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METHOD FOR THE PREVENTION OF MALARIA

CROSS REFERENCE TO RELATED APPLICATIONS

[001] This application is based on and claims the baneﬁt of U.S. Provisional Application
S.N. 60/427,911, filed November 20, 2002 The entire disclosure of this provisional application
is relied upon and incorporated bgi teference herein.
FIELD OF THE INVENTION

[002] This application relates to preventing malaria by administering a vaccine. More
particularly, this invention relates to a vaccine against malaria infection comprising the
administration of attermated sporozoites to a human or animal.
INTRODUCTION AND DESCRIPTION OF THE PRIOR ART

[003] Malaria is a disease that affects 300-500 million people, kills one to three million
individuals annually, and has an enormous economic impact on people in the developing world,
especially those in sub Saharan Africa [1, 2]. Plasmodium falczparum 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 [3]. It is estimated that more than 10,000 travelers from North
America, Burope, and Japan contract malaria per year. For more than 100 years during every
military campaign conducted where malaria was transmitted, the U.S. forces have had more

casnalties 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 Vietam conflict due to malaria [4].

[004] Transmission of the parasite Plasmodium (the protozoan parasite causing malaria)
occurs via the bite of infected female Anopheles mosquitoes, which are active from dusk to
dawn. Sporozoites migrate from the bite site to the liver via the blood stream, Where they
multiply within hepatocytes, producmg, in the case of P. falciparum, 10,000-40,000 progeny per
infected cell. These liver stage parasites express a set of antigens which are not expressed in
sporozoites. This new generation of parasites re-enters the blood stream as merozoites,
expressing 2 set of antigens which are different from those expressed during the sporozoite and

early hepatic stages, and invade erythrocytes, where additional multiplication increases parasite
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numbers by approximately 10 t0 20 fold every 48 hours. Unlike the five to ten day development
in the liver, which does not induce zny symptoms or signs of illness, untreated blood stage
infection causes hemolysis, shaking chills, high fevers, and prostration. In the case of P.
falciparum, the most dangerous of the four species of Plasmodium that infect humans, the
disease is complicated by disruption of microcirculatory blood flow and metabolic changes in
vital organs such as the brain, kidney and Alung, frequently leading to death if not urgently
treated.

© [005] An effective vaccine against P. falciparum malaria remains one of the great
challenges of medicine. Despi'te over one hundred years of effort, hundreds of millions of
dollars in research, lifelong sacrifice from dedicated physicians and scientists, and many
promising experimental vaccines, there is no marketed vaccine to alleviate one of the great
‘mfectious scourges of humanity. A generation ago, public health initintives employing
chloroquine, DDTand vector control programs seemed poised to consign falciparum malaria 10
insignificance as a worldwide menace. The lack ofan effective vaccine complicated these
efforts, but sustainable control seemed imminent.

[006] 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 conirol measures lapsed, and trans-migration, war and economic
disruption became increasingly more common in endemic areas of the developing world. Asa
result, falciparum malaria has resurged, annually placing 2.5 billion hnmans 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
incfeasingly seen as both a root cause and cruel result of these inequities, and is 2 singular
impediment to solving these complex problems. Controlling falciparum malaria in the
developing world may be possible without an effective vaccine. In practice, given social,
political and economic realities, the inventors believe that a vaccine may be an essential
component of a sustainable control program, and will be required for a global seadication
campaign.

[007] Ttisin this context that the modern period of malaria vaccine development has been
particularly frustrating. Since the early 1980’s, breathtaking technological advances in
molecular biology and medical science have occurred. These advances accelerated the

identification of stage-specific P. folciparum proteins and epitopes, and host immune
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mechanisms and responses. This knowledge was u*anslaied into a range of novel vaccine
candidates [5,6]. In one sense, fhis modern period has been the golden age of malaria vaccine
research and human testing. However, in spite of the Herculean efforts of malaria researchers,
the majority of these vaccines have failed to provide any protective immunity in humans — with
only one demonstrating reproducible short term protection against infection in 40%-70% of
recipients [7-91.

[008] Given enough time and resources, these vaccine strategies, or athers yet to be
developed, may ultimately lead to a robust vaccine. However, at a recent Keystone meeting,
“Malaria’s Challenge: From Infants to Genomics fo Vaccines” [6], the attendees were polled as
to when they thought a malaria vaccine might Ee «jgunched” as a commercial product. Many in
the Toom indicated that they thought the first vaccine would not be launched until 2016-2025.
The leader of Glaxo Smith Kline’s (GSK) efforts to develop & recombinant P. falciparum
circumsporozoite protein (PfCSP) vaccine yoiced the most optimism. It was indicated that if all
went well, this single protein vaéc‘mc could be “launched” in 7-8 years (2009-2010). Given that
GSK and the U.S. Army have been working on a recombinant protein PfCSP vaccine since the
1984 cloning of the PFCSP [10], and that many malariologists express concern as to whether a
single protein vaccine will be a&equate 10 sustainably- control malaria, this time line of more than
25 years for development of a single protein vaccine places a chillingly realistic perspective.on
the possibilities for developing vaccines that will truly reduce the burden of this disease.

[009] Protective Immunity After {fmmunization with Radiation Attenuated

Sporozoites: In 1967 Nussenzweig reported that infravenous administration of radiation
attenuated P. berghel sporozoites 10 AJJ mice protested the mice against challenge with
infectious P. berghel sporozoites [11]. These rodent studies piovid’ed the impetus for human
studies, and by the early 1970s, two groups established that immunizing human volunteers with
the bites of irradiated mosquitoes carrying P. falciparum sporozoites in their salivary glands
could protect volunteers against challenge with fully infectious P. falciparum sporozoites [12-
19]. These studies demonstrated that a malaria vaccine offering sterile profective immunity was
possible. However, the only way to produce gporozoites at that time was to infect a volunteer
with P. falciparun, treat the volunteer with doses of chloroquine to suppress but not eliminate
the parasite, allow gametocytes 10 develop, and then feed mosquitoes on these volunteers, Even
if one could produce sporozoites in adequate numbers by this method, it was considered

clinically, technically and logistically impractical to immunize humans with an irradiated
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sporozoite vaccine. In large part this was becanse the sporozoites had to be delivered alive,
either by the bite of infec ed mosquitoes, or by intravenous injection as was done with mice. The
scientists active in the field concluded that other routes of immunization would not provide
adequate or comparable protection as compared to immunization by intravenous injection or by
the bite of infected mosquitoes; in essence ruling out the use of attenuated sporozoites asa
vaccipe from their perspective. The published views of several such scientists are quoted below.

