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Abstract

Parasites cause some of the most devastating and prevalent diseases in humans and animals.
Moreover, parasitic infections increase mortality rates of other serious non-parasitic
infections caused by pathogens such as HIV-1. The impact of parasitic diseases in both
industrialised and developing countries is further exacerbated by the resistance of some
parasites to anti-parasitic drugs and the absence of efficacious parasite vaccines. Despite
years of research, much remains to be done to develop effective vaccines against parasites.
This review focuses on the more recent vaccine strategies such as DNA and viral vector
based vaccines that are currently being used to develop vaccines against parasites. Obstacles
yet to be overcome and possible advantages and disadvantages of these vaccine modalities
are also discussed.
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Introduction

Infections caused by parasites are responsible for some of the most devastating and prevalent
diseases of humans, livestock and companion animals. A single genus of parasite,
Plasmodium, is responsible for the third most common cause of human mortality globally;
malaria (Gardiner et al., 2005). Other similarly devastating parasitic diseases of humans
include cysticercosis (including neurocysticercosis), toxoplasmosis, schistosomiasis and
leishmaniasis, which cause significant morbidity and mortality (White and Garcia, 1999; Hill
et al., 2005; Brooker et al., 2006; Schwartz et al., 2006). While parasitic infections can be
found on every continent it is developing countries that suffer most from the multitude of
diseases caused. This is further exacerbated by the HIV epidemic that many of them are
currently experiencing as opportunistic parasitic infections increase HIV mortality (Losina et
al., 2006). Recent research with mice has raised serious concerns regarding the impact of
parasitic co-infection and the success of vaccines against serious life threatening diseases such
as AIDS (Da’Dara et al., 2006).

In addition to causing diseases in humans, parasites also cause disease in animals. Infections
caused by Toxoplasma spp. Schistosoma spp. and Neospora spp. are widely associated with
significant economic loss in livestock and associated industries (Nielsen et al., 2006; Zhu et
al., 2006; Williams and Trees, 2006). Whilst several cheap and effective vaccines do exist for
parasites of livestock, resistance and public concerns about chemical residues in animal
products (Vercruysse et al., 2004) mean safer and more effective vaccines are still needed
even for those parasites currently under control.
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Vaccination against parasitic infections is relatively unsuccessful despite decades of research
and millions of dollars spent. One reason is that parasitic infections, unlike those caused by
bacterial or viral pathogens, tend to be chronic in nature. This is primarily because parasites
often elicit inappropriate and ineffective immune responses in the host, or dampen the host
immune system, thereby preventing a robust and effective immune response by the host (Cox,
1997). Moreover, parasites often exhibit various immune evasion strategies such as antigenic
variation, molecular mimicry and sequestration at both the individual and infective population
levels. Additionally, they exhibit complex lifecycles and other biological characteristics
which complicate vaccine development against them (Good et al., 2004). Nevertheless, in
most cases, parasitic infections do confer immunity to subsequent infections by the same
parasite in the host, thus demonstrating the potential for a vaccine strategy (Scott, 2005).

Parasite vaccines have been developed utilising a range of strategies from crude whole
organism preparations to peptide antigens (Liddell et al., 1999; Woollard et al., 1999). More
recently, novel molecular based strategies have been employed. These include DNA
vaccines, viral vector based vaccines and combinations of DNA and viral vector based
modalities (Da’Dara et al., 2003; Nielsen et al., 2006). For example, a multitude of vaccine
modalities have been evaluated against a single pathogen, Leishmania spp., (Table 1).
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This review aims to describe the progress made so far in the development and application of
the latest generation of vaccine modalities to be employed against parasites; the DNA and
viral vector based vaccines.

[Insert Table 1]
A brief history of parasite vaccine development

The early vaccines against parasites were often based upon crude whole organism
preparations, either intact irradiated larvae or ground-up parasites of various stages
(Sharma et al., 1988; Delgado and McLaren, 1990; Eberl et al., 2001; Ploeger, 2002).

More recently, vaccines to parasites have sometimes been based upon protein, glycoprotein
or carbohydrate antigens (Law et al., 2003; Vervelde et al., 2003). Recombinant proteins in
particular are popular as vaccine antigens as they are easy to identify and easily produced
commercially. Immunogenic surface antigens are the most common antigens used for the
construction of protein based vaccines. Tran et al., (2006) reported on the success of their
vaccine based upon the

surface antigens tetraspanin (TSP1 and 2). Studies reveal&l thanshmpresence of
antibodies directed towards these

membrane profeinmisoine human host conferred protection from chronic infection.
Recombinant TSP based vaccines were evaluated in mice and TSP-2 in particular was
effective in the mouse model reducing worm burdens by 57% and liver egg burdens by
64% in

-challenged mice (Tran et al., 2006).Mamsthier example of a protein based vaccine is a
commercial vaccine that was developed for use in dogs, the Leishmune® vaccine (Table 1).
Approaches involving the use of more than one antigen from the parasite have also been
adopted with success, such as the
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V(basuk dorthE. F&gindtand TSA-18 antigens) (Lightowlers et al., 1996).

In addition to protein and carbohydrate antigen based vaccine technology many
vaccinologists are now focussing on developing genetic and viral vector based vaccines for
parasitic diseases. The application of a broad range of technologies to vaccine development is
perfectly illustrated by the range of vaccine candidates that have been developed against
Leishmania spp. with vaccines ranging from purified whole organisms to DNA vaccines and
a commercialised protein based vaccine (Leishmune®) (Table 1).

Interestingly, some whole organism vaccines have been found to be at least as effective if not
more effective than some of the more recent technologically advanced vaccine formulations
(Boulter and Hall, 1999; Matthews et al., 2001; Suo et al., 2006). It has been suggested that
whilst the whole organism vaccine and the recombinant vaccine may contain the same key
antigens, the process by which the recombinant protein is produced could result in the loss of
crucial structural features associated with the protein’s immunogenicity in its native state
(Hein and Harrison, 2005). Hence the recombinant vaccine may be less effective than the
whole organism based vaccine. Consequently, it appears that when it comes to parasites some
vaccinologists are moving towards refining the traditional whole parasite based
methodologies; for example a whole organism vaccine approach is being pursued to develop
an effective vaccine against

Schistosoma mansoni

(Kariuki et al., 2006) and a phase III clinical trials of an attenuated parasite based vaccine
against leishmania is currently underway in Iran (www.ClinicalTrials.gov). Yet such whole
organism vaccines have only been effective for a handful of parasitic
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diseases, hence the continued focus on other vaccine modalities such as genetic and viral
vector based vaccines.

Genetic vaccines for parasites

In the years since Wolff et al., (1990) first demonstrated that naked DNA injected into
mammalian muscle cells resulted in protein expression, DNA or genetic vaccines have
been developed against a wide range of pathogens including

(Ganley-Leal et al., 2005), Mycobacteria (Kamath et al., 2000)Schistosoma mansoni
(Vanniasinkam et al., 2004), Hepatitis C virus Rhodococcus equi
(Dumonteil et al., 2004) and (Encke et al., 2007), Trypanosoma cruzi

(Guo et al., 2007). The ease oTeonstrswiiiom, preparation and administration, as well as the
potential for its use in remote locations, contribute to the overall attractiveness of this
vaccine modality. Furthermore, DNA vaccines can be used to generate either strong Thlor
Th2 type immune responses in the host. This makes them ideal for use against parasitic
infections that require specifically tailored immune responses in order to confer protection.
For example studies on leishmaniasis reveal that a Thl type response is protective whilst a
Th2 response is detrimental, eventually resulting in death of the host (Campos-Neto, 2005).
Conversely, recent findings on schistosomiasis suggest that a Th2 biased cytokine response
is essential for resistance to infection (Leenstra et al., 2006). Studies on

have also shown that a Th1/Th2 cytokine balance is critical to determiniiNebspocoatrahufithe
infection (Nishikawa et al., 2003). Interestingly, studies on

spp. demonstrate that although Th1 responses in the host are protéatislepi@ishmania antigens
that typically elicit a Th1 response in the host are not necessarily protective when used as a
vaccine. Conversely antigens such as LACK (leishmania homologue of receptors for
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activated C kinase) that usually promote a Th2 type immune response in the host, when
manipulated to induce a protective Thl type response in the host using immunomodulating
adjuvants, have been found to elicit a protective response (Campos-Neto, 2005).

