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Despite advances on multiple fronts, mosquito-borne diseases 
remain among the most persistent public health challenges 
globally. The reality is that mosquitoes are highly efficient 
vectors of human disease. Of the more than 3,500 mosquito 
species worldwide, four mosquito genera – Aedes, Anopheles, 
Culex, and Mansonia  – are particularly consequential, 
responsible for transmitting a wide range of diseases including 
dengue, malaria, Zika, chikungunya, and lymphatic filariasis. 
These mosquitoes can also transmit other potential pandemic 
viruses, including Rift Valley fever virus and West Nile virus. 
Against this backdrop, this white paper introduces a Five-Stock 
framework to clarify gaps, the roles of stakeholders – Public 
sector, Private sector, Philanthropy, People/Communities – and 
investment needs. Moreover, it proposes a philanthropic-led 
Global Consortium Against Mozzies (GCAM) to coordinate a 
multi-sectoral response.

EXECUTIVE  SUMMARY

Mosquito-borne diseases are increasing in incidence and geographic 
range. Globally, there are approximately 282 million malaria cases 
and 100 – 400 million dengue infections each year. The World Health 
Organisation (WHO) estimated that about half of the world’s population 
(about 3.9 billion) is at risk of contracting dengue. Key factors driving  
the rise of mosquito-borne diseases include:

Add to this is the challenge of mosquito-borne viruses constantly  
evolving and potentially acquiring new traits through genetic changes that 
may enable them to adapt to new mosquito hosts, as seen in chikungunya,  
which became more efficiently transmitted by Aedes albopictus.  

Climate change  is expanding mosquito habitats, turning 

previously cold areas into suitable range. Dengue-transmitting 

Aedes aegypti  has been found at elevations above 2,400 m in 

Nepal. Even Iceland, long considered mosquito-free, recently 

detected a cold-tolerant species (Culiseta annulata) for the first 

time as temperatures rise. Extreme weather can also disrupt 

health systems and supply chains, undermining control efforts 

and worsening mosquito-borne disease burdens.

Urbanisation and increased global mobility and  
socio-demographic shifts  are key enablers of mosquito-borne 

disease transmission. Rapid urbanisation creates favourable conditions 

and breeding sites, while international travel and trade facilitate the 

movement of both mosquitoes and the pathogens they carry across 

borders. In 2019, the United States recorded 1,474 travel-associated 

dengue cases, a 168% increase over the 2010–2018 average, with 

similar surges reported during major global events such as the 2024 

Paris Olympics. In parallel, population ageing is increasing the burden 

on health systems, as older adults with comorbidities face higher risks 

of severe disease.

National/Global crises  such as the COVID-19 pandemic have 

revealed new vulnerabilities with the disruption of vector control and 

surveillance systems. Health workers were reassigned to fight the 

virus everyone could see, while ignoring the ones they could not, 

highlighting the need to build resilience in our health systems.

The Tiny Wings of a Global Crisis Not a Tropical Problem
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Global and regional efforts are underway to 
address the Mozzie Challenge on five fronts.

EXECUTIVE  SUMMARY

Building on these five fronts, this white paper introduces a practical Five-Stock framework 
that identifies the key gaps, clarifies the roles of governments, industry, philanthropy, and 
communities, and outlines the indicative investments needed for coordinated action. A new 
philanthropic-led multi-sectoral effort, the Global Consortium Against Mozzies (GCAM), 
is proposed to coordinate the responses. The Temasek Trust ecosystem is ready to lead 
in this effort – Temasek Foundation leading on programmatic curation and Temasek Life 
Sciences Laboratory supporting through research. We are inviting like-minded partners  
to join the consortium, to translate science into impact for Asia and beyond. As an initial 
focus, GCAM will prioritise three areas:

Strengthening Surveillance:  
Integrating genomic, epidemiological, and One Health systems  

to track viral evolution, serotype shifts, and population-level 

changes in mosquito vectors.

Simple Protective Measures: 
Improving nets, traps, repellents, and community measures  

to reduce exposure to mosquito bites.

Controlling Mosquito Vectors and Human Infections: 
Combining Larval Source Management (LSM), Wolbachia-based 

suppression and replacement, Sterile Insect Technique (SIT),  

and emerging genetic and biological tools.

Regional Collaboration: 
Supporting cross-border information sharing, technical alignment, 

and preparedness through WHO and regional-led initiatives.

Strengthening Medical Countermeasures  
and Delivery Systems: 
Advancing vaccines, therapeutics, and resilient supply chains, 

supported by WHO Target Product Profiles, translational 

research, and delivery partnerships.
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Fighting Back Global Consortium Against Mozzies (GCAM)

Strengthen 
surveillance 

Track dengue serotypes, viral 

evolution, and population-level shifts 

in mosquito vectors, giving health 

systems the lead time to anticipate 

outbreaks and position interventions 

ahead of transmission peaks.

Coordinated vector control 
and next-generation  

tool development 

Align regional vector control 

strategies so they reinforce one 

another through shared release 

zones, timing, and monitoring 

protocols, while also advancing new 

vector control tools such as heat-

tolerant Wolbachia strains, improved 

sterile insect technique protocols, 

genetic sex-sorting tools, and 

transmission-blocking approaches 

with regional partners.

Accelerated deployment  
of advanced vaccines  

and therapeutics 

Support the introduction of 

promising next-generation tools 

against mosquito-borne diseases, 

with particular emphasis on options 

with stronger delivery potential at 

scale, such as effective vaccines 

and other interventions that can 

strengthen both outbreak response 

and longer-term disease control. 

This is not simply about preventing illness. Every dengue 
outbreak that shuts down schools, every malaria epidemic that 
devastates rural communities, every Zika outbreak that forces 
families to delay having children – these represent profound 
disruptions to the fabric of society and the dreams of millions. 
The war against mosquito-borne diseases is far from over, but for 
the first time in human history, we have the tools, knowledge, and 
potential for coordination to not just fight back, but to win.

The Stakes: More Than Just Health
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1.1

Four Target Mosquito Genera  
and the Diseases They Transmit 
These four mosquito types (see Table 1 and Figure 1) are the key 
vectors we aim to diminish, as controlling them would drastically 
reduce the burden of the diseases listed.

Vector-borne diseases, most of which are mosquito-borne and traditionally 
confined to tropic regions, pose a growing threat to public health. Each year,  
they are responsible for an estimated 700,000 deaths [1], alongside approximately 
100 – 400 million dengue infections[2] and 282 million malaria cases[3], placing 
significant strain on healthcare systems worldwide. The human toll is particularly 
severe for malaria, which alone claims about 610,000 lives annually in 80 countries, 
of which the African region accounts for 95% of these deaths, with 75% being 
children under five[3]. Beyond the loss of life, the global economic toll that includes 
the expenditures to healthcare and losses on productivity amounts to over US$30 
– 40 billion each year[4,5,6,7,8,9,10]. Tackling mosquito-borne diseases is therefore not 
merely a public health imperative, but an urgent economic and humanitarian one.

There are more than 3,500 mosquito species worldwide, and this white paper  
focuses on the four genera that are primarily responsible for transmitting major  
human diseases. Understanding our targets and the factors driving the rise of  
these diseases is essential for formulating effective interventions.

Introduction &
Background 

FOUR TARGET MOSQUITO GENERA AND THE DISEASES THEY TRANSMIT 1.1

MAJOR DISEASES
TRANSMITTED

MOSQUITO GENUS
(KEY SPECIES)

AEDES

ANOPHELES

CULEX

MANSONIA

GEOGRAPHIC
DISTRIBUTION

TYPICAL
ENVIRONMENTS

Dengue

Chikungunya

Zika

Yellow fever

Malaria  

(Plasmodium parasites)

O’nyong-nyong virus 

(ONNV)

Japanese encephalitis

West Nile fever

Other encephalitic viruses

Lymphatic filariasis

(elephantiasis)

Urban Asia

Latin America

Tropical and subtropical 

regions worldwide

Primarily urban
and peri-urban
environments

South Asia

Middle East

Parts of Africa

Expanding globally

Historically rural,

now increasingly urban

Widely distributed 

globally, especially Asia, 

Africa, and the Americas

Urban, peri-urban, 

and rural  environments; 

often polluted water sites

Tropical and subtropical 

regions in Africa, Asia,

Australia, South and 

Central America

Rural  and semi-rural 
areas with aquatic vegetation

• 

•

•

•

• 

•

•

•

•

•

• 

•

•

• 

•

•

•

Table 1. Four Key Mosquito Genera 
and Their Public Health Impact

(Aedes aegypti, 

Aedes albopictus)

(e.g., Culex

quinquefasciatus,

Culex pipiens)

(various species)

(Anopheles 

stephensi, Anopheles 

funestus, Anopheles 

gambiae complex)
1. World Health Organization: WHO. (2024, September 26). Vector-borne diseases.  
https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases

