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Abstract

Mosquito-borne diseases weigh heavily on public health across the globe. The mosquito’s innate
immune system certainly decides whether malaria parasites survive inside the vector, and that sighted
it as a logical place to discover new vaccine ideas. In this review, we examine how Anopheles
mosquitoes defend themselves against Plasmodium parasites and how those defenses could be turned
into tools for malaria control. We focus on three layers of immunity: antimicrobial peptides that attack
invaders directly, reactive oxygen species that create a hostile oxidative environment, and physical
barriers, like the peritrophic matrix, that block parasites in the midgut. We also consider antioxidant
enzymes that mosquitoes use to manage their own oxidative stress during infection, because that
balance influences parasite success. Beyond the midgut, mosquito salivary proteins are drawing
attention as vaccine targets, though saliva-based approaches come with practical and immunological
hurdles. A clearer picture of mosquito immune pathways, the genes that drive them, and the vector’s
physiology could open faster routes to transmission-blocking vaccines.
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INTRODUCTION

Malaria has not let go of its grip on much of the developing world. The WHO World Malaria Report
2024 estimated 263 million cases and 597,000 deaths in 2023. The WHO African Region carried 94%
of those cases and 95% of the deaths. Nigeria alone accounted for 27% of global cases and 31% of
deaths. Plasmodium falciparum causes the disease, and it remains the most lethal species in humans.

Transmission depends on female Anopheles mosquitoes. When a mosquito bites an infected person,
it ingests Plasmodium gametocytes with the blood meal. Inside the mosquito, those gametocytes
undergo fertilization, transform into ookinetes, cross the midgut wall, and later produce sporozoites that
invade the salivary glands. At the next blood feed, the mosquito injects sporozoites into a new host.

The mosquito’s internal environment often works against the parasite. Immune responses in the
midgut lumen, the epithelium, and the hemolymph can eliminate large numbers of developing parasites.
Recent work has mapped key players. The complement-like protein TEP1 in Anopheles gambiae binds
to P. falciparum ookinetes and drives their lysis, and
when TEP1 is active, infection prevalence can fall
by more than 80% [1]. Likewise, midgut catalase
expression shapes ROS levels; silencing catalase
spikes ROS and can fully block P. falciparum in the
development [2]. Results, like these, show that
boosting natural mosquito immunity is not just
theoretical; it changes transmission outcomes.
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Right now, we rely on drugs, insecticide-treated
nets, and indoor spraying. Resistance is chipping
away at all three. That pressure is why the field is
looking harder at the vector itself. Anopheles
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mosquitoes are obligate hosts for Plasmodium [3]. Infection comes at a cost to the mosquito, forcing it
to juggle immunity, reproduction, and basic maintenance [4]. Most parasite killing happens early, in the
midgut, through both lumenal factors and epithelial responses [5].

If we want durable malaria control, the strategy must go beyond killing mosquitoes or treating
humans after infection. We also need ways to make the mosquito a dead end for the parasite. One avenue
is to exploit mosquito biology directly. This paper evaluates the feasibility of using mosquito salivary
peptides as a basis for vaccines that stop transmission before it starts.

MOSQUITO INNATE IMMUNITY AND PHARMACOLOGICAL TARGETS

Mosquitoes lack the adaptive immune system we see in humans. They cannot make antibodies or
memory cells. Yet they survive in a pathogen-rich world because their innate immune system is fast,
broad, and surprisingly effective.

The main weapons are antimicrobial peptides, melanization reactions, phagocytic hemocytes, and
bursts of reactive oxygen species. Physical structures help too. The peritrophic matrix forms around the
blood meal and acts like a sieve, keeping many parasites away from the midgut cells [6].

The last decade has sharpened our view of these defenses. Transcriptomic studies show that TEP1,
LRIM1, and APLIC form a complex that tags P. falciparum ookinetes for destruction [1]. That complex
is so effective that mosquitoes with intact TEP1 rarely sustain heavy infections. The midgut redox state
matters as well. A. gambiae uses catalase and other antioxidant enzymes to keep ROS from damaging
its own tissues, but that same control gives Plasmodium a window to survive. When researchers
knocked down catalase, ROS rose, and P. falciparum infections collapsed [2].

Antimicrobial peptides, like defensins and cecropins, are secreted into the hemolymph and gut after
infection. They punch holes in bacterial membranes and also damage Plasmodium stages. ROS are less
specific but potent; they oxidize proteins and lipids in the parasite. The mosquito has to walk a line of
enough ROS to kill parasites, not so much that its own cells die.

These pathways give us two kinds of targets. First, immunomodulatory strategies: if we can upregulate
TEP1 or defensin expression in wild mosquitoes, we might cut transmission without any gene drive.
Second, vector-targeted therapies: compounds that shift the redox balance or disrupt the peritrophic
matrix could make the midgut uninhabitable for Plasmodium [7]. Both ideas are now moving from lab
models toward field thinking.

Mosquitoes face constant microbial pressure, especially during blood feeding [8]. Their innate
system, paired with structural barriers, like the PM, often keeps parasitaemia low. The question is how
to tip that system further in our favor [9].

MOSQUITO SALIVARY PROTEINS AS VACCINE TARGETS

Mosquito saliva is not just water. It is a cocktail of anti-clotting, anti-inflammatory, and vasodilatory
proteins that let the mosquito feed before the host notices. Those proteins enter our skin with every bite,
and if the mosquito is infected, sporozoites come with them.

That co-delivery has a consequence: our immune system observes parasite antigens and mosquito
proteins at the same time, every time. Researchers noticed this and asked whether we could vaccinate
against the saliva itself. The idea is to prime people so that, during a bite, their antibodies bind salivary
proteins, trigger local inflammation, and disrupt sporozoite handoff.

