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Executive Summary 
Gene drives are an emerging technological application to reduce the 

prevalence of vector-borne diseases, crop pests, and non-native invasive 

species. This method for vector control is currently at the research stage, 

with parallel community engagement programmes being carried out in 

African countries to raise awareness for its adoption. Yet, the risks associated 

with using gene drives may go beyond the communities they are deployed 

in. Hence, it is critical for India to understand the relevance of gene drive 

application in India and its neighbouring countries to create effective policy 

measures for achieving control of vector-borne diseases. 

Using malaria as a case study, we argue that India currently does not require 

the use of gene drives to achieve control of mosquito-borne diseases. 

However, India should invest in research for gene drives and vaccines, while 

continuing with current efforts to curb vector-borne diseases. Further, India 

will need strong data monitoring systems to identify if any gene drive 

mosquitoes deployed by other countries make their way to India. 
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I. Introduction 

Gene drives are genetic elements of an organism that are transmitted to 

progeny at higher than mendelian frequencies (>50%). Gene editing 

techniques such as CRISPR–Cas9 have made gene drives extremely efficient 

in laboratory settings and have shown the potential to reduce the prevalence 

of vector-borne diseases, crop pests, and non-native invasive species1. 

Research in gene drives, especially on mosquitoes, is being carried out by 

scientists at the University of California, San Diego, Texas A&M University, 

and Massachusetts Institute of Technology, among others. A non-profit 

group, called Island Conservation is looking at the potential use of gene drive 

systems to eliminate invasive rodents from islands where they wreak havoc2. 

However, concerns have been raised regarding the potential unintended 

consequences, especially in terms of the ecological impact of gene-drive 

systems. 

It is important to study the relative utility of traditional and new, 

biotechnology-based approaches in comparison to conventional approaches 

to control the prevalence of vector-borne diseases. Malaria is one of the 

leading vector-borne diseases globally. And in India, using malaria as a case 

study can be quite instructive to analyse the relative utility of these 

approaches for public health interventions. 
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Vector-borne Diseases 
Vectors are living organisms such as bloodsucking insects that can transmit 

infectious pathogens between humans, or from animals to humans. These 

insects ingest disease-producing microorganisms when ingesting blood from 

an infected host (human or animal) and later transmit it to a new host. Often, 

once a vector becomes infectious, it can transmit the pathogen for the rest of 

its life during each subsequent bite/blood meal3.  

Vector-borne diseases are human illnesses caused by parasites, viruses and 

bacteria that are transmitted by vectors. Globally, they account for more than 

17% of all infectious diseases, leading to more than 7,00,000 deaths annually 

from diseases such as malaria, dengue, human African trypanosomiasis, 

leishmaniasis, Chagas disease, yellow fever, and Japanese encephalitis, among 

others4. The burden of these diseases is highest in tropical and subtropical 

areas and disproportionately high on the poorest populations. 

What are Gene Drives? 

Reducing the incidence of vector-borne diseases has become a technology 

demonstrator for gene drive technology. Mosquitoes engineered with gene 

drive systems can pass specific genes to the next generation at higher than 

Mendelian inheritance rates (>50%). This ensures that the target gene spreads 

through the wild-type mosquito population, despite some associated fitness 
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costs (Figure 1)5. Currently, gene drive technology for vector control has not 

been commercialised and is under controlled trials in laboratory settings. 

Figure 1 – Inheritance rates for gene drive mosquitoes (adapted from Megan Scudellari) 
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How Do Gene Drives Work? 

Gene-drive mosquito techniques work in two major ways: 

• They reduce the population of mosquitos (population suppression); or  

• Modify (population replacement) a given vector population6 (Figure 

2). 

Population suppression involves the release of modified male mosquitoes to 

suppress vector populations to a level which makes it difficult to sustain 

malaria transmission7. Traditionally, it is achieved by using the non-

genetically modified Sterile Insect Technique (SIT) where sterile male 

mosquitoes are introduced into the wild population to mate with wild female 

mosquitoes. The resulting eggs do not hatch and over time, the number of 

mosquitoes being targeted in an area will decrease. One benefit of this 

technique is that when irradiated mosquitoes stop being released into an area, 

their numbers will slowly return to “normal levels8.” But this technique is 

costly, time-consuming and requires the periodic introduction of irradiated 

mosquitoes. 

