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Abstract

Mosquito bites are typically regarded as a source of pruritus and a vector for pathogens. However,
recent investigations reveal that the interaction between the mosquito sialome and the host immune
system is remarkably intricate. In addition to well-documented pathogenic outcomes—including
hypersensitivity and pathogen transmission—mosquito saliva contains a pharmacologically active
cocktail of anticoagulants, vasodilators, and immunomodulators that profoundly modulate host im-
munity. Repeated exposure can induce immunological tolerance, characterized by an immunoglobulin
class-switch from IgE-mediated hypersensitivity to IgG4-dominated responses, thereby attenuating
local inflammation and pruritus. Furthermore, components of the sialome exhibit significant therapeu-
tic promise: anti-inflammatory peptides from Aedes aegypti protect murine models from endotoxin
shock, and a D7 salivary protein can directly abrogate dengue virus infectivity in vitro and in vivo. The
salivary peptide sialokinin skews host immune responses toward a T, phenotype, and understand-
ing this immunomodulation may enable novel vaccine strategies targeting the vector’s saliva rather
than the pathogen itself. This review synthesizes evidence on the immunological and biochemical
benefits derived from the mosquito sialome, highlighting how these ubiquitous encounters can induce
immunological conditioning and provide pharmacological scaffolds for novel therapeutics.
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Introduction

The prevalence of hematophagous mosquitoes is a common feature of summer evenings, prompt-
ing defensive reactions driven by the perception of pruritus and the risk of vector-borne diseases like
malaria, dengue, and Zika. During hematophagy, a mosquito pierces the skin and inoculates a complex
sialome containing a repertoire of pharmacologically active molecules. This salivary cocktail, honed by
co-evolution to subvert host hemostasis and immune surveillance, facilitates efficient blood acquisition.
Beyond this primary function, these molecules engage with host immune sentinels and orchestrate
subsequent innate and adaptive immune cascades. Growing evidence suggests these interactions
are not exclusively pathogenic; the mosquito sialome can induce tolerance, modulate inflammation,
and contains bioactive peptides with significant therapeutic potential. This manuscript synthesizes
recent peer-reviewed findings on the immunological and biochemical utility of the mosquito sialome,
focusing on work from the last five years that elucidates molecular mechanisms and emerging clinical
applications.

Composition and Pharmacological Effects of the Mosquito Sialome

The mosquito sialome comprises a complex cocktail of proteins and small molecules, refined over
millions of years of co-evolution to subvert host hemostatic and immunological barriers. The sialomes
of hematophagous arthropods contain compounds with angiogenic, anticoagulant, vasodilatory, and
immunomodulatory properties that facilitate hematophagy [27]. Beyond generic inhibitors, structural
and biochemical studies reveal highly specialized molecules with sophisticated mechanisms of action.
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D7 proteins are one of the most abundant protein families within the sialome and display re-
markable ligand specificity. A long-form D7 from Culex quinquefasciatus (CxD7L1) binds adenosine
diphosphate (ADP) and adenosine triphosphate (ATP) with high affinity, whereas its paralogue
CxD7L2 sequesters biogenic amines and eicosanoids. The crystal structure of CxD7L1, solved at
1.97 A resolution, reveals an ADP-binding pocket with a unique topology not observed in other D7
proteins. Functional assays demonstrated that both CxD7L1 and CxD7L2 inhibit platelet aggregation
ex vivo and in vivo, suggesting this function evolved to enhance hematophagy by antagonizing host
hemostasis [14].

Recent structural studies have further illuminated the molecular basis of D7 protein function.
Biochemical characterization of the Aedes aegypti D7 protein AeD7L2 reveals it binds the thromboxane
Aj analog U-46619 with nanomolar affinity (K; = 69.4nM) and reverses vasoconstriction and platelet
aggregation, while its paralogue AeD7L1 lacks this activity [15]. In Aedes albopictus, the D7 long form
AlboD7L1 binds a spectrum of host hemostasis agonists—including biogenic amines, leukotrienes,
and U-46619—and inhibits platelet aggregation and leukocyte recruitment, reinforcing the role of D7
proteins as potent anti-hemostatic and anti-inflammatory factors [16].

Figure 1. Cutaneous manifestations on the primary author’s arm, displaying erythematous wheals and papules
from recent mosquito bites (September 2025). These acute inflammatory responses, mediated by host recognition
of salivary antigens, are paradoxically induced by a sialome that also constitutes a rich reservoir of therapeutic
biomolecules.

In addition to D7 proteins, the sialome contains numerous factors that modulate host physiology.
Apyrases, soluble 5'-nucleotidases that hydrolyze ATP and ADD, prevent platelet activation and are
upregulated post-blood meal [11]. Pala et al. (2024) demonstrated that anopheline apyrase also
interacts with human tissue plasminogen activator (tPA) to enhance plasmin generation, reducing
fibrin formation and facilitating Plasmodium transmission, highlighting it as a viable vaccine target [13].