There is early evidence that it could work. People naturally exposed to A. gambiae bites develop
antibodies to the salivary protein gSG6. In one cohort, higher anti-gSG®6 titers correlated with lower
risk of P. falciparum infection [10]. Animal models go further: mice vaccinated with sand fly or
mosquito salivary proteins show reduced pathogen loads after challenge.
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The appeal is clear. A saliva-based vaccine might block malaria at the skin, before parasites reach
the liver. It could also work against multiple diseases carried by the same mosquito. But the challenges
are just as clear. Salivary proteins can be allergenic. Immune responses vary by person and by exposure
history. And not all malaria is mosquito-delivered; transfusion and congenital cases would bypass a
saliva vaccine entirely.

Still, the field is moving. Current transmission-blocking vaccine candidates mostly target parasite
stages like Pfs25 or Pfs230. Adding a salivary component could produce a dual action shot: one antigen
to stop the parasite in the mosquito, another to stop it in the skin [7].

MOSQUITO COMPARTMENTS AND PHYSICAL BARRIERS
To transmit malaria, Plasmodium must run a gauntlet through three mosquito compartments: the
midgut, the hemocoel, and the salivary glands. Each one throws up different barriers.

The Midgut Compartment

This is where the fight usually ends. When a mosquito ingests gametocytes, they become gametes,
fuse, and form ookinetes within 24 hours. To continue, an ookinete must cross the peritrophic matrix,
then the midgut epithelium, before emerging into the hemocoel as an oocyst. The PM is acellular but
dense. It delays parasites long enough for digestive proteases and immune factors to act. Epithelial cells
then produce nitric oxide, TEP1, and other effectors that lyse ookinetes on contact. Midgut-specific
immune signaling, especially the IMD pathway, controls a lot of this response [11].

The Hemocoel Compartment

Oocysts that survive grow on the basal side of the midgut, exposed to hemolymph. Here they face
hemocytes, mosquito blood cells that can phagocytose or encapsulate foreign bodies. Melanization is
common: layers of melanin smother the oocyst and starve it of nutrients. The cuticle protects the
mosquito from the outside, but inside the hemocoel, the main defense is cellular and chemical. ROS
levels rise during infection, and antioxidant enzymes, like superoxide dismutase and catalase, determine
whether that ROS kills parasites or the mosquito [2].

The Salivary Glands

After oocysts rupture, thousands of sporozoites swim through the hemolymph. Only those that invade
the salivary glands matter for transmission. The glands are paired, lobed organs, and sporozoites prefer
specific lobes. We know less about immunity here, but the glands are not passive. They express
antimicrobial peptides and likely produce ROS. How some sporozoites evade those defenses while
others are destroyed is an open question, and it is central to saliva-vaccine design.

Mosquito Defense Against Plasmodium falciparum

The best-studied defense is oxidative. A. gambiae generates a burst of ROS in the midgut after an
infected blood meal. That burst can damage ookinetes directly. To survive it, the mosquito leans on a
set of antioxidant enzymes: superoxide dismutase converts superoxide to hydrogen peroxide; catalase
and glutathione peroxidase then break hydrogen peroxide down to water.

This balancing act is tight. Too little ROS and parasites survive. Too much and the mosquito’s own
gut cells apoptose, cutting fecundity [12]. P. falciparum seems to have adapted to the normal range.
When researchers artificially tilt the balance by silencing catalase, the midgut becomes lethal to the
parasite [2]. That points to a lever we could pull with small molecules or genetic approaches.

Antioxidant Enzymes and Oxidative Stress

Oxidative stress is not just a side effect of infection; it is a weapon. The mosquito uses it, and the
parasite tries to endure it. The enzymes involved, catalase, glutathione S-transferase, glutathione
peroxidase, and superoxide dismutase, are conserved and well characterized. Their expression shifts
with blood feeding, infection status, and mosquito age. Mapping those shifts gives us time points where
the vector is most vulnerable, and therefore, where an intervention might hit hardest.
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LIMITATIONS OF MOSQUITO SALIVA-BASED VACCINES

The concept is attractive, but four problems keep coming up. First, efficacy may depend on bite
exposure. People in low-transmission areas might not get enough natural boosting to maintain immunity.
Second, safety: some salivary proteins are known allergens, and sensitization could worsen bite
reactions. Third, immunology: a strong anti-saliva response might increase blood flow to the bite site
and, paradoxically, help sporozoites establish. Fourth, coverage: any transmission that skips the skin
blood transfusion, needle sharing, or congenital transmission will not be covered. These are not deal-
breakers, but they mean saliva vaccines will need careful antigen selection and clinical testing [8].

CONCLUSION

Mosquito-borne diseases remain a defining public health challenge. The mosquito is not a passive
syringe; it is an active participant in the Plasmodium life cycle, and its innate immune system often
determines whether transmission happens. That system peptides, ROS, barriers, and salivary proteins
give us concrete targets. Recent data on TEP1, catalase, and gSG6 move the discussion from theory to
testable interventions. Understanding these mechanisms in more detail, across diverse Anopheles
species and ecological settings, is the next step toward vaccines that stop malaria in the mosquito, not
just in the human.

Recommendations

We need deeper work on mosquito immune genes and the regulatory networks around them,
especially in field strains of 4. gambiae and A. funestus. Vaccine trials should stratify by vector species
and biting rates, because a saliva antigen that works in one setting may fail in another [3]. Molecular
tools for transient immune boosting in wild mosquitoes deserve more attention; they could bridge the
gap between lab results and field use. Finally, any salivary protein advanced to trials must go through
strict allergenicity and enhancement screens. The wrong protein could increase infection risk, and that
would set the field back. Careful antigen choice, paired with parasite antigens, is the most plausible
path forward.
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