Population suppression strategies are based on inactivation, or knock-out, of 

genes which aim to reduce fertility or production of female progeny or are 

biased towards higher production of male progeny (which do not bite). 

Scientists can also use gene drives to increase the efficiency of the transfer of 
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knockout genes to the next generation. In a small study, gene drive 

mosquitoes wiped out captive populations of mosquitoes in just eight to 

twelve generations9. 

Figure 2 – Different population modification strategies (adapted from Stephanie J. et al) 

In contrast, the population replacement method works differently. 

Population replacement aims to reduce the ability of a mosquito to transmit 

the malaria pathogen. Population replacement strategies are based on the 
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inactivation of genes that enable mosquitoes to be effective vectors. For 

example, many potential effector genes have been identified to impair the 

development of Plasmodium parasites (that cause malaria) by Anopheles 

mosquitoes (the vector). These include genes that code for immune system 

activators, peptides that neutralise Plasmodium parasites in the mosquito 

midgut or salivary glands, and antibodies that bind the surface of mosquito 

salivary glands and block the growth of Plasmodium parasites10. 

In order to sustain gene drive performance across generations, introduced 

genes must be carried into the mosquito genome in tight linkage with the 

gene drive mechanism, or else, natural mutation can occur that renders the 

gene-drives impotent11. Population replacement gene drive systems consist of 

a driver gene that copies both itself and an effector gene, which in turn 

confers desired phenotypic traits. The driver gene encodes a guide RNA and 

an endonuclease, such as Cas9, that together recognise and cut specific DNA 

sequences present in the wild-type mosquito population12. 

Use of either population replacement or population suppression would 

depend on their relative strengths and challenges in the given situation. For 

example, population replacement can provide a level of environmental safety 

because it would not result in the elimination of an ecological niche that an 

opportunistic invasive species could occupy. However, it is a risky approach 

because the genetic modification will remain in the environment forever, 

increasing the likelihood of unintended consequences13. 
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Scientists are trying to use these gene drive-based population modification 

strategies to eliminate dangerous vector-borne diseases. The gene drive 

technology to implement population modification strategies against 

mosquitoes of the Anopheles genus (vector for malaria) is at the most 

advanced stage. Target Malaria, a non-profit organisation is a research 

consortium seeking to use gene-drive mosquitoes for malaria control in 

Africa. Therefore, malaria is a good candidate to compare the utility of 

conventional and emerging technologies deployed in controlling vector-

borne diseases. 
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II. Case Study: Malaria 
Malaria is a life-threatening disease caused by parasites that are transmitted 

through the bites of infected female Anopheles mosquitoes. However, 

Malaria is preventable and curable. There are 5 parasite species that cause 

malaria in humans, and 2 of these species – Plasmodium falciparum and 

Plasmodium vivax – pose the greatest threat to human health14. Among 

various vector-borne diseases, Malaria is one of the most prevalent and 

deadly. It causes more than 200 million cases globally and results in more than 

400,000 deaths every year15. This makes reducing the incidence of Malaria an 

urgent public health imperative. 

Global Incidence of Malaria 

In 2020, nearly half of the world's population was at risk of malaria. There 

were estimated 247 million cases of malaria in 2021, and the estimated 

number of malaria deaths stood at 619, 00016. Most cases and deaths occur in 

sub-Saharan Africa. The WHO African Region was home to 95% and 96% 

of malaria cases and deaths, respectively17. However, South-East Asia, 

Eastern Mediterranean, Western Pacific, and the Americas also report 

significant numbers of cases and deaths. Children under 5 years of age are the 

most vulnerable group affected by malaria; in 2021, they accounted for nearly 

80% of all malaria deaths in the WHO African Region18. 



Takshashila Discussion Document 2023-03  Gene Drives and Vector-Borne Diseases 

13 
 

 
Figure 3 - Global prevalence of Malaria over time (adapted from Our World in Data)19 

Existing Efforts Towards Malaria Eradication 

Over the last few decades, several countries have achieved malaria-free status. 

The current caseload is concentrated primarily in WHO African region and 

South-East Asian region. The WHO Global Malaria Programme (GMP) is 

responsible for coordinating global efforts to control and eliminate malaria. 