[010] “This observation corroborates previous 1eports (Nussenzweig, Vanderberg and

. Most, 1967 and 1969) and exctends their findings. Groups of mice immunized by other parenteral

routes (Lm., i.p., and 1.c) sxhibited zn overall level of protection much lower than the i.v. '
immunized mice.” {20]

[011] “These sindies have confirmed a previous report which demonstrated that
intramuscularly injected irradiated sporozoites of P, berghei are far less effective than those
injected intravenously in protectively immunizing mice against sporozoite-induced malaria...The
chief limitation preventing an extension to human trials was the requirement for intravenous
immunization a procedure posing unacceptable medical risks.” (In the study referred to in this
quotation, ‘protection by the intramuscular route ranged between 11% and 42% and protection
by the subcutaneous route was 0%) [21].

[012] “It was further shown that of the various routes of immunization used in-vaccination
attempts in rodents (i.m., 1.v., subcutaneous, per os, etc.) the intravenous route gave the highest
degree of protection and most reproducible results. The only other very effective route of
;mmunization is by the bite of infected, irradiated mosquitoes.” [22]. In this 1980 review, “Use
of Radiation-attenuated Sporozoites in the Immunoprophylaxis of Malaria,” Dr. Nussenzweig
goes on to discuss the potential for developing & qurozoite malaria vaccine, and concludes, “In
conclusion, recent findings appeer 0 indicate that we now have the necessary powerful tools
which should proﬁdc the means to olarify the mechanism of sporozoite-induced immunity and to
isolate the protective antigens. Under these conditions, the various obstacles to the development
of a sporozoite vaccine for malaria appear to be surmountable, hopefully in"the’sot too remote
fture.” Dr. Nussenzweig does not discuss the idea of utilizing a whole attenuated sporozoite.
vaccine as a reasonable alternative, only the use of sporozoites 10 provide the components ofa
vaccine that induces immunity against the sporozoite stage.

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

was concluded by the unquestioned leader in the field, Dr. Nussenzwelg, that the route to &
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vaccine lay through modern seience; Vunderstanding immunologic mecﬂénisms of protection and v
the antigenic targets of those protective immune responses, and c;)nstructiﬁg a “subunit”
sporozoite vaccine. From then onwards there was essentially no mexntion ot discussion in the
literature of trying to develop an attenuated whole parasite sporoioite vaccine as a practical
vaccine for humans for many reasons, not the least of which was that despite these 15 years of
research, no scientists had discovered a reasonable approach to administering sporozoites other
than by intravenous administration or by the bite of infected mosquitoes.

[014] There was also no further work to develop an attenuated sporozoite vaceine,
because the sporozoites would have to be raised in aseptic mosquitoes, aseptically purified, and
suitably preserved and reconstituted prior to administration, and after such treatment would étﬂl
have to be able to elicit protective immune responses when administered.

[015] Potential solutions to parts of the problems of production, though not recognized at
the time as being related to developing an attenuated sporozoite vaccine, wWere being reported. In
1975, a method for culturing P, falciparum in vitro was reported [23, 24], followed in 1982 by a
method for producing gametocytes from these cultures [24]. In 1986, it was reported that humans
could be infected by the sporozoites produced in mosquitoes thet had fed on these in vitro
cultures [26]. There was therefore a way to produce sporazoites without the difficulties of in vivo
production of gameto cytes in humans. These developments on their own were not adequate to
overcome all of the obstacles to development of attenuated spotozoite vaccine. There was not a
way to produce enough of the sporozoites or produce and process the sporozoites under

conditions that met regulatory standards. Furthermore, there were no data indicating that

propexly produced and processed sporozoites could be administered successfully in a clinically

acceptable and practical manner.

[016] Thus, following the failure of the malaria scientific comumunity to discover &
method to deliver attenuated sporozoites in & clinically acceptable and practical manner
sufficient to achieve high level protection, the attenuated sporozoite vaccine was dropped from
climical consideration, and the community as presaged by Dr. Nussenzweig (pavegraph [012]
above) embraced modern molecular séience in the hope of developing & vaccine. Several
promising developments launched the modern era of malaria sub-unit vaccine development. A
monoclanal antibody against the major surface protein of sporozoites, the circumsporozoite
protein (CSP), had been produced and shown 10 protect mice in passive transfer experiments

[27]. Additionelly, the gene encoding the PfCSP protein had been cloned and segquenced [10].
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Coincidentally, the first purified recombinant protein vaccine, the hepatitis B surface antigen
vaceine, was developed and marketed [28]. The weight of evidence and trends in vaccine
science seemed to offer malaria researchers a roadmap to quickly developa human malaria
vaceine. Since it was considered impractical to produce and administer the sporozo1te vaccine,
returning to an attenuated whole parasite vaccine seemed unnecessary and dated, and all
subsequent efforts focused on the promise of sub-unit vaccines,

[017] In 1987 when the first recombinant protein [29] and synthetic peptide [30] vaccines
did not prove to be as protective as expected, instead of considering the development of an
attenuated sporozoite vaceine which was considered impossible to produce and administer,
scientists focused on understanding the immune mechanisms responsible for protective
immunity, and the antigenic targets of these protective immune reSponses, and developing
subunit vaccines and vaccine delivery systems that induced such protection. Much of this basic
work was carried out in the P. berg ohei and P, yoelii rodent model systems. This rodent malaria
work provided important insights into immunologic mechanismos and antigenic targets of
irradiated sporozoite vaccine-induced protection and led to the development of a number of
candidate vaccines [31-33]. None of these studies which were conducted after the cloning of the
gene encoding the P. Salciparum circumsporzoite protein (PfCSP) in 1084 through the end of the
millenium suggested the possibility of developing a human irradiated whole sporozoite vaceine,
because none of the investigators thought it was possible to produce or administer such a vaccine
in a practical manner. Interesﬁngly, sub-unit (rccomb'manf protein, synthetic peptide,
recombinant virus, DNA plasmid) vaccine formulations have been shown to produce excellent
protection in mice, bt nothing comparable in humans. Tn contrast the protection in mice by |
intravenous administration of irradiated sporozoites [11] led to human studies, that demonstrated
that exposure to the bites of jrradiated mosquitoes with P, falciparum sporozoites in-their
salivary glands induced protection [34}.

[018] In 1989, aftera number of disappointing clinical trials of sub-unit PCSP vaccines,
immunization of volunteers by the bites of mosquitoes carrying P. faleiparam $porozoites in

their salivary glands and then attenuated by exposure in vivo to gamima radiation was begun at

~ the Naval Medical Research Institute later Naval Medical Research Center (NMRI later NMRC)

and Walter Reed Army Institute of Research (WRAIR). The goal of this research was t© better
3elineate the clinical characteristics and requirements that led to protecting humans with the

irradiated sporozoite vaccine, assess the protective immune responses elicited in humans, and
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identify the antigens and epitopes on those proteins that elicited immune responses in humnans. It
was never a consideration 10 develop irradiated sporozoites as a human vaccine, as it was
considered completely impractical and technically unfeasible to produce such a;/accine as well
as 1o administer such a vaccine. Preliminary clinical results and extensive immunological assay
results from these studies were published [35-41]. These immunological studies combined with
those of others on this subject [42-48] increased our understanding of the immunological

respenses in humans immunized with radiation attenuated P. falciparum sporozoites. However,

* there was no consideration or mention of trying to develop an attenuated sporozoite vaccine.

