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Abstract
Malaria is an infectious disease that in humans is caused by one of five species of the protozoan parasite Plasmodium and which is transmitted 

by mosquitoes of the genus Anopheles. Despite much investment over many years to eradicate or control the global incidence of malaria, infection 
remains a major cause of morbidity and mortality throughout the world, particularly in developing countries in tropical and subtropical regions. 
A large number of candidate vaccines has been developed against different antigens expressed by separate life cycle stages of Plasmodium. 
Transmission-blocking vaccines (TBVs) aim to combat the sexual stages of parasite development that occur distinctively inside the mosquito 
vector. This also has a potentially significant impact on the efficacy of other malaria vaccines which target stage-specific antigens expressed 
within humans by reducing the spread of parasites in the community, an altruistic approach that leads to a local herd immune response. In 1958 
the first successful steps towards producing a TBV used an avian model to raise sexual stage-specific antibodies. In the almost 60 years that have 
elapsed since this proof of principle demonstration considerable effort has been expended in order to identify parasite antigens the expression of 
which elicits transmission-blocking activity. This review considers the significance of an anti-malaria TBV strategy, the range of potential targets, 
and the incremental advances which have been made to produce effective TBVs.   
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Introduction
Malaria is a mosquito-borne infectious disease caused by protozoan 

parasites of the genus Plasmodium which exacts a significant toll of 
morbidity and mortality in humans [1]. Around 3 billion people currently 
live in malaria-endemic areas, over the last decade leading to an estimated 
250 million clinical cases and one million recorded fatalities annually 
[2]. In 2013, the most recent year for which data are available, 584,000 
deaths and 198 million clinical illnesses were reported [3]. Susceptibility 
to severe manifestations of disease is increased in pregnant women and non-
breastfeeding children under the age of five, especially in endemic areas [4]. 

The life cycle of Plasmodium progresses through multiple transitions 
in alternating hosts, sexual reproduction occurring in the midgut of an 
Anopheles mosquito and asexual replication occurring in the liver 
and bloodstream of a vertebrate, including humans. It is the latter 
cycle of intraerythrocytic vegetative growth and host cell rupture 
that is responsible for the pathogenesis of disease and gives rises to the 
characteristic influenza-like, paroxysmal symptoms of uncomplicated 
infection [1]. When a mosquito ingests a blood meal from a malaria-
infected person, male and female gametocyte stage parasites enter the 
midgut where they are enclosed by a newly synthesized peritrophic matrix. 
Intracellular male gametocytes exit their erythrocytic environment via 
a process of exflagellation that is triggered cumulatively by mosquito-
derived xanthurenic acid, a lowering of body temperature and a 
commensurate rise in pH, whereupon fertilization soon follows. Within 
24 hours a zygote forms and further development and differentiation 
results in banana-shaped, motile ookinetes. From the midgut ookinetes 
penetrate the epithelium, reach the basal lamina and differentiate into 
oocysts. Multiplication through mitotic divisions over 7-15 days may 

result in tens of thousands of sporozoites. These migrate to the salivary 
glands and are injected into an individual’s body when the now infectious 
mosquito next bites a human. Very rapidly after entering the peripheral 
blood sporozoites home to hepatocytes and after vegetative multiplication 
many merozoites form. These are released back into the blood, invade 
erythrocytes and undergo a cycle of asexual replication that repeats 
every 46-48 hours for P. falciparum, the deadliest of the human malaria 
species. A minority of merozoites leaves this cycle and undergoes sexual 
development into male and female gametocytes that are ready to transfer 
to a mosquito when it feeds on that person [1]. At each stage different 
antigen-specific immunological responses perform protective (and 
possibly immunopathological), sterilizing and altruistic effects (Figure 
1) [2,5-7]. Harnessing each form of specific immunity plays a role in the 
overall strategy to control malaria, such that potentiation of a protective 
response underpins rational vaccine design (Figure 2) [8].

The production of an effective vaccine would provide an ideal 
addition to the arsenal of tools to combat malaria. While vaccines have 
had a dramatic impact on many infectious diseases, to date this is not 
the case for malaria, a disease caused by a eukaryotic protozoan parasite 
that is much more complex genetically, structurally and physiologically 
compared to both viruses and bacteria. This complexity makes it more 
difficult to develop a vaccine, exemplified by stage-specific expression of 
antigens, phenotypic antigenic variation of cloned asexual erythrocytic 
parasites over time and antigenic polymorphism of geographically diverse 
isolates [8,9]. Over several decades from the mid twentieth century, 
Plasmodium has thwarted considerable efforts to find an effective solution 
to the development of an efficacious, commercially available vaccine. 

All in all, four recognizably distinct approaches have been taken to 
prepare P. falciparum malaria vaccines: (a) a recombinant protein together 
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individual with a transmission-blocking vaccine (TBV) cannot directly 
prevent that person from becoming infected with malaria via the bite of an 
infectious mosquito, if sufficient people in the community are vaccinated 
the prevalence of infected vectors will diminish. Hence, this altruistic 
strategy would also greatly prolong the useful life of vaccines against other 
stages by limiting the spread of parasites that have the potential to become 
resistant to these vaccines [10].