Its work is guided by the "Global technical strategy for malaria 2016–2030" 

adopted by the World Health Assembly. The WHO recommends a multi-

pronged approach to tackle the incidence of malaria. Specific interventions 

are prescribed for prevention, diagnosis, and treatment of the disease. 
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To prevent the spread of malaria vectors (i.e. mosquitoes), use of Insecticide-

treated bed nets (ITNs) are recommended. ITNs are a form of personal 

protection. ITNs have been shown to reduce the death of children under 5 

years from all causes by about 20%. As pregnant women in high-risk regions 

are especially vulnerable, they might be put on Intermittent Preventive 

Treatment of Malaria for Pregnant Women (IPTp) where a curative dose of 

an antimalarial drug is administered to all pregnant women without testing 

whether or not they are infected with the malaria parasite. Furthermore, use 

of surface insecticides is also recommended in some cases. 

At the diagnostic stage, the World Health Organization recommends that all 

suspected cases of malaria be confirmed through microscopy or rapid 

diagnostic tests to make a definitive diagnosis of malaria. For treatment, use 

of antimalarial drugs is recommended. However, the development of 

resistance to drugs poses one of the greatest threats to malaria control and 

results in increased malaria morbidity and mortality. 

Another WHO-approved method of case detection is the Reactive case 

detection (RACD) strategy which identifies and treats additional malaria 

infections (from an index case) in areas of low malaria transmission. RACD 

involves the investigation of passively-detected cases of malaria, like patients 

seeking care at their local clinic, to determine the suspected origin of infection 

and the potential risk for onward transmission of malaria20. 
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Several countries have been able to either eradicate malaria or significantly 

reduce its incidence by developing strategies based on the WHO 

recommendations but tailored to local requirements. 

Sri Lanka 

In 2016, Sri Lanka was declared malaria-free, with the last case of indigenous 

P. vivax infection reported in 2012. P. vivax and P. falciparum were the most 

prevalent malarial parasites. Sri Lanka’s strategy to eliminate malaria 

depended on a multi-pronged approach. It implemented the ‘1, 2, 3 approach’ 

where confirmation was within 24 hours (1 day) of a malaria case by either a 

public or a private facility, investigation within 48 hours (2 days) and Rapid 

Case Detection (RACD) within 72 hours (3 days)21. It instituted extensive 

follow-up of up to one year to tackle the resurgence of malaria cases and 

prevention of relapse due to lack of treatment compliance. Other steps 

included mobile clinics and stringent vigilance on imported malaria through 

better surveillance and tracking once a case was identified as imported22. 

It is notable that despite facing a civil war, Sri Lanka was able to achieve the 

elimination of malaria. This further strengthens the argument that although 

malaria eradication is challenging, it can be achieved through sustained 

efforts. 
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China 

In 2021, China was declared malaria-free after reporting the last indigenous 

malaria case in 2016. This reflected a culmination of efforts of over 70 years. 

P. vivax was the major parasite species of concern in China. The policies and 

strategies which became the cornerstone of the malaria elimination 

programme over the decades included ‘the 523 project’, which resulted in the 

discovery of the artemisinin group of highly effective antimalarial drugs in 

the 1960s, which are still the most potent antimalarial drugs in use23. China 

also implemented the strategy of environmental management as well as 

protective measures such as early distribution of anti-mosquito bed nets and 

indoor residual spray for vector control. In later years, the country adopted a 

local, tailor-made approach such as the  ‘1-3-7’ surveillance strategy, under 

which confirmed cases were reported within a day, and further investigation, 

treatment, and genome sequencing to distinguish imported and indigenous 

cases were to be done within 3 days, and RACD within 7 days to prevent 

further transmission24. 
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III. Emerging Approaches 

Malaria remains a significant health burden in the developing world, despite 

decades of efforts to eliminate the disease. However, since the early 2000s, 

the scale-up and mass deployment of long-lasting insecticidal nets, indoor 

residual spraying of insecticides, and anti-malarial drugs have drastically 

reduced malaria incidence. Despite these successes, these existing sets of tools 

are unlikely to bring about malaria eradication. This is because the 

development of natural drug and insecticide resistance has the potential to 

stall these malaria control efforts25. New strategies and technologies, 

therefore, are needed to achieve elimination, especially in high-incidence 

regions such as sub-Saharan Africa. Effective vaccines and the genetic 

engineering of mosquito populations are seen as promising new strategies to 

reinvigorate the fight against malaria and potentially lead to its elimination. 

