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Background Art

[0002] Malaria is a disease that is estimated to affect 300-500 million people and kills 1-3
million individuals annually. It also has an enormous economic impact on people in the
developing world, especially those in sub-Saharan Africa. Plasmodium falciparum
accounts for the majority of deaths from malaria in the world. The World Tourist
Organization reported that of the nearly 700 million international tourist arrivals recorded
worldwide in 2000, approximately 9 million were to West, Central or East Africa, 37
million were to South-East Asia, 6 million to South Asia and 10 million to Oceania. It is
estimated that more than 30,000 travelers from North America, Europe, and Japan
contract malaria per year. For more than 100 years during every military campaign
conducted where malaria was transmitted, U.S. forces have had more casualties from
malaria than from hostile fire. An estimated 12,000,000 person days were lost during
World War II and 1.2 million during the Vietnam conflict due to malaria.

[0003] Transmission of the Plasmodium parasite occurs through the bite and feeding of
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.
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problems that afflict _
promising experimental vaccines, there is no marketed vaccine to alleviate one of the

great infectious scourges of humanity.

[0005] A generation ago, public health initiatives employing chloroquine, DDT and
vector control programs seemed poised to consign falciparum malaria to insignificance as
a worldwide menace. The lack of an effective vaccine complicated these efforts, but
sustainable control seemed imminent.

[0006] The promise of impending success was short-lived and the reasons for failure
were multi-factorial. The parasites grew increasingly resistant to highly effective and
affordable anti-malarial medications, vector control measures lapsed, and trans-migration,
war and economic disruption became increasingly more common in endemic areas of the
developing world. As a result, P. falciparum malaria resurged, annually placing at least
2.5 billion humans at risk, causing 300-900 million infections, and killing 1-3 million
people. Of the many social, economic, environmental and political problems that afflict
the developing world, P. falciparum malaria is increasingly seen as both a root cause and
cruel result of these inequities, and is a singular impediment to solving these complex

problems. Controlling P. falciparum malaria in the developing world may not be possible
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[0009] Similarly, another candidate subunit circumsporozoite vaccine was proposed and
identified as RTS, S/ASO2A (Stoute J.A. et al. J. Infect. Dis. (1998) 178: 1139-44). The
results of the first Phase 2b field trial of this vaccine in one-four year old children in
Mozambique was reported (Alonso, P.L. et al. Lancet (2004) 364:1411-1420; Alonso,
P.L. et al. Lancet (2005) 366:2012-2018; Epstein, J.E. et al, Supra; Richie, T.L., F. & A.
Saul, Supra), as were the results of other Phase 2b field trials in infants (Aponte, J.J. et al.
(2007) The Lancet 370 :1543-1551; Bejon, P. et al (2008) NEJM 359 :2521-32 ;
Abdullah, S et al (2008) NEJM 359 :2533-44. The vaccine has demonstrated modest
protective efficacy.

[0010] On the other hand, the demonstration of the effectiveness of whole parasite,
radiation attenuated sporozoites (delivered to human hosts by mosquito exposure and to
animal hosts by intravenous (i.v.) inoculation) in conferring high levels of protective

immunity when recipients are subsequently challenged with pathogenic parasites (most
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Recently genetic attenuation of the sporozoites of P. falciparum has be disclosed (van
Schaijk et al. PLoS ONE (2008) 3:€3549); VanBuskirk et al. PNAS.

[0012] Similarly, chemical attenuation of Plasmodium has be described (Purcell et al.
Infect. Immun. (2008)76:1193-99; Purcell et al Vaccine (2008) 26:4880-84).

[0013] Others have also described methods of culturing unpurified preparations of
sporozoites and inducing parasite differentiation to axenic liver stages (Kappe et al. US
Pub. 2005/0233435).

[0014] The studies discussed above set forth certain limitations. 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 numerous individuals

(including children and the eldery). Intravenous delivery has increased risks, increased
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substantially purified sporozoites, particularly Plasnodi um sporozoites -
attenuat ed sporozoites as well as pathogeni c sporozoites. Al so disclosed

are methods of making BRYBF $UMNMARY OB YPH: INVENDIONT i fied parasites
and net hods of using conpositions of substantially purified attenuated

sporozoites as vaccines to prevent malaria. Al so disclosed are nmethods of
usi ng F[Q.Qli6ﬂi ed 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 conjunction 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.
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speci es. Plasmodium species in an excipient and substantially free of attendant material and
administering at least one dose of said sporozoite preparation to said host; wherein
pathological manifestations of malaria are prevented and the host is protected from
developing malaria after subsequent exposure to pathogenic Plasmodium sporozoites of
said species.

[0022] In another embodiment, methods are provided for purifying metabolically active,
infectious parasites, particularly Plasmodium sporozoites by providing an aqueous pre-
purification preparation comprising sporozoites and attendant non-sporozoite material,
sequentially passing the preparation through a set of size exclusion filters comprising: a) a
first exclusion filter with a nominal pore size capable of retaining attendant material
larger than 10 microns and allowing passage of the sporozoites; b) a second exclusion
filter with a nominal pore size capable of retaining attendant material larger than about
0.6 microns and allowing passage of the sporozoites; and c) a third size exclusion
membrane filter with a precise pore size capable of retaining substantially all attendant
material larger than 1.2 microns and allowing passage of the sporozoites. Substantially

purified sporozoites are then collected on a collecting filter with a pore size capable of
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spor ozoi twe 2bw/qssavi di ng an aqueous prepurification preparatszao/0ewaPpri Si ng
sporozoi tes and attendant non-sporozoite.material, sequentially passing the
preparation through a set of size exclusion filters conprising: a) a first
exclusion filter with a nom nal pore size capable of retaining attendant
material | afg@ming g sperogpitsse ard %@cpwﬂeéwwgzw&mg@amn istbers plotedAsim dke  b)
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purified sporozoite preparation is then eluted fromthe collecting filter
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vaccines and the |ike are provided. The conpositions conprise |ive,

subst anoox]| y purmifired,— padtbagierdgeaphicastretiatioh paEadE 288 puBReEPrdpRRGERS It ON
OF THE DRAW NGS/ FI GURES %0024 Figure 1 - Photo-m crographi c observation of
crude and pdifPF7 Eeappagns athiheoismigrogmpsAak s APYinagpiligien.o- m cr ogr aphs

t aken OX magalf.Lgatl ; i g | a i f I =
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Figure | b - adjusted té’U kfligEHfSRﬁmnBG\/l = 0. 23 ng/ 25,000 PfSPZ (Sanpl es were
adj ust to 18 x_106 SPz/ M) [0Q027] Figure 2 _- Photo-m crographic
observi&?ztﬁi of ¢ Me%d'éﬁ%fﬁ%%cﬁ?%ba$(gﬁ 5né-2%fngﬁ F@#Qaﬁﬁ’l@) were
Phot o- m cr ogaRRRE 14 #&¢N 0absROP%Hagni fication. [0028] Figure 2a - Before
Purification - SGW781 ng/ 25,000 PfSPZ (Sanples were adjusted to 17.78 x

106 Pf $00274 ) [ 0G28ire Ri gbiado-Rbcrogrphierobivenviafiorc af trode andom:fial pspaglidss, @00
PISPZ ( Samlﬁﬁﬁégmgaqﬁj §)t %gotgpml%%ggphé tajkgg agO%PXZ r/nngiﬁcation.

[0028] Figure 2a - Before Purification - SGM=781 ng/25,000 PfSPZ (Samples were
adjusted to 17.78 x 10° PfSPZ/ml)

[0029] Figure 2b - After Purification - SGM= 0.65 ng/25,000 PfSPZ (Samples were
adjusted to 16.71 x 10° PfSPZ/ml)

[0030] Figure 3 - Stage specific expression of PfLSA-1 (P. falciparum sporozoites versus
3 day liver stage parasites).

[0031] Figure 3a - PfSPZ incubated with an anti-PfCSP monoclonal antibody.

[0032] Figure 3b - PfSPZ incubated with anti-PfLSA-1 polyclonal antibodies.

[0033] Figure 3¢ - 3 day liver stage parasites incubated with anti-PfLSA-1 polyclonal
antibodies.

