i

Sose0e, 201 Tk WALl i S0 AL AL R0l FUAEB, 0 o
protective i msuasimilal protacoljcomionlytknod @y HAg: jaukid 4ri. @ iHbstakyap@tbeol for an

S e T 3 o hol S36PE STt o P bt B mSioco i
Spor 0zoi t es  ighyvad&ORAdRist- AR rﬁ%y B mb&&sd e%. 89 8&3ing 3P JorBiRdrwise modified,
particularly a dose of from 25,000 to 150,000 purified attenuated

sporozoites iapd & npd gugneed talimib thegpor® of thefinyension as (10@8@] An | mune
response in a subject can be neasured by standard tests including,

but not |im oA ﬁﬁﬁ%ﬁﬂiﬁ t of hunoral and cellular inmune
responses, incl ud?zngi,q@gﬁt not |§m'ted to: neasurenent of antigen
speci fi gy par asii& 18k rSRegkf | i : es;. i rect : o
neasure(r:r[eﬁglof peri p%eral ﬁﬁoogﬂ ?ﬁn%]ﬁg%y‘%}ggx%f;ﬁ%ggﬁg ﬁ%g\%&tg’g thees <8
art; natural ficiphiemn, oavdx, eytlatasxoromveie. assays (Provinciali et at

(1992) nol . Meth. 155:,19-2 cell aliferatiop ass

(vor | end@astr et ZpYFidegr Sciored ke < Seupn B Szt R Sipn il 8P hRrerent ypes
i mrunoassays and witkndiferet! pote avidts,s bfsabied (ih o2 ubher akl nét-okiSR2¥ashion. The
Cytom 13: 169-  174; Rivoltini et at (1992) Can. [tnnunol. ,

| mrunot her . Zuethasiglogy smingteg aligndant raateraliom preparatigrgiofiive moia prasifes. An

(Chang et at (398 miPRehbd Rethat B pc%?%%ﬁ 192%ize éﬁ%ms%sﬁlf%tixpgggleﬁd’édis not

anal yses for measuring the strength e i nmune system have been
descri bed, folwaygamplier, th@pihegare ste of thé Bite ex¢12€6M filtGuwhieh preedss ot dinsther

compri se. asegtest et nae SEEs PG meaR e U Sy ARRe Py B8 one ver
attenuat ed Plpasiddialtrackpeshed diltt:ewib ireoiel pokrd Hiahere Af leat bendaathas a pore
materi al, and, coppositi with a pharmaceutically acceptable

ns
di luent, excisBrPERES og¥ Sﬁ&ti‘t]ryl gplerhesbe it of themerasts.ect i ve in
prevent ijpgeipr Mt B@aﬁv'ag/goff@iﬁﬁﬂlé} Hﬁoﬁuﬁﬁ&ﬁ&g%n}’lﬁﬂg&ibﬁ%@gﬁié@ tfbrozoites is

i nfectious parasites. thods "of fortul ati ng pharnmaceuti
conposi t i ons disalpsedabeveiss, it wilble undgrstoodddly ithdse prenticed in Hoset thit, asell wamythe

skill in the : , . 1 Ngt.o h i e _and Pragcti. of. .
Phar macy 21sf ﬁ%sé?aé %%%,of%l%&rgfgﬁsﬁin%gg e‘i’[Lﬁgl ‘gg fﬁ%gﬁj)o %. gze wif yl&g a similar
100881Co IrT‘lp r elperifiedioby Foh Engﬂiple_ntﬁlb Waﬁﬁimg@k@ﬁrm][%p@ﬁkditie_oiasr,od—shaped, and
aseptically prepared . or otherw se, conprlsin urifleqd, live )
L onuat ed” oPUH -G ONTAD PG ARAdh Do s BBy 267 aCe oty Sh et In Tropicl
appropri at e ghfestful DardsdHa R 2049 )m%oﬁeﬁ, PhAIEI, Y ARROfRhake, Byt Etfﬂ gass

Saline (PBS), or Nornal Saline (NS), aré of various buffef conten
and ionic st Zeagles. 6:836h conpositions may al so include an exci pi ent

such as m al by{i..n rticularly.hu erum al bum n er-um

al bum n [rﬁig@]lbe purt 1;0%153}) Flr%ﬁfe %rt%ﬁ?%F rfq’%lgigét}oﬁ %aglﬁ?.rgeggangagwnéyo to 400
human bl ood, nsqlivepraps diseekiddy ThecopahizoRa!t alaNAldaeds Fomhegi slivary glands by
t echnol ogi es. Such conpQgsi tions rrad)( al so include additives such as

ant i - oxi dant $3%agp back sad ferth 1nae peedles s tngR (taBIatADY. 4nd spemagitss from these

preservati veglls &k XORLEIaY hatifide Bowe DGOSR PRoRS mbddfitdR e R dissected

in scaled up preparations, in an embodiment up to 1,000 mosquitoes, in another

embodiment up to 5,000 mosquitoes, in another embodiment up to 10,000 mosquitoes.



[ 0092] Several Pl asnodi um species are known to cause malaria in

humans, predomi nantly P. falciparumand P. vivax. Oher Plasnodi um
species cause nalaria as well, including P. nmalariae, and P. ovale.

P. know esi is also known to cause human di sease. |In an enbodi nent,

two or nore Plasnodi um species are cordisned in a vacci ne formnul ati on.
In still other enbodi rrents separate conmponents of a vaccine reginmen
may be deriv fro ent eci.es oses.fromP. :
fal ci parum aﬁsd Orctzﬁleerssar rr8 %D & Waf’b@@%ﬁ Ry grrﬁtéﬁaﬁlg? a&%%cdﬁlr’érﬁ{ed sphwry
sporozoite W@mﬁEpmpMﬁmg@M Purtficati@® PRaYandiohs)Pat asirified By €he Size exclusion
parasite that_includes and expresses a DNA sequence or gene that is
foreign to tﬁétr%t&é!drfe%e%@l&a&?eééﬂe@ \ﬁmr@ﬁm%ﬁrwmtamed thraughopidhe prification

herein as a tQRSORNS: edcifiéht Spidall i Qmé:i{rmazllb

Bi ochem Parasitol. 2004;}% t?g acf erg % erenceurgl}mne ﬁ)'qﬁ'ﬂdedmm
constituti vell)99emhr@slf§®ssamﬁ #9a high |evel thr oughout the conplete
life cycle. 137:23-33; Wengelnik, K et al. The EMBO J. 1999 The

?;FSFE;PU%“%ZB:?  PERPRRAMN %@ﬂr@%&ﬁ%%ﬁ%@%@@ﬁ“mqu. (o
sal i vary [I g&?nds é’ﬁ'&raéﬁoﬁ ssec 1511 ro!iucl?ef_p? gl?rﬁéca%’l?' 1 P5 %ar?_} %% 15 ecéwed

skilled he art ransgenl aras
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area 1s 63 cm2. The system is washed several times with media. When the retentate
volume reaches about 40 ml in the stirred cell, the stirred cell container outlet is opened
and drained by gravity leaving about 5-10 ml of residual retentate although the retentate
volume can be reduced by other methods such as applying pressure from compressed gas
such as nitrogen or a mechanical device such as a piston, gravity is the preferred method.
This residual retentate is collected and transferred, together with three washes using
purification media to a total of about 35 ml, typically in a sterile 35 ml Oak Ridge or
similar centrifuge tube (the size of the tube will vary depending on the volume of the
preparation). Purified sporozoites in media in the 35 ml Oak Ridge tube are centrifuged at