In most malaria-endemic locations, a TBV immunization program, 
even if partial, would reduce disease and death due to P. falciparum 
malaria. In areas of relatively low transmission, as in most endemic 
locations outside tropical Africa, disease would be reduced probably in 
direct proportion to the effective coverage with TBVs. In many situations 
of low endemicity, transmission could be prevented by TBVs. In more 

with adjuvant for pre-erythrocytic stages of the parasite’s life cycle (e.g. 
RTS,S/AS01); (b) whole sporozoite preparations for pre-erythrocytic 
stages (e.g. PfSPZ and PfSPZ-CVac); (c) prime-boost constructs that 
include recombinant DNA, viruses or bacteria; (d) recombinant protein 
combined with an adjuvant for sexual erythrocytic and mosquito stages [9].

Rationale for a transmission-blocking vaccine

Sexual development within the mosquito midgut may represent the 
most vulnerable target for vaccines to prevent transmission of malaria 
parasites [1]. Such a vaccine would have the potential to reduce the 
burden of disease, including in parts of the world’s most malarious 
continent, Africa. In Asia and Latin America, it could help lead to the 
elimination of the malaria parasite. While the immunization of an 

 
Figure 1: Schematic diagram showing the mechanisms of immunity against different life cycle stages of the major human malaria parasite Plasmodium 
falciparum, highlighting those against the sexual stages that transmission-blocking vaccines aims to induce.
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highly endemic regions, the deployment of TBVs in conjunction with 
additional traditional measures such as insecticide-impregnated bed 
nets could bring the end of malaria transmission within reach. In some 
instances even incomplete TBV coverage would slow the build-up of 
malaria epidemics and reduce their size very substantially [11].

Induction of transmission-reducing antibodies was reported first in 
an avian malaria model in the late 1950s [12]. Further, in 1976 effective 
blocking of transmission was achieved by repeated immunization of 
chickens with P. gallinaceum gametes [13,14]. Antibodies were raised 
against antigens that were later characterized as P230, P48/45, P28 and 
P25 [15], expressed on the surface of gametes, zygotes or ookinetes [16-18].

Several principles guide TBV development [9]. Gamete antigens are an 
obvious source of TBV candidates; interference of gamete development 
and fertilization provides a source of candidates (such as Pfs25 and Pfs28 in 
P. falciparum). Epitopes recognized by transmission-blocking antibodies 
may show conservation between geographically distinct parasite isolates 
but degrees of variation exist for all candidate antigens. A principal goal of 
a vaccine is to induce and sustain a high titer of immunoglobulin G. The 
main vaccine targets elicit weak immune responses in primates, so aiming 
to boost immunogenicity with adjuvants but without being reactogenic is 
important [9].

Targets for transmission-blocking vaccine development
Most current targets for TBVs are either parasite surface antigens, 

ookinete-secreted proteins, mosquito components or recombinant 
proteins [1]. Each of these categories is discussed below.

Parasite surface antigens: Homologues of the surface antigens first 
found in P. gallinaceum were identified subsequently in P. falciparum 
and appear crucial to activation of gametes, zygotes and ookinetes. These 
proteins have been the primary focus of TBV development, inducing 
transmission-blocking monoclonal antibodies against P. falciparum 
macrogametes [19,20]. 

The P. falciparum antigen now known as Pfs230, named for its 
molecular weight by SDS-PAGE, and Pfs48/45, another protein named 
for its 48 and 45kDa structure on SDS-PAGE [21],are expressed by 
gametocytes and appear on the surface of gametes and newly fertilized 
zygotes. P230 and P48/45 are known as pre-activation targets [1]. 
Two other P. falciparum proteins, Pfs25 and Pfs28, are post-activation 
targets expressed on the surface of zygotes during their development 
to ookinetes [1]. These were identified initially as P. gallinaceum 
orthologues using monoclonal antibodies prepared from mice that had 
been immunized with ookinetes [16]. 

Several studies on genetic modification of these crucial proteins have 
been performed. For instance, P230 is typified by partially conserved 
cysteine motifs paired as cysteine-rich double domains highly constrained 
by disulfide bonds [22]. Deleting fragmented or entire motifs from Pfs230 
did not affect the role of this protein in gamete emergence although it was 
no longer retained on the parasite surface [23]. 

An interesting feature of the human immune system is the enhancing 
effect on transmission-blocking anti-Pfs230 antibodies exhibited by 
human complement [24]. However, this complement is degraded by 
mosquito proteases within 3-5 hours of blood meal ingestion, so the 

 

Figure 2: Schematic life cycle of Plasmodium falciparum, showing where vaccination may be expected to intervene. A transmission-blocking vaccine 
targets the parasite during its sexual development within the Anopheles mosquito host. In the alternate human host disease pathology is associated 
with the cyclical phase of asexual stage replication that occurs in the blood and which causes synchronized erythrocyte rupture and release of pyrogenic 
toxins.
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window of activity is short [25,26]. It may be that genetic modification 
of a mosquito’s protease activity might prove effective in enhancing for a 
longer duration the efficacy of anti-P230 antibodies. 