DETAILED DESCRIPTION OF THE INVENTION

[0034] There is presently no FDA-approved malaria vaccine. However, results published
during the last 30 years have demonstrated that administration of radiation attenuated P.
Jalciparum sporozoites delivered by the bite of greater than 1,000 P. falciparum-infected

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



[0030] Figure 3 - Stage specific expression of PfLSA-I {P.falciparum
sporozoites versus 3 day |liver stage parasites). [0031] Figure 3a - PfSPZ

i ncubat edweizbtv/@siiant i - Pf CSP nonocl onal anti body. [0032pcCFiusarie/ndize+ Pf SPZ
i ncubated with anti-PfLSA-1 pol ycl onal-gnti bodi es. [0033] Figure 3c - 3 day
i ver stage parasites incubated wth anti-PfLSA-1 polyclonal antibodies.
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achi eved i n i{th&eARUsSRUIR AT adVifis@EARY cofVehBOHANY USed Hihinah NiAkhAiaAbn, e.g.
attenuat ed sporozoites. Because parenteral nonintravenous routes of
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and TC LukeamldRs thém? abplic Brod®XBhi &t {uffcibMCQrRarial oF sPeloshitesP¥ohtliefERce) -
attendant material (See particularly, Hoffman, SL and TC Luke, US 7,229,627 B2,
explicitly incorporated herein by reference).

[0035] However, a vaccine suitable for routine use in human subjects requires a
substantially pure inoculum and a sporozoite inoculum requires sporozoites that have
been substantially purified from the source from which they were produced. The vaccine
compositions provided herein comprise Plasmodium sporozoites in a substantially
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.
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preparation “crude” is the attendant material in the preparation, and with regard to

sporozoites, includes material specific to the substrate from which the sporozoites have
developed or from which the sporozoites have been isolated. With regard to sporozoites
dissected from and isolated from the salivary glands of host mosquitoes, attendant
material is the host material, host protein, salivary gland material, saliva and the like.
Attendant material does not include components which have been intentionally added to a
preparation, e.g., excipient, diluent, additives and the like. In some embodiments, a
component of attendant material which has been removed from a crude preparation may
be added back to the purified preparation to optimize sporozoite infectivity sporozoite
immunogenicity, or sporozoite presentation to the host. Such added back material is not
considered attendant as defined herein.

[0040] “Attenuate” as used herein means to render a live organism unable to complete its
life cycle without killing it. The organism may have a limited capacity to replicate,
express proteins, and to develop through some life cycle stages, but arrests development
at a particular life cycle stage and is unable to developmentally progress beyond that

stage. With regard to the attenuated Plasmodium parasites disclosed herein, i.e. parasites



preparation "crude" is the attendant material in the preparation, and with
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introduction of contamination and a sterile preparation is absent the presence of
contamination. Contaminants may be non-biologic or inorganic toxics as well.
Contaminants may be accidentally or inadvertently introduced at any step during a
process.

[0043] “Diluent” as used herein is a medium in which sporozoites and sporozoite
compositions are prepared to achieve a desired concentration. Diluent may be, for
example, normal saline or phosphate buffered saline, or media such as medium 199 or
medium E199 (medium 199 with Earle’s Balanced Salts).

[0044] “Excipient” means an inactive substance used as a carrier, vehicle, or diluent for
the active ingredient of a pharmaceutical preparation such as a vaccine. As used herein,
an excipient is an ingredient added to the preparation during the isolation and purification
process to aid in the process, minimize non-specific interactions or adsorptions, and/or
provide volume. Examples of excipients include inactive proteins such as serum

albumins, particularly human serum albumin, from whatever source, including but not



infection, or clinical manifestations, pathology, or synptons of disease
appear within a popul ation are reduced, as conpared to a non-treated
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of i ncreasednpuodunsspanseoprevents development of pathogenic parasites to the asexual
erythrocytic stage that causes disease.

[0046] “Intravenous” as defined herein means intentional introduction, directly into the
lumen of an identified large blood vessel such as a vein.

[0047] “Metabolically active” as used herein means alive, and capable of performing
sustentative functions and some life-cycle processes. With regard to attenuated
sporozoites this includes but is not limited to sporozoites capable of invading hepatocytes
in culture and in vivo, potentially having a limited capacity to divide and progess through
some developmental stages, and de novo expressing stage-specific proteins.

[0048] “Mitigate” as defined herein means to substantially reduce, or moderate in
intensity, symptoms and/or pathology of malaria which might otherwise manifest
subsequent to vaccination.

[0049] “Nominal” 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 particles

through the filter such that 90% of the particles of said size are excluded by the filter..



Pl asnmodi um speci fic anti bodi es, or both cellular and hunoral responses.
Wth regard to a nal aria vacci ne, the i mmune response established by a
vacci ne cwoppimisagisporozoites includes but is not |im Ped/useowpsppenses to
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reduction in the amount of attendant contamination to less than 85 ng/25,000 sporozoites
or at least an 18 fold reduction in attendant contamination. Satisfaction of either of the
aforementioned criteria is sufficient to render a preparation of sporozoites "substantially
purified."

[0055] “Therapeutic” as defined herein relates to reduction of clinical manifestations or
pathology which have already become manifest. A “therapeutically effective amount” as
used herein means an amount sufficient to reduce the clinical manifestations, pathology,
or symptoms of disease in an individual, or an amount sufficient to decrease the rate at
which clinical manifestations, pathology, or symptoms of disease appear within a
population.

[0056] “Vaccine” as used herein is a preparation comprising an immunogenic agent and a
pharmaceutically acceptable diluent potentially in combination with excipient, adjuvant
and/or additive or protectant. The immunogen may be comprised of a whole infectious
agent or a molecular subset of the infectious agent (produced by the infectious agent,
synthetically or recombinantly). When the vaccine is administered to a subject, the

immunogen stimulates an immune response that will, upon subsequent challenge with
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agent. A therapeutic (treatnent) vaccine is given after infection and is
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the rate or ibAndghelatspeties nofqiitoihosts, Ao N cdlBeAindpheléaseplivdsi lagai Naéthéds

parasitic dio?%gesnelca lgccmlt%%nggil%rnio%iur;z%s/pecies liver stage parasites (Kappe et al. US Pub.
2005/0233435) and methods of producing attenuated and non-attenuated Plasmodium-
species sporozoites, particularly, methods of growing and attenuating parasites in
mosquitoes, and harvesting attenuated and non-attenuated sporozoites are known in the
art and have been described (See, Hoffman & Luke, U.S. Pat. No. 7,229,627; US Pub.
No. 2005/0220822.

[0058] The purification aspect of the invention separates sporozoites from attendant
material such as mosquito host salivary gland material (hereinafter, “SGM”), mosquito-
specific material, and any other non-sporozoite material or component, thereby achieving
a substantially purified preparation containing sporozoites. As an aspect of purification,
sporozoites are concentrated relative to attendant contaminating material such as SGM.
Here, the purity of a preparation is measured using an enzyme-linked immunosorbent
assay (ELISA) to quantify attendant antigenic SGM present in crude and purified
preparations of sporozoites (hereinafter, “SGM — ELISA”). Other methods, such as, but
not limited to, capillary electrophoresis, mass spectrometry, reverse phase
chromatography, immunoblotting, light-scattering and UV spectrometry, may be

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



be whole-killed (inactive) parasites, |ive-attenuated parasites (unable to
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ELI SA, relevant to the attendant material in the crude preparation from

whi ch spor o2byayesmaHer than ghe pore size of the size exclusion filter which precedes it. Another
aspect 1s that some filters provide a matrix with a nominal pore size and at least one filter
provides a track-etched filter with a precise pore diameter. At least one filter has a pore
size close to or slightly smaller than the diameter of the parasite.

[0061] By way of example, the purification of Plasmodium-species sporozoites is
disclosed; however, it will be understood by those practiced in the art that, based upon the
physical size of the organism, adjustment of the filter pore size will yield a similar
purification. For example, the Plasmodium falciparum sporozoite is rod-shaped, and
about 0.8+0.2 um in diameter and 8.5+1.5 um in length. Hoffman, SL et al In Tropical
Infectious Disease 2nd Ed. 2006, Elsevier, Philadelphia, PA pg 1027; Xu, L.H. et al 1985
Zoo. Res. 6:33-6.