2. World Health Organization: WHO & World Health Organization: WHO. (2025, August 21). 
Dengue.  https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue

3. World Health Organization: WHO & World Health Organization: WHO. (2025,  
December 4). Malaria.  https://www.who.int/news-room/fact-sheets/detail/malaria

4. Shepard, D. S., Undurraga, E. A., Halasa, Y. A., & Stanaway, J. D. (2016). The global 
economic burden of dengue: a systematic analysis. The Lancet Infectious Diseases, 16(8), 
935–941.  https://doi.org/10.1016/s1473-3099(16)00146-8

5. Shoukat, A., Vilches, T., & Moghadas, S. M. (2019). Cost-effectiveness of Prophylactic 
Zika Virus Vaccine in the Americas - Volume 25, Number 12—December 2019 - Emerging 
Infectious Diseases journal - CDC. Wwwnc.cdc.gov.  https://doi.org/10.3201/eid2512.181324 

6. Marije, A., Vondeling, G. T., Boer, M., Murray, K., & Postma, M. J. (2024). The global 
health and economic burden of chikungunya from 2011 to 2020: a model-driven analysis 
on the impact of an emerging vector-borne disease. BMJ Global Health, 9(12), e016648–
e016648. https://doi.org/10.1136/bmjgh-2024-016648

7. Qamruddin, J., & Constantinou, N. (2008). Malaria Booster Program for Africa : Gaining 
Ground against a Major Challenge to Health and Development. World Bank, Washington, 
DC. https://doi.org/10.1596/9535

8. Deng, X., Yan, R., Li, Z., Tang, X., Zhou, Y., & He, H. (2021). Economic and disease burden 
of Japanese encephalitis in Zhejiang Province, 2013–2018. PLOS Neglected Tropical 
Diseases, 15(6), e0009505.  https://doi.org/10.1371/journal.pntd.0009505

9. Ronca, S. E., Murray, K. O., & Nolan, M. S. (2019). Cumulative Incidence of West Nile 
Virus Infection, Continental United States, 1999–2016. Emerging Infectious Diseases, 
25(2), 325–327.  https://doi.org/10.3201/eid2502.180765

10. Mathew, C. G., Bettis, A. A., Chu, B. K., English, M., Ottesen, E. A., Bradley, M. H., & 
Turner, H. C. (2019). The Health and Economic Burdens of Lymphatic Filariasis Prior to 
Mass Drug Administration Programs. Clinical Infectious Diseases, 70(12), 2561–2567. 
https://doi.org/10.1093/cid/ciz671



 Aedes

 Culex

Anopheles

Mansonia

(especially Aedes aegypti and Aedes albopictus)

(e.g. Culex species)

(especially Anopheles stephensi)

(various species)

Spreads dengue fever, chikungunya, Zika virus, 

and yellow fever, predominantly in urban Asia  

and other tropical areas.

Spreads Japanese encephalitis and  

West Nile fever, among other encephalitic viruses.

Spreads malaria (Plasmodium parasites),  

historically in South Asia and now increasingly  

in urban settings.

Spreads lymphatic filariasis (elephantiasis) 

through transmission of filarial parasites.

FOUR TARGET MOSQUITO GENERA AND THE DISEASES THEY TRANSMIT 

Figure 1: Four Types of Mosquitoes We Aim to Diminish

(various species)
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1.2

Key Factors Driving the Rise  
of Mosquito-Borne Diseases
Multiple environmental and societal factors are accelerating 
both the rate of infection and geographic spread of mosquito-
borne diseases. Key drivers include:

1. Climate Change

11. Mosquitos ascend to the base of Mt Everest. (2026, April 27). Nepali 
Times. https://nepalitimes.com/mosquitos-ascend-to-the-base-of-mt-everest 

12. Liu, Q., Wang, M., Du, Y., Xie, J., Yin, Z., Cai, J., Zhao, T., & Zhang, H. (2024). 
Possible potential spread of Anopheles stephensi, the Asian malaria vector. 
BMC Infectious Diseases, 24(1). https://doi.org/10.1186/s12879-024-09213-3

13. Childs, M. L., Lyberger, K., Harris, M. J., Burke, M., & Mordecai, E. A. 
(2025). Climate warming is expanding dengue burden in the Americas and 
Asia. Proceedings of the National Academy of Sciences, 122(37). 
https://doi.org/10.1073/pnas.2512350122  

14. Messina, J., & Carrel, M. (2026). Climate shocks, not just warming, 
threaten malaria control efforts in Africa. Nature, 651(8105), 311–312.  
https://doi.org/10.1038/d41586-026-00491-2

INTRODUCTION & BACKGROUND 

Global warming and changing weather patterns are expanding the habitats 

of disease-carrying mosquitoes. Warmer temperatures and changing rainfall 

patterns allow mosquitoes to thrive in new areas and at higher altitudes.  

For example, dengue-transmitting Aedes aegypti  mosquitoes have recently 

been found at elevations above 2,400 m in Nepal, far beyond their historical 

range, due to rising temperatures[11]. Likewise, the malaria vector Anopheles 

stephensi  is projected to invade new regions as previously unsuitable climates 

become suitable[12]. These shifts increase the risk of dengue and malaria in 

populations that had little prior exposure. Modelling studies suggest that global 

dengue incidence could increase by around 50% or more by mid-century[13]. 

Figure 2 illustrates the expanding habitat suitability for  Aedes aegypti, and 

an additional figure in the Appendix shows comparable trends for Aedes 

albopictus. Beyond geographic expansion, climate change also enhances the 

efficiency of disease transmission. As shown in Figure 3, the global transmission 

potential for dengue has increased by 49% for Aedes albopictus and 12 % for 

Aedes aegypti  from 1951–60 to 2015–24. 

Furthermore, extreme weather events increasingly threaten to disrupt our 

strategies for arbovirus control, underscoring the need for our health systems 

to remain resilient in the face of climate change. Climate-driven flooding and 

severe cyclones could lead to  approximately 123 million extra malaria cases 

and over 500,000 additional deaths between 2024 and 2050. About 80% of 

this burden arises due to the disruption of supply chains and infrastructure, 

including damaged housing, interrupted bed-net distribution and reduced 

access to treatments when roads and clinics are damaged or overwhelmed[14].



Figure 2: Shifting risk of Aedes-borne diseases due to Climate Change [F2]

F2. Ellis, R. (2019, March 28). CHART: Where Disease-Carrying Mosquitoes will go in 
the future. NPR. https://www.npr.org/sections/goatsandsoda/2019/03/28/707604928/
chart-where-disease-carrying-mosquitoes-will-go-in-the-future
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Figure 3: Rising Dengue Transmission Potential Driven by Climate Change [F3]

KEY FACTORS DRIVING THE RISE OF MOSQUITO-BORNE DISEASES1.2

2. Urbanisation, Global Mobility,  
and Socio-demographic Shifts
Rapidly urbanising environments – typically characterised by dense 

populations, inadequate housing, poor waste management, and increased 

water storage practices – provide ideal breeding grounds for mosquitoes[15], 

amplifying the risk of arbovirus disease infection. Even in urban areas with 

good infrastructure where routine water storage is uncommon, mosquito 

thermal suitability is favourable and extreme weather events like drought 

can reinforce water storage practices[16]. Together, these factors support 

faster larval development and longer adult mosquito survival, sustaining 

transmission risk in urban environments. 

F3. Romanello, M., Walawender, M., Hsu, S.-C., Moskeland, A., Palmeiro-Silva, 
Y., Scamman, D., et al. (2025). The 2025 report of the Lancet Countdown on 
health and climate change. The Lancet, 407(10436), 1127–1200. 
https://doi.org/10.1016/S0140-6736(25)01919-1

15. Nasirian, H. (2025). Factors influencing establishment of dengue fever 
vectors in urban areas. Eastern Mediterranean Health Journal, 31(3), 163–165. 
https://doi.org/10.26719/2025.31.3.163

16. Wang, D., Wu, X., Chen, J., & Zhao, L. (2026b). Urbanization, infrastructure, 
and mosquito thermal suitability shape the causal effects of extreme weather 
on dengue transmission. The Innovation Medicine, 4(1), 100188. https://doi.
org/10.59717/j.xinn-med.2026.100188

INTRODUCTION & BACKGROUND 
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Alongside urbanisation, increased global travel and trade facilitate the spread 

of both mosquitoes and the pathogens they carry. In 2019, the United States 

(US) recorded 1,474 travel-associated dengue cases, a 168% increase over  

the 2010–2018 average[17]. Similarly, in France, the 2024 Olympic Games 

brought a surge in dengue cases (1,679 imported cases)[18]. Additionally, 

the US,  which had previously achieved malaria elimination,  experienced a 

resurgence in 2023 due to global mobility[19]. Other mosquito-borne diseases, 

including Zika and chikungunya, have similarly spread via human movement. 

