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 Abstract  

Mosquito-borne diseases remain a major global public-health challenge, contributing substantially to morbidity, 

mortality, healthcare expenditure, and socioeconomic disruption. Dengue, malaria, chikungunya, Zika, yellow fever, 

West Nile fever, and lymphatic filariasis are transmitted by mosquito vectors whose geographical distribution and 

population dynamics are influenced by environmental change, urbanization, climate variability, human mobility, and 

vector adaptation. Conventional mosquito-control approaches, particularly chemical insecticides, remain important 

but are increasingly challenged by insecticide resistance, operational limitations, environmental concerns, and 

difficulties in achieving sustained population-level control. Microbial-based technologies have consequently emerged 

as an important component of innovative and integrated vector management. These technologies include bacterial 

larvicides such as Bacillus thuringiensis subsp. israelensis (Bti) and Lysinibacillus sphaericus, entomopathogenic 

fungi including Beauveria bassiana and Metarhizium spp., mosquito-associated microbial manipulation, and 

Wolbachia-based population replacement or suppression. Microbial agents can act through several mechanisms, 

including larval gut toxicity, fungal infection through the insect cuticle, reproductive manipulation, pathogen 

interference, and modification of mosquito-associated microbial communities. Evidence from randomized and quasi-

experimental studies has demonstrated substantial reductions in dengue incidence following deployment of 

Wolbachia-infected Aedes aegypti in several settings, although effectiveness varies according to ecological, 

operational, and epidemiological conditions. Recent research is also expanding toward mosquito microbiome 

engineering, insect-specific viruses, improved microbial formulations, synergistic combinations, and precision 

delivery systems. This review examines the scientific basis, current evidence, applications, advantages, limitations, 

implementation considerations, and future prospects of microbial approaches for mosquito-borne disease prevention. 

 

 

1. Introduction  

Mosquitoes are among the most important 

biological vectors of infectious diseases affecting 

humans. Members of the genera Aedes,  

 

Anopheles, and Culex transmit a wide range of 

viral, parasitic, and filarial pathogens. Dengue, 

malaria, chikungunya, Zika, yellow fever, 

Japanese encephalitis, West Nile fever, and 

lymphatic filariasis collectively impose a  
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substantial burden on healthcare systems and 

communities.The epidemiology of mosquito-

borne diseases is changing as a consequence of 

urban expansion, climate variability, 

environmental transformation, international 

travel, population movement, and changes in 

mosquito ecology. At the same time, intensive use 

of conventional insecticides has contributed to the 

emergence and spread of insecticide resistance. 

These developments have stimulated the search 

for complementary vector-control technologies 

that are effective, environmentally compatible, 

scalable, and capable of functioning within 

integrated vector-management programs. 

Microbial control represents one such approach. 

Unlike conventional insecticides that generally act 

through chemical toxicity, microbial interventions 

use microorganisms, microbial toxins, symbiotic 

microorganisms, or microbial-derived biological 

mechanisms to interfere with mosquito survival, 

development, reproduction, or pathogen 

transmission. 

2. Objectives 

The principal objectives of this review are: 

1. To summarize major microbial approaches used 

or investigated for mosquito control. 

2. To describe the biological mechanisms 

underlying microbial-mediated mosquito 

suppression or pathogen blocking. 

3. To evaluate recent evidence regarding the 

effectiveness of microbial interventions. 

4. To compare bacterial, fungal, symbiont-based, 

viral, and microbiome-oriented approaches. 

5. To identify operational, ecological, regulatory, 

and community-level challenges. 

6. To examine opportunities for combining 

microbial technologies with integrated vector 

management. 

7. To identify emerging research directions for 

next-generation microbial mosquito-control 

strategies. 

3. Literature Review 

Conventional mosquito control includes 

environmental management, larval-source 

management, insecticide-treated nets, indoor 

residual spraying, space spraying, adulticides, and 

chemical larvicides. These interventions remain 

important components of disease-control 

programs, but their performance can be 

compromised by insecticide resistance, limited 

coverage, environmental conditions, and 

operational constraints. 

The development of microbial technologies has 

been driven partly by the need to diversify vector-

control portfolios. Microbial interventions may 

provide different modes of action from 

conventional chemical insecticides and can 

therefore contribute to resistance-management 

strategies. 

4. Methodology 

An integrative literature-review methodology was 

used to synthesize evidence concerning microbial 

interventions for mosquito-borne disease 

prevention. The review focused on biological 

mechanisms, efficacy, field implementation, 

environmental considerations, and emerging 

technologies. 