5,000g to 25,000g, preferably at 16,300g, for 2 minutes to 12 minutes, preferably five
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reconstituted in a final volune of 600 pl of 1X PBS and enul sified

wi th Montani 4g |26 ?ongefIéEﬁfé %oarérai})(fts? @ s eerjmﬂ t[\%d gOl 7Jant%§06%{sl step

subsequent i nmuni Zat'l sal st Fom
nosqui t oes araddsiboalbd patifies? e staircbzplte QTeltdﬂﬂlodabfy atmbviag WnallleO frore buoyant

sanpl es were t d, po d and enized wwth a pestle (Kontes
EF2488A) . émg‘é%ﬁi @‘W&g‘lbf Iﬁgtgﬂalw%ﬁh‘%WB‘ BithesppRAahi ch was added to
t he pool oo@]e Sa”WsﬁlgV\ﬂl% 1 geRRdIL4M Eltet BretholiblBg, MR l%l'lﬂgedﬁite B00idBd greater

PBS and errul sified within 30 mnutes after reconstit RED)
Salivary G aﬁhmmu@mtlelameﬂmﬁlopmf@gpndw mhteghlaigsthe ipatifed smomtalpsepfamtwn

bt & ned. - Sevantye e fhetlnd Rieeih (¢ e itich B RkINA kit decton of
dr awn t hr oughfroan 300viect GO0 fold. d'ihe apomgs . restdnae BGMIidpetficp |pr@fara1tlbﬂs of stenie

filtered adjuvant was injected into eac | ass vi Three hundred
of PBS was ac!’&’é‘geq (?p?“r?ém%énrtoflaﬁle%lélleﬁngmgh?seé‘gh‘?ﬁa?@éa‘ﬁl méfer@]aPFfvag {00

glands in PB%p&I@Z(SlH:@ (ﬁéﬂ@rr thiEooa kedbb@n relkllfe M (BS it 5&0&1&‘6@’5@?‘4 V\gﬁ%ﬁr@oly

rubber stopper. Each vial was further capped wth an al um num se
cap and the é@alﬂwwalé IggfE@s?édm@n(9&%aecbmtlwﬁéporowmsmﬁemeremr@f@@umlcsstthaex1

smal | hol es nut es

- 29 - iv) E sf gﬁbgtﬁ noga%@? r? g{}@ancfnmn%ﬂ'[gﬁgqﬂgr%% ﬁnh 8 WUOH
i mruni zati on dbwmbgd haslwnsaissallyateéuaedesdvdm teonshigd foyd edditivgan SfGMrim the initial
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il ot 110008 on ' [ 54 6 e R RERE QPoRPA P oST vERloss d0m fssecsf mospito
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subcut aneousl y at ei ght sites, pi per site. Control rabbits

recei ved 2, 008 SSMgrer pgo0 amrazpatﬁ% Bty Prowntege regueipnaf] atigrdant M rapged
i njected sub ggg 9 lterht® %gﬂp
| nmruni zat i on Sc edurz t>[6 11—?#ag§ ee%i \ él |a1§ &%]?l(gﬁlé%ﬁrh%ﬁelzna?%% b below
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exanpl es provide e h duel not tended to. he .
limting wt ﬁecglgé%ﬁ af geqdﬁﬂ EQVE f&ﬁ Y8 B’ieo‘f‘f’&ﬁ{a gﬁ?%aﬂy purified. The
preparation, ghsthetfiaime@an of SGM AN ipdafed plepardSordfra Qlﬁﬁ)l@f pRIAHctinSEhPeighe in
of antibody used herein
Table 2 (using 3 size exclusion filers) was 0.51 ng SGM per 25,000 sporozoites with a
95% confidence interval of from 0.34 to 0.67 ng SGM per 25,000 sporozoites.
[0067] In an alternative embodiment, Filter #3 is eliminated from the filter train described
in Paragraph 56 above and a 2 size-exlusion filter methodology (Intermediate Filter #1
and Filter #2) is used. Sporozoites are captured as described in Paragraph 56 above. In an
example of this embodiment, a crude preparation of 1,555 ng/25,000 sporozoites was
loaded and purified as described (minus Filter #3). After collection (either on a 0.4

micron or (.45 micron filter) and resuspension, the purified preparation contained 84
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rabbits (one control and one experinental) for serumto be used as a
reference to evaluate antibody titers.-18@-First inocul ation of
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pre- bl eed anCIiJm Pé? (t)f ésp%;(?zogtgsc i%i t}{g gtalftﬁltg p?gp%lrzg%tni—%gualfy b?é?wéen 50% and 70%.

[0069] This method is effective at reducing contamination in a crude sporozoite
preparation. The sporozoites are then preserved. In an embodiment, the sporozoites are
cryopreserved (Leef J.L. ef al. Bull WHO 57 (suppl 1) (1979) 87-91; Orjih A.U., F. and
Nussenzweig RS. Am. J. TroP. Med. Hyg. (1980) 29(3): 343-7). In an embodiment, the
sporozoites are preserved by lyophilization. In an embodiment, the sporozoites are
preserved by refrigeration. Other methods of preservation are known to those skilled in

the art.

ATTENUATION

[0070] Several means of inducing Plasmodium sporozoite attenuation are known. These
include heritable genetic alteration, gene mutation, radiation exposure, and exposure to
mutagenic chemicals, exposure to metabolic inhibition chemicals and exposure to
environmental conditions such as high or low temperature or pressure.

[0071] Methods of inducing attenuation of sporozeites by radiation exposure have been
disclosed (See, e.g., Hoffman & Luke, U.S. Pat. No. 7,229,627, US Pub. No.
2005/0220822). Sporozoites may be attenuated by at least 100 Gy but no more than 1000
Gy, preferably 120 to 200 Gy, and most preferably about 150 Gy. The attenuation of
Plasmodium parasites of the vaccine disclosed herein allow sporozoite-stage parasites to
remain metabolically active, infectious with the ability to invade hepatocytes (potency);
while ensuring that parasites do not develop to the fully mature liver schizont stage,
cannot reenter the host bloodstream, invade erythrocytes or reach the developmental
stages which cause disease (safety). Those of skill in the art can routinely determine the
developmental stages of the parasite and adjust the attenuation as necessary.

[0072] The biology of the Plasmodium infection of hepatocytes provides opportunities
for in vitro assays to demonstrate both potency and safety. Normally, sporozoites migrate
from the bite site of the mosquito to the liver, primarily via the blood stream, but
potentially via the lymphatic system. In the liver they multiply within hepatocytes,
producing, in the case of P. falciparum, about 10,000-40,000 progeny (merozoites) per
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'rrgg ?i E)I \é\{jtz nggtgc} gcielri.g %gégg 1 egl;stagéi;/éagﬁgs[i Iegﬁgxpl\)/r%rs]st[ %Puiltgpeie |p§66‘teiZ1g,OWhic:86are not
expressed in sporozoites or at later developmental stages. After developing in the liver to
the merozoite stage, they are released from hepatocytes and reenter the blood stream,
expressing a different set of stage-specific proteins - different from those expressed
during the sporozoite and early hepatic stages - and invade erythrocytes, where additional
multiplication increases parasite numbers by approximately 10 to 20 fold every 48 hours.
Unlike the five to ten day development in the liver, which does not induce any symptoms
or signs of illness, untreated blood stage infection causes hemolysis, shaking chills, high

fevers, and prostration, and many other symptoms and signs of malaria.

POTENCY ASSAY

[0073] The level of infectious potency of purified radiation-attenuated P. falciparum
sporozoites may be assessed by measuring the expression of P. falciparum Liver Stage
Antigen-1 (PLSA-1) in human hepatocyte cultures using an immunofluorescence assay
(IFA). PfLSA-1 is a protein that is not expressed by sporozoites, but is expressed by P.
Jalciparum parasites (both attenuated and wild type) after they have successfully invaded
hepatocytes (Figure 3). Expression of PfLSA-1 indicates that the attenuated sporozoites
are metabolically active.

[0074] Human hepatocytes (cell-line HC-04 [1F9], See Prachumsri, J. and N.
Yimamnuaychok, U.S. 7,015,036) are seeded approximately 24 % 6 hours pre-infection
using a 1:1 ratio of Dulbecco’s modified Eagle’s medium and F-12 Ham’s mixture
supplemented with 10% fetal bovine serum and 2% penicillin/ streptomycin solution
(HC-04 growth medium). The cells are seeded at a concentration of 4.0 x 104cells/0.3
ml/well into 8-well Lab Tek Permanox (NUNC) chamber slides coated with Entactin
Collagen-IV Laminin (ECL) (Upstate) and incubated at 37 £ 1°C, 5% CO2 and 80%
relative humidity. When the monolayer confluency reaches > 80% at 24 + 6 hours post-
seeding, the culture supernatant is aspirated from each well, replaced with 0.3 ml of fresh
HC-04 growth medium and retumned to the incubator.

