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Vaccination strategies: Lessons from parasitic antigenicity.
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Introduction

Vaccination stands as one of the most
transformative public health measures in human
history. Yet, parasitic diseases particularly those
caused by complex eukaryotic organisms like
Plasmodium, Schistosoma, and Trypanosoma
remain among the most elusive targets. Despite
decades of research, effective vaccines for many
parasitic infections have proven difficult to
develop. Understanding the antigenic nature of
parasites and their interaction with the host immune
system reveals critical insights that can reshape
vaccination strategies not only for parasitic diseases
but also for infectious and non-infectious
conditions [1, 2].

Parasites often exhibit extreme antigenic
complexity and variability: Large genomes that
encode numerous surface proteins. Stage-specific
antigens, expressed only during particular life cycle
phases. Immune evasion mechanisms, including
antigenic variation and molecular mimicry. Unlike
viruses or bacteria, many parasites co-evolve with
their hosts, fine-tuning antigen expression to escape
immune detection. Trypanosoma brucei, for
example, changes its surface glycoproteins to stay
ahead of immune recognition a tactic that thwarts
conventional vaccine approaches [3, 4].

Antigenic variation poses a formidable challenge to
vaccine design: Variant Surface Glycoprotein
(VSG) switching in trypanosomes prevents long-
term immunity. PfEMP1 variation in Plasmodium
falciparum allows red blood cells to evade
antibodies. Shedding and masking of antigens, as
seen in Leishmania and Schistosoma, further
complicate immune targeting. These strategies
underscore the need for vaccine approaches that
either bypass antigenic variation or target highly
conserved epitopes. The search for conserved

antigens proteins that are structurally and
functionally indispensable and shared across strains
is a promising strategy. Examples include: CSP
(circumsporozoite protein) in malaria vaccines like
RTS,S [5, 6].

Sm-p80, a conserved antigen being explored for
schistosomiasis. Leishmania membrane proteins,
which show limited variation across subspecies.
Focusing on these targets can lead to broader
protection and may reduce the need for strain-
specific vaccine designs. Parasitic infections
provide deep insights into inducing appropriate
immunity: Thl vs. Th2 polarization is critical:
Intracellular parasites often require a Thl-type
cellular immune response, while extracellular ones
may benefit from Th2-type humoral immunity.
Trained immunity, or long-term epigenetic changes
in innate immune cells after exposure to parasites,
may be harnessed to enhance vaccine responses [7,
8].

Memory T and B cell formation in parasitic
infections is often incomplete or skewed due to
chronic immune stimulation or regulatory
mechanisms. Understanding these patterns helps
tailor vaccines to the specific immune responses
required. In endemic regions, natural repeated
exposure often leads to partial immunity, especially
among older individuals. This phenomenon—
sometimes called "premunition" suggests that:
Repeated antigen exposure, even to a diverse
antigenic pool, can lead to protective immunity.
Boosting mechanisms in vaccines may be essential
to mimic this natural process. Live attenuated
vaccines for parasites may better simulate these
exposures but also carry greater risk. mRNA
vaccines can be rapidly adapted to different
antigens and are showing promise for malaria [9,
10].
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Conclusion

Multistage vaccines target antigens from different
parasite stages (e.g., sporozoite, liver, and blood
stages in Plasmodium). Multivalent vaccines can
target multiple antigens or even different species,
broadening protection. This strategy, although
complex, mirrors successful approaches in
pneumococcal and influenza vaccines. Parasitic
vaccine failures have generated valuable lessons for
all vaccine science: Antigen discovery must consider
immune evasion mechanisms. Understanding immune
modulation by pathogens can aid in autoimmune
disease treatment. Tolerance and immunoregulation
seen in chronic parasitic infections may inform cancer
immunotherapy.

References

1. Shadick NA, Liang MH, Partridge AJ, et
al. The natural history of exercise-induced

anaphylaxis: survey results from a 10-year
follow-up study. J allerg clinic immunol.
1999;104(1):123-7.

Maulitz RM, Pratt DS, Schocket
AL. Exercise-induced anaphylactic
reaction to shellfish. J Allerg Clinic
Immunol. 1979;63(6):433-4.

Harada S, Horikawa T, Ashida M, et
al. Aspirin enhances the induction of type
I allergic symptoms when combined with
food and exercise in patients with
food?dependent exercise?induced
anaphylaxis. Brit J Dermatol.
2001;145(2):336-9.

Ansell GM, Tweedie MC, West CR, et
al. The current status of reactions to
intravenous contrast media. Invest radiol.
1980;15(6 Suppl):S32-9.

Palmer FJ. The RACR survey of
intravenous contrast media reactions final
report. Aus  radiol.  1988;32(4):426-8.

Citation: Sodh M. Vaccination strategies: Lessons from parasitic antigenicity. Immunol Case Rep.

2025;8(1):182.


https://www.sciencedirect.com/science/article/abs/pii/S0091674999701235
https://www.sciencedirect.com/science/article/abs/pii/S0091674999701235
https://www.sciencedirect.com/science/article/abs/pii/S0091674999701235
https://www.sciencedirect.com/science/article/abs/pii/0091674979902185
https://www.sciencedirect.com/science/article/abs/pii/0091674979902185
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2133.2001.04329.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2133.2001.04329.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2133.2001.04329.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2133.2001.04329.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2133.2001.04329.x
https://europepmc.org/article/med/7203943
https://europepmc.org/article/med/7203943
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1440-1673.1988.tb02770.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1440-1673.1988.tb02770.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1440-1673.1988.tb02770.x

	Vaccination strategies: Lessons from parasitic antigenicity.
	Menal Sodh*
	Department of Pathology, University of Wisconsin Hospital, Highland Ave, Madison, USA
	References