That DNA vaccine efficacy is largely dependant upon the route of vaccine application and
choice of gene is well known (Li et al., 2004). Studies on Brugia malayi and Plasmodium
spp., underscore the importance of the route of vaccine delivery, with the same antigen
administered by two different routes resulting in diverse immune responses (Li et al., 2004;
Weiss et al., 2000).

In recent years, large scale screening of parasite genomes is being used extensively to
identify genes that may be potential DNA vaccine candidates (Bhatia et al., 2004).
However, due to the differences in codon usage between mammals and parasites, the codon
preference of the DNA used in the vaccine must first be optimised to ensure maximum
efficacy (Gaucher and Chadee, 2002). Genes used in DNA vaccine construction range from
those involved in the adhesion and invasion process within the host to genes that encode
heat shock proteins, antioxidant enzymes and paramyosins (LoVerde et al., 2004; Beghetto
et al., 2005; Solis et al., 2005). Not surprisingly, the majority of genes used in the
construction of anti-parasitic vaccines are those which encode immunogenic surface
antigens (Da’Dara et al., 2003).

DNA vaccine technology also lends itself to the construction of multi-epitope vaccines.
Scorza et al., (2005) have described a multi-epitope malaria vaccine (derived from a

Plasmodium chabaudi adami DS DNA expression library) that when used to vaccinate
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BALB/c mice generated opsonizing antibodies and an antigen specific interferon gamma
response, importantly the vaccine conferred protection against a heterologous (
P. chabaudi adami

DK) parasite challenge (Scorza et al., 2005).

On the other hand, some researchers have demonstrated the ineffectiveness of the multivalent
DNA vaccine approach. Li et al., (2004) developed DNA vaccines based upon four antigens
of Brugia malayi (paramyosin (BMS5), heat shock protein (BMHSP-70), intermediate filament
(BMIF) and an immunogenic antigen (BM14)). Subsequent studies in mice indicated that a
mixture of all four vaccines induced a significant antibody response to all antigens.
Interestingly, the response to each of the 4 antigens was varied. Importantly, the response to
the polyvalent vaccine regimen was less effective than the response induced when each
component was administered alone, suggesting that a multi epitope vaccine approach may not
be feasible in some cases (Li, et al., 2004)

Many researchers have demonstrated variable success using DNA vaccines. In one study, a
vaccine against

based upon the 23Schmtgsoa@madypthat encodes a membrane protein, was developed and
trialled in mice as both a DNA vaccine and a recombinant protein vaccine (Da'Dara, et al.,
2003). Three weeks after 2 doses of vaccine, administered 21 days apart, the animals were
challenged with

cercariae. The results indicated that the best level of protection, which wa$ adfisaeduction
in worm burden, was obtained in mice primed and boosted with the DNA vaccine (Da'Dara
et al., 2003). Other investigators have developed DNA vaccines based upon antigens
expressed during the chronic stage of the parasitic infection; this approach is particularly
relevant to diseases such as toxoplasmosis that can occur as relapsing
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chronic conditions. A DNA vaccine based upon the bradyzoite antigens (BAG1 and
MAGTI) of

cyst burdenlupomdnairhihdl €idd HelNels cefteliche diad236se dISONK vatcigendbses
was administered (Nielsen et al., 2006). These examples further highlight the difficulty
in obtaining sterilising immunity using DNA vaccines against parasites.

Overall, DNA vaccines have not been seen as being universally successful parasite vaccines.
Despite showing promise in the mouse model, clinical trials of DNA vaccines (parasite and
non parasite specific) indicate that overall, these vaccines are not efficacious in large
mammals including humans (Smooker et al., 2004; Laddy and Weiner, 2006).
Furthermore,some studies have shown that DNA vaccines are not as effective as other vaccine
modalities, for instance, a comparison between the schistosomal membrane antigen encoding
gene (Sm23) based DNA vaccine with a vaccine comprising irradiated cercariac showed that
although the DNA vaccine induced significant parasite specific immune responses in mice, it
did not induce optimal vaccine efficacy (Ganley-Leal et al., 2005). The reasons for the lack of
efficacy of DNA vaccines have been discussed in detail in other reviews (Ertl, 2003;
Vanniasinkam and Ertl, 2004).

In order to improve overall efficacy, DNA vaccines are now often used as part of prime
boost vaccination schedules with either recombinant protein or viral vector based vaccines
(Goonetilleka et al., 2006; Liang et al., 2006). However this strategy does not always lead
to efficacy levels required of an effective vaccine or vaccine strategy

Iborra et al.(2003) developed a DNA vaccine based upon the immunodominant

acidic ribosomal protein PO (LiP0) (Iborra et al., 2003). The efficacy of thislvaofiartwas
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ascertained in the BALB/c mouse model. Animals were immunized with either DNA vaccine
alone or as a prime followed by a recombinant protein (rLiP0) boost. Results indicated that
protection was achieved by the DNA vaccine alone and not when used with an rLiPO boost or
when mice were immunised with rLiPO alone. In this study the DNA vaccine elicited a
protective Th1 type response and the rLiPO vaccine elicited a Th2 response. Consequently
the heterologous prime boost protocol resulted in a mixed Th1/Th2 response which was not as
protective as the un-mixed Thl response. Interestingly, other studies have found no
significant difference between a recombinant protein based vaccine and its DNA counterpart.
For example, Sol

s et al., (2005) constructed a DNA vaccine based on the i

paramyosin gene VW2-1. Mice immunised adthathelDMNWA vaccine or recombinant VW2-1
vaccine, were challenged intraperitoneally with

cysticerci. The results oFabmsstrdysieepaled that there was no significant difference in the
level of protection (43-48%) afforded by the DNA vaccine when compared with the
recombinant VW2-1 vaccine. These results were replicated in the porcine model ( Sol

is et al., 2005).

Other attempts to enhance the efficacy of a DNA based vaccine strategy have included co-
administering DNA vaccines with cytokine expressing vaccines in order to augment the
efficacy of the DNA vaccine and some researchers have found this approach to be reasonably
successful. The success of this approach was illustrated in a study which showed that the co-
application of IL-12 (as a DNA vaccine) together with a DNA vaccine based upon the

triose-phosphatSigapmrasergene resulted in approximately a further 30% decrease in liver
egg burdens in the porcine model (65.8% reduction in liver
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egg burden) than when the triose-phosphate isomerase-based DNA vaccine was used alone
(49.4% reduction in eggs found in the vaccinated animal’s liver). (Zhu et al., 2006).

Some researchers have found that DNA vaccines are most effective when administered in a
heterologous prime boost protocol comprising of a DNA vaccine prime and viral vector based
vaccine boost with both vaccine modalities based upon the same antigen. Pérez-Jiménez et
al., (2006) demonstrated a significant immune response (increase in interferon gamma

+

secreting CD8 T cells) in mice primed with a LACK—expressing DNA vaccine and boosted
with a LACK expressing modified vaccinia Ankara (MVA) (Table 1). Recent studies suggest
that the co-administration of cytostatic drugs such as Trichostatin A may help upregulate viral
promoter driven DNA vaccine activity thus improving the vaccine’s performance. Further
studies are required to determine if this tactic will improve DNA vaccine efficacy in large
animals (Vanniasinkam et al., 2006).

Viral vector based vaccines

Viral vectors based upon adenovirus and pox virus are being increasingly used in the
construction of effective vaccines (Xing et al., 2005; Hanke et al., 2007). Overall, studies
have shown them to be far more effective than DNA vaccines (Prieur, 2004).