[0075] Attenuated P. falciparum sporozoites are diluted with HC-04 growth medium to a
concentration of 500 sporozoites/pul. Fifty pl of the diluted parasite sample is then added
to each well, after aspirating 300 pl of medium, allowing a total of 2.5 x 104 cells to
infect the HC-04 cells in each well. Infected hepatocytes are incubated for 3 £ 0.5 hours,

washed three times with HC-04 growth medium by gentle aspiration of the supernatant
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[0115] It

I's recogni zed that the values arising from experinental

measurenents provided for ng SGMV 25, 000 sporozoites are based on
results fromthe current assay as described, are not absolute, and
may be sonewhat different if another assay or nethod of analysis is
used. Table 2. PURI FI CATI ON OF SPOROZQZIES 1 1,091.65 1.01 0.74 1.38
1,081 0.09 99.91 2 511.00 0.19 0.12 0.28 2,689 0.04

1164). The purification processes provided herein are intended for purification of fully
infectious sporozoites as well as attenuated sporozoites.

In an embodiment, attenuated Plasmodium sporozoites may be genetically
manipulated to contain exogenous genes of other Plasmodium-species or of other
pathogenic organisms which may be expressed prior to, during or subsequent to infection.

Vaceination methodologies comprising purified pathogenic sporozoites are also
contemplated. For instance, pathogenic sporozoites may be administered to individuals
concurrently treated with anti-malarials (e.g. chloroquine) effective against the asexual
erythrocyte stage parasites, or administered to individuals subsequently treated with anti-
malarials effective against the asexual erythrocyte stage parasites, thereby preventing the
pathology caused by the parasites in vivo, while allowing the parasites to stimulate
protective immune responses. Roestenberg, M., et al. (2009) NEIM 361:468-478; Pombo,
D.J. et al. (2002) Lancet 360:610-617.

Sterile, purified pathogenic sporozoites are also useful in challenge protocols to
assess the effectiveness of vaccines and vaccination methodologies in challenge studies of
volunteers previously treated with these vaccines and vaccine methodologies. Similarly,
purified pathogenic sporozoites are useful to generate the symptoms, signs or pathology
of malaria in studies to assess the effectiveness of chemoprophylactic drugs and
therapeutics.

Sterile live pathogenic sporozoites that have been purified, as well as sterile live
attenuated sporozoites that have been purified are generally more useful than their non-
sterile, unpurified counterparts because compositions and vaccines comprising sterile
purified sporozoites reduce or eliminate the risk that attendant material or contamination
will cause unwanted immune responses, adventitious infections or other unexpected
consequences. Vaccines comprising purified live attenuated Plasmodium species
sporozoites usually are administered parenterally, and by other routes as described herein.
Such vaccines are useful for prevention or reduction of severity of malaria, its
manifestations, symptoms or its pathology.

In an embodiment, compositions and vaccines cornprising aseptically prepared
attenuated purified sporozoites provide partial, enhanced, or full protection in human and
other mammalian subjects not previously exposed to a malaria-causing pathogen, or

exposed, but not fully protected. These compositions and vaccines are similarly useful to
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reduce the chance of developing a disease-producing infection from parasites that causes
malaria, including species of Plasmodium, e.g. P. falciparum or P. vivax, and reduce the
chance of becoming ill when one is infected, reduce the severity of the illness, such as
fever, when one becomes infected, reduce the concentration of parasites in the infected
person, or reduce mortality rates from malaria in populations exposed to malaria
parasites. In many cases even partial protection or delay in the time it takes an
immunized individual as compared to a non-immunized individual to become infected
with the parasites or ill from infection is beneficial. Similarly, a vaccine treatment
strategy that results in any of these benefits in about 30% of a population may have a
significant impact on the health of a community and of the individuals residing in the
community. In other embodiments comprising pathogenic sporozoites, compositions
disclosed are useful for demonstrating the efficacy of vaccines, drugs for the treatment of
malaria, and other treatments and preventions of malaria.

[0082] Provided are methods for prevention of malaria in a subject. The methods
comprise administering to the subject a vaccine which has been prepared aseptically and
comprises substantially purified live attenuated Plasmodium sporozoites in an amount
effective to prevent malaria.

[0083] The subject to which the vaccine is administered in accordance with these
methods may be any human or other mammal, susceptible to infection with a malaria
parasite. For such methods, administration can be via the alimentary tract , such as oral,
or administration can be parenteral, including, but not limited to mucosal, intranasal,
epidermal, cutaneous, inframuscular, subcutaneous, intradermal, submucosal and
intravenous and the like. Moreover, the administration may be by continuous infusion or
by single or multiple boluses as well as delivery mediated by microneedles.

[0084] The prevention and/or treatment of malaria may be readily ascertained by the
skilled practitioner by evaluation of clinical or pathological manifestations associated
with malarial infection, for example elevated temperature, headache, fatigue, coma, or
percent of erythrocytes parasitized. Thus, according to the methods of the present
invention, the subject shows improved or absent clinical signs, symptoms or pathological
manifestations of malaria following administration of a vaccine comprising purified live

attenuated Plasmodium sporozoites.
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[0085] Effective and optimal dosage ranges for vaccines and mmmunogens can be
determined using methods known in the art. Guidance as to appropriate dosages to
achieve an anti-malarial effect is provided from the exemplified assays disclosed herein.
More specifically, results from the immunization pattern described herein and in cited
references can be extrapolated by persons having skill in the requisite art to provide a test
vaccination schedule. Volunteer subjects are inoculated with varying dosages at
scheduled intervals and test blood samples are evaluated for levels of protection against
malaria upon subsequent challenge with infective parasites. Such results can be used to
refine an optimized immunization dose and dosage regimen (schedule) for effective
immunization of mammalian, specifically human, subjects. A dose effective in conferring
a protective immunity is from 5,000 to 400,000 purified attenuated sporozoites
administered m a dosage regimen of 1 to 6 doses, more particularly a dose of from 15,000
to 270,000 purified attenuated sporozoites in a dosage regimen of at least 2 doses, and
most particularly a dose of from 25,000 to 150,000 purified attenuated sporozoites in a
dosage regimen of 3 or 4 doses.

[0086] An immune response in a subject can be measured by standard tests including, but
not limited to the assessment of humoral and cellular immune responses, including, but
not limited to: measurement of antigen specific or parasite stage specific antibody
responses; direct measurement of peripheral blood lymphocytes by means known to the
art; natural killer cell cytotoxicity assays (Provinciali ef al. (1992) J. Immunol. Meth. 155:
19-24), cell proliferation assays (Vollenweider et al. (1992) J. Immunol. Meth. 149: 133-
135), immunoassays of immune cells and subsets (Loeffler et al. (1992) Cytom. 13: 169-
174; Rivoltini ef al. (1992) Can. Immunol. Immunocther. 34: 241-251); and skin tests for
cell mediated immunity (Chang et al. (1993) Cancer Res. 53: 1043-1050). Various
methods and analyses for measuring the strength of the immune system have been
described, for example, Coligan et al. (Ed.) (2000) Current Protocols in Immunology,
Vol. 1, Wiley & Sons.

[0087] The vaccines provided comprise aseptic and non-aseptic compositions of purified
live attenuated Plasmodium sporozoite substantially free of attendant material, and
compositions with a pharmaceutically acceptable diluent, excipient, or carrier. These
vaccines are effective in preventing or mitigating malaria upon subsequent challenge with

infectious parasites. Methods of formulating pharmaceutical compositions and vaccines
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are well known to those of ordinary skill in the art (see, ¢.g., Remington, The Science and
Practice of Pharmacy 21st Edition, Hendrickson, ed. (USIP: 2005)).

