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Mosquito-borne viral diseases such as dengue, Zika, chikungunya, yellow fever, and West Nile 

virus continue to inflict considerable public health challenges globally, particularly in tropical 

and subtropical climates. These viruses are responsible for significant morbidity and mortality, 

impacting economic development, straining healthcare systems, and disproportionately af-

fecting vulnerable populations. Despite noteworthy advancements in vector control, immun-

ization programs, and emerging genetic tools, the total eradication of these diseases remains 

elusive. This paper reviews whether human beings can realistically eradicate mosquito-borne 

viral diseases. It explores the historical context of disease control efforts, current strategies, 

novel technologies, environmental and biological challenges, socioeconomic and political di-

mensions, and ethical and ecological considerations. While complete global eradication is 

currently implausible due to various constraints, regional elimination and significant reduction 

in disease burden are achievable through integrated, multidisciplinary, and sustained efforts. 
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Introduction 

OSQUITOES have long been recognized as one of 

the most dangerous animals to humans, not because 

of their own biology, but because of the numerous 

diseases they transmit. Viral pathogens transmitted by mosqui-

toes, such as those causing dengue fever, Zika virus disease, 

chikungunya, yellow fever, and West Nile virus, have emerged 

as major public health concerns in both endemic and 

non-endemic regions (Dong & Soong, 2021). The burden of 

these diseases is immense, not only due to direct health impacts 

but also because of their effects on economies, productivity, and 

public confidence in health infrastructure (Parvez & Parveen, 

2017). As globalization accelerates and climate conditions be-

come increasingly favorable for mosquito proliferation, previ-

ously unaffected regions are experiencing outbreaks, further 

complicating control efforts (Ebi & Hess, 2020). The success of 
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past global health initiatives has captivated scientists and poli-

cymakers alike with the idea of eradicating these diseases for 

good. However, the biological and environmental complexities 

inherent in mosquito-borne diseases necessitate a thorough ex-

amination of what eradication truly entails, and whether it can 

realistically be achieved (Moreno et al., 2024). 

  

Historical Context and Definitions 
 
Disease Elimination vs. Eradication 
It is crucial to distinguish between elimination and eradication 

when discussing the potential outcomes of disease control ef-

forts. Elimination refers to the interrupted transmission of a 

disease in a specific geographic area, often maintained through 

ongoing public health interventions (Caplan & Mamo, 2024). 

Eradication, on the other hand, represents the complete and 

permanent reduction to zero of the incidences of infection 

caused by a specific pathogen across the globe, with no risk of 

reintroduction. Eradication efforts require immense coordination, 

resources, and persistence, as they leave no room for compla-

cency. Even a single missed case can result in re-establishment 

of the disease. 

 
Historical Efforts Against Mosquito-Borne 
Diseases 
Historical campaigns aimed at eradicating mosquito-borne dis-

eases provide valuable lessons. Early 20th-century efforts to 

eliminate yellow fever and malaria in regions of the Americas 

and Africa were initially successful due to aggressive vector 

control and environmental management (Kumar et al., 2024). 

However, many of these programs faltered due to financial con-

straints, political instability, resistance to insecticides, and lack 

of sustained community engagement. In some cases, the cessa-

tion of funding and weakening of public health infrastructure led 

to dramatic resurgences (Hancock et al., 2024). These experi-

ences underscore the importance of consistent investment, adap-

tive strategies, and long-term planning in disease eradication 

campaigns. 

 
Biological and Ecological Challenges 
 
Vector Biology and Adaptability 
Mosquitoes have evolved remarkable traits that make them ef-

fective vectors of disease. The Aedes aegypti mosquito, a pri-

mary vector for dengue, Zika, and chikungunya viruses, is high-

ly anthropophilic, preferring to feed on humans and breed in 

artificial containers within human habitats (Nakase et al., 2024). 

This adaptation allows it to thrive in urban environments where 

control measures are more difficult to implement consistently. 

Its eggs can survive desiccation for months, enabling the species 

to persist even in dry conditions. Moreover, the mosquito’s abil-

ity to develop resistance to commonly used insecticides further 

hampers control efforts (Carvalho & Moreira, 2017). 

 
Viral Evolution and Reservoirs 
The RNA viruses transmitted by mosquitoes are characterized 

by high mutation rates, which facilitate rapid adaptation to new 

environments, hosts, and selective pressures (Yu & Cheng, 

2022). These mutations can alter viral virulence, host range, and 

transmission efficiency. Some viruses, like yellow fever and 

Zika, maintain enzootic cycles in wildlife populations, particu-

larly non-human primates. This means that even if human 

transmission were halted, the pathogen could persist in animal 

reservoirs and reemerge later (Parvez & Parveen, 2017). Fur-

thermore, asymptomatic carriers among humans complicate 

efforts to identify and isolate cases, facilitating silent spread. 