Information sources included 

PubMed/MEDLINE, Cochrane Library, WHO 

publications, peer-reviewed scientific journals, 

public-health and vector-control agencies, and 

reference lists from recent reviews. 

Representative search terms included “microbial 

mosquito control,” “Wolbachia Aedes dengue,” 

“Bacillus thuringiensis israelensis mosquito,” 

“Lysinibacillus sphaericus mosquito,” 

“entomopathogenic fungi mosquito control,” 

“Beauveria bassiana mosquito,” “Metarhizium 

mosquito,” “mosquito microbiome vector 

competence,” and “insect-specific virus mosquito 

control.” 

Studies were included when they investigated 

microbial organisms or microbial-derived 
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mechanisms for mosquito control, examined 

mosquito survival, development, reproduction, 

abundance, or vector competence, or evaluated 

interventions in laboratory, semi-field, field, 

epidemiological, or implementation settings. 

Studies unrelated to mosquito control, duplicates, 

and publications without sufficient scientific 

information were excluded. 

Evidence was synthesized thematically rather than 

through a quantitative pooled analysis performed 

specifically for this review. 

5. Major Microbial-Based Approaches 

5.1 Bacterial Larvicides 

Bacterial larvicides are among the most mature 

microbial technologies in mosquito control. 

5.1.1 Bacillus thuringiensis subsp. israelensis 

Bti is a naturally occurring bacterium that 

produces insecticidal proteins, including Cry and 

Cyt toxins. Following ingestion by mosquito 

larvae, the toxins become activated within the 

larval midgut and damage intestinal epithelial 

cells. Bti is particularly valuable because its 

activity is relatively selective toward susceptible 

dipteran larvae. 

5.1.2 Lysinibacillus sphaericus 

Lysinibacillus sphaericus, historically known as 

Bacillus sphaericus, produces a binary toxin with 

activity against mosquito larvae. Its 

environmental persistence can exceed that of 

some Bti formulations. Combining L. sphaericus 

with Bti or other control methods can provide 

complementary mechanisms. 

5.2 Entomopathogenic Fungi 

Entomopathogenic fungi represent another 

important microbial-control platform. Important 

genera include Beauveria, Metarhizium, Isaria, 

and Lecanicillium. Fungal agents can infect 

mosquitoes through direct contact with the cuticle. 

Spores attach to the mosquito, germinate, 

penetrate the cuticle, proliferate internally, and 

ultimately cause physiological disruption and 

death. 

5.2.1 Beauveria bassiana 

Beauveria bassiana has attracted substantial 

research interest because it can affect mosquito 

larvae and adults. Field-oriented technologies 

have also investigated fungal autodissemination 

and attractive stations. 

5.2.2 Metarhizium spp. 

Metarhizium fungi can infect mosquitoes through 

cuticular penetration and have been investigated 

as alternatives to chemical insecticides. Strain 

selection, host specificity, formulation, 

environmental tolerance, and delivery 

mechanisms are important determinants of field 

performance. 

6. Wolbachia-Based Mosquito Control 

Wolbachia are intracellular bacteria naturally 

associated with many arthropod species. They are 

maternally transmitted and can influence host 

reproduction and interactions with pathogens. 

Scientists have introduced specific Wolbachia 

strains into Aedes aegypti to create mosquito 

populations with reduced capacity to support 

replication of dengue and other arboviruses. 

Two major strategies have emerged: population 

replacement and population suppression. 

In population replacement, Wolbachia-infected 

male and female mosquitoes are released with the 

objective of establishing the infection within the 

local mosquito population. In population 

suppression, Wolbachia-infected males are 

released so that incompatible matings reduce 

reproductive output. 

The landmark AWED randomized trial in 

Yogyakarta, Indonesia, demonstrated reduced 

virologically confirmed dengue following 

deployment of wMel-Wolbachia-infected Aedes 

aegypti. Subsequent studies in Brazil, Colombia, 

and other settings have expanded the evidence 

base. 
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7. Evidence From Field Studies 

Field evidence is increasingly important because 

laboratory pathogen-blocking effects do not 

necessarily predict epidemiological impact. 

Evidence from randomized, quasi-experimental, 

and implementation studies indicates that 

Wolbachia deployments can reduce dengue 

outcomes in several settings. However, the 

magnitude of effects varies according to local 

mosquito ecology, intervention coverage, baseline 

transmission, environmental conditions, and 

implementation characteristics. 