[019] The results of the first 10 years’ clinical experience with these immunizations and
challenges were recently reported, and combined with all the published clinical reports of
immunizing hurans with irradiated Plasmodium sporozoites [34] from the University of
Maryland (1970’s, late 1980°s and early 1990's), and the Rush - Presbyterian - St Luke's Medical
Centre in Chicago and the Naval Medical Research Institute in the 1970’5 [12-19,341. A number
of observations arose from the analysis that was conducted.

[020] A). There wasa dose response in regard to protective immunity among volunteers
challenged by the bite of 5-1 4 infected mosquitoes. Thirteen of 14 volﬁntecrs (93%) immunized
by the bites of greater than 1000 infected, irradiated mosquitoes were protected against
developing blood stage P. falciparum nfection when challenged within 10 weeks of their last
primary immunization. There were 35 challenges of these volunteers and there was complete
protection against development of blood stage infection in 33 of the 35 challenges (94%). Four
of 10 volunteers (40%) immunized by the bite of greater than 200 and less than 1000 infected,
jrradiated mosgquitoes were protected against developing blood stage P. Jalciparum infection
when challenged within 10 weeks of their last primary immumization, a significantly lower Tevel
of protective immunity than among volunteers immunized with > 1000 infective bites (p=
0.0088, Fisher’s exact test, 2-tailed). There were 15 challenges of the volunteers immunized
with less than 1000 infective bites, and there was complete protection against development of
blood stage infection in 5 of the 15 challenges (33%), & significantly lower {evelof protective
immunity than among volunteers immunized with > 1000 infective bites (p= 0.0.00015, Fisher’s
exact test, 2-tailed).

[021] B). Protective immunity lasted for at least 42 weeks (10.5 months). Five of 6 of
the above 14 volunteers when challenged from 23 to 42 weeks (23, 36, 39,41, and 42 weeks)

after their last primary or secondary immunization were protected against experimental
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challenge. Except for a single challenge of one volunteer five years after last immunization (not
protected), there were no other challenges assessing longevity of protective immumity. |

[022] C). Protection was not strain specific. Four volunteers were challenged with
isolates of P. falciparum different than the isolates with which they were immunized. The four
volmteers were completely protected in seven of seven such challenges \.Nith different isolates of
P. falciparum.

[023] D). Immunologic memory lasts for at least 5 years, A volunteer who had been
exposed to the bite of 1601 irradiated infected mosquitoes, and proteétéd when challenged 9 and
42 weeks after last exposure, was not protected when re-challenged 5 years after last exposure to
to irradiated, infected mosquitoes. He was treated for his malaria, boosted by exposure o 147
irradiated, infected mosquitoes, and re-challenged by exposure {0 the bite of 5 non-irradiated
mosquitoes infected with 2. falciparum sporozoites. This volunteer was protected agaﬁzst that
infectious challenge [34], demonstrating that the protective immunity was boostable with a
single exposure to irradiated sporozoites. | |

[024] Thus, protection was achieved in greater than 90% of challenge experiments after
gréater than 1000 mosquito bites, lasted for at least 10.5 months, and was not P. falciparum
isolate (strain) specific. _

A “sub-unit” vaccine demonstrating this level of protective efficacy in human subjects
would be recognized as a major breakthrough. Though it was routinely observed that protection
resulted from this experimental irradiated sporozoite vaceine, the sheer power of attenuated
sporozoites remained umccognized mtil after completion of the careful analysis necessary to
publish this report. Interestingly, when these results were presented by one of us (SLH) atthe
Keystoné meeting in March 2002, “Malaria’s Challenge: From Infants to Genomics to

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

this approach should be pursued as viable malaria vaccine, because all thought the vaceine to be
impractical to produce and i1npossib1e to administer. This view is still widely held in the
scientific community. In a recent publication in Nature magezine (October 2, 2003) [49], the
director of clinical trials at the Naval Medical Research Center Malaria Program stated, “The
barriars have seemed sufficiently daunting that no one has been willing to give itatry,” and a
malaria vaccine expert from the University of Oxford in the United Kingdom stated, “It’s a long
shot....It’s worth a try, although the odds are heavily stacked against him.” In contrast, the

inventors believed that it was possible 10 make such a vaccine, but there were sevesel critical
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questions that had to be answered before moving into cGMP manufacturing and clinical trials.
These are outlined in a recent publicatiori [50] One of the most critical questions was whether
one can administer attenuated sporozoites by a route fhat is practical for a human vaccine?
SUMMARY OF THE INVENTION

[025] Heretofore, it had been considered irnpractical to immunize humnans with attennated
plasmodium species sporozoites, because the sporozoites had to be delivered by the bite of
infected irradiated mosquitoes for immunization, or by intravenous injection, as this was what
had been done previously with humans and mice respectively, and was accepted by the scientific
community as the only way 10 achieve high level protective immunity. A '

[026] It hesbeen theorized that when properly irradiated sporozoites are delivered by
mosquito bite or infravenous injection, they pass through the bloodstream 10 the liver, invade
hepatocytes, partially develop, and then arrest development, never developing to the mature liver
schizont, which ruptures, and releases merozoites which cause infection of erythrocytes, and the
disease known as malariz. Thus, they are attenuated. Data indicate that in order to elicit adequate
protective imrnune responses, the parasites must invade hepatocytes, partiaily develop, and
express new proteins that are the targets of protective immune reSponSes, particularly CD8 T
cells.

[027] The inventors theorized that there is a direct correlation/assocation between the
infectivity of & preparation of unirradiated sporozo‘ites and their capacity to elicit protective
immunity when they are attenuated. Fﬁrthermore, we theorized that there is a direct
correlation/assocation between the infectivity of unirradiated sporozoites when administered by a
particular method, and the capacity of those sporozoites when iradiated and delivered by that
method to elicit protective immunity. )