Viral vector based vaccines are capable of inducing potent, highly effective immune
responses in the vaccinated hosts (Pérez —Jiménez et al., 2006; Vanniasinkam and Ertl,
2005). Furthermore, studies have shown that these vaccines may indeed be used to elicit
strong Th1 type immune responses which are particularly useful when developing a vaccine
against a disease such as leishmaniasis that typically requires a strong Thl type protective
response (Campos-Neto, 2005).
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One disadvantage associated with some viral vaccine vectors (e.g. human adenovirus serotype
5-Ad5) is that they may not work effectively in the host if there is pre-existing immunity to
the carrier. This is particularly a concern with some human serotype adenovirus-based vectors
as extensive research in this area has revealed that a significant percentage of the population
possess neutralising antibodies to some of these viruses (Fitzgerald et al., 2003).
Consequently, research involving alternative adenovirus serotypes such as those of simian
origin is being undertaken (Roy et al., 2006). Some researchers have focussed their attention
on developing replication defective viral vaccine vectors which are considered to be safer than
replication competent vectors (Farina et al., 2001).

Some researchers have developed parasite vaccines based upon human serotype
adenoviruses that demonstrate relatively low seroprevalence in the target population.
Ophorst et al., (2006) used a replication-deficient human serotype adenovirus 35 based
vector to construct a vaccine against

. This adenovirus serotype was chosenRmythelibasis of studies that have shown relatively low
seroprevalence (20%) to this vector in humans living in regions of Africa with endemic
malaria when compared with the human adenovirus serotype 5 vetor (85% of the same
population exhibited significant levels of neutralizing antibodies to this virus). In this study, a
single dose of the vaccine (10

to 10 €

cidunppdienoitetpnatein dGR)Y insssesodyfoei i 36 BeApiBdsing dhePotdhtyOSkpecific T
celd and antibody responses were obtained. However, when these results were compared
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to those achieved with the recombinant Ad5 vaccine the immune responses were
significantly lower with the Ad35 based vaccine. In addition, both the Ad35 and AdS based
vaccines significantly reduced parasite liver burdens when mice were challenged with

spordzoiteliiwo weeks following immunization, although the Ad5 based vaccines were
significantly more effective in reducing parasite burdens. These results illustrate that even
though the Ad35 vector based vaccine was not as efficacious as the Ad5 based vaccine, it is
still possible to promote effective immune responses using Ad35 based vaccines.

Whilst a range of viruses have been developed as vaccine vectors, research has shown that
some viruses are more effective as vaccine vectors than others. In some cases different strains
of the same virus have exhibited different levels of vaccine efficacy as seen with pox virus
vectors. The FP9 strain of fowlpox virus for example is considered to be more immunogenic
than the Webster FPW fowlpox virus strain. The reason for this is postulated to be extensive
gene mutations and deletions acquired through multiple tissue culture passages by the FP9
strain (Cottingham et al., 2006). Therefore it appears that the choice of viral vaccine vector is
crucial for developing an effective parasite vaccine.

In addition to pox virus and adenoviral vectors, vaccinia virus based vectors have also been
used in parasite vaccine development. Nishikawa et al., (2001) developed vaccines against
the bovine pathogen

constructed using recombinai¥sagponaacairimesiexpressing surface antigens of

In one study immunized mice (mice weNewsparmtahontwo occasions with 1 x 10

plaque forming units of recombinant virus expressing the NcSRS2 antigen) were
challenged with 4 x10

N. caninum 4

tachyzoites 18 days following the last immunization and found to be protected
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fiofecorampino@6 days post challenge. In addition, interferon gamma responses of
splenocytes from vaccinated mice was significantly higher than that from splenocytes
obtained from unvaccinated mice, further confirming the efficacy of the vaccine
(Nishikawa et al., 2001).

Some researchers have employed vaccination regimes comprising of multiple viral vector
based vaccines in order to enhance vaccine immunogenicity. This approach was adopted in a
study conducted by Caetano et al., (2006) in which three recombinant adenovirus vaccine
vectors expressing three different T. gondii surface antigens (AdSAG1, AdSAG2, and
AdSAG3) were used to immunize mice. Following challenge with live T. gondii a high level
of protection against cyst burden (80% reduction in cysts) was observed when mice were
vaccinated with all three vaccines (Caetano et al., 2006). However this vaccination regimen
was found to be ineffective against a highly virulent strain of T. gondii tachyzoites.

It appears that if multiple viral vector-based vaccines are being used in a prime boost
protocol a heterologous prime boost regimen may be more effective that a homologous
prime boost regimen. In a series of experiments utilizing a prime boost protocol,

PRBmod MY faleapaduvacalnes et poligerbtoim{iod8 ER Thice X Pressingt al., 2004). The vaccines
induced potent CD8

T cell Tesplhnssmibtaesdd thiechl osthgraihatpledngufisgudimeatbd ont geratdoylosteretlyigthiéi CDH yt
higher than that obtained in a homologous prime boost schedule (Prieur et al., 2004). This is
an observation that has been made by other researchers and may have
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been due to vector specific immune responses interfering with the immune response to the
vaccine antigen (Prieur et al., 2004).

Other studies have confirmed that using heterologous prime boost vaccination protocols
result in enhanced memory T cell responses (Ophorst et al., 2006).

Furthermore, Bejon et al., (2006a) ascertained that when using multiple viral vector based
vaccines in a vaccination regimen, the most immunogenic regimen is an alternating vector
immunization of a 3 dose regimen rather than a prime boost protocol. In this study attenuated
fowlpox virus (FP9) or modified virus Ankara (MVA) vaccines expressing the multiple
epitope thrombospondin-related adhesion protein (ME-TRAP) of P. falciparum were
administered to human volunteers in a malaria endemic area. The vaccines administered 3
weeks apart elicited a strong immunogenic response when administered in an alternating
vaccine vector regimen (e.g. MVA/FP9/MVA). Notably, impressive memory T cell responses
were induced (Bejon et al., 2006a).

In order to improve the efficacy of viral vector based vaccines, viral vector vaccines are often
applied as part of a prime boost protocol along with either recombinant protein vaccines or
DNA vaccines. Studies on Taenia ovis have demonstrated that a DNA vaccine prime
followed by an ovine adenoviral vector based vaccine boost, elicited a protective immune
response, whilst the DNA vaccine or adenoviral vector based vaccines alone did not elicit a
significant immune response in the ovine host (Rothel et al., 1997). Studies on Leishmania
infantum (Table 2).and more recently studies on malaria

Researchers have also used cytokine expressing viral vector vaccines to improve vaccine
efficacy and powerful Thl responses have been obtained to vaccine candidates when co-
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administered with a Th1 promoting cytokine-expressing viral vaccine vector such as an
adenovirus vector based IL-12 vaccine (Gabaglia et al., 2004).

Overall viral vectors have been shown to be promising for use in parasite vaccine
development. However, an important issue that needs to be addressed before viral vector
based vaccines can be more widely used relates to an observation by researchers that there is
batch to batch variation in the quality of viral vector based vaccines that can result in
inconsistencies in the levels of immunity these vaccines induce (Bejon et al., 2006a). This
issue will need to be addressed before viral vector based parasite vaccines can be developed
for global immunization programs.

[Insert Table 2]
Challenges that remain to be overcome

Researchers have trialed a plethora of approaches towards developing vaccines against
parasites of medical and veterinary significance, however, very few parasite vaccines are
commercially available today. Vaccines to helminth pathogens in particular have proven to
be difficult to develop. Some commercial vaccines which were found to be very useful
initially are not as highly favored anymore. A noteworthy example of this being the vaccine
against

(Smith and Zarlebgaty2@a6)Jud kivyperame whilst being effective against infections in cattle
has some distinct disadvantages such as instability, labor intensive to manufacture and
requiring frequent exposure to natural challenge in order to be effective (Matthews at al.,
2001) and there have been reports of a resurgence in

infections in chitleivigpamssbly as the result of farmers using antihelminthic treatments in
preference to the vaccine (Mawhinney, 1996). Furthermore,
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thisev hosnepsciasgaiyh mstfedt deen Jobnsatieg al. 2063 )parus infections in

With some of the other vaccines that have been more successful, such as the EG95 vaccine
developed against Echinococcus granulosus (Gauci et al., 2005) it is difficult to predict the
long term efficacy of such vaccines as scientists have contemplated on the possibility that the
large scale, long term use of defined antigen based vaccines, would inevitably encourage the
emergence of vaccine resistant strains in a species that is extremely genetically diverse
(Lightowlers et al., 2003). Currently there is no evidence to support this hypothesis, although,
it is reported that that the EG95 vaccine does not elicit sterilizing immunity in 14% of
vaccinated hosts (Lightowlers et al., 1999) which suggests that the widespread use of this
vaccine may not be beneficial in the long term.

