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ABSTRACT   
Mosquito-borne diseases such as malaria, dengue, Zika, chikungunya, and yellow fever continue 

to pose major public health challenges worldwide. Recent advances in molecular biology and high-

throughput sequencing have revealed that mosquitoes harbor diverse microbial communities 

collectively referred to as the mosquito microbiome. These microorganisms—including bacteria, 

fungi, viruses, and protozoa—play crucial roles in mosquito development, metabolism, immunity, 

and vector competence. Increasing evidence demonstrates that the microbiome can significantly 

influence pathogen acquisition, replication, and transmission within mosquito vectors. 

Consequently, microbiome-based interventions have emerged as innovative alternatives or 

complements to conventional chemical insecticides. This review provides a comprehensive 

synthesis of current knowledge on mosquito microbiome composition, host–microbe–pathogen 

interactions, immune modulation, and their implications for pathogen transmission. Furthermore, 

emerging pharmaceutical and biotechnological vector control strategies, such as Wolbachia-based 

approaches, paratransgenesis, microbial biopesticides, and microbiome manipulation, are critically 

evaluated. Challenges, ethical considerations, and future research directions are also discussed, 

highlighting the potential of microbiome-centered strategies for sustainable vector control.  

 

 

 

Mosquitoes are among the most important disease 

vectors, transmitting pathogens that cause malaria, 

dengue fever, chikungunya, Zika virus disease, 

yellow fever, and lymphatic filariasis. Despite 

decades of control efforts, mosquito-borne diseases 
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remain a significant global burden, particularly in 

tropical and subtropical regions. Traditional vector 

control strategies—such as insecticide spraying, 

larvicides, and insecticide-treated nets—have been 

effective but face growing limitations due to 

insecticide resistance, environmental toxicity, and 

non-target effects. 

In recent years, attention has shifted toward 

understanding mosquito biology at the microbial 

level. The mosquito microbiome has emerged as a 

critical determinant of mosquito fitness and vectorial 

capacity. Advances in next-generation sequencing 

have revealed that mosquitoes host diverse microbial 

communities that interact dynamically with the host 

and invading pathogens. These interactions can either 

suppress or enhance pathogen transmission, making 

the microbiome an attractive target for innovative 

vector control strategies.  

Composition and Diversity of the Mosquito 

Microbiome 

The mosquito microbiome consists of a complex 

assemblage of bacteria, fungi, viruses, and protozoa 
that colonize various tissues, including the midgut, 

salivary glands, reproductive organs, and cuticle. 

Among these, bacteria are the most extensively 

studied and typically dominate the microbiome. 

Bacterial Communities 

Bacterial communities constitute the most dominant 

and well-studied component of the mosquito 

microbiome and play a crucial role in shaping 

mosquito physiology, immunity, and vector 
competence. These bacterial populations are primarily 

acquired from larval aquatic habitats and are further 

influenced by blood feeding, sugar meals, 
environmental conditions, and mosquito species. 

Commonly reported bacterial genera include Asaia, 

Enterobacter, Serratia, Pseudomonas, Acinetobacter, 
Elizabethkingia, and Wolbachia, although their 

relative abundance varies across Aedes, Anopheles, 

and Culex mosquitoes. Bacterial communities 

colonize the mosquito midgut and other tissues, where 
they interact directly with invading pathogens or 

indirectly modulate host immune pathways such as 

Toll, IMD, and JAK–STAT. Several studies have 

demonstrated that specific gut bacteria can inhibit the 

development of Plasmodium parasites and suppress 

arboviral replication through immune priming, 
production of reactive oxygen species, or secretion of 

antimicrobial metabolites. Conversely, certain 

bacterial taxa may enhance pathogen transmission by 
creating favorable gut environments or suppressing 

immune responses. Understanding the structure and 

functional roles of mosquito-associated bacterial 
communities is therefore essential for developing 

microbiome-based vector control strategies aimed at 

reducing disease transmission. 

Fungi, Viruses, and Protozoa 

In addition to bacteria, fungi, viruses, and protozoa 

constitute important but comparatively less explored 
components of the mosquito microbiome, contributing 

to mosquito physiology and vector competence. 

Fungal communities, including genera such as 
Candida, Aspergillus, and Penicillium, have been 

detected in mosquito midguts and breeding habitats, 

where they can influence nutrient metabolism, 

immune activation, and susceptibility to pathogens. 
Entomopathogenic fungi such as Metarhizium 

anisopliae and Beauveria bassiana are of particular 

interest due to their ability to reduce mosquito survival 
and impair pathogen transmission. The mosquito 

virome comprises insect-specific viruses (ISVs) that 

do not infect vertebrates but can modulate arboviral 

replication through viral interference and immune 
priming mechanisms. Additionally, protozoan 

organisms, though less frequently studied, may 

interact with gut microbiota and host immune 
responses, indirectly affecting pathogen 

establishment. Collectively, these non-bacterial 

microbial components add complexity to the mosquito 
holobiont and represent underutilized targets for future 

microbiome based vector control strategies. 