[0088] Comprehended by the invention are vaccine compositions, aseptically prepared or
otherwise, comprising purified, live attenuated or non-attenuated Plasmodium sporozoites
along with appropriate diluent and buffer. Diluents, commonly Phosphate Buffered Saline
(PBS), or Normal Saline (NS), are of various buffer content pH and ionic strength. Such
compositions may also include an excipient such as serum albumin, particularly human
serum albumin. Serum albumin may be purified from naturally occurring sources such as
human blood, or be produced by recombinant DNA or synthesis technologies. Such
compositions may also include additives such as anti-oxidants e.g., ascorbic acid, sodium
metabisulfite, and/or preservatives or cryopreservatives. Incorporation of the material into
particulate preparations of polymeric compounds such as polylactic acid, polyglycolic
acid, etc. or into liposomes may also be used. (See, e.g., Remington's Pharmaceutical
Sciences, 18th Ed. (1990), Mack Publishing Co., Easton, Pa. 18042) pages 1435-1712.

[0089] In order to determine the effective amount of the vaccines, the ordinary skilled
practitioner, considering the therapeutic context, age, and general health of the recipient,
will be able to ascertain proper dosing. The selected dosage depends upon the desired
therapeutic effect, on the route of administration, and on the duration of the treatment
desired. Experiments to determine levels for dosages can be ascertained by one of
ordinary skill in the art by appropriate human clinical trials in which various dosage
regimens are evaluated for their capacity to elicit protection against malaria.

[0090] Disclosed vaccines and disclosed methods of using these vaccines may be useful
as one component in a vaccine regimen, each component in turn comprising a discrete
vaccine to be administered separately to a subject. Regimens may include sequential
immunization with attenuated Plasmodium species sporozoites and other types of
Plasmodium vaccines, so-called, prime-boost strategies. This may include attenuated
sporozoites as a prime, and Plasmodium-related recombinant protein or proteins in
adjuvant as a boost or vice versa. This may also include Plasmodium-related DNA
vaccines or a recombinant virus, such as adenovirus, that express Plasmodium-related
proteins, as a prime and purified, attenuated sporozoites vaccine as a boost, or vice versa.

It may also include sequential or mixed immunization with attenuated Plasmodium
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species sporozoites and some form of erythrocytic stage parasites, including, killed and
live attenuated. A vaccine complex comprising separate components may be referred to
as a vaccine regimen, a prime/boost regimen, component vaccine, a component vaccine
kit or a component vaccine package, comprising separate vaccine components. For
example, a vaccine complex may comprise as a component, a vaccine comprising
purified, aseptic, live attenuated sporozoites. The complex may additionally comprise one
or more recombinant or synthetic subunit vaccine components, including but not limited
to recombinant protein, synthetic polypeptide, DNA encoding these clements per se or
functionally incorporated in recombinant virus, recombinant bacteria, or recombinant
parasite. A vaccine component may also include aseptic attenuated axenic sporozoites
that are allowed to develop to the early liver stage extracellularly.

P. falciparum strains from different parts of the world - West Africa, East Aftica,
and SE Asia have been described. Volunteers immunized with one strain of attenuated
sporozoite exhibit protection against others strains (Hoffiman, S.L. et al (2002) J. Inf. Dis.
185:1155-1164). In an embodiment, multiple isolates and/or strains of a Plasmodium
species are combined in a sporozoite composition or in a vaccine formulation.

Several Plasmodium species are known to cause malaria in humans,
predominantly P. falciparum and P. vivax. Other Plasmodium species cause malaria as
well, including P. malariae, and P. ovale. P. knowlesi is also known to cause human
disease. In an embodiment, two or more Plasmodium species are combined in a vaccine
formulation. In still other embodiments, separate components of a vaccine regimen may
be derived from different species, e.g., some doses from P. falciparum and others from P.
vivax.

In another embodiment, the sporozoite may be a transgenic or recombinant
parasite, i.e. a parasite that includes and expresses a DNA sequence or gene that is foreign
to the species of parasite which contains it, referred to herein as a transgene. (See, e.g.
Franke-Fayard, et al. Molec. and Biochem. Parasitol. 2004 A Plasmodium berghei
reference line that constitutively expresses GFP at a high level throughout the complete
life cycle. 137:23-33; Wengelnik, K. ef al. The EMBO J. 1999 The A-domain and the
thrombospondin-related motif of Plasmodium falciparum TRAP are implicated in the

invasion process of mosquito salivary glands. 18:5195-5204). It will be understood by
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[0101] The numerical parameters set forth in the specification and claims are

approximations that may vary depending upon the desired properties of the present
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the above teachings. It is therefore to be understood that, within the scope of the
appended claims, the invention many be practiced otherwise than as specifically
described.
[0103) The following examples further illustrate the invention. They are merely
illustrative of the invention and disclose various beneficial properties of certain
embodiments of the invention. These examples should not be construed as limiting the

invention.

EXAMPLES

EXAMPLE 1 - ATTENDANT SGM DETERMINATION — ELISA

[0104] Sporozoites of any Plasmodium species may be purified by the methods provided.
The examples provided herein describe the purification of the sporozoites of P.
Jalciparum (PISPZ). However, other embodiments utilize P. vivax, P. ovale, P. malariae,
and/or P. knowlesi. Still other embodiments utilize mixtures of these parasites. Still other
embodiments utilize attenuated sporozoites of each species. Still other embodiments
utilize attenuated sporozoites that include and express a DNA sequence or gene that is

foreign to that parasite.
A - PREPARATION OF ANTI-SGM RABBIT ANTI-SERA

i) Extraction of Salivary Glands from Mosquitoes

[0105] To generate rabbit anti-sera against mosquito salivary glands, 10 to 14 day old
insectary-raised Anopheles stephensi mosquitoes were immobilized by placing in a 40C

refrigerator for approximately five minutes, Immobilized mosquitoes were placed briefly
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in a Petri dish containing 70% ethanol and then transferred into a Petri dish containing 1X
phosphate buffered saline (PBS). A pair of salivary glands from each mosquito was
dissccted by hand in 1X PBS on a microscope glass slide and transferred to a 1.7 ml clear
sterile microtube (Axygen Scientific Inc. CA) containing 20-30 pl of 1X PBS. On a daily
basis, approximately 100 mosquitoes were dissected and 100 pairs of salivary glands in
30 pl PBS were placed in a freezer at -70[JC. When enough salivary glands had been
obtained for one immunization, vials were removed from the freezer, thawed to room

temperature and pooled.

if) Salivary Gland Precessing

For the primary inoculation, salivary glands were dissected from 1,000
mosquitoes and stored at -70°C. On the day of inoculation, samples were thawed, pooled
and [ysed by three additional freeze-thaw cycles using a dry ice/ethanol bath and thawing
at room temperature. The salivary glands were reconstituted in a final volume of 600 ul
of 1X PBS and emulsified with Montanide ISA 720 (SEPPIC, Inc., Fairfield, NJ).

For all subsequent immunizations, salivary glands were dissected from 500
mosquitoes and stored at -70°C daily. On the day of inoculation, samples were thawed,
pooled and homogenized with a pestle (Kontes EF2488A). The pestle was rinsed with
100 pi of PBS which was added to the pool. The sample was reconstituted to a final

volume of 600 pl PBS and emulsified within 30 minutes after reconstitution.

i)  Salivary Gland Emulsification

Two ml glass vials (two vials for adjuvant control; two vials for salivary glands in
adjuvant) were obtained. Seven hundred fifty pl of Montanide ISA 720 adjuvant was
drawn through a 5 micron filter syringe. Seven hundred pl of the filtered adjuvant was
injected into each glass vial. Three hundred ul of PBS was added to the control vial and
three hundred pl of salivary glands in PBS to the experimental vial. The vials were
covered with a rubber stopper. Each vial was further capped with an aluminum seal cap
and the seal was pressed with a crimper. Vials were placed in the small holes of a vortex

pad, taped down, and vortexed for 30 minutes.
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v) Emulsion and Inoculation Quantities

[0109] For the primary immunization two glass vials were used to emulsify antigen from
1,000 mosquitoes, (each containing 1,000 pl of a 300:700 volume ratio of salivary
gland/PBS: Montanide adjuvant) yielding a total emulsion volume of 2 ml. For
subsequent immunizations antigen from 500 mosquitoes was similarly emulsified in a
total volume of 2,000 pl. Therefore half the concentration of antigen was injected in
subsequent Immunizations in the same emulsion volume as the primary inoculum.
Control rabbits in all immunizations received 2 m! of emulsion containing a 300:700
volume ratio of PBS: adjuvant. All emulsions were inoculated into rabbits within one
hour of emulsification.