Other enzymes, such as adenosine deaminase and purine hydrolase, reduce vasopermeability
and pruritus [11]. The sialome also contains endonucleases, esterases, and protease inhibitors (e.g., Ae-
gyptin) that disrupt coagulation cascades and extracellular matrix integrity [12]. Vasodilatory peptides
like sialokinin stimulate nitric oxide-mediated endothelial permeability [19], while peroxidases from
Anopheles species promote vasodilation by degrading hemostatically active biogenic amines [11].

Immunological Tolerance from Repeated Exposure

Individuals with chronic exposure to mosquito bites often report that the pruritic response
attenuates over time, a phenomenon with an increasingly well-defined molecular basis. Immuno-
logically, initial exposures induce a delayed Tp-biased reaction with robust IgE responses, whereas
chronic exposure drives an immunoglobulin class-switching event toward IgG subclasses—particularly
IgG4—which are associated with immunological tolerance [23]. A study in a dengue-endemic re-
gion confirmed that salivary proteins elicit IgG4 antibodies correlated with tolerance induction [3].
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This isotype shift likely attenuates mast cell degranulation and histamine release, accounting for the
diminished wheal-and-flare cutaneous reactions observed in highly exposed populations.

Recent work has identified specific molecular mechanisms underlying this tolerance. The sali-
vary protein LTRIN binds to the lymphotoxin- receptor (LTSR) with high affinity, blocking NF-xB
signaling and suppressing pro-inflammatory cytokine production [21]. This interaction suggests that
the sialome actively orchestrates an immunotolerant microenvironment through specific receptor-
mediated mechanisms, rather than through mere antigenic desensitization. While this tolerance limits
local inflammation, it reflects a form of immunological conditioning that tempers host responses
without compromising systemic protective functions.

Saliva-Induced Immunity and Vaccine Paradigms

As mosquitoes co-inoculate their sialome with pathogens, host immunity targeting salivary
proteins can significantly modulate pathogen virulence and disease pathogenesis. Recent clinical trials
have validated this paradigm in humans. Manning et al. (2020) reported a successful Phase I trial
of AGS-v, a mosquito saliva peptide-based vaccine, demonstrating its safety and immunogenicity
[18]. The next-generation vaccine, AGS-v PLUS, showed enhanced efficacy with significantly greater
fold-changes in anti-peptide IgG and interferon-y responses [10].

A key mechanism involves sialokinin, a salivary peptide from Aedes aegypti. Humanized mice
bitten by sialokinin-knockout mosquitoes exhibited a T;-skewed immune profile, whereas exposure to
wild-type saliva induced a T,-biased response [1]. Hastings et al. (2022) further showed that sialokinin
facilitates viral dissemination via induced vascular permeability, providing a mechanistic rationale for
targeting this molecule in vaccine strategies [19].

Apyrase exemplifies how a biochemical function can precipitate a significant immunological out-
come. By degrading ADP, apyrase prevents platelet aggregation and facilitates efficient hematophagy
[11]. Its differential expression across mosquito genera underscores its role in the co-evolutionary arms
race with mammalian hosts [13].

The protective effects of anti-sialome immunity have been demonstrated in multiple systems. Vogt
et al. (2018) showed that the mosquito sialome alone has profound modulatory effects on the human
immune proteome [20]. Early work by Donovan et al. showed that mice presensitized to uninfected
mosquito bites developed a T;-biased response that conferred protection against Plasmodium challenge,
a protection lost in IFN-vy-deficient animals [9]. This indicates that immunological priming with
the vector sialome can condition the host to eliminate parasites via nitric oxide-mediated effector
mechanisms. Meta-analyses and successful human trials of AGS-v vaccines further validate the broad
applicability of this vaccination strategy [10,18,24].

Therapeutic Potential of Sialome-Derived Molecules

The mosquito sialome is not merely a source of irritants but represents a rich repository of
bioactive peptides with significant biomedical applications. Research on mosquito antimicrobial
peptides identified five cecropins (Aeae Cecl-Cec5) with potent anti-inflammatory activity [2]. These
peptides suppressed the expression of inducible nitric-oxide synthase, TNF-«, IL-15, and IL-6 in
macrophages. In a murine model of endotoxin shock, administration of these cecropins reduced
systemic and pulmonary inflammatory cytokines, mitigating lung damage. Aeae Cec5 emerged as a
promising lead compound for anti-endotoxemic therapies. Subsequent work has shown that cecropins
from Anopheles mosquitoes possess antimalarial activity against drug-resistant Plasmodium strains [22].