Some scientists have postulated that host genetic makeup also plays a role in the immune
response to parasite vaccines; research is underway to determine genetic traits that predispose
animals to parasitic infections (Sonstegard and Gasbarre, 2001). In some cases researchers
have considered it more feasible to think in terms of developing vaccines to control levels of
parasite infection rather than elicit sterilizing immunity in the host (Geldhof et al., 2004). In
this regard, in the future parasite vaccines could be directed more towards control rather than
eradication.

Concluding remarks

Tremendous progress has been made in parasite vaccine research in the last decade. Despite
this, there are few commercially available vaccines to parasites. Moreover, there
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are no commercially available parasite vaccines for use in humans. There are nevertheless
some parasite vaccines currently being evaluated in clinical trials. Most of these vaccines
are, not surprisingly, malaria vaccines (Druilhe et al., 2005; Takala et al, 2007). Of the
vaccines that have been or are undergoing evaluation in clinical trials at present a number
of them have been developed against

and are frequently based upon recombinant protein or syrthesmqiptidéakchanlogy (Herrera
et al., 2007). Studies on these vaccine candidates have been excellently reviewed recently by
Epstein et al. (2007) and Hill (2006). One of the most promising of all malaria vaccines
assessed in clinical trials to date is the RTS,S vaccine The safety of this vaccine has already
been established and Glaxo SmithKline Biologicals (GSK Biologicals) is currently
conducting several studies to determine the long term efficacy of this vaccine (Malaria
Vaccine Initiative) (www.malariavaccine.org). Interestingly, Stewart et al., (2007) have
recently demonstrated that the effectiveness of this vaccine could be significantly improved
if used in a prime boost protocol with a replication-defective human adenovirus serotype 35
(Ad35) vector based vaccine.

Other parasite vaccines currently being evaluated in clinical trials include a killed
leishmania vaccine (L. major (ALM) co-administered with the BCG (Bacillus Calmette
Guerin) vaccine (www.clinicaltrials.gov.) and the recombinant larval protein Na-ASP-2
based vaccine against the helminth Necator americanus (Fujiwara et al., 2005), (Phase I
clinical trial to be conducted in Brazil in 2007) (clinicaltrials.gov).

Few parasite vaccine clinical trials currently being undertaken involve DNA and viral vector
based vaccine technologies. These vaccine modalities have been widely applied to
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q Tabde DY pawsites datthaasilaBlddtopapuenclinic gostddiendljapgrivese vaccines have
sometimes been disappointing. For example in a study conducted on human volunteers
immunized with DNA and viral vector based vaccines against

only 1 in 8 subjects was completely protected fronk sfadmpertenchallenge (Dunachie et al.,
2006).

However, recently, DNA and viral vector based vaccines have been included in large scale
clinical trials. Two examples of clinical trials on DNA and viral vector based parasite vaccines
from which results will be available in the near future include a Phase I randomized study on
an adenovirus human serotype 35 based vector encoding the malarial circumsporozoite protein.
The primary aim of the study is to generate data relating t% safe‘[y1 0and efficacy of the candidate

vaccine. Participants in this study will receive doses of 10 to 10 vp/ml vaccine administered
at 0, 1 and 6 months (www.clinicaltrials.gov). Another Phase I study has been planned for
completion in 2008 and will involve a circumsporozoite protein-expressing MVA (MVA.CSO)
and P. falciparum circumsporozoite protein-expressing (CSP) DNA vaccine. The vaccination
regime will comprise two doses of the DNA vaccine (1 month apart) followed by the MVA

vaccine 1 or 6 months after the 2 ! dose of DNA vaccine. The DNA vaccine will be applied
intramuscularly whilst the MVA vaccine will be administered intradermally
(www.clinicaltrials.gov). Once again the aim of this trial is to verify safety and efficacy of the
vaccines used.

In view of the lack of safe and affordable anti-parasitic drugs for humans, the increasing
resistance to anti-parasitic treatments in livestock and humans (Schellenberg et al., 2006;
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Roberts, 2006) and the continuing problems associated with controlling vectors that transmit
some parasites (Roberts et al., 2000) it is imperative that efficacious vaccines to parasites,
particularly vaccines that are capable of inducing strong immunological memory responses are
developed. However, more research especially into immunologically relevant vaccine antigens
and vaccine modalities that work against particular parasites, including the use of adjuvants to
improve vaccine efficacy, is needed.

CSU Research Output

http://researchoutput.csu.edu.au



Acknowledgements

We thank Dr Michael Heuzenroeder of the Institute of Medical and Veterinary Science,
Adelaide, South Australia and Dr Angela Ragusa of Charles Sturt University for reviewing
this manuscript.

CSU Research Output

http://researchoutput.csu.edu.au



References

Beghetto, E., Nielsen, V., Del Porto, P., Buffolano, W., Guglietta, S., Felici, F.,
Petersen, E., Gargano, N., 2005. A combination of antigenic regions of Toxoplasma
gondii microneme proteins induces protective immunity against oral infection with
parasite cysts. J. Infect. Dis. 191, 637-645.

Bejon, P., Kai, O. K., Mwarcharo, J., Keating, S., Lang, T., Gilbert, S. C., Peshu, N.,
Marsh, K., Hill, A. V. S., 2006a. Alternating vector immunizations encoding pre-
erythrocytic malaria antigens enhance memory responses in a malaria endemic area.
Eur. J. Immunol. 36, 2264-2272.

Bejon, P., Mwacharo, J., Kai, O., Mwangi, T., Milligan, P., Todryk, S., Keating, S.,
Lang, T., Lowe, B., Gikonyo, C., Molyneux, C., Fegan, G., Gilbert, S.C., Peshu, N.,
Marsh, K., Hill, A.V.S., 2006b. A phase 2b randomised trial of the candidate malaria
vaccines FP9 ME-TRAP and MVA ME-TRAP among children in Kenya. PLoS clin.
trials. 1, 1-10.

Bhatia, V., Sinha, M., Luxon, B., Garg, N., 2004. Utility of the Trypanosoma cruzi
sequence database for identification of potential vaccine candidates by in silico
screening. Infect. Immun. 72, 6245-6254.

Boulter, N., Hall, R., 1999. Immunity and vaccine development in the bovine theilerioses.
Adv. Parasitol. 44, 41-97.

Brooker, S., Clements, A. C., Bundy, D. A., 2006. Global epidemiology, ecology
and control of soil-transmitted helminth infections. Adv. Parasitol. 62, 221-261.

CSU Research Output

http://researchoutput.csu.edu.au



Caetano, B. C., Bruna-Romero, O., Fux, B., Mendes, E. A., Penido, M. L.,
Gazzinelli, R. T., 2006. Vaccination with replication-deficient recombinant
adenoviruses encoding the main surface antigens of Toxoplasma gondii induces
immune response and protection against infection in mice. 17, 415-426.

Campos-Neto, A., 2005. What about Th1/Th2 in cutaneous leishmaniasis vaccine
discovery? Braz. J. Med. Biol. Res. 38, 979-984.

Cottingham, M. G., van Maurik, A., Zago, M., Newton, A. T., Anderson, R. J.,
Howard, M. K., Schneider, J., Skinner, M. A., 2006. Different levels of
immunogenicity of two strains of Fowlpox Virus as recombinant vaccine vectors

eliciting T-cell responses in heterologous prime-boost vaccination strategies. Clin.
Vaccine Immunol. 13, 747-757.

