
 

 

4. Gene Drive Technology for Malaria Control – Science & Technology 
1. Context 
1. Gene drive technology is emerging as a novel approach to genetically modify mosquitoes to prevent 

the transmission of malaria. 
2. This revolutionary biotechnology offers potential breakthrough in controlling vector-borne diseases 

that have plagued humanity for millennia. 

2. Global Burden of Malaria 
Scale of the Problem 
1. According to the World Malaria Report, there were 282 million cases of malaria globally in 2024.  
2. The estimated number of malaria deaths stood at 610,000 in 2024 despite decades of control efforts.  
3. These staggering numbers demonstrate that malaria remains one of the world's deadliest infectious 

diseases. 
Geographic and Demographic Distribution 
1. The WHO African Region is home to about 95% of all malaria cases and deaths reflecting 

disproportionate disease burden. 
2. Children under 5 years of age accounted for about 76% of all malaria deaths in the African Region.  
3. This extreme vulnerability of young children makes malaria a major child health crisis.  
4. Sub-Saharan Africa bears the heaviest burden due to climatic conditions, vector prevalence, and 

healthcare system constraints. 

3. Understanding Gene Drives 
Definition and Mechanism 
1. A gene drive is a genetic engineering technology that biases inheritance patterns fundamentally 

altering natural genetic transmission. 
2. It ensures that a specific gene is passed on to a disproportionately large share of offspring rather 

than following Mendelian inheritance. 
3. Gene drives operate using CRISPR-Cas9, the revolutionary gene-editing tool enabling precise 

modification and copying of genes during reproduction. 
4. The technology allows targeted insertion, deletion, or modification of specific DNA sequences with 

unprecedented accuracy. 
Inheritance Pattern Alteration 
1. Unlike normal inheritance where a gene has a 50% chance of transmission to offspring following 

Mendelian laws. 
2. Gene drives can ensure inheritance rates exceeding 90% dramatically accelerating spread of 

modified genes. 
3. This allows rapid spread through an entire population within relatively few generations.  
4. Mathematical models suggest that beneficial traits could spread through mosquito populations in 

10-20 generations. 
Application to Malaria Control 
1. Gene drives can introduce genes that make mosquitoes resistant to malaria parasites preventing 

them from harboring and transmitting infection. 
2. Alternatively, they can reduce mosquito populations by spreading sterility genes or genes that skew 

sex ratios toward males. 
3. Population suppression strategy aims to crash mosquito numbers below threshold needed for 

malaria transmission. 
4. Population modification strategy creates mosquitoes incapable of transmitting parasites while 

maintaining ecosystem roles. 
 
 



 

 

4. Tanzania 'Transmission Zero' Study 
Study Findings 
1. Genetically modified mosquitoes significantly inhibited parasite development when fed on blood 

samples from infected individuals. 
2. The modifications prevented parasites from completing their life cycle within mosquito vectors.  
3. In several cases, parasites failed to reach the infectious stage in salivary glands thereby preventing 

transmission to new human hosts. 
4. This proof-of-concept demonstrates technical feasibility of using gene-edited mosquitoes for 

malaria control. 
Significance 
1. The study represents major milestone in translating laboratory research into field-relevant 

applications. 
2. It provides evidence that genetically modified mosquitoes can function effectively under realistic 

conditions. 
3. Success in Tanzania, a malaria-endemic country, adds credibility to the approach for African 

deployment. 

5. Concerns and Challenges 
Scientific and Technical Challenges 
Parasite Diversity and Resistance 
1. The genetic diversity of malaria parasites requires multi-targeted interventions to prevent rapid 

evolution of resistance. 
2. Plasmodium parasites have high mutation rates enabling quick adaptation to selective pressures.  
3. Single-target gene drives may become ineffective if parasites evolve mechanisms to overcome 

mosquito resistance. 
4. Multiple complementary genetic modifications may be needed to create robust, resistance-proof 

interventions. 
Evolutionary Adaptation 
1. There is significant possibility of evolutionary adaptation in both mosquitoes and parasites creating 

arms race dynamics. 
2. Mosquitoes may evolve resistance to the gene drive itself preventing its spread through populations.  
3. Wild-type mosquitoes could outcompete modified ones if genetic modifications impose fitness 

costs. 
4. Parasites could evolve alternative infection strategies bypassing mosquito resistance mechanisms.  
Ecological Risks 
Ecosystem Disruption 
1. Altering or suppressing mosquito populations may have unintended ecological consequences that 

are difficult to predict. 
2. Mosquitoes play important roles in food chains serving as food source for fish, birds, bats, and other 

insectivores. 
3. Complete elimination of Anopheles species could disrupt predator-prey relationships affecting 

ecosystem stability. 
4. Pollination services provided by male mosquitoes feeding on nectar could be lost.  
Niche Replacement 
1. Suppression of one mosquito species might create ecological niche allowing other disease vectors 

to flourish. 
2. Replacement species might transmit different diseases potentially creating new public health 

problems. 
3. Unpredictable cascading effects through ecosystems make risk assessment extremely challenging.  
 