[0062] Typically in a preparation for purification, the salivary glands from 150 to 400
mosquitoes are dissected. The sporozoites are released from the salivary glands by
passage back and forth in a needle and syringe (trituration), and sporozoites from these
glands are collectively purified. However, several fold more mosquitoes may be 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.
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(trituration), sporozortes fromthese ¢ s are collectively purified.
However, several fold nore nosquitoes may be dissected
B - PURIFICATION PROCEDURE

[0064] Using a peristaltic pump the diluted pre-purification preparation is pumped across
a series of size exclusion filters at a flow rate of at least 1 ml/min but no more than 1000
ml/min, preferably at least 2 ml/min, but no more than 500 ml/min, and more preferably
with a flow rate of at least 3 mL/min and no more than 200 mL/min. The corresponding
flux across each filter is at least 1L/hr/m2 but no more than 2000L/hr/m2, preferably 3
L/hr/m2 to 1500L/hr/m2, and most preferably at least 125 L/hr/m2 but no more than 250
L/hr/m2. Filters are connected in series, usually with medical grade silicone tubing.
Preferably, the initial filter (Filter #1) or the initial two filters (Filters #1 and #2) are
matrix filters and are made of polypropylene, however, nylon, mixed cellulose ester and
borosilicate glass or other material known to those in the art may be used. Preferably, the
penultimate filter (Filter#3) is a membrane filter, most preferably a track-etched
polycarbonate filter, although other filters with similar properties known to those in the
art may be used. For aseptic procedures, the filters are sterile. In an embodiment, three
filters (Filter #1, Filter #2 and Filter #3) are connected in series and sporozoites are
captured by dead end filtration on Filter #4. Additional filters may be used. Alternatively,

only one or two filters may be used (as discussed below in Paragraph 59), however using



In scaled up preparations, in an enbodiment up to 1,000 nosquitoes, in

anot her enbodi nent up to 5,000 nobsquitoes, in another enbodi nent up to
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(Millipore, model 8200) fitted with an Isopore membrane, 90 mm in diameter with a
filtration area of 28.7 cm2, and a track-etched pore size of no more than 0.8 microns,
preferably no more than 0.6 microns, and preferably no more than 0.2 microns. In one
embodiment the pore size is 0.4 microns (Millipore Cat. No. HTTP09030). In a scaled up
embodiment the filtration area is 162 cm?2. In another scaled up embodiment the filtration
area is 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 m! Oak Ridge tube are centrifuged at

5,000g to 25,000g, preferably at 16,300g, for 2 minutes to 12 minutes, preferably five



art may be used. For aseptic procedures, the filters are sterile. In an
enbodi nent, three filters (Filter #1, Filter #2 and Filter #3) are
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salivary glands shown in Example 1 (Table 2) contained a range of from 0.19 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 method described in Paragraph 59 below
provided a preparation of sporozoites with no more than 85 ng SGM per 25,000 (95%
reduction of attendant SGM material) and are considered substantially purified. The
geometric mean of SGM in purified preparations from the 10 production campaigns in
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 0.45 micron filter) and resuspension, the purified preparation contained 84
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disclosed (See, e.g., Hoffman & Luke, U.S. Pat. No. 7,229,627; US Pub. No.

2005/0220822) and are incorporated herein by reference. 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



reduction of attendant SGM material) and are considered substantially
purified. The geonetric nmean of SGMin purified preparations fromthe 10
product i onocarmp®sgms in Table 2 (using 3 size excl usi onpCiriusesp/onEss 0. 51 ng
SGM per 25,000 sporozoites with a 95%ggnfidence interval of fromO0.34 to
0. 67 ng SGM per 25,000 sporozoites. [0067] In an alternative enbodi nent,
Filter #3 is elimnated fromthe filter train described in Paragraph 56
above and apfeefed ccelly| ddieem liven slege mardsten levprgss Mmilténleaupigine, Fibicheare#ndt and
Filter #2)
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Here, the r [ n - 69
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purified. [ @086plickhien irvngeesofardsite nyindbxd bafapptuxithitel) Kpwriizoid e&ryas hbat.ween
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RS. Am J . TpxP. Med. Hyg. (1980) 29(3): 343-7). In an enbodi nent, the

sporozoi tes S by I'yophilization. In an enbodi nent, the
sporozoites Pﬁ@@gm by refrigeration. O her methods of preservation
are kn o tho killed.i.n the art. ALTENUATI .007 Seyer al. . means of
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exposure to nutageni c chemcals, exposure to metabolic inhibition chemcals
and exposur dntigeehPlarid himhusembepatenyse euliesassing ghimmunefinoresapse assaye or

pressire. [9R10] APLSO0 Bl AP 10,3 AAVBLT S BE 10 SiBla
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by reference. Sporozoites may be attenuated = _
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 returned to the incubator.

[0075] Attenuated P. falciparum sporozoites are diluted with HC-04 growth medium to a
concentration of 500 sporozoites/pl. Fifty ul 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



by at least 100 Gy but no nore than 1000 Gy, preferably 120 to 200 Gy, and
nost preferably about 150 Gy. The attenuation of Plasnodi um parasites of
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fal ci parum Li.ver Stage Antigen- 1 (PfLSA-1) in human hepatocyte cultures
uai g an | nRINGHORS PO S SRR (R TBP SRNOPOI B Brawiered rovet ' Beror
expressed bys $8URERhAfon BEthd PrepiRtiess e ARy ep HAd GhOAHMPAE Fiok&SinpPot h
attenuated and wild type) after they have successfully invaded hepatocytes

(Figure 3). pEeptasdsitdeasbPOPWEBA- | i ndi cates that the attenuated sporozoites

VACCINE COMPOSITIONS

[0076] Pharmaceutical compositions comprising live Plasmodium sporozoites, both
attenuated and pathogenic, and methods of using these compositions as preventive
vaccine compositions to prevent disease, and as pathogenic challenge compositions to
infect volunteers in the testing of vaccines and drugs, have been provided (see particularly
Hoffman USSN US2005/0220822). Various categories of attenuated sporozoites have
been considered for use in vaccines. These include sporozoites attenuated by various
methods including heritable genetic alteration, gene mutation, radiation exposure, and
chemical exposure. Various attenuated isolates created by direct genetic manipulation of
the parasites have been described for P. falciparum (van Schaijk et al. PLoS ONE (2008)
3:¢3549) as well as murine-specific Plasmodium species (Kappe et al. US Patent
7,122,179; van Dijk et al. PNAS (2005) 102:12194-12199; Labaied et al. Infect Immun.
(2007) 75:3758). In an embodiment, radiation attenuation of human-specific Plasmodium

is achieved by exposure to gamma radiation. (Hoffman, S.L. et al. (2002) 185:1155-



are netabolically active. [0074] Human hepatocytes (cell-line HC-04 [1F9],
See Prachunsri, J. and N. Yi mamuaychok, U. S. 7,015, 036) are seeded
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terrperatureﬂ\&_pepap@%%cfeg%g%mggmnol (stored at - 20C), washed anot her

three tines using 0 S and stored in 0.3 nl of the sane. Slides
can be [8a79 ed i n Seerilefprifed giatiogahic 3p80zHitys diP also ubefull ol eBallengd protdtdys R €
stai ned for immunofl uorescence using an anti-PfLSA-1 polyclonal rabbit
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cover ed wi t IpuafiedypathogdnidPspoBbioites amruseful to generate the symptoms, signs or pathology

of malaria in studies to assess the effectiveness of chemoprophylactic drugs and
therapeutics.

[0080] 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.

[0081] In an embodiment, compositions and vaccines comprising 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



eval uated by counting all parasites expressing PfLSA-1 per well using an

epi fl uorescence m croscope wth phase contrast (Figure 3). The sporozoites
are consiwenen/gsstient if there is no contam nation of tReTASe@an2is6oNs at
any step and the nunber of fluorescingpparasites is at |east 200/ well.
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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, intramuscular, subcutaneous, intradermal, submucosal, 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.



protective i mmune responses. Roestenberg, M, et al. (2009) NEIJM

361: 468-478; Ponbo, DJ. et al. (2002) Lancet 360:610-617. [0079] Sterile,
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i nfection i sobbmétd ¢o dle. asSisambntr dfyhunsorslaacl cetlutar éatmme tresponses, 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 et al. (1992) Can. Immunol. Immunother. 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 e 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



strategy that results in any of these benefits in about 30% of a popul ation
may have a significant inpact on the health of a conmunity and of the
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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



schedul ed intervals and test blood sanples are evaluated for |evels of
protection against malaria upon subsequent challenge with infective

par asi t eswoSomssasul ts can be used to refine an opti n Pred/tispomoREEas i ONn
dose and dosage regi men (schedule) forpgfifective i mmuni zati on of manmali an,
specifically human, subjects. A dose effective in conferring a protective
immunity is from5,000 to 400,000 purified attenuated sporozoites
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| munot her . f@artiopaily dBoiporaied s keqombarang Vi, tasbinbimedi heeteria, mrurecompbif@itang
et al. (1993 ncer. Res. 53: 1043-10350). Various.nethods . and .anal yses for
nmeasuring t agcf??"éﬁd'taﬁm%? CORROTNIY %@%ﬂ%ﬁi‘{?aﬂ‘fsptbce%ﬁe“&@&é raixﬁléla,Spf’%’FOl ©s
exanpl e, Colgare flowall to {&&lop to 2RO yQier &Re FAESRGASy. i N | munol ogy, Vol .