This global connectivity allows mosquitoes and the pathogens they carry to 

rapidly cross borders, making outbreaks  more difficult to predict and control.

These public health impacts are further compounded by socio-demographic 

shifts. Older adults are disproportionately affected due to high prevalence of 

comorbidities amongst them such as diabetes mellitus and hypertension[20]. 

These comorbidities increase the rate of disease progression and the severity 

of disease outcome[20]. Taking dengue as an example, evidence suggests 

that the median time from illness onset to death in an elderly patient may be 

as short as 6 days[20]. As global populations continue to age, this dynamic 

amplifies the overall burden of mosquito‑borne diseases, placing additional 

strain on healthcare systems.

INTRODUCTION & BACKGROUND 

National/Global Crises
Crises such as the COVID-19 pandemic have revealed the importance of building  

health-system resilience in managing mosquito-borne diseases amid periods of systemic 

disruption. With resources and attention redirected to the pandemic, public health measures 

like community mosquito breeding site cleanups were disrupted. Lockdowns further 

compounded the problem: with more people confined to their homes, exposure to household 

Aedes mosquitoes  increased. As such, mosquito populations and cases of arboviral infections 

rose, further straining the health systems that were already overwhelmed with COVID-19 

infections. In Singapore, the 2020 lockdown saw a surge of over 32,000 dengue cases and 

household mosquito larvae increasing five-fold compared to pre-lockdown two months prior [21].  

In Bengaluru, India, the extended lockdown resulted in the disruption of Aedes surveillance, 

causing an increase in the Aedes population and the number of dengue cases[22]. Malaria 

control was also disrupted in Africa, resulting in over 748,000 deaths in 2021 – an increase  

from over 670,000 deaths in 2019[23]. The pandemic highlighted the severe consequences  

of neglecting vector-borne disease prevention during a crisis,  reinforcing the urgent need to 

build systems resilient enough to withstand shocks that may not always be foreseeable.

Figure 4: Post-Lockdown Decline in Dengue Cases and Deaths (2020 vs 2021) [F4]

17. Wong, J. M., Rivera, A., Volkman, H. R., Torres-Velasquez, B., Rodriguez, D. M., Paz-
Bailey, G., & Adams, L. E. (2023). Travel-Associated Dengue Cases — United States, 
2010–2021. MMWR Morbidity and Mortality Weekly Report, 72(30), 821–826. https://
doi.org/10.15585/mmwr.mm7230a3 

18. Paris 2024 Olympic Games dengue ‘super-spreader’ outbreak | Dengue.com. (n.d.). 
Dengue.com. https://www.dengue.com/could-there-be-a-dengue-outbreak-during-the-
2024-paris-olympics

19.  Winny, A. (2023, September 5). What to know about Malaria in the US. Johns 
Hopkins Bloomberg School of Public Health. Retrieved April 29, 2026, from https://
publichealth.jhu.edu/2023/malarias-comeback-in-the-us

20. Jeng, M., Lee, N., Lee, I., Chen, Y., Huang, W., Hsu, J., Tai, C., & Lan, H. (2025). 
Prognosis and mortality risk in elderly patients with dengue virus infection: Excess 
fatality and the urgent need for revising current WHO criteria for elderly patients. 
Travel Medicine and Infectious Disease, 65, 102855. https://doi.org/10.1016/j.
tmaid.2025.102855

23. Huang, J., Hu, Y., Wu, Y., Pan, L., Wang, M., Wang, W., & Lin, S. (2025). 
Global burden of malaria before and after the COVID-19 pandemic based 
on the global burden of disease study 2021. Scientific Reports, 15(1). 
https://doi.org/10.1038/s41598-025-93487-3 

F4. Khan, S., Akbar, S. M. F., & Nishizono, A. (2022). Co-existence of a 
pandemic (SARS-CoV-2) and an epidemic (Dengue virus) at some focal 
points in Southeast Asia: Pathogenic importance, preparedness, and 
strategy of tackling. The Lancet Regional Health - Southeast Asia, 4, 
100046. https://doi.org/10.1016/j.lansea.2022.100046

21. Huang, L., Xiao, G., Chen, H., Niu, X., Fu, X., Xu, H., Xu, G., Ma, S., 
Ong, J., & Ng, L. C. (2022). Geographical clusters of dengue outbreak 
in Singapore during the Covid-19 nationwide lockdown of 2020. 
Scientific Data, 9(1). https://doi.org/10.1038/s41597-022-01666-y

22. Reegan, A. D., Gandhi, M. R., Asharaja, A. C., Devi, C., & 
Shanthakumar, S. P. (2020). COVID-19 lockdown: Impact assessment 
on Aedes larval indices, breeding habitats, effects on vector control 
programme and prevention of dengue outbreaks. Heliyon, 6(10). 
https://doi.org/10.1016/j.heliyon.2020.e05181
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Overall, these factors have led to a marked increase in dengue, malaria, and 

other mosquito-borne diseases. Globally, reported dengue cases rose ten-fold 

from about 500,000 in the year 2000 to 5.2 million in 2019[24], with Southeast 

Asia bearing a large share of this burden, where new cases increased by 46% 

from 2015 to 2019[25]. Malaria likewise remains a significant and persistent 

threat, steadily increasing from 249 million cases in 2022[26] to 282 million 

cases in 2024[3].

With mosquitoes adapting to climate change and expanding their geographic 

range, combined with high human mobility, previously unaffected areas are 

now at risk of outbreaks. In 2024, WHO estimated about 3.9 billion in over  

132 countries are at risk of contracting dengue alone[27], with similar trends  

of geographic expansion observed for other mosquito-borne diseases.  

This alarming trend underlines the urgency of applying and scaling proactive 

solutions to prevent a future where dengue, malaria, and other arboviruses 

place even greater strain on global health systems.

24. Dengue- Global Situation. (2023, December 21). World Health Organisation. 
https://www.who.int/emergencies/disease-outbreak-news/item/2023-DON498

25. World Health Organization: WHO. (2019, August 21). Dengue - SEARO. https://
www.who.int/india/health-topics/dengue-and-severe-dengue

26. Centers for Disease Control and Prevention. (2024, April 1). Malaria’s Impact 
Worldwide. CDC. https://www.cdc.gov/malaria/php/impact/index.html 

27. World Health Organization: WHO. (2024, September 26). Vector-borne diseases. 
https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases 

Taking Stock of  
Efforts in Fighting  
Mosquito-Borne Diseases

A comprehensive and multi-sectoral approach is required  
to curb mosquito-borne diseases. Current efforts can be 
grouped into five categories:

Strengthening surveillance 

Simple protective measures 

Controlling mosquito vectors 
and human infections 

Regional collaboration 

Developing vaccines/antivirals

2.0
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Below we review the status and potential of each strategy.

2.2

2.1

Strengthening Surveillance
Effective surveillance enables early detection and faster action. 
It is the backbone that transforms case reports, lab results, and 
field observations into actionable intelligence, giving health 
systems the lead time to anticipate and prevent outbreaks.

Dengue and Zika Genomic 
Surveillance Network

Asia Pacific One Health 
Initiative

Malaria surveillance

Funded by Temasek Foundation and Singapore’s 

National Environment Agency (NEA) in Asia, and by 

the Wellcome Trust in Africa, this network sequences 

viruses to identify concerning mutations, monitor the 

continued effectiveness of Wolbachia, and detect any 

signs of viruses jumping to new mosquito vectors. 

For dengue, genomic surveillance also tracks shifts 

among its four serotypes, since changes in dominant 

serotypes can signal elevated outbreak risk. This 

network provides shared intelligence for timely 

programme adjustments[28].

This initiative – co-funded by the Temasek Foundation 

and the Gates Foundation – links human, animal, and 

environmental data to track zoonotic spillovers of 

malaria and arboviruses. By integrating wildlife and 

livestock surveillance with clinical and vector data, it 

enables earlier warnings and coordinated cross-border 

responses[30].

Effective malaria surveillance systems integrate 

diverse data sources, including case data, intervention 

coverage, and health facility stock information, to 

directly inform control and elimination decisions. For 

example, platforms such as DiSARM, funded by the 

Gates Foundation, consolidate these datasets into a 

unified system and visualise them alongside geospatial 

risk maps using tools like Google Earth Engine. 

This enables programmes to translate raw data into 

actionable insights, enabling more targeted and timely 

interventions[29]. 

Together, these surveillance systems translate 
scattered signals into actionable guidance 
on where to target vector control, when to 
surge resources, and when to deploy relevant 
innovative solutions. The outcomes of these 
vector control solutions would in turn feedback 
and update surveillance strategies, sharpening 
their ability to anticipate and predict how 
trends may unfold over time.