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

[029} This question was addressed using the P. yoelii odent malatia parasite, not the L.
berghei rodent malaria parasite, which had been studied previously in all reports cited above (1 1,
20-22). The P. berghei model system was used 1o establish that irradiated sporozoites protect A/J
mice, and this led to the human studies demonstrating that exposure to nradiated P. falciparum
infected mosquitoes protects humans. The P. berghei system was also used to prove to the

scientific community that intramuscular, subcutaneous and other non-intravenous routes of
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administration of irradiated sporozoites are not adequately protective in mice (20-22). In fact
after subcutaneous administration of radiation attenuated sporozoites protection was 0% [21].
These studies which were primarily done n AJ] mice led to the conclusion that.it was not
possible to develop irradiated sporozoites as a practical, clinically relevant malaria vaceine for
humans. In the early to mid 1980s the Naval Medical Research Institute laboratory swit\chiedb
from working with P. berghei in A/ mice to working with P. yoelii in BALB/c mice. This was
because the scientists at the Naval Medical Research Institute believed thaf intravenously
administered P. yoelil in BALB/c mice was more predictive of P, falciparum infection in humans
than was intravenously administered P. berghei. This was in large part because intravenously
administered P. yoelii sporozoites are SO much more infectious to mice than are intravenously
administered P. berghet sporozoites. The 50% infectious dose to mice of intravenously
administered P. yoelii in BALB/c mice is approximately 100-1000 times lower than the 50%
infectious dose of P. berghei in BALB/c mice and almost certainly more comparable t0 the 50%
infectious dose of Plasmodium sp. parasites in primates, such as P. knowlesi in monkeys and P..
falciparum in humans than is P. berghei. In the early 1990s, approximately 10 years after the
Navy group began working with P. yoelii instead of P. berghei, after reading papers and hearing
presentations from scientists from the Navy group, Dr: Nussenzweig requested the P. yoelii
parasites used by the Navy laboratory from one of the inventors (SLH), and essentially switched
the work in her group at New York University on rodent malaria to the P. yoelii model system,
primarily working with BALB/c mice.
[030] Itis important to note that all work with P. yoelii has focused on administration by

intravenous imjection ot mosquito bite, almost certainly because of the previous work in the P.
berghei moci‘el system described above [11,20-22}. Furthermore, because of that work in the P.
berghei model system no one has cxpérimented in the P. yoelii system to try to use it as a model
to develop an attenuated whole sporozoite vaccine. Immunization with irradiated sporozoites i
the P. yoelii rodent rnalaria system has been used by scientists for the same scientific objectives
described in 1980 by Nussenzweig [22]; to identify the immune mechanismis ofprotective
immunity and the anﬁgerﬁc targets on the parasite of these protective immune responses. For this
reason, since it has been “enown” for more than 25 years that only intravenous Of mosquito bite
administration of sporozoites provides the 100% protective immunity that makes the irradiated
sporozoite model 50 effective, these have been the routes of administration used by scientists

working in this system. The other routes (e.g. subcutaneous, inframuscular, intradermal and
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others) that would be required to make the irradiated sporozoite clinically practical and
acceptable have not been used. -

[031] The inventors have discovered a method for immunizing subjects against malaria
which allows for the vaccination of large numbers of subjects with attenuated sporozoites in a
relatively short time, avoids the impracticality and potential danger of the previous methods of
bite by infected mosquitoes, or in the case of mice by infravenous injection, and which provides
protection comparable to that achieved by these prior methods.

f032] More particularly, we have discovered that effective protection against malaria can
be obtained by parentally administering a dosage of attenuated sporozoites to a subject by a route
other than intravenous injection, including, but not limited to the subcutaneous, intramuscular,
intradermal, mucosal, submucosal, epidermal, and cutaneous routes.

DETAILED DES CRIPTION OF THE INVENTION

[033] The instant invention provides a new clinically relevant and acceptable method of
administering attenvated Plasmodium species sporozoites that makes it practical for attenuated
sporozoites o be used as a vaccine to prevent malaria in humans, mammals, avians, and other
relevant species. |

[034] The inventi on’s significant improvement over previously standard methods of
a&m‘mistration, administration by intravenous injection or by the bite of infected mosquitoes, of
attermated sporozoites is that it allows for a clinically practical and safe method of administering
the vaceine that provides protection comparable to the previous standard methods.
Administration by the bite of infected mosquitoes can never be used as a vaccine for obvious
reasons, and administration by infravenous injection is a method that is not in general use for any
vaccine, because it is a technically difficult method of administration, especially in young -
children, and it is potentially dangerous because of direct injection into the bloodstream.

[035] With the present invention, the parenteral administration mey be administered in the
skin (franscutaneous, epidermally, intradermally), subcutaneous tissue (subcutaneously), muscle
(intramuscularly), through the mucous membranes, or in the submucosal tissuei-P:eferably, the
administration is subcutaneously, intradénnally or intramuscularly. -

[036] The goal of attenuation is to weaken the parasites, 5o that they are viable enough to
invade host cells and produce new proteins, but unable to produce a replicating asexual blood

stage infection that causes disease. Attenuation can occur in multiple ways. For example this

can occur by attenuating the parasites so that inoculated sporozoites can invade host cells,
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partially develop in these cells, and arrest development before reaching the stage comparable to
mature hepatic stage paresite that can rupture releasing mero Zoites that invade erythrocytes and
cause disease. This type of attenuated parasite can be termed a metebolically active, non-
replicating parasite. Attenuation could also occur by producing parasites that can invade and
normally develop in host cells to the stage comparable to a mature hepatic stage parasite, rupture
from the host cells, but be unable to develop in erythrocytes to the point required for them to
cause disease. This could also occur by attenuating the parasites so that they can invade and

normally develop in host cells to the stage comparable to a mature hepatic stage parasite, rupture

 from the host cells , but be imable to develop in erythrocytes to the point required for them to

¢ause significant disease. This could also ocour by attenuating the parasites 5o that sporozoites
partially develop and produce new profeins, but arrest development before reaching the stage
comparable to a mature hepatic stage parasite that can rupture releasing merozoites that invade
erythrocytes and cause disease. !

[037] While numerous methods of attenuation may be used, we have found that
attenuation by irradiation is currently preferred for producing a metabolically active, non-
replicating parasite. Attenuation of the sporozoites can be accomplished in multiple ways with
multiple dosage regimens. The attenuation can be accomplished while the sporozoites are still in
the mosquito, after they have been isolated from the mosquitoes and before interventions such as
cryopreservation, or after they have been isolated from the mosquitoes and after interventions
such as cryopreservation. The current dose of irradiation based on previous experience is

generally greater than 12,000 Rads (cGy) and less than 23,000 Rads (cGy) for Plasmodivum
falciparum sporozoites with 15,000 Rads (cGy) being most commonly used [34]. One skilled in

* the art will recognize that this dosage may vary from species to spécies or strain to strain or with

the apparatus and techniques used 1o irrradiate the sporozoites. One skilled in the art will
recognize that the irradiation can be accomplished using numerous methods, .including, but not
limited to gamma rays, X-18ys, uliraviolet rays, or other subatomic particles such as electrons,

-

protons, OT combinations of these methods. , _ =
[038] In the future, attenuation as described in paragrap [39] above may be achieved by

genetic manipulation of the parasites prior to their being introduced into the vaccine recipient.
[039] Attenuation may also be achieved by treating individuals before or after exposure 10

sporozoites with drugs which prevent development of the parasites so that they can replicate in

hepatoctyes.
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[040] Attenuation may also be achieved by treating individuals before or after exposure {0
sporozoites with drugs which prevent development of the parasites so that they can replicate in

ery’rhrocytes.'