1, Wley & Sons.g[008,7] The vacci nes_provi ded conprise aseptic and
non- asé%‘ﬁli conpdsideperamosirans frem differentoags ot hgar el PWestddicmEepdrbgsi t e

subst anti al | ee tt t QL ) i .

phar maceut i (%’I %‘g’a%lg‘{eb a%lfég%gp‘% Bg%i ,Gégé:ﬁ{é?dp?\éﬂ%u?tg%?q%gﬂrn%ra.mggg St\%lg ccl)fnes
are effecti weenvatedrspumabditergxhobit piotdcah hgansrotiatd draimpailosinbme §uert alqhadd)enge
wth infectious. parasites. Mthods of fornulating pharnaceutjcal

conposi ti ong: g‘hfd ScHirboardoge In %Gmogﬁl@ﬁo@ég@& Setissarid/ akstraing af ghe

art (see, ephond3an NGLOBs aleond; ic FARGY, 21Sk;
L (5 S R RS RBIE S 0 Gl AT PEY lgleone
i nventi on afemuamnne conpositions, aseptically prepared or

[0092] 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.

[0093] 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. et 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



ot herw se, conprising purified, |ive attenuated or non-attenuated

Pl asnmodi um sporozoites along with appropriate diluent and buffer. Diluents,
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boost, or Vhvention gl'ongs. One of ordinary skill in the art will also appreciate that any methods

and materials similar or equivalent to those described herein can also be used to practice
or test the invention. Further, all patents, patent applications and publications mentioned
herein are incorporated herein by reference.

[0098] As used herein and in the appended claims, the singular forms "a," "or," and "the"
include plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to "an attenuated sporozoite vaccine” includes a plurality of such sporozoites
and reference to "the agent” includes reference to one or more agents and equivalents
thereof known to those skilled in the art, and so forth.

[0100] Furthermore, sporozoites which are metabolically active, and alive but attenuated
in their life cycle and ability to cause the clinical manifestations and pathology of malaria
are variously referred to as attenuated, live attenuated and metabolically active, live
attenuated.

[0101] The numerical parameters set forth in the specification and claims are

approximations that may vary depending upon the desired properties of the present



It may al so include sequential or m xed inmunization with attenuated

Pl asnmodi unspeci es sporozoites and sone formof erythrocytic stage

par asi t eswoiznplassiing, killed and |ive attenuated. A vaceCcmaSeaopbleks
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expresses aBf"%quence 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. Mdl ec. and Biochem Parasitol. 2004 A Pl asnodi um

EXAMPLE | — 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 (PfSPZ). 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

1) 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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100 pl of PBS which was added to the pool. The sample was reconstituted to a final

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

1i1) Salivary Gland Emulsification

[0108] 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 pl 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.



t hereof known to those skilled in the art, and so forth. [0100]

Furt hernore, sporozoites which are netabolically active, and alive but

at t enuat estoiznivdsgimm |ife cycle and ability to cause thePclriusc@alo2o564

mani f estati ons and pathol ogy of malariagare variously referred to as
attenuated, |ive attenuated and netabolically active, |live attenuated.
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sporozoites of P. falciparum (PfSPZ). However, other enbodinents utilize P.
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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

G S i e Serniait S F
0 Pre-bled two rabbits (one control and one experimental) for serum to be

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 ul emulsion of 1X PBS and Montanide
ISA 720.

21 Second 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.

30 Test bled #1; pre-bleed and test sera received for evaluation




utilize attenuated sporozoites that include and express a DNA sequence or
gene that is foreign to that parasite. A - PREPARATI ON OF ANTI - SGM RABBI T
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sterile mcrotube (Axygen Scjentific Inc, CA) containing 20-30 m of IX
PBS. On a dpily basis, | apprhyaruetany @%@%@sﬁ%ﬁt%@gmvaén%qggwta@é caniEel100
pai rs of salivary glands in, Gt Hin BBBOUPE GuRL AR X PRS ahd RRFEI AlsAHC
When enough|salivary g] ands eeh obtal ned for one |nnun|za%|on Vi alls
were renovef frosthe mebed#ztmmelwedf@Qmmmmﬁrature and pool ed. i)
Salivary d and-Processjng [0106] For the primary inoculation salivary

gl ands wer e| di ss¥tt ed [ Fmih1inog@aties gliickpaymenial mbbit et 2.000adcsmdsion ef |day
of inoculat{on, sanples wery i 8

freeze-thaw cycl es usijng a h$£?2ﬁﬂ d ag%{i)a]‘f(abs@%]‘?ed %g‘ﬁ 065{115 3{“ ?eS%qg cBnt%]
tenperature| The saliviary ghbindmth\emomemmstdntdftlé{dPIBSIaﬁd MonainidedB a2 00f
600 m of | K- PBS and-emisified with Myntanide | SA 720 (SEPPIC_|lnc

Fairfield, N]) ?@107] %Fblﬁfiﬁﬁ %lﬁﬁ%‘éﬁ?@i‘i’@ fﬁ”rﬁYﬁhiaEa@l ons, salivary gI ands
wer e di ssec D 0 C ; da - =—clay of
i nocul ation
(Kont es EF2488A). The pest |g¢aﬂd&ﬁatém£13ﬁﬁ ddhiuﬁlst%ﬂﬁ RifthdhodaBbiontvif eRpetagentdd ded
to the pool| The sanplle was reconstituted to a final volune of 600 m PBS
and enul sif|ed within [30 nitfRltew1th2Q00 1 sanpsien piisaliyacy gland maggripldisseeteand

Enul si f cat]on [0108] Two i, 9kass é)lg%lﬁ{(és Pt ksbb t%ld’?ﬁ'lgg(://gmrﬁ %}123'

two vials fpr salivaryl glands in a vant) were obtaine
fifty m of| Montani de || SA 12PBRigndviohtanigs 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.



drawn through a 5 mcron filter syringe. Seven hundred m of the filtered
adj uvant was injected into each glass vial. Three hundred m of PBS was
added to wbeonassriol vial and three hundred m of sali vacy/usb@aosdsossa PBS to
t he experinental vial. The vials were_gpvered with a rubber stopper. Each
vial was further capped with an alum num seal cap and the seal was pressed
with a crinper. Vials were placed in the small holes of a vortex pad, taped
down, dAH3}or t exddereorre 3porkomporents ¥ thenassay Byeddadiurnbiyut @M wnthexsaeroreiles

01091 E . : : . . . :
nti gen £ r oo e, T QoA 30 ol TN boB Y Sutlp Rl B Ao ¥
vol ume rat i &nofvnsahdenantyorgland dieBEondvisBBI diejuatififingthe ayoemtfISGM pdresent

emul si on vol.ume of 2 E1 .. For subsequent. i muni zations ant ig?en from 500
nmosqui t oes WadhesRTRiPLEFF3HoBANANOsS-RTHG3tigN sARRIES. b figshestandasd eyye py generated

Therefore hahfeh ??1899 ﬂﬁﬁgtaﬁ NP PeBen BB @@SGM)%%{EQWh el Pé&%ﬂ@%’tﬁﬂﬂr ol

i nuni zations I n e” sa enul si on vol unme as e primary I noculum
rabbits i n aklcaptuneinhZgdn. ol esaddishatle Ztamdawdf cwwell sisonalcditittmnnof deaed3ty; 700