28. What we do. (n.d.). Temasek Foundation. 
https://www.temasekfoundation.org.sg/work

 29. 3 ways advances in disease modeling will help end malaria. (2018, June 25). 
https://www.gatesfoundation.org/ideas/articles/3-ways-advances-in-disease-
modeling-will-help-end-malaria

30. FAO, UNEP, WHO, & WOAH. (2022). One Health Joint Plan of Action (2022-
2026). Rome. https://www.woah.org/app/uploads/2022/04/one-health-joint-plan-
of-action-final.pdf

31. Murindahabi, M. M., Takken, W., Hakizimana, E., Van Vliet, A. J. H., Poortvliet, 
P. M., Mutesa, L., & Koenraadt, C. J. M. (2022). A handmade trap for malaria 
mosquito surveillance by citizens in Rwanda. PLoS ONE, 17(5), e0266714. https://
doi.org/10.1371/journal.pone.0266714

32. Mosquito traps for surveillance and research. (n.d.). https://www.nea.gov.
sg/corporate-functions/resources/research/environmental_health_institute/
mosquito-traps/mosquito-traps-for-surveillance-and-research

33. Why is NEA placing mosquito traps outside my house? Will this increase my 
chances of being bitten by mosquitoes? (n.d.). https://www.nea.gov.sg/media/
nea-vox/index/why-is-nea-placing-mosquito-traps-outside-my-house-will-this-
increase-my-chances-of-being-bitten-by-mosquitoes

34. World Health Organisation. (2025, August 13). WHO recommends spatial 
emanators for malaria vector control and prequalifies first two products. Who.
int; World Health Organization: WHO. https://www.who.int/news/item/13-08-
2025-who-recommends-spatial-emanators-for-malaria-vector-control-and-
prequalifies-first-two-products
 
35. Communicable Diseases Agency. (2023, March 8). Mozzie Woes: Dengue. 
https://www.healthhub.sg/highlights-and-insights/health-safety-advisory/mozzie-
woes-dengue
 

2.2

Simple Protective Measures
While high-tech solutions progress, there are immediate, 
low-cost measures that can significantly reduce disease risk. 
These “low-hanging fruit” interventions focus on physically 
protecting people from mosquito bites, some of which are 
supported by the quality-assured tools through the WHO’s 
Prequalification Programme.

Household and Community Protection 

Simple tools such as mosquito traps and nets can 

deliver meaningful impact. For example, affordable 

mosquito traps or solar-powered mosquito lamps can be 

deployed in areas lacking electricity, helping to lure and 

eliminate mosquitoes around homes. Beyond protection, 

mosquito traps are also used for malaria surveillance 

in Africa[31], and dengue surveillance in Singapore[32,33]. 

Insecticide-treated bed nets are another well-proven 

tool, especially against night-biting mosquitoes like 

Anopheles  (malaria). Spatial emanators, such as the 

WHO-prequalified Mosquito Shield and Guardian[34], 

are especially useful tools against daytime mosquito 

biting. However, with mosquitoes developing insecticide 

resistance, there is a need to continuously develop new 

insecticides or find ways to bypass the resistance.

Personal Protective Measures 

Individuals can greatly lower their risk of infection 

by using topical insect repellents (containing DEET, 

picaridin, or other recommended agents) on exposed 

skin and clothing. Wearing long-sleeved shirts and long 

pants, especially during peak mosquito activity times, 

creates a physical barrier to bites[35]. These personal 

and environmental precautions are cost-effective and 

can be implemented immediately, thereby “buying time” 

while longer-term solutions (like vaccines or Wolbachia 

programmes) are rolled out. Public education is key to 

promote consistent use of these protective measures.
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2.3

Controlling Mosquito Vectors 
and Human Infections
Reducing mosquito populations and blocking disease  
transmission at their source remain the cornerstone of prevention.  
Effective programmes combine traditional approaches, such as Larval  
Source Management (LSM), with advanced biological strategies like  
Wolbachia, the Sterile Insect Technique (SIT), and gene-based methods. 
This integrated approach enables countries to suppress vector populations 
sustainably*, while remaining flexible and responsive to changing conditions such 
as weather conditions, overall mosquito population, disease transmission rate etc.

Larval Source Management (LSM)

Wolbachia-based Strategies – the Proven Technology

A foundational element of vector control is the 

elimination of mosquito breeding sites at their source. 

LSM targets aquatic habitats such as household 

containers, discarded tyres, drains, construction sites, 

and natural puddles where mosquitoes lay eggs and 

larvae develop. Core strategies include environmental 

modification (such as improving drainage or covering 

water storage); environmental manipulation (such as 

regularly emptying or cleaning containers); and the 

safe use of larvicides when physical removal is not 

feasible. Programmes in China, India, Indonesia, and 

Sri Lanka have demonstrated that LSM, implemented 

through environmental modification, periodic drying of 

water bodies, and strong community participation, can 

effectively reduce mosquito breeding and reinforce 

broader vector control efforts[36]. When systematically 

applied, LSM is cost-effective and enhances the impact 

of other subsequent advanced interventions such 

as Wolbachia or SIT, by lowering baseline mosquito 

populations before release programmes as part of 

Wolbachia and SIT are initiated. 

This section outlines the two Wolbachia-based  

strategies – suppression and replacement; and explains 

why understanding and coordinating them is essential  

for achieving the best public-health outcomes.

Wolbachia is a bacterium that naturally lives and 

multiplies inside cells of many organisms. In mosquitoes, 

the Wolbachia bacterium can modify the sperm of the 

male mosquitoes such that the eggs they fertilise do 

not develop into viable offspring. It is present in Aedes 

albopictus  (the Asian tiger mosquito), but not Aedes 

aegypti  (the primary dengue and Zika vector). Two distinct 

approaches leverage Wolbachia bacteria to interfere with 

mosquito reproduction or pathogen transmission.

Technology-enabled LSM further strengthens these 

efforts by improving the identification and targeting of 

mosquito breeding sites through remote sensing and 

data-driven analysis. Tools such as AI-supported analysis, 

drone or satellite imagery, and digital mapping platforms 

allow for faster identification of high-risk water bodies, 

enabling more precise and targeted larval control[37].

Metarhizium-based Fungal Biocontrol could also be 

applied as a complementary strategy alongside LSM. 

Entomopathogenic fungi such as Metarhizium anisopliae 

and Metarhizium rileyi  are being explored as biological 

agents to kill mosquitoes at different life stages. These 

fungi naturally infect insects by penetrating the mosquito 

cuticle, proliferating inside the body, and ultimately 

killing the host. They can be applied to resting surfaces, 

breeding sites, or integrated into attractive bait stations. 

Early studies show that Metarhizium formulations 

can significantly reduce adult mosquito survival and 

may be engineered for enhanced virulence or species 

specificity. While promising as an eco-friendly and non-

chemical intervention, further work is needed to optimise 

formulations, ensure environmental safety, and determine 

operational feasibility for large-scale vector control[38].

Wolbachia Suppression  is a type of Incompatible Insect 

Technique (IIT), with the aim of reducing the overall 

mosquito population. Large numbers of male mosquitoes 

infected with Wolbachia are released to compete with 

wild males for mating with wild females; where eggs from 

such pairings do not hatch, causing the wild mosquito 

population to be diminished and eventually crash. This 

approach has been piloted successfully in multiple 

countries, demonstrating consistent suppression effects 

across a wide range of ecological and operational 

settings. Table 2 summarises outcomes from large-

scale deployments in Asia, the Americas, and Australia, 

reinforcing the growing global confidence in this strategy.

*Sustainably means keeping mosquito numbers low enough to prevent disease without 
harming the environment or creating new problems later. The goal is to control harmful 
species in affected areas, not to remove all mosquitoes everywhere.

CONTROLLING MOSQUITO VECTORS AND HUMAN INFECTIONS

36. World Health Organization. (2013). Larval source management: A 
supplementary measure for malaria vector control: An operational manual. 
Geneva: World Health Organization. https://iris.who.int/server/api/core/
bitstreams/b4afe447-30f5-494f-a63e-adfe77f57df0/content

37. December : News , Aberystwyth University. (2026, January 5).  
https://www.aber.ac.uk/en/news/archive/2025/12/title-285498-en.html 
 
38. Cornell University. (2025). Metarhizium spp. biocontrol agent fact sheet. 
Integrated Pest Management Outreach & Education. Retrieved November 26, 
2025, from https://cals.cornell.edu/integrated-pest-management/outreach-
education/fact-sheets/metarhizium-spp-biocontrol-agent-factsheet
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YEARLOCATION

ROME, ITALY

PONCE, PUERTO RICO 

HOUSTON, TEXAS, USA

FRESNO, CALIFORNIA, 
USA

MIAMI, FLORIDA, USA

INNISFAIL, 
QUEENSLAND,
AUSTRALIA

CHACHOENGSAO
(EAST OF BANGKOK),
THAILAND

GUANGZHOU, CHINA

TOAMARO, 
FRENCH POLYNESIA

KENTUCKY, USA 

MYANMAR 

RESULTS

Table 2. Selected Field Trials of Wolbachia–Aedes Suppression 
(adapted from Singapore National Environment Agency, 2025)

2023

2020

2019

2018

2018

2017

2016

2015

2009,

2010

2014

1967

Significant reduction in the proportion of viable eggs

collected in the field [T1]

No substantial entomological impact after a 15-month trial. 