{0110] Experimental rabbits received 2,000 pl of salivary glands: adjuvant (300:700 ratio
by volume) emulsion injected subcutaneously at eight sites, 250 pl per site. Control
rabbits received 2,000 pl of PBS: adjuvant (300:700 ratio by volume) emulsion injected

subcutaneously at eight sites, 250 ul per site.

v) Rabbit Immunization Schedule

[0111] Table 1 provides the immunization schedule used to generate the polyclonal
antibody used in the examples provided herein. This schedule is not intended to be

limiting with regard to the method of polyclonal antibody preparation, but rather is

provided only as an example and disclosure of antibody used herein

""Pre-ioled tw;ab

used as a reference to evaluate antibody titers.

0 First inoculation of experimental rabbit with 2,000 pl emulsion of
salivary gland material dissected from 1,000 mosquitoes and
control rabbit with 2,000 pl emulsion of 1X PBS and Montanide
ISA 720.

21 Second inoculation of experimental rabbit with 2,000 ul emulsion of

salivary gland material dissected from 500 mosquitoes and control
rabbit with 2,000 pl emulsion of 1X PBS and Montanide ISA 720.

30 Test bled #1; pre-bleed and test sera received for evaluation
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42 Third inoculation of experimental rabbit with 2,000 wl emulsion

of
salivary gland material dissected from 500 mosquitoes and control
rabbit with 2,000 pl emulsion of 1X PBS and Montanide ISA 720

51 Test bled #2; sera received for evaluation

57 Fourth inoculation of experimental rabbit with 2,000 ul emulsion of
salivary gland material dissected from 500 mosquitoes and control
rabbit with 2,000 pl emulsion of 1X PBS and Montanide ISA 720.

66 Test bled # 3; sera received for evaluation.

92 Based on results of test bleed #3 an additional inoculation of salivary
gland material was administered. Fifth inoculation of experimental
rabbit with 2,000 pl emulsion of salivary gland material dissected
from 500 mosquitoes and control rabbit with 2,000 pl emulsion of
1x PBS and Montanide ISA 720.

102 Rabbits were exsanguinated and 45 ml serum was obtained from each

rabbit.

B-SGM ELISA ASSAY

[0112] An enzyme-linked immunosorbent assay (ELISA) was used to quantify attendant
material. As an example, salivary gland material (SGM) originating from A. stephensi
salivary glands in preparations of P. falciparum sporozoites was quantified. ELISA plates
{(Nunc MaxiSorp Cert, N/Ster, PS, 96 well Flat-Bottom Immuno Plate, Cat. No. 439454)
with dilutions of SGM standards (prepared from salivary glands of uninfected
mosquitoes) and samples of sporozoites from crude salivary gland preparations as well as
samples of the purified sporozoite preparations were prepared for assay. The primary
antibody was rabbit anti-SGM serum (described in A, above) diluted 1:200. Secondary
antibody was alkaline phosphatase-conjugated anti-Rabbit IgG diluted 1:5,000 (Promega,
Cat. No. S373B). KPL Blue Phos Substrate and Stop Kits (KPL, Cat No. 50-88-06 and
50-89-00) were used. Plates were read on a Molecular Devices Microplate Reader at 635

nm.
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purificatio ocess. The i fied USP <61> bi oburden assay showed
that there V\é[r%easﬁf’és Essidy WimgP agon ARfl pRshiBp 18% SPREOFPLIE PEFREHIOS,

contani nat i OﬁhesMsﬁﬁlﬁ'ﬁﬁQPérE ARPLHRES diRRAL BMECIOORAR M, (ﬁSerBﬂut%ﬂckS-SGM
post-purification sanples are presented in Figure 2.

Spor ozoi t e Yisahlegardepomrode pRoprtionstveare fustherdihitéd todk 25(% HSBn‘dIt}mﬂXPBS and
Purification ad%ﬁsﬁﬁufhg CﬁﬁSﬂ' ﬁﬁt%ohetgpﬂa%%lh%b&iﬂﬂfoh If%tﬁﬂzs PJ fci'g) ¢essary because it

lowers the content of HSA. HSA acts as a blocking agent and can decrease the sensitivity
of the assay. The SGM-coated ELISA plates were incubated first with the rabbit
polyclonal anti-SGM antiserum (see paragraph 100) and then with the enzyme-labeled
anti-rabbit antibodies, and finally with an enzyme substrate (see paragraph 101). In the
presence of SGM, the enzyme substrate changes color and the optical densities (ODs) of
the contents of the wells change. The OD of each sample was determined using the
microplate reader. To determine the amount of SGM in the sporozoite preparations, the
OD values of these samples and the reference standard were fit with a logistic mixed
model that has common asymptotes and slope but separate ED50 values for each sample.
The relative values of the ED50 were used in combination with the known (or assigned)
concentration of SGM in the reference sample to estimate the SGM concentration in the
pre-purification sporozoite and VBP samples. The lower and upper 95% confidence limits
were similarly determined for the sporozoite preparations from the overall data
incorporating an estimate of variation based on three experimental assays that contained a
common reference standard and test samples. From the numbers of sporozoites known to
be present in each sporozoite preparation, the ng of SGM/25,000 sporozoites was
calculated as were the reduction factors and percent reductions of the attendant material.
[0114] Table 2 shows the results of 10 production campaigns. “Start” represents
measured amounts in ng SGM / 25,000 sporozoites in crude preparations pooled after
trituration of salivary glands dissected from infected mosquitoes. “Final” represents the

corresponding measured amount of SGM in preparations which were purified by the
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methods provided herein. This methodology results in substantial purification of the
sporozoites - 99.9% or more.

[0115] It is recognized that the values arising from experimental measurements provided
for ng SGM/25,000 sporozoites are based on results from the current assay as described,
are not absolute, and may be somewhat different if another assay or method of analysis is

used.

Table 2. PURIFICATION OF SPOROZOITES

el Eadions
: Upper
4 95% Cl1 95% CI

1,091.65 L.01 0.74 1.38 1,081 0.09 99.91

sEinals

1
2 511.00 0.19 0.12 0.28 2,689 0.04 89.96
3 836.64 0.23 0.16 0.35 3,637 0.03 99.97
4 757.11 0.29 0.20 0.41 2,610 0.04 99.96
5 847.90 0.70 0.51 0.96 1,211 0.08 99.92
6 780.66 0.65 0.47 0.90 1,201 0.08 99.92
7 893.88 0.61 0.44 0.85 1,465 0.07 99.93
8 407.37 0.29 0.19 0.44 1,404 0.07 99.93
9 508.42 (.35 0.24 0.52 1,452 0.07 99.93
10 719.45 0.67 0.48 0.94 1,073 0.09 99.91
Geometric
Mean® 706.88  0.51 0.34 0.67 1,625 0.07 99,93

a - Data comprising columns labeled ‘Start’, ‘Reduction Factor’ and ‘Percent Reduction’
are skewed. Therefore geometric means were calculated for these data. Data in the
other columns were treated the same way for consistency.