I ti f PBS. adj . Al | si i | i nt it
W thin one ROUEIBFIUHGbIT ] DaieBHD) Coke BE ST PR abrop SO Ebh
2,000 m  of 138lskaakdsidilaPREM jf 'ew@ircat{&g%g@)@t-%ﬁ%ﬁ&ﬁms QbR prESHARINGN

i njected subcutaneously at eight sites, 2 er site.” Control rabbit’s
recei ved 2, 0loBe rdampiesPBSe adp womalty d80d 700E11891 withyl % dilSife Pikmtadl BSe3GM

i nj ected subcut aneously at. eight .sites 5 .. pe i i

et oot T oNEEb ARG Boferliepreatasng Sate Gl iR vl YA BRRIERs g
used to gengdaé®td e BOISYCpRAAIn aiflicedYhidSBRition ihldEPRY ASBEaSsaY B¥tAes it
herein. This schedule is not intended to be limting with regard to the

met hod of pdPWeE dreatontant PHYdH. Piddpratsas oblocking agant wed cansdagressd tedersifiyjtyas
an examl e gl chostLe eh ABA LRSI ACLRIN B SOH B! SATREYa

enzyme- | i nked T mMmunosorbent assay ( Was use 0 quant f'y at

mat eri al . Apohrlodxbaml-8GM ahiiseauy (geapedagrapte 1 0@) andSGdM with thendizime-14betsd A.
stephensi salivary glands in preparations of P.falciparum sporozoites was

quanti fi ed. apiiyaRiiidibadics\mdclingaly; b gn easxme fybsirate (sescparggaplplP1). In the
Fl at - Bot t O%&M%f@(ﬁ@ﬁ?the%m@@ubsﬂ%&%ﬁﬁges 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



with dilutions of SGM standards (prepared fromsalivary gl ands of

uni nf ect ed nosqui toes) and sanpl es of sporozoites fromcrude salivary gl and
pr epar at iwo0a8sal|l as sanpl es of the purified sporozoipCe/yse@par@ss ons
were prepared for assay. The primary anpibody was rabbit anti-SGV serum
(described in A above) diluted 1:200. Secondary anti body was al kal i ne

phosphat ase- conj ugat ed anti - Rabbi t %G diluted 1:5,000 (Pronega, Cat.
S373B). KPL mthedspprevided herqint el s anotrasiolagyt @Sl(ltéPlll substanig P gicggom ef éfmj

50- 89- 00) I e read on a Mol ecul ar Devices Mcroplate
Reader at 6 grO%IF 1f§]93}'1'§121rn\e6?%re two conponents to the assay used to
quant i f[g1EM i n tths s@ehezdithe tiy efiadsadristigsfront Repdrim&ital aneisingirenBfprovided
generati ng sta r ve with reference S f known concentration, and
the second dBnas ggy/gﬁ%ﬁﬁamrpmeﬁarq lP?ée%HBﬁ??Pq\A%%OEGWﬁPEE@rﬂSS%yrﬁstdﬁéC“bed
pre-purific 0 ﬁg}pﬁ Iy S
gener at ed fgd:ré gﬂcaﬁ&ggﬂsea%{%@?%léé gc%ﬁé\b}%d ere tﬁﬁ?@%%n??ﬁ%%@@(ﬁfﬁ%' ¥1 F]gown
SGM concent na¢d.on as capture antigen. To establish the standard curve,
serial dilution of decreasing concentration (2.0 to 0.05 ng/nL) of the

RS- SGM was prepared in E-199 with 1% HSA. To assess residual SGMin
pre-purification and Pasle PPURIFACATIGINOBPSPORPZEONITES | ons, these
sanpl es were al so serlally diluted in E—199 W th 1%HSA Di | ut ed RS—SG\/I
sanpl es and
| XPBS and a
necessary b

agent and c ‘yw%’f pﬁﬂerassay The SGM coat ed ELI SA
pl ates were ASrabhi P5%Bdtlycl onal _anti-SGM antiserum

(seebpgr agr aphdhgo) ﬁnﬂomﬁsn wi bh theoﬂnz%masbabeh@@ antlob@bblht 50

anti bodi es, and fina th ap enzynme substrate epar rap [

t he presence of 2S(’;‘M tﬁel\l\@n ng gubstorla?te ch&ggesg (ﬁg‘lthe oB?g’Q:al
densities (ODs) 3of the8dof entQbe t Helonel | €.36hang637 The @3 of eagh9sanpl e
was determ ned Lh'SI ng tl%a7frﬂ cr ogbgte rd der. 0_‘[@ deg {d“ ne 6‘61 armu%_ f SGV

in the sporozoi ePo
ref erence standard Weré47f?0c vm@ﬁoa Id)gﬁlstl cOr%xedlﬂbUel t(h&& has @Q)%m)n

asynptotes and s ope buygy &eparggse ED3fyval ugsfor egch sagpd e. Thggpel ative
val ues of the ED50 werg%ugsged |516{:0nb|0n4a}1t| onovglsth t’he known (or assigned)

ith
Sis

RUMEUR

1,465 0.0 99.93

8 407.37 0.29 0.19 0.44 1,404 0.07 99.93

9 508.42 0.35 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.



concentration of SGMin the reference sanple to estimte the SGV
concentration in the pre-purification sporozoite and VBP sanples. The | ower
and upperwO2%ioosafiidence |imts were simlarly determ nedTfuseomlogoses
sporozoite preparations fromthe overaBk-data incorporating an estinate of
vari ati on based on three experinental assays that contained a common y
reference standard and test _sanples. Fromthe nunbers of sporozoites known
to be preseﬂ'?ﬁé@@ﬁ%@foﬁﬁ (BZ@b’%E%tion, the ng of SGM 25, 000
sporozoites was cal cul ated as were the reduction factors and percent

reduct il8W/lof t héreparaiivaash material fenl purffeptan: T freuiztedhdissectiore prasial fromof
10 producti %t\?&é@ﬁ%b%ﬁ'35§§£@5rqhi'toése\9£sel%§é“/e§d o%%ﬁ’]r%fﬂl gg%l.ént& S n%lréQSSu oi‘
e p pool ed a r I on “of

25,000 sporozoites in cru preeparations _ er tritura
sal i vary gl dinldisskctioe prathct mamrembest adl sevsgidetav@20C ot PRl spratgenthget he

correspondin asured amunt of  SGM i n preparations which were purified by
t henet Iﬁods [?%Bgﬁ?%&gg hgar)ei € remARInEdIssaien BiPdpeistins hen dilyigh de dAmlawith the

purification,gfcidhn Iﬁ&ﬁé.oA%iaﬁlgfe (ot oAU WRS £mdvid grﬁt}lis:}}oiﬂtarof &?\999%9%‘1
that the values arising from experinmental neasuremnments provided tor

SGM 25, 000 sphpamlzihe tS€M assyl(a6 ed). o1l sdutidrs dhd camples vene kgntat alsea 226 for
descri bed, nd may be sonewhat different if another assay

re.not absol ute
or net hod o?hea‘?m‘é{f‘% %fstﬁ%p‘t%fé‘ii‘?o%bl e 2. PURI FI CATI ON OF SPOROZO TES 1

1, 091. gﬁl 13%01 0. Prificadnlpro&luld: Ring% 's?alt'f’cl%urg}g aPa #8whattofAbé 4 ARARI0- 04
99.96 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 $3hoys140Igh7m@pthg. dilmtedl, didsecti@oprodat wap pRdped a0RsHthi®ilehs (Fib&

047 0:90 1,301,098 58957 093,888,188 B3t B2 o RS

99.93 10 71%ilkh #.6TFilerdB1,0a Wpth, ARSr, hal% PBred 3izEIMEY Mhi6rons (Polygard®-CN
Optiscale - Millipore Cat. No. SNIHA47HH3). The pore size of Filter #2, a depth filter,
was 0.6 micron (Polygard®-CN Optiscale filter -Millipore Cat. No. SN06A47HH3).
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 Isopore 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 ml 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 Oak 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.

[0119] After counting, the material was resuspended to a concentration of about 15-18 x
10° sporozoites/ml. 150 ul 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



Mean 706.88 0.51 0.34 0.67 1,625 0.07 99.93 a - Data conprising colums

| abel ed 'Start', 'Reduction Factor' and 'Percent Reduction' are skewed.