Analyzing Pfs230 orthologous genes in eight Plasmodium species 
including the human malaria parasite P. vivax showed structural conservation 
of the 14 cysteine motif/paired double domains that follow an interspecies-
variable N-terminal pro-domain [22]. Sequence polymorphisms existed 
among the 113 isolates examined. Only a limited number of amino acid 
substitutions were found in a subdomain, Pvs230236-943, containing the first 
four cysteine motifs. This conserved structure may be the focus of a 
candidate P. vivax TBV [22,27]. Again, a comparison of the presence and 
absence of human complement was made [27], which showed different 
mechanisms of complement fixing by these anti-Pvs230 immune sera [1].

In another study, deletion of Pfs48/45 by gene knockout did not affect 
the development of gametes. However, the mutated parasites produced a 
significantly lower number of oocysts when fed to mosquitoes [28]. Using 
knockouts of the Pfs48/45 orthologue in P. berghei, a rodent malaria 
model, confirmed a role for P48/45 protein in fertilization, since male 
gametes lacking P48/45 could not fertilize female gametes, whereas they 
could still be fertilized by wild type males [28]. 

By using a single gene deletion of P. berghei Pbs25 or Pbs21, effective 
inhibition of ookinete formation was demonstrated, through reduced 
parasite penetration into the midgut wall [29]. Of all sexual stage antigens, 
Pfs25 and its P. vivax orthologue Pvs25 are the only TBV antigens to be 
evaluated in human trials to date. In combination with another seven P. 
falciparum antigens Pfs25 was deployed with an attenuated vaccinia virus 
vector to generate a multi-stage vaccine candidate named NYVAC-Pf7 
[30]; however, immunogenicity was poor and no transmission-blocking 
activity by immune sera was detected in the membrane feeding assay that 
is used to measure parasite transmission to mosquitoes in the laboratory 
setting [9,30].

Ookinete-secreted proteins: In order to continue the life cycle of 
Plasmodium within the midgut of the mosquito an ookinete in the 
maturation phase that is contained in the blood meal first interacts with 
ligands on midgut microvilli, then penetrates into the midgut epithelium 
and emerges on the basal side of the cell, coming to rest under the 
basal lamina where it forms an oocyst. Each of these processes is totally 
dependent upon the activities of proteins secreted from micronemes, 
ookinete organelles that have thus become targets for TBV development [1]. 

The peritrophic matrix in the midgut of an Anopheles mosquito’s 
midgut comprises chitins, proteins and proteoglycans. Disruption of gene 
expression related to chitinases secretion (Pfcht1 and Pbcht1), paralogous 
genes in P. falciparum and P. berghei parasites, respectively, resulted 
in remarkable reductions in oocyst formation in mosquitoes [31,32]. 
Following these revealing studies production of recombinant chitinases as 
the basis for a candidate vaccine was instigated. 

One of the Plasmodium perforin-like proteins (PPLPs), so-called 
membrane-attack ookinete protein (MAOP), which is located in the 
micronemes of ookinetes, has been analyzed [33,34]. Disruption of 
MAOP gene expression in P. berghei parasites inhibited ookinete 
penetration through the midgut epithelium. Further studies on the 
activity of antibodies to MAOP should be performed to extend this 
evaluation [1]. Moreover, secreted ookinete adhesive protein (SOAP) 
and cell-traversal protein for ookinetes and sporozoites (CelTOS) are 
two additional ookinete microneme proteins that genetic modification 
of the expression of which has a crucial effect on the penetration of 
ookinetes into midgut epithelium [35,36]. Subsequent research revealed 
that immunization with recombinant PfCelTOS may protect mice against 
challenge with lethal P. berghei sporozoites, leading to consideration of 
GMP CelTOS as a candidate vaccine antigen [37,38]. Recently, improving 

the immunogenicity of PfCelTOS by administration with an adjuvant has 
been examined [39].

Mosquito components: Vaccines that target components of the 
Anopheles midgut are attractive candidates because the resultant 
reduction in vector competence has the potential to simultaneously block 
transmission of multiple Plasmodium species [1].

Lectin proteins of mosquitoes, such as jacalin, known to adhere to 
glycoproteins of cell walls, reduce ookinete attachment to the mosquito 
midgut by binding glycan ligands [40]. A mosquito salivary gland protein, 
saglin, was identified as a putative target the blocking of which caused 
a 70% decrease in sporozoite levels [41]. By injection of anti-saglin 
antibodies into the mosquito haemocoel or disrupting its expression by 
RNAi, significant reduction of sporozoites in salivary glands was obtained. 
Hence, saglin is considered by some to be a potential target for TBV [1]. 

Recent analysis suggests that mammalian antibodies delivered in the 
blood meal may up regulate the mosquito immune response. Antibodies 
to A. gambiae serine protease inhibitor (serpin)-2 reduced P. berghei oocyst 
numbers by 54% [42], a finding which warrants further investigation. 