Studies of D7 proteins reveal a broad spectrum of pharmacological utility. The Aedes aegypti D7
protein AeD7L2 antagonizes vasoconstriction and platelet aggregation by binding a thromboxane
A; analog with nanomolar affinity [15]. The Aedes albopictus D7 protein AlboD7L1 binds multiple
hemostasis agonists and inhibits both platelet aggregation and leukocyte recruitment [16].

Another salivary protein, the D7 long protein of Aedes aegypti, demonstrates intrinsic antiviral
activity. Originally characterized as a scavenger of biogenic amines, recombinant D7 was shown to
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directly bind dengue virions and inhibit infection in vitro and in vivo, suggesting it could be a scaffold
for novel arboviral therapeutics [4].

The sialome also contains molecules that can ameliorate xenobiotic-induced hepatotoxicity. In a
murine model of acetaminophen overdose, exposure to Ae. aegypti bites significantly reduced serum
transaminases and hepatic necrosis by downregulating pro-inflammatory cytokines and immune cell
infiltration [5].

The synthetic peptide syn-AeMOPE-1 suppressed nitric oxide production and NF-xB expression in
macrophages and ameliorated experimental colitis in mice, demonstrating systemic anti-inflammatory
potential [6]. Furthermore, investigations into the atraumatic skin penetration by mosquitoes revealed
that salivary components inhibit TRPV1 and TRPA1 pain channels, suggesting salivary factors possess
intrinsic antinociceptive properties that could inspire novel analgesics [7]. Consistent with this, Aedes
aegypti salivary gland extract exerts potent anti-pruriceptive activity by attenuating TRPA1-mediated
calcium influx in sensory neurons [8].

Cardiovascular Applications and Anticoagulant Properties

The anticoagulant properties of the mosquito sialome have garnered significant pharmaceutical
interest for bioprospecting. Anophelin, a thrombin inhibitor from Anopheles mosquitoes, exhibits a
unique binding mechanism and exquisite potency (Ki = 5.87 + 1.46 pM), making it one of the most
powerful natural anticoagulants known [25]. Structural studies have provided scaffolds for the rational
design of novel anticoagulants with improved safety profiles.

Alboserpin, from Aedes albopictus, displays a pleiotropic mechanism of action, inhibiting Factor
Xa signaling while also exerting significant anti-inflammatory effects (p < 0.001) [26]. This positions
alboserpin as a template for therapies targeting both thrombosis and inflammation in cardiovascular
disease.

Regulatory Frameworks and Ethical Considerations

Research on mosquitoes and the development of sialome-derived vaccines are not conducted in
a regulatory vacuum but are shaped by public health and legal frameworks. In Europe, the ECDC’s
guidelines on invasive mosquito surveillance are critical for mitigating the risk of autochthonous
transmission of diseases like dengue and chikungunya [28]. This guidance influences the infrastructure
for scientific trials and the approval of interventions like the release of genetically modified mosquitoes.
Researchers must navigate complex regulations, such as the EU Directive 2010/63/EU on animal
experimentation. The successful progression of AGS-v vaccines through Phase I trials demonstrates
that clear regulatory pathways exist for advancing sialome-derived therapeutics [10,18]. Ethical
considerations, including community engagement and ecological impact assessment, are integral to
this process.

Discussion and Conclusions

Mosquito bites are correctly associated with significant morbidity and pathogenic vectoring. Yet
within the mosquito sialome lies a functional paradox: the same molecules that facilitate hematophagy
and pathogen transmission can also condition the host immune system and provide novel scaffolds
for drug discovery. The transition from basic research to clinical application, exemplified by the AGS-v
vaccine trials, marks a pivotal moment in translating insights from evolutionary biology into tangible
medical innovation.

Repeated exposure induces immunological tolerance, while structural studies of salivary pro-
teins like sialokinin have opened avenues for vaccines designed to abrogate saliva-enhanced viral
transmission [1,19]. At the biochemical level, sialome-derived peptides like Aeae Cec5 show potent
anti-inflammatory effects, and D7 proteins can directly neutralize virions [2,4].

The bioprospecting potential is vast, spanning cardiovascular drugs derived from anticoagulants
like anophelin [25], non-opioid analgesics targeting TRP channels [7], and immunomodulators for
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autoimmune diseases [6,21]. These examples demonstrate that the study of the mosquito sialome
transcends classical entomology, offering profound insights into immune regulation, vaccinology, and
pharmacology. Recognizing these benefits highlights the value of basic research in harnessing a vector’s
biology for medical innovation. As we continue to explore these compounds, the mosquito—long
viewed as one of humanity’s most significant public health adversaries—may paradoxically become
an improbable source of therapeutic innovation.
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