Vaccination 

Vaccines use the body's natural defences to build resistance to specific 

infections and make the immune system stronger. Following vaccination, the 

body will now recognize the invading germ, such as the virus or bacteria and 

produce antibodies. Vaccinations have been extremely successful in reducing 

the incidence of several diseases such as Tuberculosis, polio, measles, hepatitis 

etc. 
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Despite several attempts over the last decades, scientists have struggled to 

produce an effective vaccine against malaria. The primary difficulty in 

developing an anti-malaria vaccine is that Malaria parasites are genetically 

complex and produce thousands of potential antigens. This makes narrowing 

down a specific antigen for vaccine development quite challenging. 

Furthermore, exposure to malaria parasites does not confer lifelong 

protection and individuals are prone to reinfection. 

However, in 2021, the World Health Organization (WHO) recommended 

widespread use of the RTS,S/AS01 (RTS,S) malaria vaccine (brand name 

Mosquirix) among children in sub-Saharan Africa and in other regions with 

moderate to high P. falciparum malaria transmission. The recommendation 

was based on a pilot programme in Ghana, Kenya and Malawi. The vaccine 

is only moderately efficient as it prevents only about 30% of severe malaria 

cases after a series of four injections in children under the age of five26. But 

experts predict that it could still prevent the deaths of 23,000 children a year, 

making a significant dent in the tremendous toll of the disease27. Some studies 

show that even greater drops in hospitalisations and deaths can be achieved 

through tailored rollouts28. Vaccines are seen as the next frontier in anti-

malaria strategy as there is increasing evidence of drug resistance developing 

against available antimalarial drugs29. 

Another vaccine candidate, the R21/Matrix-M during phase 3 trials have 

shown up to 80 per cent protection against malaria in children aged five to 17 
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months30. The vaccine, developed by scientists at the University of Oxford, 

is the first to meet the World Health Organization’s (WHO) Malaria 

Vaccine Technology Roadmap goal of a vaccine with 75 per cent or greater 

efficiency over 12 months. After regulatory authorisation, the vaccine is 

expected to be manufactured by the India-based Serum Institute of India31. 

However, some public health experts also caution that excitement over a 

vaccine might overshadow existing malaria control measures that are already 

underfunded, such as insecticide programmes and functional health systems. 

Nevertheless, expanding the use of vaccines in malaria eradication programs 

can be considered, especially for high-risk countries. 

Genetically Modified Mosquitoes 

Another technology being considered to supplement the fight against malaria 

is the use of genetically modified (GM) mosquitoes. This technology is being 

broadly used in two different ways: the development of GM non-gene drive 

mosquitoes and GM gene drive mosquitoes. 

GM non-gene drive mosquitoes are specially bred with special ‘knock-out 

genes’ which aim to reduce fertility or production of female progeny or are 

biased towards higher production of male progeny (which do not bite). These 

mosquitoes have undergone controlled field trials in several countries such as 

Brazil, Panama, the Cayman Islands and Malaysia32. These experiments have 
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been spearheaded by a biotechnology firm, Oxitec. In 2021, the company 

released GM mosquitoes into the open air in the United States, in the state of 

Florida for the first time33. In 2022, US Environmental Protection Agency 

(EPA) granted Oxitec permission to conduct similar trials in California, 

subject to local approvals34. 

GM gene drive mosquitoes, on the other hand, sustain performance across 

generations because introduced genes are carried into the mosquito genome 

in tight linkage with the gene drive mechanism. They can be used to 

implement both population suppression and population replacement 

strategies. 