Recombinant proteins: On the basis of evidence that P230, P48/45, 
P25 and P28 antigens induce antibodies, efforts have been made to attain 
the native conformation of these proteins by recombinant technology 
in a vector system. In particular, the yeast Saccharomyces cerevisiae has 
been used extensively as an expression platform. Initial research showed 
that Pfs25 proteins expressed in S. cerevisiae have a partially native 
conformation [1]. Trials of a Pfs25 candidate expressed in this system 
and formulated with the adjuvant alum were terminated early owing to 
reactogenicity, considered likely to be due to an unbound antigen in the 
formulation. However, Pvs25 expressed in S. cerevisiae and formulated 
with alum was found to be well tolerated in humans [43]. 

Recently, Pfs25 was expressed successfully in a plant-based vector 
system as a fusion to the lichenase carrier molecule (Pfs25eLiKM) [44], 
and as a fusion to the Alfalfa mosaic virus coat protein (Pfs25eCP) [45]. 
In each case, recombinant products were purified to a high level of 
homogeneity. 

A dual expression system has been developed based on the baculovirus 
Autographa californica nucleopolyhedrosis, which possesses strong adjuvant 
properties that can activate dendritic cell-mediated innate immunity [1]. 
This vector offers much promise for future TBV development.

Conclusion
In the continuing drive to produce an effective malaria vaccine, abroad 

range of studies has been conducted on antigens expressed during different 
stages of the Plasmodium life cycle. Blocking of sexual development 
inside the Anopheles mosquito provides a means to combat the parasite 
outside of the human body. In this article various potential targets for the 
development of TBVs have been described and progress with different 
TBV strategies has been reviewed.

Further research is merited to evaluate the added value of TBVs in 
reducing or even eliminating locally the spread of Plasmodium, which 
would thereby augment the protective effect of anti-malaria vaccines that 
target directly parasite life cycle stages in the human host.

Conflict of interest
The authors declare that they have no competing issues of interest.

Acknowledgements
The authors’ research is supported by Central Queensland University and 

the Australian Government’s Collaborative Research Networks Program.

http://dx.doi.org/10.16966/2470-9948.109


 
ForschenSci
O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Peymanfar Y, Taylor-Robinson AW (2016) Plasmodium Sexual Stage Parasites Present Distinct Targets for Malaria Transmission-Blocking Vaccine 
Design. Int J Vaccine Immunizat 2(1): doi http://dx.doi.org/10.16966/2470-9948.109

Open Access

5

References
1. Wu Y, Sinden R, Churcher T, Tsuboi T, Yusibov V (2015) Development 

of malaria transmission-blocking vaccines: from concept to product. 
Adv Parasitol 89: 109-137.

2. Hafalla JC, Silvie O, Matuschewski K (2011) Cell biology and 
immunology of malaria. Immunol Rev 240: 297-316.

3. World Health Organization (2014) World Malaria Report 2014. Geneva 
(Switzerland): WHO Press. 

4. Asante KP, Abdulla S, Agnandji S, Lyimo J, Vekemans J, et al. (2011) 
Safety and efficacy of the RTS,S/AS01E candidate malaria vaccine 
given with expanded-programme-on-immunisation vaccines: 19 
month follow-up of a randomised, open-label, phase 2 trial. Lancet 
Infect Dis 11: 741-749.

5. Draper SJ, Goodman AL, Biswas S, Forbes EK, Moore AC, et 
al.(2004) Recombinant viral vaccines exposing merozoite surface 
protein-1 induce antibody- and T cell-mediated multistage protection 
against malaria. Cell Host Microbe 5: 95-105.

6. Moorthy VS, Good MF, Hill AVS (2004) Malaria vaccine developments. 
Lancet 363:150-156.

7. Mordmüller B, Szywon K, Greutelaers B, Esen M, Mewono L, et al. 
(2010) Safety and immunogenicity of the malaria vaccine candidate 
GMZ2 in malaria-exposed, adult individuals from Lambaréné, Gabon. 
Vaccine 28: 6698-6703.

8. Taylor-Robinson AW (2014) Advancement towards an approved 
vaccine to target Plasmodium falciparum malaria. Int J Immunol 2: 
31-39.

9. Hoffman S, Vekemans J, Richie TL, Duffy PE (2015) The march 
toward malaria vaccines. Vaccine 49: S319-S333.

10. UNDP/World Bank/WHO Special Programme for Research and 
Training DR in Tropical Diseases (2000) Malaria transmission blocking 
vaccines: an ideal public good. WHO document. 

11. Saul A (1993) Minimal efficacy requirements for malarial vaccines to 
significantly lower transmission in epidemic or seasonal malaria. Acta 
Trop 52: 283-296.

12. Huff CG, Marchbank DF, Shiroishi T (1958) Changes in infectiousness 
of malarial gametocytes. II. Analysis of the possible causative factors. 
Exp Parasitol 7: 399-417.

13. Carter R, Chen DH (1976) Malaria transmission blocked by 
immunisation with gametes of the malaria parasite. Nature 263: 57-60.