[041] Attenuation may also be achieved by treating the sporozoites with chemicals which
attenuate the parasites.

[042] Themeans of administration may be any methods for inoculation other than by
mosquito bite or intravenous administration, such as, but not limited to injection with a single
needle and syringe, multiple needles and syringe arays, micro-needles with one to hundreds to
thousands of pores, needleless injection by ballistic technigues, and the like. The attennated
sporozoites may also be delivered by a transcutancous patch, or on a particulate material, for
example, gold beads. While it is possible to achieve a level of pfot'cction with a single
inoculation, it is preferred that a series of two or more imoculations or exposures be effected.

[043] The preferred inoculant is a malaria immunization effective amount of attenuated P.
falciparum or other Plasmodium species sporozoites. The dosage in humans per inoculation may
range from about 1,000 to 10, 000,000, although this may be varied depending on evaluation by
the practitioner or the Immuno genicity /potency of the attenuated sporozoite preparations.

[044] Any Plasmodium species parasite, even if altered genetically, may be used in the
method of the invention., In one embodiment, the parasite is P. falciparunt. In other
embodiments, for example, the parasite may be P vivax, P. ovale, or P. malariae.In other
embodiments it could a mixture of these paraéites. In other embodiments it could be
Plasmodiium knowlesi, P. yoelii, or other Plasmodium species parasites.

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

[046] In other embodiments the invention provides a kit which includes a container such

ss o vial, but not limited to a vial containing the frozen attenuated sporozoites, a container such
as a vial containing fluid to dilute the attenuated sporozoites, and the actual delivery devices,

-

such as a syringe and needle. -
[047] Inother embodiments the invention provides a kit which includes a container such

as a vial, but not limited to a vial containing the freeze-dried (iyophilizied) attenuated

sporozoites, a container such as 2 vial containing fluid to dilute the attenuated sporozoites, and

the actual delivery devices, suchas a syringe and needle.

13



10

L

20

L
i

30

013012

[048] In other embodiments the invention provides a kit which includes a container such
as a vial, but not limited to a vial containing preserved attenuated sporozoites, a container such as
a vial containing fluid to dilute the attermated sporozoites, and the actual delivery devices, such
as a syringe and needle.

[049] The invention further provides the use of parenteral administration of attenuated
Plasmodium species sporozoites as described herein, in the administration of a vaccine for
prevention or reduction of severity of malaria.

[050] The invention provides partial, enhanced, or ﬁﬂl protection of a human who has not.
previously been exposed to 2 malaria-causing pathogen, or has been exposed, but is not fully
protected. The invention may also be used to reduce thc chance of developing a malaria
infection, reduce the chance of becommg ill when one is infected, reduce the severity ofthe
illness, such as fever, when one becomes infected, reduce the concentration of parasites in the

infected person, or to reduce mortality from malaria when one is exposed to malaria parasites. In

) many cases even partial protection is beneficial. For example, a vaccine treatment strategy that

results in any of these benefits of about 30% of a population may have a significant impact on a
the health of a commumty and of the individuals residing in the commumtv

[051] A “vaccine”isa composition of matter comprising a p1epaxatxon that contains an
infectious agent or its components which is administered to stimulate an immune response that
will protect a person from illness due to that agent. A therapeutic (t&r eatment) vaccine is given
after infection and is intended to reduce or arrest disease progression. A preventive
(prophylactic) vaccine is intended to prevent initial infection. Agents used in vaccines may be
whole-killed (inactive), live-attermated {weakened) or artificially manufactured. A vaccine may
further comprise a diluent, an adjuvant, 2 carrier, or combinations thereof, as would be readily
understood by those in the art.

[052] A vaccine may. be comprised of separate components. AS used herein, “separate
components” refers to a situation wherein the term vaccine actually comprises two discrete
yaccines to be administered separately to a subject. In that sense, a vaccine-comprised of
separate components may be viewed as a kitora package comprising separate vaccine
components. For example, in the context of the instant invention, a package may comprise an
attenuated sporozoite component and recombinant subunit vaccine component, including but not
limited to a recombinant protein, recombinant virus, recombinant bacteria, recombinant parasite,

DNA vaccine, or RNA vaccine.
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[053] An “effective” immunizing dosage may range between 1000 and 10 million
sporozoites, but could be lower if the imrmunogenicity/potency of the vaccine is increased. The
vaccine may be administered on multiple occasions. An “offective” number of inoculations may
range between 1 and 6 doses within a year, and “booster” doses in subsequent years.

[054] Boththe foregoing general desciiption and the following detailed description are
exemplary and explanatory only and are not restrictive of the invention, as claimed. Moreover,
the invention is nét limited to the particular embodiments described, as such may, of course,
vary. Further, the terminology used to describe particular embodiments is not intended to be
limiting, since the scope of the present invention will be limited only by its claims.

[055] With respect to ranges of values, the invention encompasses each intervening value
between the upper and lower limits of the range 10 at least a tenth of the lower limit’s unit, unless
the context clearly indicates otherwise. .Further, the invention encompasses any other stated
intervening values. Moreover, the invention also encompasseé ranges excluding either or bath of
the upper and lower limits of the range, uniess specifically excluded from the stated range.

[056] Unless defined otherwise, the meanings of all technical and scientific terms used
herein are those commonly understood by one of ordinary skill in the art to which this invention
belongs. One of ordinary skill in the art will also appreciate that any methods and materials
similar or equivalent to those described herein can also be used to practice or test the invention,
Further, all publications mentioned herein are incorporated by reference.

[057] Itmustbe noted that, as used herein and in the appended claims, the singular forms
ng " or," and "the” include plurai referents unless the context clearly dictates otherwise, Thus,
for example, reference to "an attenuated sporozoite vaccine” includes a plurality of such
sporozoites and reference 10 "the agent" incindes reference to one Or MOIe agents and equivalents
thereof known to those skilled in the art, and so forth. ‘

[058] Further, all numbers expressing quantities of ingredients, reaction conditions, %
purity, and so forth, used in the specification and claims, are modified by the term "about,"
unless otherwise indicated. Accordingly, the numerical parameters set forth inthe specification
and claims are approximations that may vary depending upon the desired properties of the
present invention. At the very least, and not as an attempt to limit the application of the doctrine
of equivalents to the scope of the claims, each numerical parameter should at least be construed
in light of the number of reported significant digits, applying ordinary 10 unding techniques.

Nonetheless, the numerical values set forth in the specific examples are reported as precisely as
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possible. Any sumerical value, however, inherently contains certain errors from the standard

deviation of its expermental measurement.

[059] Obviously, many modifications and variations of the prescnt invention are possible
in light of the above teachings. It is therefore to be understood that, within the scope of the
appended claims, the invéntion many be practiced otherwise than as specifically described.