Issues with the long-distance transport of Wolbachia-Aedes 

from California to the treatment site resulted in sub-optimal 

performance from the mosquitoes.

Up to 92 % reduction in Aedes aegypti  female numbers

in release area [T2]

Up to 95.5% reduction in the female Aedes aegypti  population 

in release areas [T3]

Up to 78% reduction in female Aedes aegypti  numbers

in release area [T4]

80% reduction in Aedes aegypti  population [T5]

Up to 84% reduction in Aedes aegypti  mosquito population 

in the wild and up to 97% reduction in Aedes aegypti  mosquito 

population in households [T6]

83-94% reduction in Aedes albopictus  population 

when IIT-SIT is implemented [T7]

Reduction in Aedes polynesiensis  population [T9]

Reduction in Aedes albopictus  population [T8]

100% non-viable Culex quinquefasciatus  eggs by week 12 [T10]

Source: Singapore National Environment Agency (NEA). “Wolbachia–Aedes Mosquito Suppression Strategy – Frequently Asked Questions.”

T1. Caputo, B., Moretti, R., Virgillito, C., Manica, M., Lampazzi, E., Lombardi, G., Serini, 
P., Pichler, V., Beebe, N. W., Della Torre, A., & Calvitti, M. (2023). A bacterium against 
the tiger: further evidence of the potential of noninundative releases 
of males with manipulated Wolbachia infection in reducing fertility of Aedes 
albopictus field populations in Italy. Pest Management Science, 79(9), 3167–3176. 
https://doi.org/10.1002/ps.7495

T2. Lozano, S., Pritts, K., Duguma, D., Fredregill, C., & Connelly, R. (2022). 
Independent evaluation of Wolbachia-infected male mosquito releases for control 
of Aedes aegypti in Harris County, Texas, using a Bayesian abundance estimator. 
PLoS Neglected Tropical Diseases, 16(11), e0010907. https://doi.org/10.1371/journal.
pntd.0010907

T3. Crawford, J. E., Clarke, D. W., Criswell, V., Desnoyer, M., Cornel, D., Deegan, 
B., Gong, K., Hopkins, K. C., Howell, P., Hyde, J. S., Livni, J., Behling, C., Benza, R., 
Chen, W., Dobson, K. L., Eldershaw, C., Greeley, D., Han, Y., Hughes, B., Kakani, E., 
Karbowski, J., Kitchell, A., Lee, E., Lin, T., … White, B. J. (2020). Efficient production 
of male Wolbachia-infected Aedes aegypti mosquitoes enables large-scale 
suppression of wild populations. Nature Biotechnology, 38, 482–492.  
https://doi.org/10.1038/s41587-020-0471-x

T4. Mains, J. W., Kelly, P. H., Dobson, K. L., Petrie, W. D., & Dobson, S. L. (2019). 
Localized control of Aedes aegypti (Diptera: Culicidae) in Miami, Florida, 
via inundative releases of Wolbachia-infected male mosquitoes. Journal of Medical 
Entomology, 56(5), 1296–1303.  https://doi.org/10.1093/jme/tjz051

T5. Beebe, N. W., Pagendam, D., Trewin, B. J., Boomer, A., Bradford, M., Ford, A., 
Liddington, C., Bondarenco, A., De Barro, P. J., Gilchrist, J., Paton, C., Staunton, 
K. M., Johnson, B., Maynard, A. J., Devine, G. J., Hugo, L. E., Rasic, G., Cook, H., 
Massaro, P., Snoad, N., Crawford, J. E., White, B. J., Xi, Z., & Ritchie, S. A. (2021). 
Releasing incompatible males drives strong suppression across populations of wild 
and Wolbachia-carrying Aedes aegypti in Australia. Proceedings of the National 
Academy of Sciences of the United States of America, 118(41), e2106828118.  https://
doi.org/10.1073/pnas.2106828118

T6. Kittayapong, P., Ninphanomchai, S., Limohpasmanee, W., Chansang, C., 
Chansang, U., & Mongkalangoon, P. (2019). Combined sterile insect technique 
and incompatible insect technique: The first proof-of-concept to suppress Aedes 
aegypti vector populations in semi-rural settings in Thailand. PLoS Neglected 
Tropical Diseases, 13(10), e0007771.  https://doi.org/10.1371/journal.pntd.0007771

Wolbachia Replacement  programmes aim to, over time,

 replace local mosquito populations with Wolbachia-

infected mosquitoes, thereby reducing disease spread. 

Both male and female mosquitoes carrying Wolbachia 

are released (typically on a weekly basis for around six 

months) so that they breed with wild mosquitoes and 

spread the bacteria into the local population; Wolbachia 

remains in mosquito cells and blocks viral transmission 

when they bite. This inability to transmit dengue virus is 

sustained over time even though overall mosquito numbers 

do not decline. Several countries (e.g. Indonesia, Brazil, 

Australia) have reported significant dengue reductions 

using Wolbachia replacement in communities[39,40,41].  

Field results have shown approximately a 60–90% 

reduction in dengue transmission following large-scale 

replacement campaigns.

While both Wolbachia suppression and replacement 

programmes have proven effective in reducing 

dengue transmission, coordination between the two 
approaches requires careful planning to prevent 
overlap or interference. Suppression targets mosquito 

population control, while replacement focuses on 

blocking virus transmission. Although uncommon, the 

lack of proper planning in deploying both strategies 

in areas in close proximity can result in one strategy 

unintentionally weakening the impact of the other.  

Hence, careful planning, continuous monitoring, and 

adaptive management are essential to ensure both 

approaches achieve their intended outcomes. 

T7. Zheng, X., Zhang, D., Li, Y., Yang, C., Wu, Y., Liang, X., Liang, Y., Pan, X., Hu, L., Sun,
Q., Wang, X., Wei, Y., Zhu, J., Qian, W., Yan, Z., Parker, A. G., Gilles, J. R. L., Bourtzis, K.,
Bouyer, J., Tang, M., Zheng, B., Yu, J., Liu, J., Zhuang, J., … Xi, Z. (2019). Incompatible 
and sterile insect techniques combined eliminate mosquitoes. Nature, 572, 56–61. 
https://doi.org/10.1038/s41586-019-1407-9

T8. Mains, J. W., Brelsfoard, C. L., Rose, R. I., & Dobson, S. L. (2016). Female adult 
Aedes albopictus suppression by Wolbachia-infected male mosquitoes. 
Scientific Reports, 6, 33846. https://doi.org/10.1038/srep33846

T9. O’Connor L, Plichart C, Sang AC, Brelsfoard CL, Bossin HC, Dobson SL. 
Open release of male mosquitoes infected with a Wolbachia biopesticide: field 
performance and infection containment. PLoS Negl Trop Dis.  2012;6(11):e1797. 
doi:10.1371/journal.pntd.0001797.

T10. Laven H. Eradication of Culex pipiens fatigans through cytoplasmic 
incompatibility. Nature. 1967;216(5113):383-384. doi:10.1038/216383a0.

39. Utarini, A., Indriani, C., Ahmad, R. A., Tantowijoyo, W., Arguni, E., Ansari, M. R., 
Supriyati, E., Wardana, D. S., Meitika, Y., Ernesia, I., Nurhayati, I., Prabowo, E., Andari, 
B., Green, B. R., Hodgson, L., Cutcher, Z., Rancès, E., Ryan, P. A., O’Neill, S. L., . . . 
Simmons, C. P. (2021). Efficacy of Wolbachia-Infected mosquito deployments for the 
control of dengue. New England Journal of Medicine, 384(23), 2177–2186.  
https://doi.org/10.1056/nejmoa2030243 

40. Pinto, S. B., Riback, T. I. S., Sylvestre, G., Costa, G., Peixoto, J., Dias, F. B. S., 
Tanamas, S. K., Simmons, C. P., Dufault, S. M., Ryan, P. A., O’Neill, S. L., Muzzi, F. C., 
Kutcher, S., Montgomery, J., Green, B. R., Smithyman, R., Eppinghaus, A., Saraceni, 
V., Durovni, B., . . . Moreira, L. A. (2021). Effectiveness of Wolbachia-infected 
mosquito deployments in reducing the incidence of dengue and other Aedes-borne 
diseases in Niterói, Brazil: A quasi-experimental study. PLoS Neglected Tropical 
Diseases, 15(7), e0009556. https://doi.org/10.1371/journal.pntd.0009556

41. Ryan, P. A., Turley, A. P., Wilson, G., Hurst, T. P., Retzki, K., Brown-Kenyon, J., 
Hodgson, L., Kenny, N., Cook, H., Montgomery, B. L., Paton, C. J., Ritchie, S. A., 
Hoffmann, A. A., Jewell, N. P., Tanamas, S. K., Anders, K. L., Simmons, C. P., & O’Neill, 
S. L. (2020). Establishment of wMel Wolbachia in Aedes aegypti mosquitoes and 
reduction of local dengue transmission in Cairns and surrounding locations in 
northern Queensland, Australia. Gates Open Research, 3, 1547. 
https://doi.org/10.12688/gatesopenres.13061.2
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Other Strategies – Emerging Technologies
Beyond Wolbachia, several promising but earlier-stage vector control 
approaches are emerging that could augment current interventions 
once technical, regulatory, and operational questions are resolved.  
The following technologies are currently under development and 
require further validation and refinement before they can be  
deployed at scale. 