14. Gwadz RW (1976) Successful immunization against the sexual stages 
of Plasmodium gallinaceum. Science 193: 1150-1151.

15. Kaushal DC, Carter R, Rener J, Grotendorst CA, Miller LH, et al. 
(1983) Monoclonal antibodies against surface determinants on 
gametes of Plasmodium gallinaceum block transmission of malaria 
parasites to mosquitoes. J Immunol 131: 2557-2562.

16. Carter R, Kaushal DC (1984) Characterization of antigens on 
mosquito midgut stages of Plasmodium gallinaceum. III. Changes in 
zygote surface proteins during transformation to mature ookinete. Mol 
Biochem Parasitol 13: 235-241.

17. Kumar N, Carter R (1985) Biosynthesis of two stage-specific 
membrane proteins during transformation of Plasmodium gallinaceum 
zygotes into ookinetes. Mol Biochem Parasitol 14: 127-139.

18. Vermeulen AN, Ponnudurai T, Beckers PJ, Verhave JP, Smits MA, 
et al. (1985) Sequential expression of antigens on sexual stages 
of Plasmodium falciparum accessible to transmission-blocking 
antibodies in the mosquito. J Exp Med 162: 1460-1476.

19. Carter R, Graves PM, Keister DB, Quakyi IA (1990) Properties of 
epitopes of Pfs 48/45, a target of transmission blocking monoclonal 
antibodies, on gametes of different isolates of Plasmodium falciparum. 
Parasite Immunol 12: 587-603.

20. Roeffen W, Teelen K, van As J, vd Vegte-Bolmer M, Eling W, et al. 
(2001) Plasmodium falciparum: production and characterization of rat 
monoclonal antibodies specific for the sexual-stage Pfs48/45 antigen. 
Exp Parasitol 97: 45-49.

21. Kumar N, Carter R (1984) Biosynthesis of the target antigens of 
antibodies blocking transmission of Plasmodium falciparum. Mol 
Biochem Parasitol 13: 333-342.

22. Doi M, Tanabe K, Tachibana S, Hamai M, Tachibana M, et al. (2011) 
World wide sequence conservation of transmission-blocking vaccine 
candidate Pvs230 in Plasmodium vivax. Vaccine 29: 4308-4315.

23. Eksi S, Stump A, Fanning SL, Shenouda MI, Fujioka H, et al. (2002) 
Targeting and sequestration of truncated Pfs230 in an intra erythrocytic 
compartment during Plasmodium falciparum gametocytogenesis. Mol 
Microbiol 44: 1507-1516.

24. Read D, Lensen AH, Begarnie S, Haley S, Raza A, et al. (1994) 
Transmission-blocking antibodies against multiple, non-variant 
target epitopes of the Plasmodium falciparum gamete surface 
antigen Pfs230 are all complement-fixing. Parasite Immunol 16: 
511-519.

25. Grotendorst CA, Carter R (1987) Complement effects of the infectivity 
of Plasmodium gallinaceum to Aedes aegypti mosquitoes. II. Changes 
in sensitivity to complement-like factors during zygote development. J 
Parasitol 73: 980-984.

26. Margos G, Navarette S, Butcher G, Davies A, Willers C, et al. (2001) 
Interaction between host complement and mosquito-midgut-stage 
Plasmodium berghei. Infect Immun 69: 5064-5071.

27. Tachibana M, Sato C, Otsuki H, Sattabongkot J, Kaneko O, et al. (2012) 
Plasmodium vivax gametocyte protein Pvs230 is a transmission-
blocking vaccine candidate. Vaccine 30: 1807-1812.

28. Van Dijk MR, Janse CJ, Thompson J, Waters AP, Braks JA, et al. 
(2001) A central role for P48/45 in malaria parasite male gamete 
fertility. Cell 104: 153-164.

29. Tomas AM, Margos G, Dimopoulos G, van Lin LH, de Koning-Ward 
TF, et al. (2001) P25 and P28 proteins of the malaria ookinete surface 
have multiple and partially redundant functions. EMBO J 20: 3975-
3983.

30. Ockenhouse CF, Sun PF, Lanar DE, Wellde BT, Hall BT, et al. (1998) 
Phase I/IIa safety, immunogenicity, and efficacy trial of NYVAC-
Pf7, a pox-vectored, multi antigen, multistage vaccine candidate for 
Plasmodium falciparum malaria. J Infect Dis 177:1664-1673.

31. Dessens JT, Mendoza J, Claudianos C, Vinetz JM, Khater E, et al. 
(2001) Knockout of the rodent malaria parasite chitinase pbCHT1 
reduces infectivity to mosquitoes. Infect Immun 69: 4041-4047.

32. Tsai YL, Hayward RE, Langer RC, Fidock DA, Vinetz JM (2001) 
Disruption of Plasmodium falciparum chitinase markedly impairs 
parasite invasion of mosquito midgut. Infect Immun 69: 4048-4054.