Microbial larvicides and entomopathogenic fungi 

provide complementary mechanisms targeting 

mosquito survival, while Wolbachia primarily 

targets vector competence and/or mosquito 

reproduction. 

8. Microbiome-Based Vector Control 

Mosquitoes are holobionts whose biology is 

influenced by complex communities of bacteria, 

fungi, viruses, and other microorganisms. The 

mosquito microbiome can affect larval 

development, nutrition, immunity, reproduction, 

insecticide resistance, pathogen replication, and 

vector competence. 

Consequently, microbiome manipulation 

represents a potential next generation of microbial 

vector control. Research is increasingly 

examining whether particular microorganisms can 

be introduced, enriched, depleted, or engineered 

to reduce pathogen transmission. However, 

microbiome engineering remains less mature than 

Bti or Wolbachia deployment. 

9. Insect-Specific Viruses 

Insect-specific viruses generally replicate within 

mosquitoes but do not cause conventional disease 

in humans. Some studies suggest that interactions 

between insect-specific viruses and arboviruses 

may alter vector competence. This is an emerging 

area requiring additional field and 

epidemiological evidence. 

10. Mechanisms of Microbial Control 

Microbial technologies can influence mosquito 

populations through several mechanisms: 

• Direct larval toxicity: Bti and L. sphaericus 

toxins damage the larval midgut after ingestion. 

• Fungal infection: Beauveria and Metarhizium 

attach to and penetrate the mosquito cuticle. 

• Vector-competence reduction: Wolbachia can 

reduce the ability of Aedes mosquitoes to support 

arbovirus replication. 

• Reproductive manipulation: Wolbachia-

associated cytoplasmic incompatibility can alter 

mosquito reproduction. 

• Microbiome-mediated effects: candidate 

microorganisms can alter host physiology and 

pathogen replication. 

11. Comparative Characteristics of Major 

Microbial Strategies 

Bti primarily targets mosquito larvae through 

toxin-mediated midgut damage and generally 

requires repeated application. L. sphaericus also 

targets larvae and has useful persistence but 

resistance considerations. Entomopathogenic 

fungi can target larvae and adults but are relatively 

dependent on environmental conditions. 

Wolbachia targets adult Aedes populations and 

may persist after successful population 

establishment, although implementation requires 

substantial infrastructure and community 

engagement. 

12. Synergistic and Combination Approaches 

Potential combinations include Bti with L. 

sphaericus, microbial larvicides with 

environmental source reduction, fungal agents 

with autodissemination systems, Wolbachia with 

conventional surveillance, and microbial agents 

with insecticide resistance-management 

programs. Combination strategies may diversify 

mechanisms and reduce dependence on a single 

technology. 

13. Novel Formulation and Delivery 

Technologies 
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Important delivery approaches include long-

lasting microbial formulations, autodissemination 

systems, attractive toxic stations, and precision 

spatial deployment using geographic information 

systems, mosquito surveillance, remote sensing, 

and mathematical modeling. 

14. Role of Climate and Environmental Factors 

Temperature, humidity, rainfall, water chemistry, 

ultraviolet radiation, breeding-site characteristics, 

mosquito density, mosquito genetics, and 

microbial strain can influence microbial efficacy. 

Environmental adaptation is therefore an 

important consideration when planning 

deployment. 

15. Safety and Ecological Considerations 

Important environmental questions include 

whether the intervention affects non-target 

organisms, whether microbial agents persist 

outside intended hosts, whether horizontal 

transmission can occur, and whether mosquitoes 

or pathogens can adapt. Each microbial 

technology and formulation should be evaluated 

within its specific ecological context. 

16. Community Engagement and Social 

Acceptance 

Successful implementation requires transparent 

communication, public consultation, accessible 

safety information, engagement with healthcare 

professionals and local authorities, and 

mechanisms for monitoring and reporting. 

Community engagement can influence 

operational coverage, participation, trust, and 

long-term sustainability. 

17. Economic and Health-System 

Considerations 

The economic value of microbial control depends 

on production costs, delivery infrastructure, 

frequency of intervention, surveillance 

requirements, healthcare costs avoided, disease 

incidence, population density, and local mosquito 

ecology. Economic evaluations increasingly 

examine both program costs and potential 

healthcare savings. 