 

 

Regulatory and Governance Challenges 
Biosafety Frameworks 
1. Deployment requires robust biosafety frameworks that currently don't exist in most malaria-endemic 

countries. 
2. Regulatory agencies lack experience evaluating novel genetic technologies with self-propagating 

characteristics. 
3. International standards for gene drive testing, approval, and monitoring need development and 

harmonization. 
Risk Assessment Complexity 
1. Traditional risk assessment frameworks designed for contained GMOs are inadequate for self-

spreading gene drives. 
2. Transboundary nature of mosquito populations means releases in one country could affect 

neighboring nations. 
3. Long-term ecological and evolutionary consequences are inherently difficult to predict creating 

regulatory paralysis. 
Global Cooperation Requirements 
1. Gene drives require unprecedented global cooperation because modified mosquitoes don't respect 

national borders. 
2. International agreements on deployment conditions, monitoring protocols, and liability frameworks 

are needed. 
3. Consent mechanisms for transboundary releases remain undefined and politically contentious.  
Ethical and Social Concerns 
1. Indigenous communities and local populations must provide informed consent for releases affecting 

their environments. 
2. Power imbalances exist between wealthy research institutions and affected communities in 

developing countries. 
3. Potential for misuse or weaponization of gene drive technology raises security concerns.  
4. Questions about who decides, who benefits, and who bears risks create justice and equity issues.  

6. Understanding Malaria 
Disease Characteristics 
1. Malaria is a life-threatening disease spread to humans by some types of mosquitoes primarily in 

tropical countries. 
2. It has killed more humans throughout history than any other infectious disease.  
Transmission Mechanism 
1. Malaria is caused by Plasmodium protozoan parasites that infect red blood cells.  
2. The parasites spread through bites of infected female Anopheles mosquitoes which feed on blood 

for egg development. 
3. Blood transfusion and contaminated needles may also transmit malaria though this is relatively rare.  
4. Mosquitoes acquire parasites by feeding on infected humans creating continuous transmission 

cycle. 
Parasite Species 
1. There are 5 Plasmodium parasite species that cause malaria in humans with varying geographical 

distributions and severity. 
2. P. falciparum is the deadliest malaria parasite causing majority of deaths and the most prevalent on 

the African continent. 
3. P. vivax is the dominant malaria parasite in most countries outside of sub-Saharan Africa including 

India. 
4. P. malariae, P. ovale, and P. knowlesi are the other species that can infect humans with lower 

prevalence. 



 

 

Clinical Presentation 
1. Primary symptoms include fever and flu-like illness appearing 7-30 days after mosquito bite. 
2. Additional symptoms include chills, headache, muscle ache, and fatigue often occurring in cyclical 

patterns. 
3. Severe malaria can cause organ failure, cerebral malaria, severe anemia, and death especially in 

children. 
Available Vaccines 
1. Since 2021, WHO has recommended broad use of the RTS, S/AS01 malaria vaccine among children 

living in regions with moderate to high P. falciparum transmission. 
2. In 2023, WHO recommended a second malaria vaccine, R21/Matrix-M, expanding vaccination 

options. 
3. These vaccines provide partial protection reducing severe disease and deaths though not providing 

complete immunity. 

7. India's Commitment and National Goals 
Elimination Timeline 
1. India remains steadfast in its commitment to eliminate malaria by 2030 through comprehensive 

national program. 
2. The intermediate target is achieving zero indigenous cases by 2027 allowing time for certification.  
3. This ambitious timeline requires sustained political commitment and financial resources.  
Strategic Frameworks 
National Framework for Malaria Elimination (2016-2030) 

1. Outlines the overall vision, goals, and targets for phased malaria elimination across Indian states.  
2. Categorizes states and districts based on endemicity levels requiring tailored interventions.  
3. Establishes monitoring and evaluation frameworks for tracking progress toward elimination.  
National Strategic Plan for Malaria Elimination (2023-2027) 

1. Builds upon earlier frameworks with updated strategies incorporating latest evidence and 
technologies. 

2. Aligns with the WHO Global Technical Strategy for Malaria 2016-2030 ensuring international 
coordination. 

3. Focuses on high-burden states and districts requiring intensive interventions.  
Current Progress 
1. India has achieved significant reduction in malaria cases and deaths over past decade.  
2. Several states have achieved zero malaria status or are approaching elimination.  
3. However, pockets of high transmission remain in tribal and forested areas requiring focused efforts.  

8. Way Forward 
Phased Testing and Deployment 
1. Conduct rigorous contained laboratory trials before any environmental releases.  
2. Small-scale field trials in isolated settings to assess efficacy and detect unexpected effects.  
3. Gradual geographic expansion based on demonstrated safety and effectiveness.  
Robust Regulatory Frameworks 
1. Develop comprehensive biosafety regulations specifically addressing gene drive characteristics.  
2. Establish independent expert committees for risk assessment and ongoing monitoring.  
3. Create international coordination mechanisms for transboundary considerations.  
Community Engagement 
1. Meaningful consultation with affected communities ensuring informed consent and local ownership.  
2. Transparency in research processes, results, and decision-making. 
3. Benefit-sharing mechanisms ensuring communities benefit from interventions. 
Ecological Monitoring 
1. Long-term ecological surveillance before, during, and after deployments.  



 

 

2. Assessment of impacts on non-target species and ecosystem functions. 
3. Reversibility mechanisms or genetic safeguards allowing control of gene drive spread.  
Integrated Approach 
1. Gene drives should complement, not replace, existing malaria control tools including insecticide-

treated nets, indoor spraying, and antimalarial drugs. 
2. Combination strategies reduce selection pressure and improve overall effectiveness.  

9. Conclusion 
Gene drive technology represents potentially transformative tool for malaria control with 

capacity to save millions of lives. The Tanzania study demonstrates scientific feasibility while highlighting 
need for careful development and deployment. Significant scientific, ecological, regulatory, and ethical 
challenges must be addressed before widespread use. Success requires international cooperation, 
robust governance, community engagement, and integration with existing malaria control programs.  If 
developed responsibly, gene drives could contribute to malaria elimination alongside vaccines, drugs, 
and conventional vector control. 
Source: https://www.thehindu.com/sci-tech/science/gene-drives-and-malaria-how-altered-
mosquitoes-could-reshape-disease-control/article70880179.ece 
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