  

Current Control Strategies 
 
Vector Control Measures 
Vector control remains the cornerstone of mosquito-borne dis-

ease prevention. Traditional strategies include the application of 

insecticides through indoor residual spraying and fogging, 

larvicidal treatment of water bodies, and the use of physical 

barriers such as bed nets (Lobo et al., 2017). Community-based 

source reduction efforts, such as eliminating standing water in 

domestic settings, are crucial but require consistent public par-

ticipation (Chotun et al., 2024). However, the emergence of 

resistance to insecticides among mosquito populations, coupled 

with challenges in maintaining high community engagement 

over time, has limited the long-term effectiveness of these in-

terventions. Integrated vector management approaches seek to 

address these limitations by combining chemical, biological, 

environmental, and educational components into a unified 

framework (Asale et al., 2019). 

 
Vaccines and Therapeutics 
Vaccination represents a powerful tool for disease prevention, 

though its development for mosquito-borne viral infections has 

been uneven. The yellow fever vaccine is one of the most effec-

tive in history, offering lifelong immunity with a single dose 

(Bifani et al., 2020). However, vaccines for diseases like dengue 

have encountered challenges due to the complex immunological 

landscape involving four serotypes and the risk of anti-

body-dependent enhancement (Moi et al., 2016). The Zika and 

chikungunya vaccines are in various stages of clinical develop-

ment but are not yet widely available (De Souza et al., 2024). 

Therapeutic options for most mosquito-borne viral infections are 

limited to supportive care, emphasizing the importance of pre-

ventive strategies. 

 
Public Health Education and Surveillance 
Public awareness campaigns play a vital role in promoting be-

haviors that reduce mosquito breeding and human exposure. 

Educational initiatives must be culturally tailored and accessible 

to diverse populations (Krishnappa et al., 2022). In parallel, 

disease surveillance systems are critical for timely detection of 

outbreaks and implementation of control measures. Innovations 

in real-time data collection, mobile health applications, and 

participatory epidemiology have improved outbreak monitoring 

(Branda et al., 2024). Nonetheless, in many endemic regions, 

surveillance infrastructure remains inadequate due to resource 

limitations, leading to underreporting and delayed responses. 

  

Emerging Technologies 
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Genetic Control: CRISPR and Gene Drives 
Recent advances in genetic engineering have opened the door to 

potentially transformative tools for vector control. Gene drives 

using CRISPR-Cas9 technology can propagate specific genetic 

traits through mosquito populations with unprecedented effi-

ciency (Mäkelin, 2024). These drives could be used to reduce 

mosquito fertility, skew sex ratios, or render mosquito’s incapa-

ble of transmitting pathogens (Wilson et al., 2020). The promise 

of these tools lies in their potential for self-sustaining, 

large-scale impact. However, their deployment raises concerns 

about ecological balance, unintended mutations, and the ethical 

implications of manipulating natural populations. 

 
Wolbachia-Based Biocontrol 
Another promising approach involves the use of Wolbachia, a 

naturally occurring bacterium that can be introduced into mos-

quito populations to block virus replication (Carvalho & 

Moreira, 2017). Mosquitoes infected with Wolbachia have re-

duced competence for transmitting dengue, Zika, and 

chikungunya viruses (Guruprasad et al., 2013). This method has 

been successfully piloted in several urban centers, leading to 

significant reductions in disease incidence. Unlike gene drives, 

Wolbachia spreads through mosquito populations via maternal 

transmission, providing a more controllable and reversible in-

tervention (Leftwich et al., 2018). 

 
AI and Remote Sensing 
Artificial intelligence and remote sensing technologies are in-

creasingly used for predicting mosquito population dynamics 

and potential outbreak hotspots. Satellite imagery can identify 

areas of high mosquito breeding potential, while AI models 

integrate climate, environmental, and epidemiological data to 

forecast disease spread (Zeng et al., 2020). These tools enable 

more targeted and efficient allocation of resources, particularly 

in settings with limited public health infrastructure. As these 

technologies become more affordable and user-friendly, their 

adoption is expected to rise. 

  

Socioeconomic and Political Considerations 
 
Inequities in Health Infrastructure 
Health systems in low- and middle-income countries often 

struggle to provide comprehensive care and preventive services. 