Ther ef or ewQeornaissile nmeans were cal cul ated for these dat acThst@oiozosshe ot her
colums were treated the sane way for_ggnsistency. EXAMPLE 2 - PURI FI CATI ON
OF SPOROZO TES in CAMPAI GN 3 [0116] Sporozoites were purified from

triturated saljvary gl and grep,arati ons using size exclusion filtration as
di scl osed. ﬂQQXsIBw%g%ﬁﬂpés WRHaRIPGRdETeEa canriedi gHOIGE thenepurifipationtsample

process in gF‘i;g'ufésclaat Arfanngedrm lfid §8a 99Rh LRGn RHE h&ﬁlgﬁgﬁ Qe &?%R&Fﬁl
were renove r visual obser val%l on (m croscopi c exam nat1on), Bitdhur den
testing (USHakR13)3ndt eshicrgcdme aAdilysisl @honacrdgi@phy ofIpasnand ipostviutifieation
determnation of viral cqntam napts;, and SGW ELI SA assay. A - PURI FI CATI ON
OF SPOROZO fﬁgp{eéislpffseﬁ?gﬁ%?ﬂ%f?%ﬂ terial for purification: The
triturappdidi ssegfi u h MR e’ B’Rﬁ%

recei vgd aI]t oget _h%?%%ﬂ%@?hﬁéléﬁ,&&?aﬁgf e (56%11 )2722%}{11'[ %%ﬁréli S ec'%% gﬁsrbﬁri\@%lu‘lgt
was renoved nasduidess tosl)deithatyiekizol fumfiedispomizoitdsser vart rangiref frem 4086l 6%

Fig. la). The r ini.ng di ssect.i roduct . then diluted to 10, M. with
E hegpuri 12 i cl?ﬁe%gﬂz%igé‘flg%astgfﬂiloé 6Eﬁnbo?all% oPulilégf PIrOGAUEs PLIRp R degeval ipf §W
poi nt for ceuipleddof Zﬁlgfdc):ssaélﬂh Trél@as@%%ﬁssq\ﬁe(ﬁ@l\/l”aésayp@xaﬁ leut i ongpaNE
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sanpl es were kept at about 22C for the ration of the purification. [0118]
Puri fi cati ofapmgisaddl showed fbptathgepurified] spasozniiep centaned| 0:23r ag S@YL28HH0t 4

m/mn (abo h Ll.u iL.$sectiop product was pu 0SS
three fil telrgéorg’%gﬁs'e%%Gw??lglﬁﬁt#étegﬂ%e?—iHrg'gpnﬁffﬁlogoﬁlﬁgg?mgﬁoﬁﬁglg‘i?%3334%d
capt ured by nd@ag06ngofozbitésatlh @kiis @Ramplet theretdas I loveallBle3 atdle puhfifdtohest,
had a pore size of 10 mcragns. (Polygard(r)-CN Optiscale - MIIlipore Cat.

No. SN1HA47RRESPZolteRan fsrruridicationgproesss be mpdifigd 458t 70171 bipkrdenassapstevwedcer on
(Pol ygard(r s I I i s I: . R ilter #3
had a pore ?llag:gﬁ e(%) &/?Ll%gl%rﬁ% E:Jrngn%&élpét%%gf éﬁ%ﬁ%ﬁﬁg n %crﬁ%ﬁ?ﬁéﬁl ama%loeﬁr:' -
MIlipore Cat. No. RTTP0O4700) held in a Swin-Loc filter holder (Watnman

Cat. No. 420400). Filt egxl.al wa t.ured on.FiLter #4 in a stirred
ultrafiltration cell (ﬁﬁgﬁgﬁe?PﬁB%fesgab@?'f@?’@@%& h a | sopore

menbrane, 90 nmin dianeter and a pore

Start of Purification End of Purification
Runs Mosquitoes >fSPZ/Mosquito  Total PISPZ  Total PISPZ Yield
dissected (x107%) (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 65.2 213 12.7 59.6

6 274 65.2 17.9 8.1 453

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)



size of 0.4 nm (MIlipore Cat. No. HTTP09030). A total of 100 m
purification nedia for run # 1 and a total of 120 ml for runs #2-5 were
punped acwogsiwdsaiimenbr anes together with the dil uted dipesamstoion2@soduct .
This was followed with another 100 m -@f-purification nmedia applied to
Filter #4. \Wen the retent ate vol une reached about 5-10 ml, it was

col | ected toget.her shes usin urification media in a total of 35 m
t hat was trﬁ%ﬁ@rﬁ?’ iﬁﬁ X % F&BQWKEE&ING&*%PM@@I 6Anot her
35 m wash was collected in a simlar fashion and also transferred to a
second §iAq1 | e 3x,Blo, 0k Bed At fidih Y8R BB

wer e centrl fuged g 016 34Qg ?@rﬁﬁ ve m nutretg@%ah‘é?fggdglg rﬁ@% O?(s)glgcgust% ng,
and hel d at eablosibn Zﬂﬁhtm{noasl@e]scwﬁddem Ecmmile BggbovaeT intpeirdzaitesvasre @ainsdissdded

to a concentrati.on about .15-18 x 106 spor.ozoites/mnm . 150 m was rem)ved
for assessmiMPUGHO ué&ﬁ B‘ffb‘u‘?fIB?é’ﬁocF?soE‘eW cationy ged H%’?g%a“[‘ ShHEEFOIFNEd toFe

SGWELI SA assayl ot?s@wmlomﬁras%m%sém{lfnam)ﬁ)hﬁn&%lbid %Eé‘s&? R0 QA IQR and
applied to a mcroscope slide (Figure Ib). of sporozoites was

al | owed for asgayltegsantidy Heramagt oliPGMoin3be sanmlcse§amabd wehepspaoed2nd pesfiader e
vi ewed at 200X n| f.i ?ati on. A simlar procedure was carried out for the
pre- pUI’IfIC e (Figures la and Ib). The specific data for each run
in the [opmpai gn dlﬁ@arﬂf)ﬂgﬁ@t é%ht Aund alging bRrens ﬁl?a%r@lr%(:ﬁﬂé(ﬁln@&aﬂ)éf%ﬁ 2997
(phot om crograph) of pre- an ost-purification sanples is presented in
Figure | a amsquipes [tmlzo‘pthl ﬁe@a@ﬁaurgﬁedssr)oswetﬁs perTyn mmgnr@ Bemid&ht¥25%nd
356 nosquit 5 o) Wi t h le ds aof purified
por ozoi t es Bert e e PR IbhS 01 eh e lall Sty bkt Uy
61.3 x 106 pamplfesﬁd 1ﬁ-@ﬁd§d&2@£ﬁcb&ldﬁﬁé wsa)ts(XTTa‘Bllé‘CA)aTheOSGM Emeams? (Edmple 1

i n-process and r ease assays. The SGM assa nple 1 - Table 2- npai gn
3) showed t hat1abife 2purGaninaisns fhsBowed é%atc@ﬁt@mf@é goparoiigs Senpmsd dhod> ng

sporozoitesg MSWS SBL&GH. 'Pﬁe f?@ﬁfl EShtddk BF P%Hl![ﬁ{]gr%g&dn%aﬁ@f ﬁﬁfcﬂlﬂl ﬁ%ﬂ%ﬂ%&ned

836. 64 ng/25 000 spor 20|tes S exanp an overa
fold purifidaé. |66nng>’1‘25,§p©r qmmztoﬁss i n tthes peamplec dicdronwiy aneeserallhé, 2|®mdolﬁil ed

USP <61> bi obu den a sa showed t hat._ .t here were o col.ony_fornm n
ot her wor ds PHY ?ﬁt’(?P ‘%%‘BWP érmhﬁé’ﬂlpgﬁatloﬁﬁﬁﬁ‘@% ‘hg?fﬁ]ég\ﬁ%?g"o urden’

Canpai gn 3 @y tshefved Liﬁaltft'h&%t weR FdoRhy Rfthin C@lilsOfh 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
Runs Mosquitoes PfSPZ/Mosquito Total PISPZ  Total PfSPZ Yield
dissected (x10?) (x10°%) (x10%) (%)

1 372 89.7 33.4 29.2 87.4
2 395 115.2 45.5 232 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 43.4 14.9 10.1 67.8
7 363 86.8 31.5 19.3 61.3
8 379 67.3 255 21.1 82.7




Run# Mosqui toes 'fSPZ/ Mosquito Total PfSPZ Total PfSPZ Yield dissected (X O
3) (XIO6 ) (XIO6) (%9 * 1 356 36.5 13.0 9.8 75.4 2 330 43.9 14.5 9.2 63.4
3 272 57.8W0D2b10As6L16 41.8 4 298 47.8 14.3 10.6 74.1 5 32@CHAIS201802B6d 2. 7
59.6 6 274 65.2 17.9 8.1 45.3 7 290 373%-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) EXAMPLE 3 -
PURI FI CATI-ON-O POROZO S+n CANMRALGN 6 [0 Sporozoites were purified
fromtriturdtEBkal i va?¥Tgl and preparations u3Phg size ext6Q8ion filtration
as descri bed ““-ri“i e above: Fre—sPporozottes—were—+raintained—+th
the purifica process in purifi®Cati on medi um Sanpl es were r emov&d4 or
vi sual observatiomr I GFQ i I &%) rcrobiotogicat —testing,—and
SGMt ELI SA assay to %%ﬁ?l ?l?@t @Sgﬁﬂ%ﬁ#féﬁg&#&ﬁ?t he sanpl es. Sanples were
prepared and purified as in Exanple 2. [0122] In canpaign 6, eight runs

using b ; i (N ( it qe I i, th
yiel ds ?ﬁﬁ&?ﬁ%}ﬁﬁi@@* SRR B TOCY RN FLIER INE, fabt