33. Kaiser K, Camargo N, Coppens I, Morrisey JM, Vaidya AB, et 
al. (2004) A member of a conserved Plasmodium protein family 
with membrane-attack complex/perforin (MACPF)-like domains 
localizes to the micronemes of sporozoites. Mol Biochem Parasitol 
133: 15-26.

34. Kadota K, Ishino T, Matsuyama T, Chinzei Y, Yuda M (2004) Essential 
role of membrane-attack protein in malarial transmission to mosquito 
host. Proc Natl Acad Sci USA 101: 16310-16315.

35. Dessens JT, Siden-Kiamos I, Mendoza J, Mahairaki V, Khater E, 
et al. (2003) SOAP, a novel malaria ookinete protein involved in 
mosquito midgut invasion and oocyst development. Mol Microbiol 
49: 319-329.

36. Kariu T, Ishino T, Yano K, Chinzei Y, Yuda M (2006) CelTOS, a novel 
malarial protein that mediates transmission to mosquito and vertebrate 
hosts. Mol Microbiol 59: 1369-1379.

http://dx.doi.org/10.16966/2470-9948.109
http://www.ncbi.nlm.nih.gov/pubmed/26003037
http://www.ncbi.nlm.nih.gov/pubmed/26003037
http://www.ncbi.nlm.nih.gov/pubmed/26003037
http://www.ncbi.nlm.nih.gov/pubmed/21349101
http://www.ncbi.nlm.nih.gov/pubmed/21349101
http://www.who.int/malaria/publications/world_malaria_report_2014/en/
http://www.who.int/malaria/publications/world_malaria_report_2014/en/
http://www.ncbi.nlm.nih.gov/pubmed/21782519
http://www.ncbi.nlm.nih.gov/pubmed/21782519
http://www.ncbi.nlm.nih.gov/pubmed/21782519
http://www.ncbi.nlm.nih.gov/pubmed/21782519
http://www.ncbi.nlm.nih.gov/pubmed/21782519
http://www.sciencedirect.com/science/article/pii/S1931312808004034
http://www.sciencedirect.com/science/article/pii/S1931312808004034
http://www.sciencedirect.com/science/article/pii/S1931312808004034
http://www.sciencedirect.com/science/article/pii/S1931312808004034
http://oook.info/humangeog/moorthy.pdf
http://oook.info/humangeog/moorthy.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20696154
http://www.ncbi.nlm.nih.gov/pubmed/20696154
http://www.ncbi.nlm.nih.gov/pubmed/20696154
http://www.ncbi.nlm.nih.gov/pubmed/20696154
http://www.sciencepublishinggroup.com/journal/paperinfo.aspx?journalid=115&doi=10.11648/j.iji.20140205.11
http://www.sciencepublishinggroup.com/journal/paperinfo.aspx?journalid=115&doi=10.11648/j.iji.20140205.11
http://www.sciencepublishinggroup.com/journal/paperinfo.aspx?journalid=115&doi=10.11648/j.iji.20140205.11
http://www.ncbi.nlm.nih.gov/pubmed/26324116
http://www.ncbi.nlm.nih.gov/pubmed/26324116
http://www.who.int/tdr/publications/tdr-research-publications/malaria-transmission-blocking-vaccines/en/
http://www.who.int/tdr/publications/tdr-research-publications/malaria-transmission-blocking-vaccines/en/
http://www.who.int/tdr/publications/tdr-research-publications/malaria-transmission-blocking-vaccines/en/
http://www.ncbi.nlm.nih.gov/pubmed/8094590
http://www.ncbi.nlm.nih.gov/pubmed/8094590
http://www.ncbi.nlm.nih.gov/pubmed/8094590
http://www.ncbi.nlm.nih.gov/pubmed/13562104
http://www.ncbi.nlm.nih.gov/pubmed/13562104
http://www.ncbi.nlm.nih.gov/pubmed/13562104
http://www.ncbi.nlm.nih.gov/pubmed/986561
http://www.ncbi.nlm.nih.gov/pubmed/986561
http://www.ncbi.nlm.nih.gov/pubmed/959832
http://www.ncbi.nlm.nih.gov/pubmed/959832
http://www.ncbi.nlm.nih.gov/pubmed/6631012
http://www.ncbi.nlm.nih.gov/pubmed/6631012
http://www.ncbi.nlm.nih.gov/pubmed/6631012
http://www.ncbi.nlm.nih.gov/pubmed/6631012
http://www.ncbi.nlm.nih.gov/pubmed/6151115
http://www.ncbi.nlm.nih.gov/pubmed/6151115
http://www.ncbi.nlm.nih.gov/pubmed/6151115
http://www.ncbi.nlm.nih.gov/pubmed/6151115
http://www.ncbi.nlm.nih.gov/pubmed/4039406
http://www.ncbi.nlm.nih.gov/pubmed/4039406
http://www.ncbi.nlm.nih.gov/pubmed/4039406