18. Resistance and Evolutionary 

Considerations 

Microbial interventions can create evolutionary 

pressure. Bacterial larvicides may select for 

resistance, particularly under repeated exposure to 

a single toxin. For Wolbachia, long-term 

monitoring should consider changes in bacterial 

density, infection stability, mosquito adaptation, 

pathogen adaptation, and environmental effects. 

19. Current Evidence and Knowledge Gaps 

Major gaps include variable Wolbachia 

performance across ecological settings, 

persistence and resistance issues for bacterial 

larvicides, field scalability of fungal agents, 

limited field evidence for microbiome engineering 

and insect-specific viruses, limited standardized 

trials of combinations, differences among 

economic models, insufficient longitudinal 

ecological data, context-specific community 

acceptance, and uncertainty about climate 

resilience. 

20. Discussion 

The development of microbial mosquito-control 

technologies represents a shift from conventional 

chemical suppression toward biologically 

mediated vector management. Bti and related 

bacterial larvicides provide targeted larval control. 

Entomopathogenic fungi expand the intervention 

space by targeting mosquitoes through contact. 

Wolbachia represents a different model by 

modifying vector competence and reproduction. 

The strongest epidemiological evidence currently 

concerns Wolbachia, but laboratory results do not 

automatically translate into equivalent public-

health effects across all locations. Future 

evaluation should increasingly focus on 

epidemiological endpoints, long-term durability, 

cost-effectiveness, environmental safety, and 

implementation quality. 
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21. Proposed Integrated Microbial Vector-

Control Framework 

A practical framework consists of seven stages: 

1. Surveillance: mosquito density, pathogen 

surveillance, insecticide resistance, and 

environmental monitoring. 

2. Risk characterization: identify vector species, 

breeding habitats, and disease hotspots. 

3. Microbial selection: Bti, L. sphaericus, fungal 

agents, Wolbachia, or emerging microbiome 

interventions. 

4. Targeted implementation: larval control, 

population replacement/suppression, and 

autodissemination. 

5. Community engagement: education, 

consultation, participation, and reporting. 

6. Monitoring: microbial prevalence, mosquito 

density, vector competence, and disease 

incidence. 

7. Adaptive management: modify intervention 

according to surveillance and ecological evidence. 

22. Future Perspectives 

Future research should address next-generation 

Wolbachia strains, microbiome engineering, 

engineered microorganisms under rigorous 

biosafety oversight, artificial intelligence for 

mosquito prediction and deployment planning, 

climate-responsive microbial control, and multi-

technology integration. 

The future is likely to involve microbial control 

combined with environmental management, 

surveillance, chemical resistance management, 

community participation, and digital 

technologies. 

23. Limitations of the Review 

This review was designed as an integrative 

narrative review rather than a registered 

systematic review with formal meta-analysis. 

Substantial heterogeneity exists among microbial 

interventions, mosquito species, geographical 

regions, deployment strategies, and outcome 

measures. Evidence is considerably stronger for 

some technologies, particularly Wolbachia and 

Bti, than for emerging microbiome and insect-

specific-virus approaches. 

24. Conclusion 

Microbial-based technologies are expanding the 

scientific and operational toolbox for preventing 

mosquito-borne diseases. Bacterial larvicides 

such as Bti and Lysinibacillus sphaericus provide 

established methods for targeted larval control, 

while entomopathogenic fungi offer alternative 

mechanisms capable of affecting mosquitoes at 

different life stages. 

Among emerging technologies, Wolbachia has 

generated substantial epidemiological evidence 

for reducing dengue transmission through 

population replacement and suppression 

approaches. The magnitude and durability of 

effects remain context-dependent. 

Future research should prioritize multi-country 

field studies, long-term epidemiological 

evaluation, resistance monitoring, cost-

effectiveness assessment, environmental safety, 

community acceptance, and climate resilience. An 

integrated vector-management framework 

combining microbial technologies with 

environmental and epidemiological surveillance 

may provide an adaptable approach to reducing 

mosquito-borne disease transmission. 

Table 1. Selected Evidence for Microbial-Based 

Mosquito Control 

Table 2. Comparative Characteristics of Major 

Microbial Strategies 

Table 3. Major Knowledge Gaps and Research 

Priorities 

Figure 1. Conceptual Framework of Microbial 

Mosquito Control 
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Figure 1. Conceptual framework illustrating 

major microbial pathways for mosquito control. 

Figure 2. Integrated Microbial Vector 

Management Framework 

 

Figure 2. Integrated framework for planning, 

implementing, monitoring, and adapting 

microbial vector-control interventions. 
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