EXAMPLE 2 — PURIFICATION OF SPOROZOITES in CAMPAIGN 3

[0116] Sporozoites were purified from triturated salivary gland preparations using size
exclusion filtration as disclosed. The sporozoites were maintained throughout the
purification process in purification medium. At the end of the purification, samples were
removed for visual observation (microscopic examination), bioburden testing (USP
<61>), testing for Mycoplasma and Spiroplasma, in vitro determination of viral
contaminants; and SGM-ELISA assay.
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A - PURIFICATION OF SPOROZOITES

Preparation of material for purification: The triturated dissection product from
between 272 and 356 mosquitoes was received altogether in a tube. A sample (5 pl) of
the dissection product was removed and set aside at 220C for visual observation after
pooling (Fig. 1a). The remaining dissection product was then diluted to 10 ml with the
purification media. A sample (total of 100 pI) was removed at this point for counting (20
pl) and the SGM assay (60 pl). All solutions and samples were kept at about 22°C for
the duration of the purification.

Purification procedure: Using a peristaltic pump at a flow rate of about 4 ml/min
(about 140L/hr/m?) the diluted dissection product was pumped across three filters (Filter
#1, Filter #2 and Filter #3) connected in series and captured by dead end filtration on
Filter #4. Filter #1, a depth filter, had a pore size of 10 microns (Polygard®-CN
Optiscale - Millipore Cat. No. SN1HA47HH3). The pore size of Filter #2, a depth filter,
was 0.6 micron (Polygard®-CN Optiscale filter -Millipore Cat. No. SNO6A47HH3).
Filter #3 had a pore size of 1.2 microns (Isopore membrane, 47 mm in diameter —
Millipore Cat. No. RTTP04700) held in a Swin-Loc filter holder (Whatman Cat. No.
420400). Filtered material was captured on Filter #4 in a stirred ultrafiltration cell
(Millipore, model 8200) fitted with a Jsopore membrane, 90 mm in diameter and a pore
size of 0.4 pm (Millipore Cat. No. HTTP09030). A total of 100 ml purification media for
run #1 and a total of 120 ml for runs #2-5 were pumped across the membranes together
with the diluted dissection product. This was followed with another 100 mil of
purification media applied to Filter #4. When the retentate volume reached about 5-10 ml,
it was collected together with washes using purification media in a total of 35 ml that was
transferred to a sterile 35 ml Oak Ridge centrifuge tube. Another 35 ml wash was
collected in a similar fashion and also transferred to a second sterile 35 ml Qak Ridge
centrifuge tube. The 35 ml Oak Ridge tubes were centrifuged at 16,340g for five
minutes, and resuspended for counting, and held at about 22°C.

After counting, the material was resuspended to a concentration of about 15-18 x
10° sporozoites/ml. 150 pl was removed for assessment of SGM and stored frozen at -
70°C prior to performing the SGM-ELISA assay. 20 pl were removed from the purified
P{SPZ preparation and applied to a microscope slide (Figure 1b). Settling of sporozoites

was allowed for at least 5 minutes, up to 30 minutes, and the sporozoites were viewed at
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200X magnification. A similar procedure was carried out for the pre-purification sample
(Figures la and 1b). The specific data for each run in the campaign are presented in
Table 3 and a microscopic analysis {photomicrograph) of pre- and post-purification
samples is presented in Figure 1a and 1b.

[0120] In campaign 3, seven runs using between 272 and 356 mosquitoes per run (2146
mosquitoes total) with yields of purified sporozoites per run ranging from 40% to 75%
(mean 57%) giving a total of 61.3 x 10° purified sporozoites prior to removal of all
samples for im-process and release assays. The SGM assay (Example 1 - Table 2-
Campaign 3) showed that the purified sporozoites contained 0.23 ng SGM/25,000
sporozoites. The SGM content of pooled pre-purification material contained 836.64
ng/25,000 sporozoites. In this example there was an overall 3,637 fold purification of
sporozoites in the purification process. The modified USP <61> bioburden assay showed
that there were no colony forming units, in other words no microbial contamination,

TABLE 3. Sporozoite Yield - Campaign 3

Start of Purification End of Purification

Run Mosquitoes >fSPZ/Mosquite  Total PISPZ  Total PISPZ Yield

dissected (x10%) (x10%) (x10°%) (%)

1 356 36.5 13.0 9.8 75.4

2 330 43.9 14.5 9.2 63.4

3 272 57.9 15.8 6.6 41.8

4 298 47.8 14.3 10.6 74.1

5 326 65.2 21.3 12.7 59.6

6 274 65.2 17.9 8.1 45.3

7 290 37.1 10.8 4.3 39.8
TOTAL 2146 107.6 61.3

MEAN 50.5 57.1

"% yield = 100 x (#SPZ at end/#SPZ at start)
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CAMPAI GNS 5,6 and 7. [0123] Met hods. PfSPZ were incubated for three
days with HC-04 (1F9) cells, and then-d8sessed for expression of
PfLSA-1. Table 5. PfLSA-1 expression in |liver stage parasites after
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exclusion filtration as described in Example 2 above. The sporozoites were maintained
throughout the punfication process in purification medium. Samples were removed for
visual observation (microscopic examination), microbiological testing, and SGM-ELISA
assay to quantify the amount of SGM in the samples. Samples were prepared and purified
as in Example 2.

[0122] In campaign 6, eight runs using between 343 and 395 mosquitoes per run (2997
mosquitoes total) with yields of purified sporozoites per run ranging from 51% to 87.5%
(mean 72.3%) giving a total of 160.5 x 10 purified sporozoites prior to removal of all
samples for in-process and release assays (Table 4). The SGM-ELISA assay (Example 1
— Table 2 - Campaign 6) showed that the purified sporozoites contained 0.65 ng
SGM/25,000 sporozoites. The SGM content of pooled pre-purification material contained
780.66 ng/25,000 sporozoites. In this example there was an overall 1,201-fold
purification of sporozoites in the purification process. The modified USP <61> bioburden
assay showed that there were no colony forming units, in other words no microbial
contamination. Microscopic analyses (photomicrograph) of pre- and post-purification

samples are presented in Figure 2.

TABLE 4. Sporozoite Yield Campaign 6

Start of Purification End of Purification

Run Mosquitoes P{SPZ/Mosquito Total PfSPZ  Total PfSPZ Yield
dissected (x10°%) (x10%) (x10%) (%)

1 372 89.7 334 29.2 87.4
2 395 115.2 45.5 23.2 51.0
3 395 101.3 40.0 222 55.5
4 384 99.9 384 20.6 53.6
5 366 72.4 26.5 14.8 55.8
6 343 434 14.9 10.1 67.8
7 363 86.8 315 19.3 61.3
8 379 67.3 255 21.1 82.7




[0124] Results and Interpretation. Detection of Plasnodi um fakiparum
i ver stage antigen-1 (PfLSA-1), expressed in |liver stage parasites,
I's an indication of the potency of attenuated and purified
sporozoites. As shown in Table 5, PfLSA-1 is expressed by P.

faki parum | i ver stage parasites after t¥e sporozoites have been
exposed to 150 Gy. EXAMPLE 5 - | NFECTI ON OF A HUVAN HEPATOCYTE CELL

LI NE (HC- 04 TGk W TH goRRADT ATED (100 120; %5 150355 OR
NON- | RRADI ATED P. _FALCI'PARUMSPOROZOI TES. [ 01257 Net hods. Spor 0zoi t es

wer e incubat edEAN three days in Hg49H4 (1F9) cells, and then assessggly
for expression of PFLSA-1. -37 - Table 6. Nunmber of |iver stage

parasi tes expressi ngbRield5A100 a#SHZ alichd £ atistarydi at | on doses.
Nunber of Parasites Expressing Radi ati onSTD% PfLSA-1 DoseDEV CV
(Gy)per Vell WwWell 1 well 2 Wll 3 Mean

EXAMPLE 4 INFECTION OF A HUMAN HEPATOCYTE CELL LINE (HC-04

[1F9]) WITH IRRADIATED (150 GY) P. FALCIPARUM SPORQZOITES FROM
CAMPAIGNS 5, 6 and 7.

[0123] Methods. PfSPZ were incubated for three days with HC-04 (1F9) cells, and then
assessed for expression of PfLSA-1.