There is limited regulatory clarity regarding the use of genetically modified 

mosquitoes. Although some countries have allowed experimental trials of 

non-gene drive GM mosquitoes, approval has not been granted for any gene 

drive GM mosquitoes. However, in 2018, a 15-member scientific working 

group, under the aegis of the Foundation for the National Institutes of 

Health, put forward a series of recommendations for using gene-drive 

mosquitoes in sub-Saharan Africa35. The report stressed that governments, 

communities, and local scientists would need time to absorb the science and 

effectively regulate the technology. 
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IV. Benefits and Challenges of 

Gene Drives 

Gene drive technology is a revolutionary tool which has the potential to 

significantly alter the odds in the fight against vector-borne diseases, 

especially malaria. However, the promise of this technology brings with it 

both enormous opportunities and significant challenges (Table 1). 

Benefits of Gene Drives Challenges with Gene Drives 

Potential to fight anti-malaria drug 

resistance 

Can speed up the emergence of 

resistant genes 

Could help with the elimination of 

malaria, especially in high incidence 

regions 

Ecological impact of population 

modification not known 

 Possibility of misuse 

 
Changes can persist for generations 

within the environment 

Table 1 - Benefits and challenges of gene drives 
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Benefits 

Gene drive-based population modification strategies can provide 

sustainability to malaria elimination efforts by aiding the WHO-defined 

control, pre-elimination, elimination, and prevention-of-reintroduction 

phases of local malaria elimination36. These strategies would be quite effective 

if deployed in conjunction with other tools such as the use of prophylactic 

and therapeutic drugs that eliminate parasites, anti-malaria vaccines, and 

interventions such as insecticides, spatial repellents, and others that target the 

malarial vector. 

Challenges 

The gene drive population modification technology raises several questions 

that require further investigation. These include questions about the 

effectiveness of effector genes to deliver substantial reductions in malaria 

transmission, the effect of imperfect transmission-blocking traits on malaria 

elimination, and concerns about the efficacy of effector genes considering 

higher fitness costs for the vector37. 

The efficiency of the driver gene and gene drive system itself to achieve 

elimination must be examined. For example, the process of copying the 

effector gene from one chromosome to another is not always successful. 

DNA can undergo an alternative repair pathway, which has the potential to 
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generate “resistant” alleles that do not contain the desired drive or effector 

gene38. Furthermore, efforts to prevent mosquito reproduction through 

interference with fertility genes can impose a large selection pressure for 

resistance development in the mosquito39. The extent to which these factors 

affect the ability of gene-drive mosquitoes to eliminate malaria must be better 

examined. 

Gene editing can also lead to non-target mutations which may have adverse 

physiological effects. GM mosquitoes may become resistant to insecticide, 

may start harbouring other pathogens or may become ineffective at 

preventing the disease they were designed against. Both population 

suppression and replacement approaches have similar potentials of carrying 

non-target mutations40. 

The potential harms and possible ecological risks associated with releasing 

gene drive mosquitoes into the wild have not yet been well established. 

Therefore, community understanding, support, and buy-in are extremely 

crucial before gene drive mosquito releases can proceed, even at trial stage41. 

The ecological consequences of eliminating an organism, such as mosquitos 

from the environment have not been fully understood. The second and third-

order effects on the ecosystem, livestock, agriculture, and human life is yet to 

be studied fully. Furthermore, given the complexity in ecosystem linkages, 

field trials would have to be conducted in several countries with variable 

climates, flora, and fauna to understand the consequences of eliminating 
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mosquitoes from the ecosystem. The process of environmental impact 

assessment would have to be extremely robust to account for the potential 

loss of ecological balance42. 

The example of Cane toads and Australia is illustrative of such ecological 

risks. Cane Toads are native to South and Central America. They are 

extremely hardy animals and are predators of insects and other small prey. 

These qualities led to their introduction into Australia as a pest-control 

measure against beetles in 1935. However, Cane toads themselves became 

pests after being introduced into Australia as they are capable of poisoning 

predators that try to eat them. Because of this, toads do not tend to hide. 

Several studies suggest that native animals such as crocodiles, turtles, and 

monitor lizards among others are greatly threatened by the invasion of the 

cane toad. They have also been linked to the decline and extinction of several 

native predator species in Australia43. 

Another potential risk with the gene drive technology is that the recall 

potential of the GM mosquito is extremely limited. Once released, the GM 

gene-drive mosquito would persist in the population for a long time. 