http://www.thebioscan.com/
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Figure 1. Major Components of the Mosquito 

Microbiome 

Factors Shaping the Mosquito Microbiome 

Microbiome composition is influenced by multiple 

intrinsic and extrinsic factors: 

 Larval habitat and water quality 
 Blood-feeding behavior 

 Sugar feeding sources 

 Environmental temperature and humidity 

 Use of antibiotics or insecticides 

Larval environments are particularly critical, as many 
microbes are acquired during early development and 

persist into adulthood. Blood feeding induces dramatic 

changes in gut microbiota due to nutrient availability 
and oxidative stress. The composition and dynamics of 

the mosquito microbiome are shaped by a complex 

interplay of environmental, biological, and behavioral 

factors operating across the mosquito life cycle. Larval 
habitat plays a dominant role, as mosquitoes acquire a 

substantial portion of their microbiota from aquatic 

breeding sites, where water quality, microbial 
diversity, organic matter, and exposure to pollutants 

influence microbial colonization. Dietary inputs, 

including sugar feeding and blood meals, further 
modify microbiome structure by altering gut 

physiology, nutrient availability, and oxidative stress 

levels. Host-related factors such as mosquito species, 

genetic background, developmental stage, and 
immune status also contribute to interspecific and 

intraspecific variation in microbial communities. In 

addition, external pressures such as temperature, 

humidity, seasonal variation, antibiotic exposure, and 

insecticide use can disrupt microbial homeostasis, 
leading to shifts in microbiome composition. 

Together, these factors determine the stability, 

diversity, and functional potential of the mosquito 
microbiome, ultimately influencing vector 

competence and pathogen transmission. 

Microbiome–Pathogen Interactions 

Effects on Arboviruses 

The mosquito microbiome plays a significant role in 

modulating the replication and transmission of 

arboviruses such as dengue, Zika, chikungunya, and 
yellow fever viruses. Microbial communities within 

the mosquito midgut can directly interfere with 

arboviral infection through mechanisms including 
competitive exclusion, production of antiviral 

metabolites, and alteration of gut barrier integrity. In 

addition, certain bacterial taxa stimulate mosquito 

innate immune pathways, such as Toll, IMD, and 
JAK–STAT, leading to enhanced antiviral responses 

that limit viral replication and dissemination to 

salivary glands. Symbiotic bacteria, most notably 
Wolbachia, have been shown to strongly suppress 

arboviral replication by inducing immune priming, 

altering lipid metabolism, and competing for cellular 
resources required by viruses. Conversely, some 

microbial members may facilitate arbovirus infection 

by suppressing immune signaling or creating 

favorable gut conditions following blood feeding. 
These complex microbe–virus interactions 

underscore the importance of the mosquito 

microbiome in determining vector competence and 
highlight its potential as a target for controlling 

arboviral transmission.. 

Effects on Malaria Parasites 

The mosquito microbiome plays a crucial role in 

influencing the development and transmission of 
malaria parasites within Anopheles mosquitoes. Gut-

associated microbial communities can significantly 

affect the survival and maturation of Plasmodium 
parasites by modulating midgut physiology and 

activating mosquito immune responses. Several 

bacterial taxa have been shown to inhibit Plasmodium 

development through the induction of immune 

http://www.thebioscan.com/
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pathways such as IMD and Toll, leading to increased 

production of antimicrobial peptides and reactive 

oxygen species that limit parasite survival. 
Additionally, some gut bacteria produce antiparasitic 

metabolites that directly impair parasite invasion and 

oocyst formation. The composition and density of the 
microbiota can also influence the integrity of the 

peritrophic matrix, thereby affecting parasite traversal 

of the midgut epithelium. Conversely, disruption of 
the native microbiome, such as through antibiotic 

treatment, has been associated with increased parasite 

susceptibility, highlighting the protective role of 

resident microbiota. These findings underscore the 
importance of mosquito–microbiome–parasite 

interactions in shaping malaria transmission 

dynamics and support the potential of microbiome-

based strategies for malaria control. 

Immune Modulation by the Mosquito Microbiome 

The mosquito innate immune system comprises 
several conserved signaling pathways, including Toll, 

IMD, JAK-STAT, and RNA interference pathways. 

The microbiome plays a vital role in priming and 

regulating these immune responses. 

Microbial stimulation of immune pathways can lead 
to increased production of antimicrobial peptides, 

reactive oxygen species, and other immune effectors, 

thereby reducing pathogen load. This immune 
priming is a key mechanism by which microbiota 

influence vector competence.  

 

Figure 2. Mechanisms by Which the Mosquito Microbiome 

Influences Pathogen Transmission 

 

Pharmaceutical and Microbiome-Based Vector 

Control Strategies 

Wolbachia-Based Interventions 

Wolbachia is an intracellular endosymbiotic 

bacterium that has been successfully introduced into 
Aedes aegypti populations. It reduces transmission of 

dengue, Zika, and chikungunya viruses through 

mechanisms such as immune activation and 
competition for cellular resources. Field trials have 

demonstrated substantial reductions in disease 

incidence. 