Table 5. PILSA-1 expression in liver stage parasites after irradiation of PfSPZ.

i Number of Parasi
PISPZ/ Primary Days in umber of Parasites

Campaign = " Antibody .~ Expressing PALSA-1  Mean/well STDEV
Against Well1 Well2 Well3
5 25,000 PfLSA-1 3 356 327 387 356.7 30.01
6 25,000 PfLSA-1 3 401 359 378 379.3 21.03
7 25,000 PILSA-1 3 426 369 381 392.0 30.05
[0124] Results and Interpretation. Detection of Plasmodium falciparum liver stage

antigen-1 (PfL.SA-1), expressed in liver stage parasites, is an indication of the potency of
attenuated and purified sporozoites. As shown in Table 5, PFLSA-1 is expressed by 2.

Jalciparum liver stage parasites after the sporozoites have been exposed to 150 Gy.

EXAMPLE 5 - INFECTION OF A HUMAN HEPATOCYTE CELL LINE (HC-04
[1F9]) WITH IRRADIATED (100, 120, 142.5, 150 Gy) OR NON-IRRADIATED
P. FALCIPARUM SPOROZOITES.

[0125] Methods. Sporozoites were incubated for three days in HC-04 (1F9) cells, and

then assessed for expression of PfLSA-1.
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Table 6. Number of liver stage parasites expressing PfLSA-1 after different
irradiation doses.

Number of Parasites Expressing

Radiation STD %
Dose PILSA-L DEV CV
(Gy) per Well
Welll Well2 Well3 Mean
0 363 322 341 3420 20.52 1.37
100 321 302 287 3033 17.04 121
120 286 307 323 3053 1856 1.22
142.5 318 337 293 31600 2207 1.26
150 341 309 285 3117 2810 1.25
[0126] Results and Interpretation. 25,000 PfSPZ, which had been exposed to different

radiation doses as indicated (Table 6), were added to cach well of 8-well Lab-Tek slides
containing HC-04 (1F9) cells. The slides were incubated for 3 days and assessed for
parasites expressing PfLSA-1. As shown in Table 6, compared to non-irradiated Pf
sporozoites, Pf sporozoites that were exposed to 150 Gy had 91% of the activity of non-
irradiated Pf sporozoites in this assay. This difference did not reach the level of statistical

significance in a two-tailed Student’s t-Test (p = 0.21).
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WHAT IS CLAIMED IS:

A substantially purified preparation of Plasmodium-species parasites.

The preparation of claim 1 wherein said parasites are metabolically active.

The preparation of claim 2, wherein said parasites are infectious sporozoites.

The preparation of claim 3, additionally comprising an excipient.

The preparation of claim 4 wherein said Plasmodium species is P. falciparum.

The preparation of claim 4 wherein said excipient comprises human serum albumin.
The preparation of claim 4, wherein said sporozoites are purified from mosquitoes.

The preparation of claim 7, wherein said sporozoites are purified from a pre-purification

preparation of salivary gland material.

The preparation of claim 4, wherein said sporozoites are sufficiently attenuated such that

subsequent to infection of a host, said parasites fail to cause disease pathology of malaria.
The preparation of claim 4, wherein said sporozoites contain one or more transgenes.
The preparation of claim 10 wherein the species of sporozoite is P. falciparum.

The preparation of claim 4 comprising less than 15 nanograms of attendant material per

25,000 sporozoites.

The preparation of claim 12 comprising less than 1 nanogram of attendant material per

25,000 sporozoites.

The preparation of claim 12 comprising less than 0.12 nanograms of attendant material

per 25,000 sporozoites.

The preparation of claim 8 in which at least 98% of attendant material has been removed

from said pre-purification material.



[0126] Results and Interpretation. 25,6000 PfSPZ, which had been
exposed to different radiation doses as indicated (Table 6), were
added to each well of 8-well Lab-Tek slides containing HC 04 (1F9)
cells. The slides were incubated for 3 days and assessed for
parasites expressing PfLSA-1. As shownr3%n Table 6, conpared to
non-irradi ated Pf sporozoites, Pf sporozoites that were exposed to

150 &y 91%.0 . act kit f nensirradi Pf QL ozoi tes .i.n
this asts.'%g. #fdsg %[15 %I]&eo%e%%}eﬁa}ﬁ{ogo not" %%’a%%%ta ﬁ?%%e%e?f %eng?]gtquét?l?aéeﬁas been
si gni fi cance removedtinen tAd pedufivsntmgertalTest (p = 0.21). - 38 -

WHAT IS CLAIMED IS: 1. A substantially purified preparation of

Pl asnodi um speci es rasites. 2.. The preparat,] oof claim1l wherein
caid paride: t e ePRRICHO PE ByinaRuch @t TGt ha T ahSHR S T friel 4 heen
2, wherein sabfoRAfash §88 pRIRIDGBARAIASSPOrozoi tes. 4. The
preparation of claim3, additionally conprising an excipient. 5. The

preparation of claim4 wherein said Plasnodi umspecies is P. )

f aki par dfr 6. Thepecnsraion odilam Dherein saids aliguptiqnnis saiablishé bjiiatraduction of a
conprises humai.6R" Uik PHB fion 7 atj o -al ehel
sai d sporozoi teg ar Sur i #&%ﬁ? r%rmggnlges%‘??g({élé.d%gy ?’Iﬁ%ﬁ{ﬁ@eggﬁ%u%n&g#%al
claim7, wheesposusaodenyponoegnsilteggosaree purified from a

pre-purification preparation of salivary gland material. 9. The

pr epar ati;on cé im.4 erel n,sai orozojtes are.sufficiently . .
at t enuat'éd sﬁi(l:jﬁ r%% i \é\’gq"&%ﬁt 1?’owi%ﬁ%glcts?lénatéefm%{loﬁo?t ?St%ba\IISi&eed byradiation

par asi t es faickpdsarecause di sease pat hol ogy of malaria. 10. The
preparation of claim4, wherein said sporozoites contain one or nore

transgenes. . The preparati f claim 10 wherein the speci f
Sporosors i Tt preRarpE 2 o 13 Herin 5r EsamalofRerut fapritert 100 %, but no
conpri si ng | esse thaanoddbGpanpdiaos of attendant material per 25,000
sporozoites. 13. The preparation of claim 12 conprising |ess than 1

nanogr am. of t endant, mat er.i er 25,000 spor.ozojtes.
g rEl. %ﬁw preparation ¢ cellaimaio herein said exposrrl)re is 150 Gy.

22.  The preparation of claim 12 prepared aseptically and free of contamination.

23. A method of conferring protective immunity in a human or other mammalian host against
malaria induced by a Plasmodium-species parasite, said method comprising
administration of at least one dose of a substantially purified preparation of metabolically
active attenuated sporozoites of said Plasmodium—sﬁecies, wherein pathological
manifestations of said malaria are prevented in said host upon subsequent exposure to

pathogenic parasites of said Plasmodium-species.
24.  The method of claim 23, wherein said preparation additionally comprises an excipient.
25.  The method of claim 24, wherein said excipient comprises human serum albumin.

26.  The method of claim 23 comprising administration of at least two doses of said

preparation.

27.  The method of claim 26 comprising administration of three or more doses of said

preparation.