[060] 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

Comparative Infectivity of Intradermal, Tntramuscular, Subcutaneous and

Intravenous Injection of Sporozoites

[061] A study was conducted to investigate the comparative infectivity of freshly
dissected sporozoites delivered intradermally (ID}, intramuscularly (IM), subcutaneously (SQ) or
intravenously (IV). It is noted that TV administration is considered to be the most reliable
methods for achieving infection.

[062] Methods: BALB/c mice were infected with Plasmodium yoelii sporozoites hand-
dissected from salivary glands by ID, MV, 8Q, or IV administration. The level of infection was
determined by assessing thick blood films from day 1 through day 14 after administration. The

results are shown in Table L
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Tabte I

No, of. No. No. - )
Group 4 i _ % infected
: Spz Mice infected .
v 100 10 10 100
D 100 10 9 90
D 500 10 10 100
™ 500 10 10 100
'5Q 500 10 10. 100

[063] These data demonstrate that it is possible to routinely infect BALB/c mice by
delivery of sporozoites in the skin, muscle, or subcutaneous tissue.
EXAMPLE 2

Comparative Infectivity of Multiple Dose of Sporezoites Administered Intradermally,

Tntramuscularly, Subeutaneously or Intravenously

[064] A study was condncted to investigate the comparative infectivity with lesser
numbers of freshly dissected sporozoites than used in Example L.

[065] Methods: BALB/c mice infected with Plasmodium yoelii sporozoites hand-
dissected from salivary glands by multiple routes [intradermal (ID), intramuscular (IM),

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

through day 14 after infection. The results are shown in Table II.
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Table II
No. of No. of No. % infected
Grou SPZ, mice Infected

w -~ 100 10 10 100
20 ' 10 9 90
4 10 3 30

D 100 10 8 80
20 10 3 30
4 10 1 10

™M 100 10 7 70
20 10 3 30
4 10 1 1

SQ 100 10 9 50
20 10 4 40
4 10 0 0

~ [066] These data show that administration of small numbers of Plasmodium yoelii

sporozoites hand-dissected from salivary glands by the ID, IM, or SQ routes leads to infections

- in mice with nearly the same efficiency as as by the IV route. Since we theorize that there is a

* direct correlation/assocation between the infectivity of unirradiated sporozoites when

administered by a particular method, and the capacity of those sporozoites when irradiated and

delivered by that method to to elicit protective immunity, these data suggest that it should be

feasible to successfully immunize by the ID, IM, and SQ routes as well as by the standard 8%

route.
EXAMPLE 3

Protective Efficacy of Single Dose of Trradiated Sporozoites Administered by the

Intradermal, Intramuscular, or Intraveous Routes

[067] A study was conducted to investigate the comparative protection provided by
immunization with a single dose of 150,000 radiation attermated sporozoite:s. ;

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

challenged 10 days later by injection of 100 Plasmodium yoelii sporozoites hand-dissected from

18
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- salivary glands. The infections were assessed through day 14 after challenge by thick blood

smear. The level of infection was evaluated on a scale of 1+ (barely detectable) to 4+ (heavy
infection). The control group received no immunization inoculation. The results are shown in

Table III.

Table HI
Group |#Mice| Dav4 Dav 4 Dav 5 Day 5 Day 14
Protected/ {Level Inf.] Protected/ Level Inf. Protected/
Challenged Challenged Challenged
Cont 8 0/8 R 0/8 et 0/8
v 6 26 | 0+ 1/6 + 0/6
D 6 4/6 + 2/6 + 1/6
M 6 3/6 + 2/6 + i 0/6

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

of malaria in recipients. However, it did not completely protect against infection.
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EXAMPLE 4

Protective Efficacy of Three Doses of Irradiated Sporozoites Administered by the

Subcutaneous or Intraveous Routes

[070] A study was conducted to investigate the comparative protection provided by
{mmunization with a standard regimen of three doses of radiation aﬁenuﬂted Plasmodium yoeli
sporozoites by the ID or IV routes; a regimen expected to elicit complete protection against
sporozoite challenge.

[071] Method: BALB/c mice were inoculated with & first dose of 50,000 radiation
attenuated (10,000 RADS/cCGy) Plasmodium yoelii sporozoites by the 8Q or IV routes. The mice
received two booster doses of 30,000 irradiated sporozoites (total of 110,000 sporozoites divided
into 3 doses). The sporozoites for immunization were obtainéd by density gradient
centrifugation. The inoculated mice were challenged 14 days after last booster dose with 100
Plasmodium yoelii sporozoites hand-dissected from salivary glands. The infectioﬁs were
adsessed through day 14 after challenge by thick blood smear. Infection was assessed as present

or absent. The results are shown in Table IV.

“Table IV
Group No. Mice Day 14 Day 14
Prot/Chal % Protected
Control - 8 0/8 0
v T 77 ~100%
SQ 8 8/8 - 100%

[072] The data in Table IV clearly demonstrate that one can achieve-IOC;T% protection
against infection by subcutaneous administration of sporozoites (SQ). These results were
predicted by the results of studies shown in Example 1, Example 2, and Example 3, but for the
first time ever demonstrated in this experiment. Given the comparability in infectivity by the

SQ, ID, and IM routes (Exarnple 2), it seems obvious that administration of sporozoites by those

20



T

i0

1]

20

013012

routes would provide comparable inrotection, The 100% protection reported in Example 4 stands
in stark contrast to the 0% protection with subcutaneous immunization of A/J mice with radiation
attenuated P. berghei sporozoites reported previously [21]. As stated above We believe that our
discovery was made possible by our recognition that the P. yoelii-BALB/c model is more

slevant to P. falciparum in humans, than is the P. berghei-AJ] mouse model system.

EXAMPLE 5

Infectivity of Sporozoites Isolated by Densitvy Gradient Centrifugation as Compared

to by Hand Dissection of Salivary Glands When Administered bv the Infravenous Route

(073] In EXAMPLES 3 and 4 the mice were immunized by administration of irradiated
sporozoites that had been isolated by density gradient centrifugation. It had been owr assuxgpﬁon
that sporozoites isolated by density gradient centrifugation of the head and thorax of the
mosquitces are less infective than are sporozoites hand-dissected from salivary glands. If that is
the case, and there is a direct association between the infectivity of sporozoites and their capacity
to elicit protective immunity as stated above (paragraph [068]), then it should require far fewer
sporozoites hand—diééected from salivary glands than sporozoites isolated by density gradient
centrifugation to achieve protective immunity. The inventors therefore first conducted an
gxperiment coﬁparing the infectivity of P. yoelii sporozoites isolated by density gradient
centrifugation to those isolated by hand dissection of séiiva:y glands .