Furthermore, unlike the option to not buy GM foods if one is against the 

technology, the environmental release of GM mosquitoes does not confer the 

same freedom of choice to individuals. It would be virtually impossible to 

avoid coming in contact with a GM mosquito once they have become 

dominant in an area. 
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According to researchers at Imperial College London, there are at least 46 

theoretical harms that could arise from the use of gene drives on 

mosquitoes44. These include potential downsides such as a reduction in 

pollinators, the development of allergic reactions to the bite of transgenic 

mosquitoes, or fish that would eat the larvae of transgenic mosquitoes. 

Apart from technological and ecological challenges, gene-drive technology 

has the potential to be misused as well. For example, in an act of bioterrorism, 

someone could release a transgenic vector with harmful mutations in an area 

which can then potentially replace the wild-type population. This would 

have ramifications for a variety of domains, especially agriculture, public 

health, and food security. For this reason, specific types of reversible gene 

drives are being developed with built-in controls or external overrides which 

allow the original drive to be overwritten on command45. This effort is being 

funded by the US Defense Advanced Research Projects Agency (DARPA). 

These new technologies are promising candidates for use in vector control. 

However, they are not silver bullets, and their benefits and risks need to be 

compared with existing measures to identify the best solution to curb disease 

prevalence. In the subsequent sections, we study India’s existing efforts at 

malaria eradication and assess the relevance of gene drives in the Indian 

context. 
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V. Efforts at Malaria Eradication by 

India 

The epidemiology of malaria in India is complex due to India’s geographic 

and ecological diversity and the wide distribution of ten anopheline vectors. 

The most common malaria parasites in India are Plasmodium falciparum and 

P. vivax but both are unevenly distributed across India. Since its 

independence in 1947, India has instituted several programs to reduce the 

incidence of malaria. The Global Malaria Eradication Programme of the 

WHO, launched in the 1950s, was a huge success in India with the incidence 

of malaria dropping from an estimated 75 million cases and 8,00,000 deaths 

in 1947 to just 49,151 cases and no deaths in 196146.  

However, several factors such as complacency, slow development of health 

infrastructure, inadequate surveillance, and issues such as vector resistance to 

the commonly used insecticide DDT and parasite resistance to chloroquine 

led to the reintroduction of malaria in India47. During the 1970s, reported 

cases increased to about 1.3 million in 1971 and then to 6.4 million in 1976. In 

response, the Modified Plan of Operations (MPO) was created, with a three-

pronged strategy comprising government efforts, malaria research, and public 

participation. The programme was successful and malaria incidence decreased 

to approximately 2 million cases and 247 deaths by 1984. The program 
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underwent several iterations over the years and became the National Vector 

Borne Disease Control Programme (NVBDCP) in 2003. 

In recent years, the National Strategic Plan (NSP) for Elimination of Malaria 

(2017-2022) has been developed under the National Vector Borne Disease 

Control Programme (NVBDCP) which envisages making India a malaria-

free country by 2027 and eliminating the disease by 2030. It is designed based 

on the National Framework for Malaria Elimination (NFME) 2016 and the 

World Health Organization’s Global Technical Strategy for Malaria (2016-

2030). This framework provides a phased approach to elimination of Malaria 

and outlines priority areas based on district-level stratification of burden. 

States and districts are classified into four categories to eliminate malaria in a 

phased manner. A range of measures were deployed such as distribution of 

long-lasting insecticidal net (LLIN), indoor residual spray (IRS) and larval 

source management (LSM) strategies such as use of larvicides. Artemisinin-

based combination therapy (ACT) and Rapid Diagnostic Tests (RDTs) were 

introduced with increased monitoring along international borders48. In 2019, 

India recorded a 60% reduction in reported cases compared to 2017 and a 46% 

reduction compared to 201849. 

India’s progress has been noted by the WHO World Malaria Report in 2018, 

2019 and 2020, but the country must accelerate further malaria elimination 

activities at the district and peripheral levels to achieve the target of malaria 

elimination by 2030. Even though India is yet to achieve malaria-free status 
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for itself, countries like China and Sri Lanka have been able to eliminate 

malaria through conventional approaches and without using genetic editing 

methods. 

Which Approach Works Best for India? 

India is a major contributor to the global disease burden caused by Malaria. 