72. 3% [GFSAhVET CATBBDS(E50.68 bt L S ROBEOSTESCEREMy al
of all sanples for in-processCAMPARIGNSESa69ads/.(Table 4). The SGW ELI SA
assay (Exanple 1 - Table 2 - Canpaign 6) showed that the purified
sporozaoites contained 0.65 ng SGV 25, 000 sporozoites. The SGM cont ent of
pool ed B puri 1 iMsthedn PieliZe Mier insphted fos dirpg dasewHiy G5 0d GbF D ssHe 20ditken | n
this exanpl : %, 201 -fold purification of sporozoites
in the puri %S%:egﬁdgﬁ p 6%%52&%@%& fied USP <61> bi oburden assay showed
that there were no colony formng units, in other words no m crobi al

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

Primary Number of Parasites

Campaign PISPZ/ Antibody Daysin  pypressing PILSA-1  Mean/well STDEV
well . Culture
Against Well1l 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 PfLSA-1 3 426 369 381 392.0 30.05
[0124] Results and Interpretation. Detection of Plasmodium falciparum liver stage

antigen-1 (PfLSA-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 P.

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.



contam nation. M croscopic anal yses (photom crograph) of pre- and
post-purification sanples are presented in Figure 2. TABLE 4. Sporozoite

Yi el d Camweigro/@3Stiart of Purification End of Purifi catipom/uluew/odasqui t oes
Pf SPZ/ Mosquito Total PfSPZ Total PfSPZ3¥Leld dissected (XIO) (XIO6) (XIO
6) (9* 1 372 89.7 33.4 29.2 87.4 2 395 115.2 45.5 23.2 51.0 3 395 101.3
40.0 22.2 55.5 4 384 99.9 38.4 20.6 53.6 5 366 72.4 26.5 14.8 55.8 6 343
43. 4 14. 9 Table 667Ngmbezad Igeersstage panapigsexpresing P8 1oHte different

82. 7TOTAL 2997 255.7 160.5 MEAN 84alifstbrddddesyi el d = 100 x (#SPZ at end /
#SPZ at start) EXAMPLE 4:1 NFECTI ON OF A HUVAN HEPATOCYTE CELL LI NE (HC 04

[ 1F9]) W TH | RRADFATED (150 G P.__FALCI PARUMSPOROZO TES FROM CAMPAI GNS 5, 6
and 7. [0123] Met hrstfationt SPPREE PEPIAsites EXRYSSYRE  tdyee dpys with HC 04 ( 1F9)
cells, and then asspssed for expr883Ash of PfLSA-ppvTakhe 5. PfLSA-|
expression in li Ver(c%,l)agevparpagi_t_ggr‘y\e{lpr irradiation of PfSPZ. Primary .
Nunber of Parasi t_es_Canqaai_éﬂl_ELS‘l’A“ﬂi bWl 3m Meanessing PEISA-| Mean/ wel |
STDEV 6 well . . / Alture ﬁ%;ai nst22vel 3411 R0 2 2082 B3% 25,000 PFLSA-1 3

356 327 387 356.7 380W1 6 331 000 IRLSAY’ 3 W38 359.04781.3%9. 3 21.03
120 286 307 323 305.3 1856 1.22

142.5 318 337 293 316.0 2207 126
150 341 309 285 311.7 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 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 PfL.SA-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-
trradiated 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).

[0127] Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only.
Furthermore, in the foregoing, the present invention has been described with reference to
suitable embodiments, but these embodiments are only for purposes of understanding the
invention. Various alterations or modifications are possible so long as the present
invention does not deviate from the claims, which provide a true scope and spirit of the

invention.



7 25,000 PfLSA-I 3 426 369 381 392.0 30.05 [0124] Results and
Interpretation. Detection of Plasnodiumfalciparumliver stage antigen- 1
(PfLSA-1)woermvmssged in |iver stage parasites, is an i n@ctatSean/oefséd he
potency of attenuated and purified spangzoites. As shown in Table 5,

PfLSA-1 is expressed by P. falciparumliver stage parasites after the
sporozoites have been exposed to 150 Gy. EXAMPLE 5 - | NFECTI ON OF A HUMAN
HEPATOCYTE CELL LINE (HC-04 [1F9]) WTH | RRADI ATED (100, 120, 142.5, 150
GQy) OR NON | YRRAH WrEBABMEDASt) PARUMSPOROZOI TES. [ 0125] Met hods. Spor 0zoi t es
were incubated for three days in HG04 (1F9) cells, and then assessed for
expr essi-on ok systagpally puificd mepapiianeat fdesmadiuan-seacigydappaitessi t es expr essi ng
PfLSA-1 after different irradiation doses. 100 321 302 287 303.3 17.04 1.21
120 286, 307 : : : A2 : : 2. 07 1.26 150 341
309 2822 .311_13% é‘?‘%@“?’?’z"? Cﬁg?ﬁa‘fgeﬁégﬁf‘ltﬁé’%aﬁﬁéﬁ%? é}?%@f’%‘%ﬁav 5,000 PfSPZ,
whi ch had been exposed to different radi ati on doses as indicated (Table 6),
were added tThegaearatoinlof ofail@-2ywhkrefradaidipdeasics desnfeotiduaisporogoils: 04 ( 1F9)
cells. The slides were incubated for 3 days and assessed for parasites
expressj ng LSA-1. As shown . in, Table 6, canpared t.o. non-irradi ated Pf
sporozo'tes!:ithlsfpr Bzi’t@?é)?tcgagnéhqulwglyéﬁ?wgg EEB BB, had 91% of the
activity of nonirradiated Pf sporozoites in this assay. This difference did
not reath thehelpestRiatidh oF Rl It wikadin ShidPIhInfnGR spddicd id WOalc@drgl, St udent' s
t-Test (p = 0.21). [0127] O her enbodi ments of the invention will be
apparené to those skjlled in the art from consideration of the )

speci fi%at i oeRREPAAIQRIL kB WiECIN §3id FRFIBINHFRITES® BURE? tarym afhumis.

i ntended that the specification and exanpl es be consi dered as exenplary
only. Irth i uega) ! i i n
descri E}éd wﬁ%ﬁ)&z{rﬁgﬁga{a&ﬁgﬂig’?glgﬁlesag}ﬁ)ggihﬁgﬁ%? b%{?&% ﬁ‘grge e g I ments are
only for purposes of understanding the invention. Various alterations or
nmodi fi dat i orldiearepapaiog dfl ddaimo/, |voregein saidspororeisesrare purified from a pre-purification

preparation of salivary gland material.

9. 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.

10.  The preparation of claim 4, wherein said sporozoites contain one or more transgenes.
11.  The preparation of claim 10 wherein the species of sporozoite is P. falciparum.
12. The preparation of claim 4 comprising less than 15 nanograms of attendant material per

25,000 sporozoites.

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

25,000 sporozoites.

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

per 25,000 sporozoites.

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

from said pre-purification material.



i nvention does not deviate fromthe clains, which provide a true scope and
spirit of the invention.WHAT IS CLAIMED IS: 1. A substantially purified

pr epar at iwo 20fo/BBasmodi um speci es parasites. 2. The preparatsean/oedsec! ai m 1
wherein said parasites are netabolicalky_active. 3. The preparation of
claim2, wherein said parasites are infectious sporozoites. 4. The
preparation of claim3, additionally conprising an excipient. 5. The

pr epar d0i on 1o wERATAHAN @A &tanns dai which 2 neelit A% Bpeafi etenidantPnptgtial par bean 6.
The preparat| f P ’ i i d. exci pient conprises human serum

al bumn. 7. H%ﬁébegrfreo%ggp gen&@fﬁ%bga? %%Ef%a\ffiher ein said sporozoites are
purified fromnosquitoes. 8. The preparation of claim7, wherein said

spor 0zdi’t es Taeeprppuratidnedf tlaom & iprehigiliai 1dastad9. o7 6ps £ pradndbntomariial Bhd Bédny
gland material. 9. The _Qr epara}li an of cJ Ei m 4, wherein said sporozoites are
suf fici ent | yeEeYEHtRTR 84d errcPtiivation iskEdhient to infection of a host, said
parasites fail to cause di sease pathology of malaria. 10. The preparation
of claig 4, THESH&attRAl & GRART 038R s&ANiRhRatRRes htaBRHRd 1y ANREGRES of b