Cox, F. E., 1997. Designer vaccines for parasitic diseases. Int. J. Parasitol. 27,
1147-1157.

Da'Dara, A. A., Skelly, P. J., Walker, C. M., Harn, D., 2003. A DNA- prime/protein-
boost vaccination regimen enhances Th2 immune responses but not protection
following Schistosoma mansoni infection. Parasite Immunol. 25, 429-437.

Da’Dara, A. A., Lautsch, N., Dudek, T., Novitsky, V., Lee, T. H., Essex, M., Harn, D.
A., 2006. Helminth infection suppresses T-cell immune response to HIV-DNA-based
vaccine in mice. Vaccine. 24, 5211-5219.

de Andrade, G. M., Machado, R.Z., Vidotto, M.C., Vidotto, O. 2004. Immunization of
bovines using a DNA vaccine (pcDNA3.1/MSP1b) prepared from the jaboticabal strain
of Anaplasma marginale. Ann. N Y. Acad. Sci. 1026, 257-266.

CSU Research Output

http://researchoutput.csu.edu.au



Delgado, V., McLaren, D. J., 1990. Evidence for enhancement of IgG1 subclass
expression in mice polyvaccinated with radiation-attenuated cercariae of
Schistosoma mansoni and the role of this isotype in serum-transferred immunity.
Parasite Immunol. 12, 15-23.

Druilhe, P., Spertini, F., Soesoe, D., Corradin, G., Mejia, P., Singh, S., Audran, R.,
Bouzidi, A., Oeuvray, C., Roussilhon, C., 2005. A malaria vaccine that elicits in
humans antibodies able to kill Plasmodium falciparum. PLoS Med. 2, e344.

Dondji, B., Pérez -Jiménez, E., Goldsmith-pestana, K., Esteban, M., McMahon-
Pratt, D., 2005. Heterologous prime-boost vaccination with the LACK antigen
protects against murine visceral leishmaniasis. Infect. Immun. 73, 5286-5289.

Dumonteil, E., Escobedo-Ortegon, J., Reyes-Rodriguez, N., Arjona-Torres, A.,
Ramirez-Sierra, M. J., 2004. Immunotherapy of Trypanosoma cruzi infection with
DNA vaccines in mice. Infect. Immun. 72, 46-53.

Dunachie, S. J., Walther, M., Epstein, J. E., Keating, S., Berthoud, T., Andrews, L.,
Andersen, R. F., Bejon, P., Goonetilleke, N., Poulton, 1., Webster, D. P., Butcher, G.,
Watkins, K., Sinden, R. E., Levine, G. L., Richie, T. L., Schneider, J., Kaslow, D.,
Gilbert, S. C., Carucci, D. J., Hill, A. V., 2006. A DNA prime-modified vaccinia virus
Ankara boost vaccine encoding thrombospondin-related adhesion protein but not
circumsporozoite protein partially protects healthy malaria-naive adults against
Plasmodium falciparium sporozoite challenge. Infect Immun. 74, 5933-5942.

Eberl, M,. Langermans, J. A., Vervenne, R. A., Nyame, A. K., Cummings, R. D.,
Thomas, A. W., Coulson, P. S., Wilson, R. A., 2001. Antibodies to glycans

CSU Research Output

http://researchoutput.csu.edu.au



dominate the host response to schistosome larvae and eggs: is their role protective or
subversive? J. Infect. Dis. 183, 1238-1247.

Encke, J., Radunz, W., Eisenbach, C., Geib, J., Gehrke, S., Pfaff, E., Stremmel, W,
2007. Development of a heterologous, multigenotype vaccine against hepatitis C virus
infection. Eur. J. Clin. Invest. 37, 396-406.

Epstein, J.E., Giersing, B., Mullen, G., Moorthy, V., Richie, T.L., 2007. Malaria
vaccines: are we getting closer? Curr. Opin. Mol. Ther. 9, 12-24.

Ertl, H. C. J., 2003. Rabies DNA vaccines for protection and therapeutic treatment.
Expert Opin. Biol. Ther. 3, 639-644.

Farina, S. F., Gao, G. P., Xiang, Z. Q., Rux, J. J., Burnett, R. M., Alvira, M. R.,
Marsh, J., Ertl, H. C., Wilson, J. M., 2001. Replication-defective vector based on a
chimpanzee adenovirus. J. Virol. 75, 11603-11613.

Fitzgerald, J. C., Gao, G. P., Reyes-Sandoval, A., Pavalakis, G. N., Xiang, Z. Q.,
Wilazlo, A. P., Giles-Davis, W., Ertl, H. C., 2003. A simian replication-defective
adenoviral recombinant vaccine to HIV-1 gag. J. Immunol. 170, 1416-1422.

Frommel, D., Ogunkolade, B. W., Vouldoukis, I., Monjour, L. 1988. Vaccine-induced
immunity against cutaneous leishmaniasis in BALB/c mice. Infect. Immun. 56, 843-
848.

Fujiwara RT, Bethony J, Bueno LL, Wang Y, Ahn SY, Samuel A, Bottazzi ME,
Hotez P, Mendez S., 2005. Immunogenicity of the hookworm Na-ASP-2 vaccine
candidate: characterization of humoral and cellular responses after vaccination in the
Sprague Dawley rat. Hum. Vaccin. 1, 123-128.

CSU Research Output

http://researchoutput.csu.edu.au



Gabaglia, C. R., Sercarz, E. E., Diaz-De-Durana, Y., Hitt, M., Graham, F. L., Gauldie,
J., Braciak, T. A., 2004. Life-long systemic protection in mice vaccinated with L.
major and adenovirus IL-12 vector requires active infection, macrophages and intact
lymph nodes. Vaccine. 23, 247-257.

Ganley-Leal, L. M., Guarner,J., Todd, C. W., Da’Dara, A.A., Freeman, G. L., Boyer, A.
E., Harn, D. A., Secor, W. E., 2005. Comparison of Schistosoma mansoni irradiated
cercariae and Sm23 DNA vaccines. Parasite Immunol. 27, 341-349.

Gardiner. D. L., McCarthy, J. S., Trenholme, K. R., 2005. Malaria in the post
genomics era: light at the end of the tunnel or just another train. Postgrad. Med. J. 81,
505-509.

Gaucher, D., Chadee, K., 2002. Construction and immunogenicity of a codon-
optimized Entamoeba histolytica Gal-lectin-based DNA vaccine. Vaccine. 20,
3244-3253.

Gauci, C., Heath, D., Chow, C., Lightowlers, M. W., 2005. Hydatid disease:
vaccinology and development of the EG95 recombinant vaccine. Expert Rev.
Vaccines. 4, 103-112.

Geldhof, P., Vercauteren, 1., Vercruysse, J., Knox, D. P., Van Den Broek, W.,
Claerebout, E., 2004. Validation of the protective Ostertagia ostertagi ES-thiol
antigens with different adjuvantia. Parasite Immunol. 26, 37-43.

Good, M. F., Stanisic, D., Xu, H., Elliott, S., Wykes, M., 2004. The immunological
challenge to developing a vaccine to the blood stages of malaria parasites. Immunol.
Rev. 201, 254-267.

CSU Research Output

http://researchoutput.csu.edu.au



Goonetilleka, N., Moore, S., Dally, L., Winstone, N., Cebere, 1., Mahmoud, A.,
Pinheiro, S., Gillespie, G., Brown, D., Loach, V., Roberts, J., Guimares-Walker, A.,
Hayes, P., Loughran, K., Smith, C., De Bont, J., Verlinde, C., Vooijs, D., Schmidt, C.,
Boaz, M., Gilmour, J., Fast, P., Dorrell, L., Hanke, T., McMichael, A. J., 2006.
Induction of multifunctional human immunodeficiency virus type 1 (HIV-1)-specific T
cells capable of proliferation in healthy subjects by using a prime-boost regimen of
DNA- and modified vaccinia virus Ankara-vectored vaccines expressing HIV-1 Gag
coupled to CD8+ T-cell epitopes. J. Virol. 80, 4717-4728.