India accounted for 83% of estimated cases and about 82% of all malaria deaths 

in the WHO South-East Asia Region. Although the incidence and 

prevalence of malaria in India have come down in the last few years using 

conventional mitigation approaches, it is worth examining if emerging 

approaches can provide a fillip to India's efforts to eradicate malaria. 

As a developing country, India needs to delicately balance its developmental 

imperatives and available financial resources. Therefore, a decision to adopt a 

new approach should account for economic viability, ease of introduction 

and public support, the quantum of decrease in disease burden, and available 

state capacity. One useful framework to approach this dilemma would be to 

assess the preventability and curability of disease (Figure 4). This decision 

matrix can also be used to assess available options for other uses of gene drive 

apart from for control of vector bounce diseases. 

India has seen a consistent decline in malaria cases over the last few years and 

is believed to be on track to meet its goal to eradicate malaria by 2030. This  
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Figure 4 – Preventability and Curability matrix 

indicates that the current conventional approach is working. However, there 

is always a risk of resurgence in high-risk areas so preventative measures need 

to be taken. 

Vaccines may be considered an option for high-risk districts. An anti-malaria 

vaccine candidate from the UK has shown promise in phase 3 trials with an 

efficacy of >70%. The vaccine is expected to be manufactured by an Indian 

company as well. It would be easier to find public support for such a step as 
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the attitude of the Indian public towards vaccines, in general, has been quite 

positive, especially during the COVID-19 pandemic.50 The inclusion of anti-

Malaria vaccines would not be seen with suspicion as emerging approaches 

such as genetically modified mosquitoes might. 

Despite GM mosquitos being a novel technology, regulatory experience for 

gene drive mosquitoes and non-gene drive mosquitoes has been quite 

different. In 2017, Oxitec announced the launch of outdoor caged trials in 

Jalna, Maharashtra to demonstrate the efficacy of its non-gene drive GM 

mosquitoes in suppressing the local Aedes aegypti population51. Results of the 

trials published in 2022 showed that the trial was successful in effectively 

suppressing the wild populations of the mosquito within 10 to 16 weeks of 

release52. However, in the same year in 2017, researchers at the University of 

California, San Diego proposed to conduct field trials of gene-drive 

mosquitoes in India under a $70 million grant from Tata Trusts53. Not much 

is known in the public domain regarding the current status of this project, 

suggesting the project did not receive appropriate regulatory approvals. 

Although gene-drive technology has developed further since then, the 

challenges associated with the mass adoption of such technology in India 

persist, especially as a method of eradicating vector-borne diseases such as 

malaria. 

There are several unknowns about genetically modified mosquito 

technology, either with or without gene drives. Constant monitoring and 
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examination would be required to ensure that the gene drive mosquitoes 

don’t lead to the development of gene-drive resistant genes in wild-type 

mosquito populations and plasmodium strains and complicate efforts to 

eradicate malaria. This will invariably necessitate the creation of additional 

ecological surveillance capabilities which adds to the cost and isn’t an optimal 

option given the current disease burden. 

Adoption of gene-drive GM mosquitoes would require significant buy-in 

from local communities54. This could be tricky considering the lack of 

adequate knowledge about genetic engineering techniques among the 

population and might even increase the chances of vested interests using 

misinformation and disinformation to flame the anti-GMO sentiment. This 

can jeopardise malaria elimination efforts by breeding suspicion of even non-

gene drive approaches such as vaccination or anti-malarial drugs. 

Lastly, given that the technology isn’t ready for field trials yet, there is little 

clarity on how gene drive applications will be regulated, either globally or in 

India. Furthermore, the intellectual property associated with gene drive 

technology and its applications is not based in India. This creates a risk factor 

for India to be dependent on foreign technology to achieve its public health 

objectives. 

All these challenges signal that it is not prudent to currently promote the use 

of gene drives or GM mosquitoes as a tool for malaria eradication. However, 

India’s experience with almost eradicating malaria in the 1960s but witnessing 



Takshashila Discussion Document 2023-03  Gene Drives and Vector-Borne Diseases 

32 
 

a resurgence in the 1970s, shows the risk of being complacent and 

underprepared to face unexpected challenges of drug and insecticide 

resistance. This makes research on emerging technologies and their evaluation 

for use in India critically important. Even if it is not prudent to deploy gene 

drive technology for malaria eradication in India currently, primary research 

in the gene drive technology should be encouraged to gain experience for 

possible future use. This technology could be useful in addressing other issues 

such as pest control for agriculture etc. 