Taken together, these technologies each bring strengths and trade-offs.  

Table 3 below summarises their respective advantages and limitations  

to inform decisions on which tools can be deployed in the near term,  

and which require further development for the longer term.

*Clinical trials progress through three main phases: Phase I tests safety in small groups; Phase II evaluates 
effectiveness and dosage; and Phase III confirms efficacy and monitors side effects in large populations.  
Phase III trials are the most extensive and costly stage before regulatory approval.

42. Vargas-Terán, M., Hofmann, H. C., & Tweddle, N. E. 
(2006). Impact of screwworm eradication programmes 
using the sterile insect technique. In Springer eBooks (pp. 
629–650). https://doi.org/10.1007/1-4020-4051-2_24 

43. Zhang, H., Trueman, E., Hou, X., Chew, D. X., Deng, L., 
Liew, J., Chia, T., Xi, Z., Tan, C. H., & Cai, Y. (2023). Different 
mechanisms of X-ray irradiation-induced male and female 
sterility in Aedes aegypti. BMC Biology, 21(1). https://doi.
org/10.1186/s12915-023-01757-1

44. Weng, S., Antoshechkin, I., Marois, E., & Akbari, O. S. 
(2023). Efficient sex separation by exploiting differential 
alternative splicing of a dominant marker in Aedes 
aegypti. PLoS Genetics, 19(11), e1011065. https://doi.
org/10.1371/journal.pgen.1011065 

45. Hammond, A., Galizi, R., Kyrou, K., Simoni, A., 
Siniscalchi, C., Katsanos, D., Gribble, M., Baker, D., Marois, 
E., Russell, S., Burt, A., Windbichler, N., Crisanti, A., & 
Nolan, T. (2015). A CRISPR-Cas9 gene drive system 
targeting female reproduction in the malaria mosquito 
vector Anopheles gambiae. Nature Biotechnology, 34(1), 
78–83. https://doi.org/10.1038/nbt.3439 

46. Weng, S., Masri, R. A., & Akbari, O. S. (2023). Advances 
and challenges in synthetic biology for mosquito control. 
Trends in Parasitology, 40(1), 75–88. 
https://doi.org/10.1016/j.pt.2023.11.001 

47. Johnson, S. (2025, May 6). GM mosquitoes: inside 
the lab breeding six-legged agents in the war on malaria. 
The Guardian. https://www.theguardian.com/global-
development/2025/may/06/gm-mosquitoes-inside-the-
lab-breeding-six-legged-agents-in-the-war-on-malaria

48. Hu, W., Gao, H., Cui, C., Wang, L., Wang, Y., Li, Y., 
Li, F., Zheng, Y., Xia, T., & Wang, S. (2025). Harnessing 
engineered symbionts to combat concurrent malaria and 
arboviruses transmission. Nature Communications, 16(1). 
https://doi.org/10.1038/s41467-025-57343-2 

49. Gao, H., Bai, L., Jiang, Y., Huang, W., Wang, L., Li, 
S., Zhu, G., Wang, D., Huang, Z., Li, X., Cao, J., Jiang, L., 
Jacobs-Lorena, M., Zhan, S., & Wang, S. (2021). A natural 
symbiotic bacterium drives mosquito refractoriness to 
Plasmodium infection via secretion of an antimalarial 
lipase. Nature Microbiology, 6(6), 806–817. 
https://doi.org/10.1038/s41564-021-00899-8

50. Chaccour, C., Maia, M., Kariuki, M., Ruiz-Castillo, P., 
Wanjiku, C., Kasiwa, L., Brazeal, A., Casellas, A., Ngama, 
M., Onyango, T., Elobolobo, E., Kazungu, K., Mael, M., 
Wangari, W., Nuru, K., Otuko, R., Sanz, A., Ringera, I., 
Matano, A., . . . Rabinovich, N. R. (2025). Ivermectin 
to control malaria — a Cluster-Randomized trial. New 
England Journal of Medicine, 393(4), 362–375. 
https://doi.org/10.1056/nejmoa2411262

Sterile Insect Technique (SIT)

SIT is another environmentally-friendly and species-

specific “birth control” method to suppress mosquito 

population. In this method, large numbers of male 

mosquitoes are mass-reared in specialised facilities and 

sterilised using X-ray or gamma-ray irradiation before 

release. Irradiation damages the sperm and renders these 

males sterile, so when these released male mosquitoes 

mate with wild female mosquitoes, no viable offspring are 

produced. With periodic releases, overall reproduction 

rates fall and the population plunges. Established more 

than 70 years ago, SIT has eliminated major agricultural 

pests (e.g., New World screwworm[42]), but no single 

protocol exists for mosquitoes due to species differences 

and programme variables (irradiation stage/dose/

source, and handling/Quality Assurance). Irradiation 

can be used either as a standalone for male sterilisation 

(SIT) or together with Wolbachia suppression to sterilise 

any accidentally released females (IIT-SIT), preventing 

these “female escapees” from mating and establishing 

Wolbachia in the local population, which could otherwise 

undermine the suppression effort. Temasek Life Sciences 

Laboratory research shows how X-rays induce sterility in 

both male and female mosquitoes through sperm damage 

and ovarian deformity (for IIT-SIT)[43]. SIT is operationally 

intensive and expensive (high-quality mass rearing, 

irradiation, and routine releases). Philanthropic support is 

therefore needed to improve laboratory methods and fund 

field trials, accelerating translation of SIT into scalable, 

public-health deployment.

Genetic Sex-sorting Strains 
(Male-only Production)

Genetic strains can be developed and deployed to reliably 

produce male-only mosquitoes for release, improving the 

efficiency and biosafety of IIT and SIT programmes[44].

Gene Drive

Gene-editing tools can be used to bias inheritance and 

spread traits through wild populations – either population 

suppression (e.g., disrupting female fertility[45]) or 

population modification (e.g., making mosquitoes unable 

to carry pathogens[46]). These edits can be designed to 

be self-limiting such as Oxitec’s FriendlyTM mosquitoes[47].

When the genetically modified males mate with other 

mosquitoes, the gene leads to the deaths of female 

offspring. This helps restrict the gene’s spread to a 

localised population, limiting unintended ecological impact.

Arbovirus-transmission Blocking Agents 
(Engineered Symbionts and Natural Bacteria)

Rather than editing mosquito genomes, this approach 

engineers their natural gut symbionts to block pathogens 

and renders the mosquito immune to these pathogens, 

thereby reducing their ability to transmit these disease-

causing pathogens. A recent study[48] engineered Serratia 

AS1, a bacterium carried by Aedes  and Anopheles  in 

their gut, to express anti-pathogen characteristics. 

The engineered Serratia AS1 managed to reproduce 

effectively within the gut of the mosquitoes, and achieved 

stable transmission within mosquito populations, with 

marked suppression of both Plasmodium parasites 

(malaria) and arboviruses (e.g., dengue, Zika) in controlled 

experiments. In addition, some natural bacteria can 

suppress malaria transmission in Anopheles  mosquitoes 

or dengue transmission in Aedes  mosquitoes[49].