Guo, A., Jin, Z., Zheng, Y., Hai, G., Yuan, G., Li, H., Cai, X., 2007. Induction of
protection against porcine cysticercosis in growing pigs by DNA vaccination.
Vaccine. 25, 170-175.

Handman, E., Mitchell, G. F., 1985. Immunization with Leishmania receptor for
macrophages protects mice against cutaneous leishmaniasis. Proc. Natl. Acad. Sci. 82,
5910-5914.

Hanke, T., McMichael, A. J., Dorrell, L., 2007. Clinical experience with plasmid
DNA- and modified vaccinia virus Ankara-vectored human immunodeficiency virus
type 1 clade A vaccine focusing on T-cell induction. J Gen Virol. 88, 1-12.

Hein, W. R., Harrison, G. B. L., 2005. Vaccines against veterinary helminths. Vet.
Parasitol. 132, 217-222.

Herrera, S., Corradin, G., Arevalo-Herrera, M., 2007. An update on the search for a
Plasmodium vivax vaccine. Trends Parasitol. 23, 122-128.

CSU Research Output

http://researchoutput.csu.edu.au


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=17258937&query_hl=10&itool=pubmed_docsum

Hill, A. V., 2006. Pre-erythrocytic malaria vaccines: towards greater efficacy. Nat.
Rev. Immunol. 6, 21-32.

Hill, D. E., Chirukandoth, S., Dubey, J. P., 2005. Biology and epidemiology of
Toxoplasma gondii in man and animals. Anim. Health Res. Rev.6, 41-61.

Iborra, S., Soto, M., Carridn, J., Nieto, A., Fernandez, E., Alonso, S., Requena, J. M.,
2003. The Leishmania infantum acidic ribosomal protein PO administered as a DNA
vaccine confers protective immunity to Leishmania major infection in BALB/c mice.
Infect. Immun. 71, 6562-6572.

Johnson, M., Labes, R. E., Taylor, M. J., Mackintosh, C. G., 2003. Efficacy trial of an
irradiated cattle lungworm vaccine in red deer (Cervus elaphus). Vet. Parasitol. 117,
131-137.

Kamath, A. T., Groat, N. L., Bean, A. G., Britton, W. J., 2000. Protective effect of
DNA immunization against mycobacterial infection is associated with the early

emergence of interferon-gamma (IFN-gamma)-secreting lymphocytes. Clin. Exp.
Immunol. 120, 476-482.

Kariuki, T. M., Van Dam, G. J., Deelder, A. M., Farah, I. O., Yole, D. S., Wilson, R.
A., Coulson, P. S., 2006. Previous or ongoing schistosome infections do not
compromise the efficacy of the attenuated cercaria vaccine. Infect. Immun. 74, 3979-
3986.

Laddy, D. J., Weiner, D. B., 2006. From plasmids to protection: a review of DNA
vaccines against infectious diseases. Int. Rev. Immunol. 25, 99-123.

CSU Research Output

http://researchoutput.csu.edu.au



Law, R. H. P., Smooker, P. M., Irving, J. A., Piedrafita, D., Ponting, R., Kennedy, N. J.,
Whisstock, J. C., Pike, R. N., Spithill, T. W., 2003. Cloning and expression of the major
secreted cathepsin B-like protein from juvenile Fasciola hepatica and analysis of
immunogenicity following liver fluke infection. Infect. Immun. 71, 6921-6932.

Lee, J.S., Kim, I.S., Sohn, W.M., Lee, J., Yong, T.S., 2006. A DNA vaccine
encoding a fatty acid-binding protein of Clonorchis sinensis induces protective
immune response in Sprague-Dawley Rats. Scand. J. Immun. 63, 169-176.

Leenstra, T., Acosta, L. P., Wu, H., Langdon, G. C., Solomon, J. S., Manalo, D. L., Su,
L., Jiz, M.., Jarilla, B., O. Pablo, A., McGarvey, S. T., Olveda, R. M., Friedman, J. F.,
Kurtis, J. D., 2006. T- Helper-2 cytokine responses to Sj97 predict resistance to
reinfection with Schistosoma japonicum. Infect. Immun. 74, 370-381.

Lemesre, J., Holzmuller, P., Cavaleyra, M., Goncalves, R. B., Hottin, G., Papierok, G.,
2005. Protection against experimental visceral leishmaniasis infection in dogs
immunized with purified excreted secreted antigens of Leishmania infantum
promastigotes. Vaccine. 23, 2825-2840.

Li, B., Rush, A., Zhang, S. R., Curtis, K. C., Weil, G. J., 2004. Antibody responses to
Brugia malayi antigens induced by DNA vaccination. Filaria J. 3, 1.

Liang, R., van den Hurk, J. V., Babiuk, L. A., van Drunen Little-van den Hurk, S.,
2006. Priming with DNA encoding E2 and boosting with E2 protein formulated with
CpG oligodeoxynucleotides induces strong immune responses and protection from
Bovine viral diarrhea virus in cattle. 87, 2971-2982.

CSU Research Output

http://researchoutput.csu.edu.au



Liddell, S., Jenkins, M. C., Collica, C. M., Dubey, J. P., 1999. Prevention of vertical
transfer of Neospora caninum in BALB/c mice by vaccination. J. Parasitol. 85, 1072-
1075.

Lightowlers, M. W., Rolfe, R., Gauci, C. G., 1996. Taenia saginata: vaccination against
cysticercosis in cattle with recombinant oncosphere antigens. Exp. Parasitol. 84, 330-
338.

Lightowlers, M. W., Jensen, O., Fernandez, E., Iriarte, J. A., Woollard, D. J., Gauci, C.
G., Jenkins, D. J., Heath, D. D., 1999. Vaccination trials I Australia and Argentina
confirm the effectiveness of the EG95 hydatid vaccine in sheep. Int. J. Parasitol. 29,
531-534.

Lightowlers, M. W.,Colebrook, A. L., Gauci, C. G., Gauci, S. M., Kyngdon,C, T.,
Monkhouse, J. L., Vallejo Rodriguez, C., Read, A. J., 2003. Vaccination against
cestode parasites: anti-helminth vaccines that work and why. Vet. Parasitol. 115, 83-
123,

Losina, E., Anglaret, X., Yazdanpanah, Y., Wang, B., Toure, S., Seage G.R., N'Dri-
Yoman, T., Walensky R.P., Dakoury-Dogbo, N., Goldie, S.J., Messou E., Weinstein,
M.C., Deuffic-Burban S., Salamon, R., and Freedberg, K.A., 2006. Impact of
opportunistic diseases on chronic mortality in HIV-infected adults in Cote d'Ivoire. S.
Afr. Med. J. 96, 526-529.

LoVerde, P. T., Carvalho-Queroz, C., Cook, R., 2004. Vaccination with antioxidant
enzymes confers protective immunity against challenge infection with Schistosoma
mansoni. Mem. Inst. Oswaldo Cruz. 99, 37-43.

CSU Research Output

http://researchoutput.csu.edu.au



Matthews, J. B., Davidson, A. J., Freeman, K. L., French, N. P., 2001. Immunization
of cattle with recombinant acetylcholinesterase from Dictyocaulus viviparus and
with adult worm ES products. Int. J. Parasitol. 31, 307-317.

Mawhinney, I. 1996. Control of lungworm. Vet. Rec. 138, 263.

Mishima, M., Xuan, X., Yokoyama, N., Igarashi, 1., Fujisaki, K., Nagasawa, H.,
Mikami, T., 2002. Recombinant feline herpesvirus type 1 expressing Toxoplasma
gondii ROP2 antigen inducible protective immunity in cats. Parasitol. Res. 88, 144-
149.

Molano, I., Alonso, M. G., Miron, C., Redondo, E., Requena J. M., Soto, M., Nieto, C.
G., Alonso, C., 2003. A Leishmania infantum multi-component antigenic protein mixed
with live BCG confers protection to dogs experimentally infected with L. infantum.
Vet. Immunol. Immunopath. 92, 1-13.