14. The preparation of claim 12 conprising |less than 0.12 nanogans of
attendant material per 25,000 sporozoites. 15. The preparation of
claim8 in which at | east 98% of attendant material has been renoved
fromsaid pre-purification material. -39- 16. The preparation of
claim8 in which at |east 99.9% of atteWdant material has been

renoved fromsaid pre-purification material. 17. The preparati on of
claim8 9

Femoved 15 om L Toged S taiad ik filn Sl BIGANiET SeRsiE Ry FFnoggn of a
cl ai m 9 wher dientabl ghneti¢ dtvmaiohon gers resthtidl, bsbechdimyion Eipo@dzt&pttheﬁﬁba@éx;ﬁbsure
heritabl e genetlc alteration or gene nutation, or by radiation
exposure, cheti E‘éfr‘)“é‘}?&@@ﬁ’fpé’wsr envi ronmental exposure. 19. The
preparation of claim18, wherein said attenuation is established by

radi at i a19. expriguh@hoddX clalie28priepds adid afferbtic iaestbiRhad ey @Hlﬁn@@é@osure
radi ati on exposure is at least 100 Gy, but no nore than 1000 of

radi ati o 2 The e alrat on_of  cl a %%herel n said exposure IS
150 Q. pethehphelpigh b3 hgteiq s 51 UnSeABIptT Ldeipyvang. vivee P.

of contam natdvgg paglow{ésngtmggd&faeconf erring protective immunity in a
human or other manmalian host agai nst mal aria induced by a

Pl asnodi um speci es parasite, said nethod conprising adm nistration of
at | east3lone Tisgrethd of claim S0 avherein pad preries isddl /Peipparmt i on of

nmet abolically active attenuated sporozoites of said
Pl asnodiipm speGledid Mﬁﬁl@ﬁdﬁtl@@%hﬂeﬁgbﬁéhly %ef Pﬁgrﬁtgdz%%g&foz(ﬁ%k %aid method

mal aria are prevented In said host upon Subsequent expoSure
pat hogeni ¢ pacmwiisiag; of said Pl asnodi um species. 24. The nethod of
cl aim 23, mhereln sai d preparation additionally conprises an

exci pi ent. o, ej . en .
compri o5 hundn oSr AP gty Ea g Meat bl ChRyaRdh EXELRIEL iy and
adm ni stration of atitndagtaph-spoozdtsesteddl; sai d preparation. 27. The

met hod of claim 26 conprising adm nistration of three or nore doses

of said pr ep%)at ' %assmg saﬁp sporozoite preparation sequentially through a set of size exclusion

filters comprising:

() a first exclusion filter with a pore size capable of retaining attendant

material larger than 10 microns but allowing passage of said sporozoites;

(i)  a second exclusion filter with a pore size capable of retaining attendant
material larger than about 1.2 microns but allowing passage of said

sporozoites; and

(iii) 2 third membrane filter with a pore size capable of passing material 1.2

microns or smaller and allowing passage of said sporozoites;

{c) collecting substantially purified sporozoites on a collecting filter with a pore size

capable of retaining said sporozoites; and

(d)  removing the collected substantially purified sporozoites from the collecting filter,
thereby producing a purified sporozoite preparation that is substantially free of

attendant non-sporozoite material.



28. The nethod of claim 23 wherein said attenuation is established by
introduction of a heritable genetic alteration or gene nmutation, or

by radiation exposure, chem cal exposure or environnental exposure.

29. The nmethod of claim 28 wherein said attenuation is established by
radi ati on exposure. 30. The net hod of -dllai m 23 wherein said

Pl asnodi um species is P. faki parum P. vivax, P. ovale, P. know esi

or P. jari r S i.es_is

f aki pa;nljém 3 Alﬁ%r%l?%%z or pur\,ﬁ\[ﬁ |reg'lat§ %ug]nf%g \@gn(g)tn |%ﬁar I@Peg% Sequennauy
Pl asnmodi um smonmmdms syssann dharirhed sporsaoitesipag, ac(cﬂ$ pidfilteks Iu.gthaalﬂux.
aqueous pre-purification preparation conprising sporozoites and

or cpar atton SURURHEIR S Prrotimen SaEIaE eron R of BRRS He, tt no more

conpri sing: (than BObLMs*exclusion filter with a pore size capabl e of
retaini ng attendant material |arger than 10 microns but allow ng

por o 91 28 candbl o 10F P o St SHGE SHALKE A IS8 Jdp IpHARL db e o

1.2 mcrons it BhlioMiY passage of said sporozoites; and a third
nmenbrane filter with a pore size capable of passing material 1.2

m crons or smaller and allow ng passage of said sporozoites,;

(c) col | &6t i nghsarpshedef daimy3pwherrinsgidsiyst exebisioadilish has a:mm@eltwgswe of 10
filter with g.pare size capable of retaining said sporozoites; and
(d)renoving the collected substantially purified sporozoites fromthe
collecting filter, thereby producing a purified sporozoite

pr epar at37on fThatmdtisodsefitiani3 whéryginf saleseodndaxchinida fiiten bas & pamipalopdre size of

material . - % microns.

38.  The method of claim 33 wherein said third filter has a pore size of 1.2 microns.
39.  The method of claim 33 wherein said collection filter has a pore size of 0.4 microns.

40.  The method of claim 33 wherein the amount of attendant non-sporozoite material in said

purified sporozoite preparation is less than 15 nanograms per 25,000 sporozoites.

41.  The method of claim 33 wherein the amount of attendant non-sporozoite material in said

purified sporozoite preparation is less than I nanogram per 25,000 sporozoites.

42.  The method of claim 33 wherein said attendant non-sporozoite material in said purified

sporozoite preparation is less than 0.12 nanograms per 25,000 sporozoites.

43.  The method of claim 33 in which at least 98% of attendant material in the pre-purification

preparation has been removed.

44,  The method of claim 33 in which at least 99.9% of attendant material in the pre-

purification preparation removed.

45.  The method of claim 33 in which at least 99.97% of attendant material in the pre-

purification preparation is removed.



33. The nethod of claim 32 wherein said first, second and third

filters are sequentially connected in a systemwherein said

sporozoites pass across said filters with a flux. 34. The nethod of
claim 33 wherein said systemhas a flux of at least 3 Lthr/n2 but no
more than 1500L/ hr/nR2. 35. 35. The net hdd-of claim 34 wherein said

flux is at Ieast 125 L/ 1u/n2, but no nore than 250 Lthr/nR2. 36. The

met hod {0 Sal 1 | ys It | .
por o si 2.5 of  Plerib 8P Bt B8 Btecive By ) Ml dofer BRI Byt
second excl usnamid i inflecedhdy aa né’t’rismatimpmpeciss zparaditeD. §ridn efetd. cB8iprising
The net hod of ,cl.aim.33 erein s { ilter has a re sjze of

1.2 nicrons. JBUNSALOROF A [epIpEn ‘§’§ WA qggp}pogaqracn&yﬁ)tg Ef‘%"ﬁmsmtlon of
filter has apRh& chezsdbf @s%sﬁhﬁeﬂ@ﬂﬁmﬁé@ preBBﬁh@@Bhﬁﬂhégenﬁlsﬁbﬂ&&%s of said
wherein the anount of attendant non-sporozoite material in said

purified spordgiadempyprepigs.avicstin pgthpl@g@a}tmmfeatsnm@éwmab@@ appregted in
sporozoites

Ftendant - nof e bss 0BT EAEMAR! o BlrPlo thahiEhE bt OB R Pl specics
preparation is |l ess than 1 nanogram per 25,000 sporozoites. 42. The

met hod &¥7. cl dihemBZhadtrdickim 46 avhdrean $zn?dletahnalm'nﬁ1ay;nb'rsmhhair¢cmjnmt erial in
said purified sporozoite preparation is |l ess than 0.12 nanograns per
25, 000 sporozoites. 43. The nmethod of claim33 in which at | east 98%
of attendant material in the pre-purification preparation has been
removed. 44. The nmethod of claim33 in which at | east 99. 9% of
attendant material in the pre-purification preparation renoved. 45.

The met hod of claim 33 in which at |east 99.97% of attendant materi al
in the pre-purification preparation is renoved. - 42 - 46. A nethod

of conferring protective imunity in a human or other manmmalian host
agai nst mal aria induced by a Plasnodi um species parasite, said nethod
conprising adm nistration of a reginmen of an antimal arial agent
concurrent with the admnistration of at |east one dose of a
substantially purified preparation of pathogenic sporozoites of said

Pl asnmodi um speci es, wherein pat hol ogi cal manifestations of said

mal aria are prevented in said host upon subsequent exposure to

pat hogeni ¢ parasites of said Plasnodi um species. 47. The met hod of
claim46 wherein said antinalarial agent is chloroquine.