Paratransgenesis 

Paratransgenesis involves genetically engineering 

symbiotic bacteria to express antipathogen molecules. 
These modified microbes colonize the mosquito gut 

and interfere with pathogen development. This 

approach offers high specificity and reduced 

environmental impact. 

6.3 Microbial Biopesticides 

Entomopathogenic bacteria and fungi, such as 
Bacillus thuringiensis and Metarhizium species, 

are increasingly explored as eco-friendly 

alternatives to chemical insecticides. 

Microbiome Manipulation and Probiotics 

Altering mosquito microbiota through microbial 
supplementation or environmental manipulation 

represents a novel pharmaceutical-like strategy to 

reduce vector competence.  

http://www.thebioscan.com/
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Figure 3. Relative Effectiveness of Microbiome-Based Vector 

Control Strategies 

Microbiome-based vector control strategies vary in 

effectiveness depending on their mechanism of 

action, stability within mosquito populations, and 
suitability for field deployment. Among these 

approaches, Wolbachia-based interventions have 

demonstrated the highest and most consistent 

effectiveness, particularly against arboviral diseases 
such as dengue, Zika, and chikungunya, with large-

scale field trials reporting substantial and sustained 

reductions in disease transmission. Paratransgenesis 
represents a highly targeted and adaptable strategy, 

allowing engineered symbiotic bacteria to express 

antipathogenic molecules; however, its effectiveness 
remains largely confined to laboratory and semi-field 

studies due to challenges related to microbial stability 

and regulatory approval. Microbial biopesticides, 

including entomopathogenic bacteria and fungi, 
provide moderate effectiveness by reducing mosquito 

survival or fitness, but their impact on pathogen 

transmission is often indirect and influenced by 
environmental conditions. Emerging microbiome 

manipulation approaches, such as probiotic 

supplementation or habitat-based microbial 
interventions, show promising potential but require 

further validation under natural settings. Overall, 

Wolbachia-based methods currently offer the most 

reliable effectiveness, while other microbiome-driven 
strategies hold complementary value as part of 

integrated vector management programs. 

Challenges, Risks, and Ethical Considerations 

Despite the promising potential of microbiome-based 

vector control strategies, several scientific, 

ecological, and ethical challenges must be carefully 
addressed before large-scale implementation. One 

major challenge is the high variability of mosquito 

microbiomes across species, developmental stages, 
and ecological settings, which may affect the stability 

and efficacy of microbial interventions under field 

conditions. The long-term persistence and ecological 
consequences of introducing symbionts such as 

Wolbachia or genetically modified bacteria raise 

concerns about unintended effects on non-target 

organisms, ecosystem balance, and pathogen 
evolution. There is also the risk that pathogens may 

adapt to microbiome-mediated suppression 

mechanisms over time, potentially reducing 
intervention effectiveness. From an ethical and 

regulatory perspective, the release of modified 

microorganisms or manipulated mosquito populations 

necessitates rigorous risk assessment, transparent 
governance, and community engagement to ensure 

public trust and acceptance. Addressing biosafety, 

regulatory harmonization, and ethical oversight is 
therefore essential to ensure that microbiome-based 

approaches are deployed responsibly, sustainably, 

and in alignment with public health priorities. 

Future Perspectives 

Future research on the mosquito microbiome is 

expected to move toward a more integrative and 
translational framework that combines advanced 

omics technologies, ecological studies, and field-

based applications. High-resolution metagenomics, 
metatranscriptomics, metabolomics, and single-cell 

analyses will enable deeper insights into functional 

microbe–pathogen–host interactions and help identify 
key microbial taxa or metabolites that regulate vector 

competence. Emphasis should also be placed on 

developing stable and host-specific microbial 

consortia, including engineered symbionts, for long-
term suppression of pathogen transmission. 

Additionally, integrating microbiome-based 

interventions with existing vector control programs 
and evaluating their ecological safety, regulatory 

feasibility, and public acceptance will be critical for 

large-scale implementation. Such multidisciplinary 

efforts will be essential for translating microbiome 
discoveries into sustainable and effective strategies to 

combat mosquito-borne diseases in the future. 

http://www.thebioscan.com/
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Conclusion 

The mosquito microbiome plays a critical role in 

shaping vector competence and pathogen 

transmission through its influence on immunity, 
metabolism, and gut physiology. Microbial 

communities associated with mosquitoes actively 

interact with pathogens, either suppressing or 
facilitating their development, thereby affecting 

disease transmission dynamics. Advances in 

microbiome research have highlighted novel 

opportunities for vector control beyond traditional 

chemical insecticides. 

Microbiome-based strategies, particularly Wolbachia-

mediated interventions, paratransgenesis, and 

microbial biopesticides, offer promising, 
environmentally sustainable alternatives for reducing 

mosquito-borne diseases. However, variability in 

microbiome composition across species and 
environments, along with ecological and regulatory 

challenges, must be carefully addressed. Continued 

interdisciplinary research is essential to translate 

microbiome insights into safe, effective, and scalable 
vector control solutions capable of contributing to 

long-term public health protection. 
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