Long Acting Endectocides

Endectocides are drugs with endoparasitocidal and 

ectoparasitocidal mechanisms. These drugs can be safely 

administered to animals and humans, resulting in the 

death of mosquitoes that feed on them. One such drug is 

ivermectin, which although has yet to receive approval,  

has shown promising results in its Phase 3* clinical trials as 

a complementary vector control strategy[50].
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Table 3: The Pros and Cons of Different 
Vector Control Technologies

PROVEN
TECHNOLOGIES

WOLBACHIA  
POPULATION  
SUPPRESSION 
(VECTOR  
REDUCTION)

WOLBACHIA 
POPULATION 
REPLACEMENT 
(TRANSMISSION 
ATTENUATION)

EMERGING
TECHNOLOGIES

PROS CONS

STERILE INSECT
TECHNIQUE (SIT)

GENETIC 
SEX SORTING

GENE DRIVE

ARBOVIRUS-
TRANSMISSION 
BLOCKING 
AGENTS  
(SYMBIONT  
APPROACH) 

LONG ACTING  
ENDECTOCIDES

Reduces mosquito population, 

thereby reducing mosquito bites 

and mosquito-borne diseases

Does not establish in the wild, 

avoiding unintended effects on 

the ecosystem (impact ends 

once releases stop)

Easy to adopt and transferable 

to different species

Well-established regulatory 

framework by IAEA/FAO*

Compatible with other tools 

such as Wolbachia approaches

Healthy males with

better competitiveness

Compatible with other tools

Has rapid and widespread 

effects on mosquito populations

Long-term and potentially 

self-sustaining solution

No germline modification

Target mosquitoes indirectly

Complement existing tools

Imperfect sex sorting technique

Irradiation is required to sterilise 

the female escapee

Continuous and frequent 

(twice/week) releases with 

a higher cost.

Irradiations reduce male 

competitiveness which may make 

them less desirable to wild females, 

reducing their ability to mate

Requires continuous releases

Costly and labour-intensive

Regulatory concerns 

as a GMO product

Requires continuous monitoring 

for GM stability

Challenging to control or reverse 

the effects once released

Target site resistance via mutations

Regulatory and ethical concerns

(May be) difficult to spread 

into the field population

Potential spread into other animal 

species (ecological concerns)

Regulatory and ethical concern 

for GM microorganisms

Long duration of action

Risk of drug resistance

Self-spreading, allowing 

continuous attenuation of 

disease transmissibility in  

vector populations

Easy to operationalise  

(no sex sorting required)

Difficult to reverse

Mosquitoes are still present 

and continue to bite humans

Wolbachia may not attenuate 

other arboviruses[T11]

May force the arboviruses to 

undergo (quick) evolution 

to co-exist with Wolbachia, 

which will compromise 

its long-term effects

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

 

•

• 

•

• 

•

*International Atomic Energy Agency / Food and Agriculture Organization of the United Nations

2.4

Mosquito-borne disease control is supported by a layered 

ecosystem of global and regional coordination platforms. 

At the global level, WHO’s Global Arbovirus Initiative 

(GLAI) supports countries and partners to strengthen 

arbovirus surveillance, preparedness, and response 

coordination[51]. In Asia, platforms such as the Asia Pacific 

Leaders Malaria Alliance (APLMA) support malaria 

elimination through policy alignment, technical advocacy, 

and regional collaboration[52], while Asian Dengue Voice 

and Action (ADVA) and UNITEDengue support dengue-

related advocacy, knowledge exchange, and cross-

border surveillance in Asia-Pacific[53,54]. In Latin America 

and the Caribbean, Pan American Health Organization’s 

(PAHO) Regional Arbovirus Programme and ARBO 

Portal support regional surveillance, data sharing, and 

analysis for dengue, chikungunya, and Zika[55,56]. In Africa, 

the African Leaders Malaria Alliance (ALMA) and RBM 

Partnership to End Malaria have complementary roles 

in Africa’s malaria response, spanning policy leadership, 

member state accountability and regional and global 

coordination[57]. Together, these platforms strengthen 

regional collaboration, surveillance, technical alignment, 

and collective action against mosquito-borne diseases.

WHO’s Regional Office for the Western Pacific (WPRO) 

invests heavily in strengthening national systems. This 

includes supporting countries to develop response plans, 

training health workers through initiatives such as the 

Western Pacific Field Epidemiology Fellowship, improving 

integrated vector-management programmes, fostering 

peer-learning networks, and running regional simulation 

exercises to enhance preparedness[58].

These efforts are complemented by a broader ecosystem 

of partners, including philanthropic and technical 

organisations, which support capacity building through 

regional workshops, strategic planning processes, and 

engagement with national programmes. Together, these 

initiatives help strengthen workforce capabilities, improve 

coordination, and enhance countries’ ability to prevent and 

respond to mosquito-borne disease outbreaks.

2.4

Regional Collaboration
Mosquito-borne diseases spread across borders, so no single 
country can manage them alone. Effective control thus requires 
both regional coordination and capacity building, ensuring 
countries share information, align responses, and strengthen 
systems to detect and respond to outbreaks quickly.

51. Dengue. (2025, October 1). https://www.who.int/westernpacific/wpro-
emergencies/surveillance/dengue

52. Asia Pacific Malaria Elimination Network. (2026, March 16). APMEN’s 
Flagship Vector Surveillance Training Connects a Global Community. APMEN. 
https://apmen.org/blog/apmens-flagship-vector-surveillance-training-connects-
global-community

53. Asia Dengue Voice & Action (ADVA). (n.d.). About Asia Dengue Voice and 
Action (ADVA) [Review of About Asia Dengue Voice and Action (ADVA)]. 
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epidemiological situation in the Region of the Americas (2025). https://www.paho.
org/en/arbo-portal/dengue-data-and-analysisExternal Link

56. BEACON. (n.d.). https://beaconbio.org/en/report/?reportid=a85dc66c-c5c8-
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58. World Health Organization: WHO. (2025, May 12). Building a regional network of 
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Strengthening Medical  
Countermeasures 
and Delivery Systems
Alongside vector control, medical countermeasures form the 
other pillar of dengue control. WHO Target Product Profile (TPP) 
Advocacy Groups for vaccine and therapeutic development 
provide a common yardstick, shaping expectations on efficacy 
targets, acceptable safety profiles, and clinical-trial design, 
thereby guiding R&D and programme decisions[59]. 

Developing safe and effective vaccines for mosquito-

borne diseases is a top priority. The Coalition for 

Epidemic Preparedness Innovations (CEPI) supports 

the development of novel arbovirus vaccines, including 

dengue, through funding and coordinating research 

institutions. Dengue vaccine research has yielded three 

licensed products in recent years. The first dengue 

vaccine, Sanofi’s Dengvaxia, showed partial efficacy but 

could only be used in seropositive individuals due  

to safety concerns, and has since been discontinued by 

the manufacturer[60].

59. item. (n.d.). https://www.who.int/tools/target-product-profile-database/item/
dengue-therapeutics-chemoprophylaxis-and-allied-tools-state-of-the-art-and-
future-directions-dengue-therapeutic-plos-neglected-tropical-diseases-2840

60. Dengvaxia | European Medicines Agency (EMA). (2025, December 4). 
European Medicines Agency (EMA). https://www.ema.europa.eu/en/medicines/
human/EPAR/dengvaxia
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Vaccines

61. Limited, T. P. C. (2025, November 3). New Phase 3 data show Takeda’s dengue 
vaccine delivers 7 years of sustained protection against infection and hospitalization. 
Takeda Pharmaceutical Company Limited. https://www.takeda.com/newsroom/
newsreleases/2025/dengue-vaccine/

62. Tricou, V., Yu, D., Reynales, H., Biswal, S., Saez-Llorens, X., Sirivichayakul, C., 
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L., Watanaveeradej, V., Dietze, R., Fernando, L., Wickramasinghe, V. P., Moreira, E. D., 
Fernando, A. D., . . . Wallace, D. (2024). Long-term efficacy and safety of a tetravalent 
dengue vaccine (TAK-003): 4·5-year results from a phase 3, randomised, double-
blind, placebo-controlled trial. The Lancet Global Health, 12(2), e257–e270. https://
doi.org/10.1016/s2214-109x(23)00522-3
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Alves, L. B., Infante, V., Silveira, D. H. R., Miraglia, J. L., Cintra, M. a. T., Pereira, D. B., Da 
Fonseca, A. J., Gurgel, R. Q., Coelho, I. C., Fontes, C. J. F., Marques, E. T. A., Romero, 
G. a. S., Teixeira, M. M., Siqueira, A. M., . . . De Lacerda, M. V. G. (2026). Long-term 
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centerforimmunizationresearch.org/butantan-institutes-dengue-vaccine-the-worlds-
first-single-dose-vaccine-has-been-approved-by-anvisa

In recent years, a newer vaccine from Takeda, TAK-003,

 brand name Qdenga, has been licensed. Qdenga is 

approved across the 27 EU member states and in more 

than 16 other countries, and prequalified by WHO. 

About 20 million doses have been distributed to date 

in 11 endemic countries[61]. Qdenga can be given to 

both seropositive and dengue-naïve people, with age 

indications and priority recommendations varying by 

region and health organisation. During the pivotal  

Phase 3 trial conducted in eight countries, overall  

vaccine efficacy was 61.2 % against virologically  

confirmed dengue and 84.1% against hospitalised 

virologically confirmed dengue[62,63].