VI. Recommendations 

Gene drive technology holds immense potential as a method to control 

vector-borne diseases. It is also likely that the technology would be mature 

enough to be deployed within a decade55. Therefore, it is worth considering 

the ecological, commercial, regulatory, and public health consequences of 

such a possibility. 

It is not prudent for India to currently consider promoting gene drives as a 

tool to eradicate malaria due to technological challenges, regulatory 

uncertainty, ecological ramifications and comparatively less (and declining) 

burden of malaria itself. However, given the high incidence and persistence 

of malaria in several sub-Saharan countries, it is possible that an African 

country decides to deploy gene-drive GM mosquitos on a large scale in the 

next few years. The immense economic and developmental toll vector-borne 



Takshashila Discussion Document 2023-03  Gene Drives and Vector-Borne Diseases 

33 
 

diseases inflict on vulnerable populations might make gene-drive GM 

mosquitos an attractive alternative. Even with some downsides to gene 

drives, the potential benefits for human health and economics may far 

outweigh the risks for some countries56. This would necessitate the 

formulation of regulations to ensure that cross-border flow between that 

country and India accounts for the possibility of transgenic mosquitoes 

finding their way to India. Similar issues would arise if any of India’s 

immediate neighbours decide to deploy this technology as well. 

As the gene drive technology develops and matures further, it is also likely 

that they would be used for a variety of purposes in addition to being a 

vector control mechanism. India should invest in cultivating domestic 

capabilities, both in primary research and manufacturing to take advantage 

of the potential of gene drives in future. 
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VII. Appendix 
Comparative Analysis of Various anti-Malarial Strategies 

 

Conventional 

interventions based 

on WHO 

guidelines 

Vaccines Gene Drives 

Situation in 

India 

Significant success 

over the last few 

years. The 

economic cost of 

malaria for India is 

~US$ 2 

billion/year57 

Not yet approved for 

use 

Not yet approved 

for use 

Situation 

globally and 

regionally 

Primary method of 

disease eradication 

in South Asia, SEA 

and East Asia 

After WHO 

approval in 2019, 

increasingly being 

used (paediatric use) 

in high incidence 

areas of Africa 

Lab-based 

controlled trials 

show promise58 

but no field trials 

yet. 
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Success Stories 

Eradication of 

malaria by Sri 

Lanka (regional 

peer) and China 

(demographic 

peer) 

Success in sub-

Saharan Africa59 
 

Public 

familiarity with 

tech 

 

Relatively high 

familiarity of public 

with vaccines 

Very low to non-

existent familiarity 

of public/civil 

society with this 

tech 

Relative need 

for public 

outreach 

programmes 

Low need; comfort 

among public 

Vaccine hesitancy 

not a big issue in 

general; existing 

awareness regarding 

malaria vaccines60 

Need significant 

buy-in from 

public due to 

nature of 

technology and 

possibility of 

disinformation and 

rumours about the 

technology 
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Civil society/ 

environmental 

concerns 

 

Not very high 

efficacy of approved 

anti-malaria vaccines 

yet61 

Consequences for 

environment, 

ecology and 

second or third 

order effects on 

livestock and 

ecosystem as a 

whole 

Current 

regulatory 

regime in India 

Interventions by 

NVBDCP, 

MoHFW through 

National 

Framework for 

Malaria 

Elimination of 

201662 

Not sanctioned for 

use in India yet but 

experts say it should 

be considered63; 

approved for limited 

use by WHO in high 

incidence countries64 

No specific 

regulation but not 

allowed to even 

conduct trials yet; 

no international 

regulatory clarity65 

Challenges 

Low state capacity 

and fiscal 

constraints 

Approved but low-

efficacy vaccines may 

not be as suitable for 

Indian needs66; little 

indigenous research 

on anti-malaria 

Not adequately 

commercialised; 

not an indigenous 

technology 
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vaccines67 

Opportunities 

Second order 

positive effects on 

health, 

infrastructure, state 

capacity and 

economy 

Development of 

indigenous 

capabilities68 in 

vaccine 

development69 

Potential to help 

develop biotech 

industry 
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