Chronic underfunding, workforce shortages, and inadequate 

supply chains impede the effective implementation of vector 

control and vaccination programs (Scholz et al., 2015). Rural 

and marginalized communities are especially vulnerable due to 

poor access to health services and limited health literacy (De 

Gaetano et al., 2025). Addressing these systemic disparities is 

essential for any sustainable disease eradication effort. 

 
Funding and Political Will 
Eradication initiatives require not only financial investment but 

also sustained political commitment. The episodic nature of 

mosquito-borne disease outbreaks can lead to fluctuating interest 

and funding, with surges during epidemics followed by neglect 

(González et al., 2025). Political instability and competing 

health priorities further complicate long-term planning. Suc-

cessful programs depend on stable governance, international 

cooperation, and the integration of eradication goals into nation-

al development agendas. 

 
Climate Change and Urbanization 
Global environmental changes are reshaping the epidemiology 

of mosquito-borne diseases. Climate change extends the habita-

ble range of vectors, introducing diseases into new geographic 

areas (Fatima et al., 2025). Warmer temperatures and altered 

precipitation patterns enhance mosquito reproduction and virus 

incubation. Meanwhile, rapid urbanization, particularly in de-

veloping countries, creates dense populations with inadequate 

water management and sanitation, fostering ideal breeding con-

ditions for mosquitoes (Montgomery et al., 2025). Urban plan-

ning and climate adaptation strategies must be incorporated into 

public health policies to mitigate these emerging risks. 

  

Ethical and Ecological Dilemmas 
 
Ecological Risks of Vector Suppression 
The potential ecological consequences of eradicating mosquito 

species are poorly understood. Mosquitoes serve as prey for a 

variety of organisms and may play a role in nutrient cycling and 

pollination. The removal of a species, particularly in ecosystems 

where it plays a nontrivial role, could have ripple effects that 

destabilize food webs and ecological interactions (Fang, 2010). 

These uncertainties illustrate the importance of comprehensive 

ecological assessments before implementing irreversible inter-

ventions such as gene drives. 

 
Ethical Questions on Gene Editing 
The release of genetically modified organisms into the environ-

ment raises profound ethical concerns. These include the poten-

tial for unintended consequences, the difficulty of obtaining 

informed consent from affected communities, and the risk of 

exacerbating global inequities in decision-making (Tajudeen et 

al., 2023). Public engagement, transparent risk assessment, and 

inclusive governance are essential components of responsible 

research and deployment of gene-editing technologies. Ethical 

deliberation must keep pace with scientific innovation to ensure 

that technological solutions are aligned with societal values. 

  

Future Prospects and Recommendations 
 
Realistic Goals: Control vs. Eradication 
Given the multitude of challenges, complete global eradication 

of mosquito-borne viral diseases is unlikely in the near future. 

However, control and regional elimination are attainable goals 

that can lead to significant reductions in disease burden. Strate-

gies should focus on maintaining momentum during in-

ter-epidemic periods, ensuring that control measures are not 

abandoned when case numbers decline. Achievable benchmarks 

can include reducing disease incidence, minimizing outbreaks, 

and expanding vaccination coverage. 

 
Strengthening International Collaboration 
The global nature of mosquito-borne diseases necessitates in-

ternational coordination. Countries must share data, resources, 
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and best practices to enhance collective preparedness and re-

sponse. Multilateral organizations can facilitate these collabora-

tions by providing technical assistance, funding, and policy 

guidance (Braack et al., 2023). Cross-border initiatives are par-

ticularly important in regions where vectors and pathogens easi-

ly move between countries. 

 
Prioritizing Research and Ethical Governance 
Continued investment in scientific research is essential for de-

veloping new tools and improving existing interventions. This 

includes vaccine research, diagnostic innovation, ecological 

studies, and social science research on community behavior and 

acceptance. Simultaneously, ethical governance structures must 

evolve to oversee emerging technologies, ensuring transparency, 

accountability, and inclusivity in decision-making processes 

(Macnish & Ham, 2020). Empowering local communities to 

participate in research and policy development enhances legiti-

macy and effectiveness. 

  

Conclusion 
The eradication of mosquito-borne viral diseases represents a 

formidable scientific and societal challenge. While the goal of 

total global eradication remains out of reach for now, substantial 

progress can be made in reducing disease transmission and alle-

viating the associated health and economic burdens. A pragmatic 

approach that balances innovation with caution, and ambition 

with realism, is required. Integrated strategies that include vec-

tor control, vaccination, education, surveillance, and interna-

tional collaboration offer the best path forward. Ultimately, suc-

cess will depend not only on scientific advances but also on 

political will, ethical responsibility, and collective global ac-

tion.■ 
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