Nielsen, H, V., Di Cristina, M., Beghetto, E., Spadoni, A., Petersen, E., Gargano, N.,
2006. Toxoplasma gondii: DNA vaccination with bradyzoite antigens induces
protective immunity in mice against oral infection with parasite cysts. Exp. Parasitol.
112, 274-279.

Nishikawa, Y., Inoue, N., Xuan, X., Nagasawa, H., Igarashi, 1., Fujisaki, K., Otsuka,
H., Mikami, T., 2001. Protective efficacy of vaccination by recombinant vaccinia
virus against Neospora caninum infection. Vaccine. 19, 1381-1390.

Nishikawa, Y., Inoue, N., Makala, L., Nagasawa, H., 2003. A role for balance of
interferon-gamma and interleukin-4 production in protective immunity against
Neospora caninum infection. Vet. Parasitol. 116, 175-184.

CSU Research Output

http://researchoutput.csu.edu.au



Nogueira, F. S., Moreira, M. A. B., Borja-Cabrera, G. P., Santos, F. N., Menz, 1., Parra,
L. E., Xu, Z., Chu, H. J., Palatnik-de-Sousa, C. B., Luvizotto, M. C. R., 2005.
Leishmune® vaccine blocks the transmission of canine visceral leishmaniasis: absence
of Leishmania parasites in blood, skin and lymph nodes of vaccinated exposed dogs.
Vaccine. 23, 4805-4810.

Ophorst, O. J., Radosevic, K., Havenga, M. J., Pau, M. G., Holterman, L., Berkhout,
B., Goudsmit, J., Tsuji, M., 2006. Immunogenicity and protection of a recombinant
human adenovirus serotype 35-based malaria vaccine against Plasmodium yoelii in
mice. Infect. Immun. 74, 313-320.

Pérez -Jiménez, E., Kochan, G., Gherardi, M. M., Esteban, M., 2006. MVA-LACK as a
safe and efficient vector for vaccination against leishmaniasis. Microbes Infect. 8, 810-
822.

Ploeger, H. W., 2002. Dictyocaulus viviparus: re-emerging or never been away?
Trends Parasitol. 18, 329-332.

Prieur, E., Gilbert, S. C., Schneider, J., Moore, A. C., Sheu, E. G., Goonetilleke, N.,
Robson, K. J. H. and Hill, A. V. S., 2004. A Plasmodium falciparum candidate vaccine

based on a six-antigen polyprotein encoded by recombinant poxviruses. Proc. Natl.
Acad. Sci. 101, 290-295.

Rafati, S., Nakhaee, A., Taheri, T., Taslimi, Y., Darabi, H., Eravani, D., Sanos, S.,
Kaye, P., Taghikhani, M., Jamshidi, S., Ali Rad, M., 2005. Protective vaccination
against experimental canine visceral leishmaniasis using a combination of DNA and

CSU Research Output

http://researchoutput.csu.edu.au



phademnm2ndZdtbed AR th cystein proteinases type [ and Il of L. infantum

Ramiro, M. J., Zarate, J. J., Hanke, T., Rodriguez, D., Rodriguez, J. R., Esteban. M.,
Lucientes, J., Castillo, J. A., Larraga, V., 2003. Protection in dogs against visceral
leishmaniasis caused by Leishmania infantum is achieved by immunization with a
heterologous prime-boost regime using DNA and vaccinia recombinant vectors
expressing LACK. Vaccine. 21, 2472-2484.

Roberts, D. R., Manguin, S., Mouchet, J., 2000. DDT house spraying and re-
emerging malaria. Lancet. 356, 330-332.

Roberts, M. T., 2006. Current understandings on the immunology of leishmaniasis
and recent developments in prevention and treatment. Br. Med. Bull. 17, 115-130.

Rothel, J. S., Boyle, D. B., Both, G. W., Pye, A. D., Waterkeyn, J. G., Wood, P. R.,
Lightowlers, M. W., 1997. Sequential nucleic acid and recombinant adenovirus
vaccination induces host-protective immune responses against Taenia ovis infection in
sheep. Parasite immunol. 19, 221-227.

Roy, S., Zhi, Y., Kobinger, G. P., Figueredo, J., Calcedo, R., Miller, J. R.,
Feldmann, H., Wilson, J. M., 2006. Generation of an adenoviral vaccine vector
based on simian adenovirus 21. J. Gen. Virol. 87, 2477-2485.

Schellenberg, D., Abdulla, S., Roper, C., 2006. Current issues for anti-malarial
drugs to control P. falciparum malaria. Curr. Mol. Med. 6, 253-260.

Schwartz, E., Hatz, C., Blum, J., 2006. New world cutaneous leishmaniasis in
travellers. Lancet Infect. Dis. 6, 342-349.

CSU Research Output

http://researchoutput.csu.edu.au



Scorza, T., D’Souza, S., Laloup, M., Dewit, J., De Braekeleer, J., Verschueren, H.,
Vercammen, M., Huygen, K., Jongert, E., 2003. A GRA1DNA vaccine primes
+

cytolytic CD8 t cells to control acute Toxoplasma gondii infection. Infect. Immun. 71,
309-316.

Scorza, T., Grubb, K., Smooker, P., Rainczuk, A., Proll, D. and Spithill, T. W., 2005.
Induction of Strain-Transcending Immunity against Plasmodium chabaudi adami
Malaria with a Multiepitope DNA Vaccine. Infect. Immun. 73, 2974-2985.

Scott, P., 2005. Immunologic memory in cutaneous leishmaniasis. Cell Microbiol. 7,
1707-1713.

Sharma, R. L., Bhat, T. K. and Dhar, D. N., 1988. Control of sheep lungworm in
India. Parasitol. Today. 4, 33-36.

Smith, W. D., Zarlenga, D. S., 2006. Developments and hurdles in generating
vaccines for controlling helminth parasites of grazing ruminants. Vet. Parasitol.
139, 347-359.

Smooker, P. M., Rainczuk, A., Kennedy, N., Spithill, T. W., 2004. DNA vaccines and
their application against parasites--promise, limitations and potential solutions.
Biotechnol. Annu. Rev. 10, 189-236.

Solis, C. F., Ostoa-Saloma, P., Lugo-Martinez, V. H., Johnston, S. A., Laclette, J. L.,
2005. Genetic vaccination against cyticercosis by using a plasmid vector carrying
Taenia solium paramyosin. Infect. Immun. 73, 1895-1897.

Sonstegard, T. S., Gasbarre, L. C., 2001. Genomic tools to improve parasite
resistance. Vet. Parasitol. 101, 387-343.

CSU Research Output

http://researchoutput.csu.edu.au



Stewart, V. A., McGrath, S. M., Dubois, P. M., Pau, M. G., Mettens, P., Shott, J.,
Cobb, M., Burge, J. R., Larson, D., Ware, L. A., Demoitie, M. A., Weverling, G. J.,
Bayat, B., Custers, J. H., Dubois, M. C., Cohen, J., Goudsmit, J., Heppner, D. G., 2007.
Priming with an adenovirus 35-circumsporozoite protein (CS) vaccine followed by
RTS,S/AS01B boosting significantly improves immunogenicity to Plasmodium
falciparum CS compared to that with either malaria vaccine alone. Infect. Immun. 75,
2283-2290.

Soussi, N., Milon, G., Colle, J., Mougneau, E., Glaichenhaus, N., Goossens, P. L., 2000.
Listeria monocytogenes as a short-lived delivery systems for the induction of type-1
cell-mediated immunity against the p36/LACK antigen of Leishmania major. Infect.
Immun. 68, 1498-1506.

Suo, X., Zhang, J. X., Li, Z. G., Yang, C. T., Ming, Q. R, Xu, L. T., Liu, Q. and
Zhu, X. Q., 2006. The efficacy and economic benefits of Supercox, a live
anticoccidial vaccine in a commercial trial in broiler chickens in China. Vet.
Parasitol. 142, 63-70.