The preparation of claim 10 wherein the species of sporozoite Is

P. f al ci par ufrerittBle Feretipr elpexatedn on gdnechmitaiod, conpy i mdiagon esposiran cidmical
nanograns of attendant .material per 25,6 000 sporozoites. 13. The preparation
of clai m 12 CRHEF & ?‘fﬁ'lrloggﬁmlaﬁ%?%iurﬁanogram of attendant material per

25, 000 sporozoites. 14. The preparation of claim 12 conprising |less than

0. 12 nanogr ane @epabiienEnilaimat1d] ivihergiar sa2®, ARAuARA" A2 eithifihed by FMation
preparation of claim8 in which at |east 98% of attendant material has been
renoved frofF¥RBHE- pre-purification naterial.16. The preparation of claim38
in which at | east 99.9% of attendant material has been renoved from said
pre- puhpfi cad,) i;;_patt (= PN 4 r.af: ) I; [ [ | east
99. 97%2?)'1c a?th g%ge nt r%gt(grcil%fn L%?Bgrgglgﬁgﬁ%g% g@%gdsrgilghglreggpﬂ#pi ?gclgﬂ:t i’'on
mat eri al . 1&ordthanjoepGiyaif rahateh. cl aim 9 wherein said attenuation is
established by introduction of a heritable genetic alteration or gene

mut at| 9 OrThQ rerpgr%igrtllo Jaftx DO FMerein s(,:ari](ia Q{p%?lllre 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.



exposure, or environnmental exposure. 19. The preparation of claim 18,
wherein said attenuation is established by radiation exposure. 20. The

pr epar at iwo 20fo/8Baitm 19 wherein said radi ati on exposur e PC3/akolbpast4 100 Gy,
but no nore than 1000 Gy of radiation_-48-.1. The preparation of claim 20
wherein said exposure is 150 Gy. 22. The preparation of claim 12 prepared
aseptically and free of contam natjion. 23. A nethod of conferring

prot ectdSve i TRsumethyd; of daigyddnviereis: ssed atiennatien an esabltshad dynistrodugtianiof a
D uced b . M . . . e
it st ot S e R B HOUIRRCES: MR Rlon, SUURHGR SRR LRI expasiss | o1

of net abol i calehyiraohéntad eapésarsiat ed sporozoites of said Pl asnmodi um speci es,
wher ei n pat hol ogi cal manifestations of said nmalaria are prevented in said

host t 0. pat ' i1 f id
Pl asodioam SHEATHEN o HAA RatRitiatt S Lraspnos aihel Y GO FERREHER | on

additionally conprises an excipient. 25. The nethod of claim24, wherein

sai d exul pi efHe HORBM bs BRI QIBIhet&h YRAPIBYRSm 2Becidd i@ AT5LDLHAH, £ 24 A3
conprising adnm nistration of at |east two doses of said preparation. 27.
The met hod oakel Bifopdesé onBriglarige.adni ni stration of three or nore doses of
sai d preparation.28. The nethod of claim 23 wherein said attenuation is

est ab! 'ﬁhed hdt (gfpg%tﬁélhl% &Ler@in@%{d ﬁt%)@g!sseisg‘e.z&gzl 8ru%|z.t eration or gene

mut ati on, or by radi ation exposure, chenical xpgsure or environment al
exposure. 29. The method of claim28 wherein said attenuation is

est abl i32hed Aynetladi fat iporifieatjpasafreetaBilicalln activet Mashofiuel sporozaidesyied endthaRi d
Pl asnodi um speci.es is P. falciparum P. vivax, P. ovale, P. know esi or P.
mal ari ae. 3F°™MPHEMEet hod of claim 30 wherein said species is P.falci parum
32. A nethod for purification of netabolically active Plasnodi um

SpOr 0zoi t es,(a)sai GreRBaiRY thrC AGRIOLS IPPgpuriRdatiBh OyrbpriEbrP BoRPHERE Sporozoites and
pre-purification preparation conprising sporozoites and
attendant non-sporozoite material;

(b) passing said sporozoite preparation sequentially through a set of size exclusion

filters comprising:

(1) 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

(111)  a 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.



attendant non-sporozoite material; (b) passing said sporozoite preparation
sequentially through a set of size exclusion filters conprising: (i) a
first excwozoowssiliter with a pore size capabl e of retaPoirng2@avioeosdant
material |arger than 10 m crons but alhow ng passage of said sporozoites;
(i1i1) a second exclusion filter with a pore size capable of retaining
attendant material |arger than about 1.2 m crons but allow ng passage of
sai d spdr ozdiheemethadPi(glpim) 33 whereia sr?edﬁﬁr%tnéeqomﬂt@d thindhfilierp gire sequeatially
capabl e of t I I I ssage of
sai d spor020|@%%&%€g? g&lﬁel%i%%gégb &S g% Cﬁ%fgﬂgémﬁégﬁggg,ﬁgs on a
collecting filter wwth a pore size capable of retaining said sporozoites;
and (d)34r enﬂ&iengethdsﬂaotdhihem pliesihsiidagstenh hys plok bf edlesyp Grighgmt ést did mord he
col l ecting f e ery produci ng a purified sporozoite preparation that
i s substant it V%@P Iyt attendant non-sporozoite material.33. The net hod
of claim32 wherein said first, second and third filters are sequentially
connectysd insa 5%%%%6@6%]&1@354%1%&@1&1%% 82 iP8ERaACSSIIhSRY donlti ot RbR:
with a flux. 34. The thod of claim33 wherein said systemhas a flux of
at |east 3 thaw?50d/him no nore than 1500L/ hr/n2. 35. 35. The nethod of
claim34 wherein said flux is at least 125 L/hr/nR2, but no nore than 250
L/ hr/ 36. h | ai r.ei n. sai st.exclusion filter has
L/ g, 30 ol Gt Dl a5\ PSS s BIREh AR
second excl usicnsfilter has a nom nal pore size of 0.6 mcrons. 38. The
nmet hod of claim 33 wherein said third filter has a pore size of 1.2

m crons, 39. The hod of cl aim 33 wherein said %pllectlon filter has a
pore si*Ze oflhg method pEslatm 35 w af*FFFén R ieePrdrexelusiom i frep apminah goweniigfne! of
attendant ngys sRQEAZoite material in said purified sporozoite preparation
is less than 15 nanograns per 25,000 sporozoites.

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 1 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.



4 1. The nethod of claim 33 wherein the anount of attendant non-sporozoite
material in said purified sporozoite preparation is |less than 1 nanogram
per 25, 00Woxpwvoszniit es. 42. The net hod of clai m 33 wher ecm/tsacd/oaissendant
non-sporozoite material in said purifigg_sporozoite preparation is |ess
than 0.12 nanograns per 25,000 sporozoites. 43. The nethod of claim33 in
which at | east 98% of attendant material in the pre-purification

pr epar &bi on Alﬁlﬁth@éeﬂﬁ C%Wf;vwrowatlvenﬁénmtma@ lumna@lcmoﬁhesmammwﬂndwsmgametast
99. 9% of at g&n rggg&lrl | n Igla > Jn?rg%rl f é/aré)nteprg Rar at 'tl?on reollrr%g%%%%'

The net hod |ch a GHETP endant

t he prepuri faﬁﬁmlsmxonroepaé@me@ Bf b aﬁtﬁﬁ'ﬁl‘dﬁﬁl a@@nt oBnemtdno ithfthe adthiistdafiéh of
protective immnity in a_hunan or other manmalian host against nmalaria

i nduced by & pRgsISHlosHPSpsebstantighy aurified prepirationeheribeashisrperargites of said
admi ni strat 'P?&knPJ BRI Ghin gﬁu?on%gl%h% BltaAGR" ﬁfﬁa%ﬁr‘[ S0L o LR &QI[ Con

admi ni stration o ﬁeast one pstant I’ a purtfied" prépar

of pat hogenlsmdsmeinqmmsuma:quﬁnt sepaduid ta pathdpenie ppedieesf saulhetaembdmai fpetiegi cal
mani festati ons of said nal ari a are prevent ed in said host upon subsequent

exposur at hoge es. of, sai.d nDdlu i peci es. 47. The
met hod % f cI R }g"({;\?fcéilég ‘E‘ﬁel&ﬁﬁdﬁélfl %ﬁfé‘h‘tsn}l@’ Yt oqui ne.