http://www.ncbi.nlm.nih.gov/pubmed/2865324
http://www.ncbi.nlm.nih.gov/pubmed/2865324
http://www.ncbi.nlm.nih.gov/pubmed/2865324
http://www.ncbi.nlm.nih.gov/pubmed/2865324
http://www.ncbi.nlm.nih.gov/pubmed/1707506
http://www.ncbi.nlm.nih.gov/pubmed/1707506
http://www.ncbi.nlm.nih.gov/pubmed/1707506
http://www.ncbi.nlm.nih.gov/pubmed/1707506
http://www.ncbi.nlm.nih.gov/pubmed/11207113
http://www.ncbi.nlm.nih.gov/pubmed/11207113
http://www.ncbi.nlm.nih.gov/pubmed/11207113
http://www.ncbi.nlm.nih.gov/pubmed/11207113
http://www.ncbi.nlm.nih.gov/pubmed/6396517
http://www.ncbi.nlm.nih.gov/pubmed/6396517
http://www.ncbi.nlm.nih.gov/pubmed/6396517
http://www.ncbi.nlm.nih.gov/pubmed/21514344
http://www.ncbi.nlm.nih.gov/pubmed/21514344
http://www.ncbi.nlm.nih.gov/pubmed/21514344
http://www.ncbi.nlm.nih.gov/pubmed/12067340
http://www.ncbi.nlm.nih.gov/pubmed/12067340
http://www.ncbi.nlm.nih.gov/pubmed/12067340
http://www.ncbi.nlm.nih.gov/pubmed/12067340
http://www.ncbi.nlm.nih.gov/pubmed/7532850
http://www.ncbi.nlm.nih.gov/pubmed/7532850
http://www.ncbi.nlm.nih.gov/pubmed/7532850
http://www.ncbi.nlm.nih.gov/pubmed/7532850
http://www.ncbi.nlm.nih.gov/pubmed/7532850
http://www.ncbi.nlm.nih.gov/pubmed/3116195
http://www.ncbi.nlm.nih.gov/pubmed/3116195
http://www.ncbi.nlm.nih.gov/pubmed/3116195
http://www.ncbi.nlm.nih.gov/pubmed/3116195
http://www.ncbi.nlm.nih.gov/pubmed/11447187
http://www.ncbi.nlm.nih.gov/pubmed/11447187
http://www.ncbi.nlm.nih.gov/pubmed/11447187
http://www.ncbi.nlm.nih.gov/pubmed/22245309
http://www.ncbi.nlm.nih.gov/pubmed/22245309
http://www.ncbi.nlm.nih.gov/pubmed/22245309
http://www.ncbi.nlm.nih.gov/pubmed/11163248
http://www.ncbi.nlm.nih.gov/pubmed/11163248
http://www.ncbi.nlm.nih.gov/pubmed/11163248
http://www.ncbi.nlm.nih.gov/pubmed/11483501
http://www.ncbi.nlm.nih.gov/pubmed/11483501
http://www.ncbi.nlm.nih.gov/pubmed/11483501
http://www.ncbi.nlm.nih.gov/pubmed/11483501
http://www.ncbi.nlm.nih.gov/pubmed/9607847
http://www.ncbi.nlm.nih.gov/pubmed/9607847
http://www.ncbi.nlm.nih.gov/pubmed/9607847
http://www.ncbi.nlm.nih.gov/pubmed/9607847
http://www.ncbi.nlm.nih.gov/pubmed/11349074
http://www.ncbi.nlm.nih.gov/pubmed/11349074
http://www.ncbi.nlm.nih.gov/pubmed/11349074
http://www.ncbi.nlm.nih.gov/pubmed/11349075
http://www.ncbi.nlm.nih.gov/pubmed/11349075
http://www.ncbi.nlm.nih.gov/pubmed/11349075
http://www.ncbi.nlm.nih.gov/pubmed/14668008
http://www.ncbi.nlm.nih.gov/pubmed/14668008
http://www.ncbi.nlm.nih.gov/pubmed/14668008
http://www.ncbi.nlm.nih.gov/pubmed/14668008
http://www.ncbi.nlm.nih.gov/pubmed/14668008
http://www.ncbi.nlm.nih.gov/pubmed/15520375
http://www.ncbi.nlm.nih.gov/pubmed/15520375
http://www.ncbi.nlm.nih.gov/pubmed/15520375
http://www.ncbi.nlm.nih.gov/pubmed/12828632
http://www.ncbi.nlm.nih.gov/pubmed/12828632
http://www.ncbi.nlm.nih.gov/pubmed/12828632
http://www.ncbi.nlm.nih.gov/pubmed/12828632
http://www.ncbi.nlm.nih.gov/pubmed/16468982
http://www.ncbi.nlm.nih.gov/pubmed/16468982
http://www.ncbi.nlm.nih.gov/pubmed/16468982


 
ForschenSci
O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Peymanfar Y, Taylor-Robinson AW (2016) Plasmodium Sexual Stage Parasites Present Distinct Targets for Malaria Transmission-Blocking Vaccine 
Design. Int J Vaccine Immunizat 2(1): doi http://dx.doi.org/10.16966/2470-9948.109

Open Access

6

37. Bergmann-Leitner ES, Mease RM, De La Vega P, Savranskaya T, 
Polhemus M, et al. (2010) Immunization with pre-erythrocytic antigen 
CelTOS from Plasmodium falciparum elicits cross-species protection 
against heterologous challenge with Plasmodium berghei. PLoS One 
5: e12294.