Takala, S.L., Coulibaly, D., Thera, M.A., Dicko, A., Smith, D.L., Guindo, A.B.,
Kone, A.K., Traore, K., Ouattara, A., Djimde, A.A., Sehdev, P.S., Lyke, K.E., Diallo,
D.A., Doumbo, O.K., Plowe, C.V., 2007. Dynamics of Polymorphism in a Malaria
Vaccine Antigen at a Vaccine-Testing Site in Mali. PLoS Med. 4, €93

Titus, R. G., Gueiros,-Filho, F. J., de Freitas, L. A., Beverley, S. M., 1995.
Development of a safe live Leishmania vaccine line by gene replacement.Proc.
Natl. Acad. Sci. 92, 10267-10271.

CSU Research Output

http://researchoutput.csu.edu.au



Tran, M. H., Pearson, M. S., Bethony, J. M., Smyth, D. J., Jones, M. K., Duke, M.,
Don, T. A., McManus, D. P., Correa-Oliviera, R., Loukas, A., 2006. Tetraspanins on
the surface of Schistosoma mansoni are protective antigens against schistosomiasis.
Nat. Med. 12, 835-840.

Vanniasinkam, T., Barton, M. D., Heuzenroeder, M. W., 2004. The immunogenicity
of Rhodococcus equi GroEL2-based vaccines in a murine model. Vet. Immunol.
Immunopathol. 98, 91-100.

Vanniasinkam, T., Ertl, H., 2004. Rabies Vaccines: The Third Generation. Drug
Des. Discovery. 1, 289-292.

Vanniasinkam, T., Ertl, H., Tang, Q., 2006. Trichostatin-A enhances adaptive
immune responses to DNA vaccination. J. Clin. Virol. 36, 292-297.

Vercruysse J., Knox D.P., Schetters T.P. and Willadsen P., 2004. Veterinary parasitic
vaccines:pitfalls and future directions. Trends Parasitology. 20, 488-492.

Vervelde, L., Bakker, N., Kooyman, F. N., Cornelissen, A. W., Bank, C. M., Nyame, A.
K., Cummings, R. D. and van Die, I., 2003. Vaccination-induced protection of lambs
against the parasitic nematode Haemonchus contortus correlates with high IgG antibody
responses to the LDNF glycan antigen. Glycobiology. 13, 795-804.

Wang, Z. Q., Cui, J., Wei, H. Y., Han, H. M., Zhang, H. W., Li, Y. L., 2006.
Vaccination of mice with DNA vaccine induces the immune response and partial
protection against T. spiralis infection. Vaccine. 24, 1205-1212.

CSU Research Output

http://researchoutput.csu.edu.au



Weiss, R., Leitner, W. W., Scheiblhofer, S., Chen, D., Bernhaupt, A., Mostbock. S.,
Thalhamer, J., Lyon, J. A., 2000. Genetic vaccination against malaria infection by
intradermal and epidermal injections of a plasmid containing the gene encoding the
Plasmodium berghei circumsporozoite protein. Infect. Immun. 68, 5914-5919.

White, A. C., Garcia, H. H., 1999. Recent developments in the epidemiology,
diagnosis, treatment and prevention of neurocysticercosis. Curr. Infect. Dis. Rep. 1,
434-440.

Williams, D. J. L., Trees, A. J., 2006. Protecting babies: vaccine strategies to prevent
foetopathy in Neospora caninum-infected cattle. Parasite Immunol. 28, 61-67.

Wolff, J. A., Malone, R. W., Williams, P., Chong, W., Acsadi, G., Jani, A., Felgner,
P.L., 1990. Direct gene transfer into mouse muscle in vivo. Science. 247, 1465-1468.

Woollard, D. J., Gauci, C. G., Lightowlers, M. W., 1999. Synthetic peptides induce
antibody against a host-protective antigen of Echinococcus granulosus. Vaccine. 18,
785-794.

Xing, Z,, Santosuosso, M., McCormick, S., Yang, T. C., Millar, J., Hitt, M., Wan, Y.,
Bramson, J., Vordermeier, H. M., 2005. Recent advances in the development of
adenovirus- and poxvirus-vectored tuberculosis vaccines. Curr. Gene Ther.5, 485-492.

CSU Research Output

http://researchoutput.csu.edu.au



Zhu, Y., Si, J., Harn, D. A., Xu, M., Ren, J., Yu, C., Liang, Y., Yin, X., He, W., Cao,
G., 2006. Schistosoma japonicum triose-phosphate isomerase plasmid DNA vaccine
protects pigs against challenge infection. Parasitol. 132, 67-71.

CSU Research Output

http://researchoutput.csu.edu.au



R

vaccinated animals

Tdble 1 1985

A

parasites.

[eishmania based example outlining the
adopted over the last two decades in the sch IR TSEERLE e vace

Purified native

WEEEP LU ac

(glycolipid-parasite
receptor for

. acr%qha esz1
*studies were conducted on a small numrgers arﬁm Is

Partial protection in

L HHGE dRhond
n%lga_égmﬁgtw%L-

major
promastigotes (25%
vaccinated mice
exhibited lesions 60
days following

Handman and
Mitchell, 1985

q

CS

promastigotes 90%
protection against

clinical infection.

challenge)
1988 Partially purified Neutralizing Frommel et al.,
antigens from antibodies in 1988
sonicated L. BALB/c mice and
infantum and L. protection against
major challenge with L.
promastigotes major or
L.mexicana
promastigotes
1995 Live attenuated Protection against Titus et al., 199:
(auxotrophic gene cutaneous
knockouts) L. major | leishmaniasis in the
BALB/c mouse
model when
challenged with
virulent L. major
2000 Live bacterial Significant Thl Soussi et al., 201
vector based (L. response in
monocytogenes vaccinated mice.
expressing LACK | No protection in
(leishmania BALB/c mice
homologue of following challenge
receptors for with L. major.
activated C kinase)
vaccine
2003 Fusion protein (Q * Antibody Molano et al., 2
protein - 5 antigenic | responses in dogs
determinants of 4 (beagles) following
different proteins) immunization, upon
challenge with L.
infantum

DNA Vaccine | *60% Ramiro et al.,
prime with protection 2003
viral (vaccinia- | achieved with
WR strain) DNA/LACK-
boost (both prime followed
expressing by
LACK) vaccinia(WR)/
LACK boost
regime upon
challenge with
U Research Output L. infantum
promastigotes.

http://resedf¢houtput.cellaH au

* Following

challenoe writh |

Lemesre et al., Z




Ta
ble

CSU Research Output

http://researchoutput.csu.edu.au



Ex
am
ple

of

an

vir
al
ve
cto

bas
ed
va
cci
ne
str
ate
gie
S
tha
t
ha
ve
be
en
ad
opt
ed
ag
ain
sta
ran
ge
of
par

C&U Research Output

hftp ://researchoutput.csu.edu.au



(Fowlpox virus (FP9)

epitope-

I Ar QoL v Uvulliv oul QLCU_Y I‘\IILIUCII IVIUU-CI A A
vaccine

Trichinella spiralis DNA TspEl (31 kDa Mouse (BAL
protein)

Clonorchis sinensis DNA FABP (fatty acid Rat (Sprague
binding protein)

Toxoplasma gondii DNA GRAL (excreted- Mouse (C3H
secreted granular
protein)

Anaplasma marginale DNA MSP1b (major surface | Calves (Hols
protein

Schistosoma japonicum DNA SjCTPI (Triose- Pigs (Chines¢
phosphate isomerase) | Songjiang)*

Plasmodium falciparum Viral vector Vaccine | ME-TRAP (multiple | Human*

(1-6 year old

SU Research Output

Itp://researchoutput.q

vector (vaccinia-
Western Reserve virus
(WR) or MVA) boost

'su.edu.au

homologue of
receptors for activated
C kinase)

and modified vaccinia | thrombospondin- malaria endei
virus Ankara (MVA)) | related adhesion region)
protein).
Leishmania infantum DNA prime/viral LACK (Leishmania Mice (BALB



nat
ura

ho
st
of
the
par
asi

CSU Research Output <

http://researchoutput.csu.edu.au