[074] Mgthod: P. yoelii sporozoites wWere isolated from Anopheles Sfephensi mosquitoes

by density gradient centrifugation or by hand dissection of salivary glands. BALB/c mice were
inoculated by intravenous inj ection with differing numbers of sporozoites. The infections were .
assessed through day 14 affer challenge by thick blood smear. Infection was assessed as present

or absent. The results are shown in Table V.



10

5

2

30

013012

Table V

~ Sporozoites Is olated by Hand Dissection or Density Gradient Centrifugation

No. of spz. Number Infected/Number Challenged
Injected Hand Dissection Densitv Gradient Centrifugation
625 10/10 7710

125 10/10 4/10

25 10/10 0/10

5 5/10 0/10

1 . 0/9 010

50% Infectious Dose (ID 50) 4.9 433

[075] The data in Table V clearly demonstrate that sporozoites hand-dissected from
salivary glands are more infective than are sporozoites isolated by density gradient
centrifugation. The 50% infectious dose is more than 80 times greater for sporozoites isolated by
density gradient centrifugation. Ifthe hypothesis is correct that the protective efficacy of a lot of
attenuated spoToZOites is directly associated with the infectivity of the lot of sporozoites before
they were attenuated, then these data would indicate that the numbers of attenuated sporozoites
required to achieve protection would be substantially less for sporozoites isolated by hand-
dissection of salivary glands sas compared to sporozoites isolated by density gradient
centrifugation. which has been +he standard way of isolating sporozoites for immunization
studies in the P. yoelii-BALB/c model system.

EXAMPLE 6

Protective E_fﬁcacv pf Sporozoites Isolated by Density Gradient Centrifugation as

Compared to by Hand Dissection When Administered by the Intravenous Route

[076] Based on the results of the infectivity experiment in EXAMPLE 5, a protective
efficacy experiment was designed. The protective efficacy of a regimen of irradiated sporozoites
isolated by density gradient centrifu';gation which 'was known based on previousexperience to
give 90% protection, was compared to the capacity of much lower doses of irradiated sporozoites
isolated by hand dissection of salivary glands to achieve protective immumnity.

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

by hand dissection of salivary glands. BALB/c mice were inoculated by intravenous injection of
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three doses of irradiated P. yoelii sporozoites at2 week intervals. Group 1 received irradiated
sporozoites isolated by density gradient centrifngation (24,000, 8,000, and 8,000 for first,
second, and third doses respectively). Groups 2-5 regeived sporozoites isolated by hand
dissection of salivary glands. Group 6 received no immunizations. The mice in Groups 1-6 were
challenged with 100 P. yoelil sporozoites isolated by hand-dissection of salivary glands 14 days
afier the third immunizing dose. The :nfections were assessed through day 14 after challenge by
thick blood smear. Infection véas assessed as present or absent. The results are shown in Table

VI

Table V1
Group # Mice # Infected % Protected
Density gradient centrifugation 9 1 88.8%
24000 , 8000, 8000 (1)
Hand-Dissected-18000,6000,6000 16 U 100% ‘
@ |
Hand-Dissected 10 0 100%
9000,3000,3000 (3)
Tiand-Dissected 10 5| 100%
4500,4500,4500 (4)
Hand-Dissected 10 0 100%
4500,1500,1500 (5) ‘
Coptrol-Non-immunized mice (6) 10 10 0

[078] The data in Table VI Vdcmorvlsirate {hat mice immunized with a total of 40,000
i rradiated P. yoelii sporozoites (24000, 8000, 8000) isolated by density gradient centrifugation
had 90% protection. Mice immunized with a total of 7500 irradiated sporozoites (4500, 1500,
1500) isolated by hand dissection of salivary glands had 100% protection. Thes; data, when
taken with the data in EXAMPLE 5 indicate that there is a direct association between the
infectivity of a preparation of sporozoites, and the pr(;tective efficacy they can elicit. In fact it is
not yet clear how low one can 80 in terms of doses of irradiated, hand-dissscted sporozoites, é.nd

still achieve 90%-100% protective efficacy. These data indicate that immunizing with small
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doses of irradiated sporozoites, whether by the IV, ID, IM,; or 3Q routes, will lead to protective
efﬁcacy.

[079] These data also support the hypothesis that the P. yoelii-BALB/c model system
more closely predicts what occurs in humans with P. falciparum than does the P. berghei-A/J
mouse model system, in part because of the much higher infestivity of sporozoites in the P.
yoelii system. Humans can be fully immunized by the bite of 1000 irradiated, P. falciparum
infected mosquitoes [34]. It is thought that 2 mosquito inoculates no more than 10 sporozoites
when it feeds [51]. If that is the case, then fully imrunized and protected humans are probably
‘noculated with only 10,000 sporozoites [50]. In contrast, in the P. berghei-AJ] mouse model
system greater than 100,000 sporozoites isolated from hand-dissected salivary glands were used
to achieve protection by intravenous odministration, and this immunizing dosage regimcﬁ
provided no protection when administered subcutaneously [21]. In Example 6 it is demonstrated
that administration to BALE/G mice of 7500 P. yoelii sporozoites isolated by hand dissection of
salivary glands provided 100% protection. The fact that BALB/c mice immunized with
attenuated P. yoelit sporozoites and humans tmmunized with attenuated P. faleiparum
sporozoites are protected after exposure to similar numbers of attenuated sporozoites, and A/
mice immunized with P. berghei sporozoites are immunized with more than 10 times the |
quantity of Sporozoites, Supports our hypothesis that the P, yoelii-BALB/c model willbe more
predictive of what will occur in humans than the P. berghei-AJ] model system.
CONCLUSIONS

[080] The process of developing an effective, sustainable vaccine against infections like
P. falciparum has proven 10 be slower, more difficult and complex than expected. There is no
licensed malaria vaccine, but it is now known that {mmunization with radiation attenuated P. ¢
Jalciparum sporozoites by the bite of greater than a 1 000 infected mosquitoes provides sterile
protectivé immunity in greater than 90% of immunized individuals for at least 10.5 months
against multiple isolates of P, falciparum ffom throughout the world. One of the major obstacles
to making this immunization regimen into a vaccine for humans has been the fact that it is not
possible to provide a regulated vaccine to large numbers of individuals by the bite of infected
mosquitoes, Furthermore, work by a number of sci entists indicated that excellent protection

could only be achieved in the mouse model system by intravenous administration of attenuat=d
sporozoites, 2 method of administration that is not in general used for yaccination, because it 1

technically difficult and potentially more dangerous than are standard methods of administration.
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Because methods of administration conventzonaﬂy used in humans for immunization like
subcutaneous and intramuscular inoculation &id not lead 1o adequate protective 1mmumty in this
mouse model system, it was heretofore not considered possible to develop an attenuated
sporozoite vaccine for humans. Utilizing a different model system fhan that used by previous
investigators, we have discovered a method of administering sporozoites that leads to high level
protection and is practical, safe, and accepted. This discovery should facilitate utilization of this
method of administering attenuated spor ozoites to develop and provide a practical, mass-
delivered attenuated sporozoite malaria vaccine.