38. Heppner DG (2013) The malaria vaccine – status quo 2013. Travel 
Med Infect Dis 11: 2-7.

39. Fox CB, Baldwin SL, Vedvick TS, Angov E, Reed SG (2012) Effects 
on immunogenicity by formulations of emulsion-based adjuvants for 
malaria vaccines. Clin Vaccine Immunol 19: 1633-1640. 

40. Zieler H, Garon CF, Fischer ER, Shahabuddin M (2000) A tubular 
network associated with the brush-border surface of the Aedes aegypti 
midgut: implications for pathogen transmission by mosquitoes. J Exp 
Biol 203: 1599-1611.

41. Okulate MA, Kalume DE, Reddy R, Kristiansen T, Bhattacharyya M, 
et al. (2007) Identification and molecular characterization of a novel 
protein Saglin as a target of monoclonal antibodies affecting salivary 

gland infectivity of Plasmodium sporozoites. Insect Mol Biol 16: 711-
722.

42. Williams AR, Zakutansky SE, Miura K, Dicks MD, Churcher TS, et 
al. (2013) Immunisation against a serine protease inhibitor reduces 
intensity of Plasmodium berghei infection in mosquitoes. Int J Parasitol 
43: 869-874.

43. Malkin EM, Durbin AP, Diemert DJ, Sattabongkot J, Wu Y, et al. (2005) 
Phase 1 vaccine trial of Pvs25H: a transmission blocking vaccine for 
Plasmodium vivax malaria. Vaccine 23: 3131-3138.

44. Farrance CE, Chichester JA, Musiychuk K, Shamloul M, Rhee A, et 
al. (2011) Antibodies to plant-produced Plasmodium falciparum sexual 
stage protein Pfs25 exhibit transmission-blocking activity. Hum Vaccin 
7: 191-198.

45. Jones RM, Chichester JA, Mett V, Jaje J, Tottey S, et al. (2013) A plant-
produced Pfs25 VLP malaria vaccine candidate induces persistent 
transmission blocking antibodies against Plasmodium falciparum in 
immunized mice. PLoS One 8: e79538.

http://dx.doi.org/10.16966/2470-9948.109
http://www.ncbi.nlm.nih.gov/pubmed/20808868
http://www.ncbi.nlm.nih.gov/pubmed/20808868
http://www.ncbi.nlm.nih.gov/pubmed/20808868
http://www.ncbi.nlm.nih.gov/pubmed/20808868
http://www.ncbi.nlm.nih.gov/pubmed/20808868
http://www.ncbi.nlm.nih.gov/pubmed/23454205
http://www.ncbi.nlm.nih.gov/pubmed/23454205
http://www.ncbi.nlm.nih.gov/pubmed/22896687
http://www.ncbi.nlm.nih.gov/pubmed/22896687
http://www.ncbi.nlm.nih.gov/pubmed/22896687
http://www.ncbi.nlm.nih.gov/pubmed/10769222
http://www.ncbi.nlm.nih.gov/pubmed/10769222
http://www.ncbi.nlm.nih.gov/pubmed/10769222
http://www.ncbi.nlm.nih.gov/pubmed/10769222
http://www.ncbi.nlm.nih.gov/pubmed/18093000
http://www.ncbi.nlm.nih.gov/pubmed/18093000
http://www.ncbi.nlm.nih.gov/pubmed/18093000
http://www.ncbi.nlm.nih.gov/pubmed/18093000
http://www.ncbi.nlm.nih.gov/pubmed/18093000
http://www.ncbi.nlm.nih.gov/pubmed/23872520
http://www.ncbi.nlm.nih.gov/pubmed/23872520
http://www.ncbi.nlm.nih.gov/pubmed/23872520
http://www.ncbi.nlm.nih.gov/pubmed/23872520
http://www.ncbi.nlm.nih.gov/pubmed/15837212
http://www.ncbi.nlm.nih.gov/pubmed/15837212
http://www.ncbi.nlm.nih.gov/pubmed/15837212
http://www.ncbi.nlm.nih.gov/pubmed/21266847
http://www.ncbi.nlm.nih.gov/pubmed/21266847
http://www.ncbi.nlm.nih.gov/pubmed/21266847
http://www.ncbi.nlm.nih.gov/pubmed/21266847
http://www.ncbi.nlm.nih.gov/pubmed/24260245
http://www.ncbi.nlm.nih.gov/pubmed/24260245
http://www.ncbi.nlm.nih.gov/pubmed/24260245
http://www.ncbi.nlm.nih.gov/pubmed/24260245

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Rationale for a transmission-blocking vaccine
	Targets for transmission-blocking vaccine development

	Conclusion
	Conflict of interest
	Acknowledgements
	References
	Figure 1
	Figure 2