[081] The following publications as well as those mentioned anywhere else in this-
application, are hereby specifically incorporated by reference:

1. Breman JG. Bars of the hippopotamus: rmanifestations, determinants, and estimates
of the malaria burden. Am J Trop Med Hyg 2001; 64:1-11.

2. Gallup JL, Sachs JD. The economic burden of malaria. Am J Trop Med Hyg 2001;
64:85-96.

3, World Tourism Organization. International tourist arrivals by (sub)region. June

2002: httn://WWW.World‘tom'isnmm/market research/facts&figures/latest data/tita0l 07~

02.pdf.
4, Beadle, C. and Hoffman, S. L. History of malaria in the United States Naval Forees

at war: World War I through the Vietnam conflict. Clin. Infect. Dis, 16:320-329, 1993.

5. TRichie TL, Saul A. Progress and challenges for malaria vaccines. Nature
415(6872):694-701, 2000.

6. Long CA, Hoffman SL. Parasxtology Malaria—from infants to genomics to vaccines.
Science 297: 345-7, 2002. | |

7. Stoute JA, Kester KE, Krzych U, Wellde BT, Hall T, White K, Glenn G, Ockenhouse
CF, Garcon N, Schwenk R, Lanar DE, Sun P, Momin P, Wirtz RA, Golenda C, Slaoui M,
Wortmann G, Holland C, Dowler M, Cohen], Ballou WR. Long-term efficacy and immune

t

responses following umnumzatxon with the RTS,S malaria vaccine. J Infect Dig 178: 1139-44,
1998.

8 Kester KE, McKinney DA, Tomieporth N, Ockenhouse CF, Heppner DG, Hall T,
Krzych U, Delchambre M, Voss G, Dowler MG, Palensky J, Wittes J, CohenJ, Ballou WR.
Efficacy of recombinant circumsporozeits protein vaccine regimens against experimental

piasmodium falciparum malaria. J Infect Dis 183: 640-7, 2001,
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[082] Other embodiments of the invention will be apparent to those skilled in th
invention disclosed herein. It is. intended

with a true scope and spirit

e art from

%  consideration of the specification and practice of the
that the specification and examples be considered as exemplary only,

~ of the invention being indicated by the following claims.
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We claim:

1. A pharmaceutical composition for stimulating an immune response in
mammalian and human hosts by parenteral, non-intravenous inoculation, said
composition comprising metabolically active, attenuated Plasmodium sporozoite

parasites and a carrier.

2. The pharmaceutical composition of Claim 1 wherein said sporozoites

are obtained from hand-dissected Anopheles mosquito salivary glands.

3. The pharmaceutical composition of Claim 1 wherein the species of

said Plasmodium parasite is falciparum.

4. The pharmaceutical composition of Claim 1 comprising Plasmodium

falciparum sporozoites and at least one additional species of Plasmodium sporozoite.

5. The pharmaceutical composition of Claim 1 wherein said attenuated

sporozoite parasites invade cells of said host.

6. The pharmaceutical composition of Claim 5 wherein said cells
comprise hepatic cells and said parasites do not induce subsequent hepatic cell

rupture.

7. The pharmaceutical composition of Claim 5 wherein said cells
comprise hepatic cells, said parasites induce hepatic cell rupture, and said parasites

are not capable:of subsequent developmeht within host erythrocytes.

8. The pharmaceutical composition of Claim 1 wherein attenuation is

achieved by a means for gene alteration.

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

treatment of sporozoites with chemicals.

10.  The pharmaceutical composition of Claim 9 comprising radiation-

attenuated Plasmodium sporozoites.

11.  The pharmaceutical composition of Claim 10 wherein dosage of
attenuating radiation is at least. 12,000 ¢Gy and no more than 23,000 cGy and

especially proximate to 15,000 cGy.
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12.  The pharmaceutical composition of Claim 1 comprising at least 1000,
but not more than 10,000,000, sporozoites, or at least 5,000, but not more than

100,000, sporozoites, or at least 10,000, but not more than 50,000, sporozoites.

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

sporozoites.

14. A pharmaceutical vaccination kit for stimulating an immune response -
in mammalian and human hosts, said kit comprising a pharmaceutical composition of

any of claims 1 to 13, and means for parenteral non-intravenous inoculation.

15.  The vaccination kit of Claim 14 wherein said inoculation means is
selected from a needle, 2 micro-needle array, a needle-free ballistic injector and a

needle-free particle injector.

16.  The use of a composition of any of claims 1 to 13 in the manufacture
of a vaccine useful in a method for eliciting an immune response in a mammalian and

human host against one or more malaria-causing pathogens, said method comprising:
a) attenuation of Plasmodium sporozoite parasites,
b) isolation of attenuated sporozoites;

c) parenteral, non-intravenous administration of an initial vaccine dose to
said host, said dose comprising a pharmaceutical composition of
metabolically active, attenuated Plasmodium sporozoite parasites and a

carrier,

said sporozoites inducing said immune response, optionally with subsequent

administration to said host of one or more vaccine booster doses.

17. The use of Claim 16 further comprising administration of a
Plasmodium-specific subunit component chosen from the group consisting of native
protein, recombinant protein, recombinant virus, recombinant bacteria, recombinant

parasite, DNA vaccine and RNA vaccine.

18.  The use of Claim 16 wherein said immune response is therapeutic for a

host infected with Plasmodium species sporozoites.
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19.  The use of Claim 16 wherein said administration mitigates malaria-
specific patholbgy in said host, said pathology resulting from introduction inté said
host of infectious Plasmodium sporozoites subsequent to said administration of said
vaccine or prevents malaria-specific pathology in said host, after introduction into
said host of infectious Plasmodium sporozoites subsequent to said administration of

said vaccine.

20. The use of Claim 16 wherein said administration is a host-tissue
inoculation chosen from a group consisting of subcutaneous, dermal, muscular,

epidermal, mucosal, submucosal, and cutaneous.

21. ~ The use of Claim 16 wherein said sporozoites are a single species
selected from a group consisting of Plasmodium falciparum, Plasmodium vivax,
Plasmodium ovale, Plasmodium knowlesi and Plasmodium malariae, or at least two
species selected from a group consisting of Plasmodium Jalciparum, Plasmodium

vivax, Plasmodium ovale, Plasmodium knowlesi and Plasmodium malariae.

22.  The use of Claim 16 further comprising said sporozoite parasites
invading host cells, wherein said host cells are hepatic and said parasites do not
induce subsequent hepatic cell rupture, or wherein said host cells are hepatic, said
method further comprising said parasites inducing hepatic cell rupture, wherein said

parasites are incapable of subsequent development within host erythrocytes.
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