More recently, the first single-dose dengue vaccine, 

Butantan-DV, was developed by the Butantan Institute. In a 

late-stage clinical trial conducted in Brazil, overall vaccine 

efficacy was 65.0% against virologically confirmed 

dengue and 80.5% against dengue with warning signs 

or severe dengue, with mostly mild to moderate adverse 

reactions reported[64]. The vaccine is indicated in Brazil 

for individuals aged 12–59 years and can be given to both 

seropositive and dengue-naïve people[65]. It is being used 

in a public vaccination programme in Brazil.
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Call to Action
Mosquito-borne diseases are a complex and evolving challenge,  
yet the toolbox for prevention and control has never been stronger. 
From cutting-edge genetic tools that suppress mosquito populations, 
to simple insecticide-treated bed nets and community cleanup,  
to new vaccines and therapeutics on the horizon, we have the  
means to substantially reduce the burden of dengue, malaria,  
and other mosquito-borne diseases. 

Even with these efforts and the multitude of networks formed, 
coordination across research, financing, and implementation  
remains fragmented. What is needed now is the collective will  
and aligned resources to implement these solutions at scale  
before outbreaks escalate out of control.

To move from fragmented effort to collective impact, this white  
paper proposes a practical framework organised around the five 
critical stocks of effort. Delivering meaningful progress requires  
the combined contributions of the four key stakeholder groups (4P): 
Public sector, Private sector, Philanthropy, and People. Each plays 
a distinct and complementary role: the public sector sets policy and 
builds national-scale infrastructure; private industry accelerates 
productisation; philanthropy convenes partners and de-risks 
innovation; and communities sustain behavioural change on 
the ground. 

To clarify what needs to be done and by whom, Table 4 outlines  
the gaps, stakeholder roles, and indicative investment levels  
across the five stocks of effort.

Unlike bacterial diseases, viral infections like dengue 

or Zika currently have no specific cures, and clinical 

management is limited to supportive care. Researchers 

have been searching for antiviral medications that could 

treat or prevent dengue given its huge burden. One 

promising candidate was mosnodenvir, an antiviral drug 

that went into Phase 2 trials by Johnson & Johnson. 

However, J&J recently discontinued its dengue antiviral 

trial in 2024 due to a strategic shift in R&D focus, 

despite no safety issues being seen[66]. This outcome 

underscores the challenges in antiviral development. 

Despite this, the EU Biobank centre at KU Leuven is 

actively sustaining dengue antiviral R&D, providing 

standardised virus panels and assays, and partnering on 

translational studies to keep momentum toward TPP-

aligned candidates[67].

For malaria, while artemisinin-based combination 

therapies (ACTs) remain the standard of care[68], 

alternative treatments are being developed in response 

to emerging resistance. One such candidate is KLU156 

(brand name GanLum), a non-artemisinin-based therapy 

that demonstrated 99.2% efficacy in a Phase 3 trial, 

compared with 96.7% for the current standard of care[69]. 

This finding is notable in the context of rising artemisinin 

resistance[70]. 

Beyond developing vaccines and therapeutics, 

strengthening supply chains to withstand shocks is 

important, especially as extreme weather events become 

more frequent due to climate change. Climate-resilient 

supply chains enable rapid emergency responses and 

help maintain primary care services through decentralised 

community health worker networks, protecting local 

drug supplies, and clinics designed to withstand floods 

or cyclones[71]. These efforts are supported by a range 

of global health partners including Gavi, the Vaccine 

Alliance, working to strengthen distribution systems and 

ensure equitable access to vaccines and treatments[72].

Therapeutics Resilient Supply Chain
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com/media-center/press-releases/johnson-johnson-to-discontinue-phase-2-field-
study-evaluating-investigational-antiviral-for-the-prevention-of-dengue

67. KU Leuven develops very potent antiviral against dengue. (n.d.). Nieuws. https://
nieuws.kuleuven.be/en/content/2021/ku-leuven-develops-very-potent-antiviral-
against-dengue

68. World Health Organisation. (n.d.). Treatment of malaria. Who.int. Retrieved 
April 30, 2026, from https://www.who.int/teams/global-malaria-programme/case-
management/treatment 

69. Novartis. (2025). Novartis Phase III trial for next-generation malaria treatment 
KLU156 (GanLum) meets primary endpoint, with potential to combat antimalarial 
resistance. Novartis. https://www.novartis.com/news/media-releases/novartis-phase-
iii-trial-next-generation-malaria-treatment-klu156-ganlum-meets-primary-endpoint-
potential-combat-antimalarial-resistance 
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CURRENT GAPS STOCK OF EFFORT 

1. STRENGTHENING  
     SURVEILLANCE 

2. SIMPLE PROTECTIVE       
     MEASURES 

3. CONTROLLING  
     MOSQUITO VECTORS  
     AND HUMAN  
      INFECTIONS 

4. REGIONAL
	 COLLABORATION

5. STRENGTHENING  
     MEDICAL COUNTER-
     MEASURES AND  
     DELIVERY SYSTEMS

PUBLIC SECTOR 
(GOVERNMENT + PUBLIC 
FUNDED INSTITUTES) PHILANTHROPY 

PRIVATE SECTOR 
(COMPANIES + PRIVATE 
FUNDED INSTITUTES) PEOPLE / COMMUNITIES

INDICATIVE R&D / CAPACITY 
BUILDING COST (TYPICAL 
PROJECT, 3 YEARS)

(Genomic, serological, 

One Health, environmental)

(nets, traps, repellents)

(LSM, Wolbachia,  

SIT, gene and  

bio-control tools)

Fragmented genomic 

capacity; siloed databases; 

weak integration with 

animal/environmental data

Low uptake; 

uneven product quality

Lack of coordination 

between suppression 

& replacement;  

limited infrastructure; 

new tools under-tested

Limited cross-border 

harmonisation; 

variable technical 

capacity; insufficient 

surge response

Few viable dengue vaccine 

options; Suboptimal 

deployment and targeting 

of existing vaccines;  

no approved antiviral for 

arboviruses; high R&D 

cost; slow translation to 

LMIC markets

Develop sequencing 

platforms, rapid 

diagnostics,

analytical tools

Innovate next-gen traps, 

spatial repellents, 

low-power devices

Manufacture and scale 

high-quality vector-

control materials 

and biotech toolkits

Provide technical 

know-how and 

technology transfer

Lead vaccine/antiviral 

development, GMP 

manufacturing, and 

product scale-up, whilst 

strengthening climate 

resilient supply chain

Build and fund national 

sequencing/ reference 

labs; integrate surveillance 

into routine public-health 

operations

Define and strengthen 

product quality standards 

and regulatory pathways

Scale up national 

integrated vector-

management programmes; 

develop next-gen tools 

and optimise operational 

protocols; define and 

strengthen regulatory 

pathways and standards

Lead regional hubs 

(via WPRO/ASEAN); 

grow entomology 

& epidemiology workforce

Enable regulatory pathways, 

procurement frameworks, 

trial support; defining and 

strengthening regulatory 

pathways and standards

Fund multi-country surveillance 

networks; support shared 

databases and data integration.

Deploy nets/repellents to  

vulnerable communities;  

support behavioural-change campaigns

Fund field trials, demonstration sites, 

and early translation of emerging 

biocontrol or genetic tools

Fund regional training, cross-border 

pilots, and simulation exercises

Co-fund translational research; 

support proof-of-concept trials; 

ensure equitable access models

Community reporting, early 

healthcare seeking

Consistent use of repellents/nets;  

reducing breeding sites

Community acceptance  

and active participation in 

source reduction

Volunteer networks,

community preparedness

Support uptake

US $4–6M for a multi-country 

genomic, serological, and One 

Health surveillance programme

US $1.5–2M  for repellent 

& trap R&D, field evaluation, 

and deployment support

Develop next-generation Wolbachia 

strains with better heat tolerance and 

field performance: US $2.5–3M
Assess Wolbachia co-evolution 

to guide long-term deployment 

strategies: US $2.5–3M
Improve SIT irradiation protocols, 

mass-rearing processes, and quality 

assurance: US $1M
Establish and pilot integrated IIT–

SIT suppression with full rearing, 

irradiation, and biosafety systems: 

US $5–10M

US $0.5–1M for multi-country 

technical coordination, 

harmonisation of guidelines, 

and regional simulation exercises

US $10–25M to strengthen 

laboratory systems, entomology 

and vector-control operations, 

epidemiology and data capabilities, 

and emergency response readiness 

across multiple countries.

US $2–5M for proof-of-concept 

trials and deployment strategy 

development

Table 4: Five Stocks of Effort – Gaps, 4P Roles
and Indicative Start-Up Project Costs
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1

2

3

Strengthened Surveillance

Acknowledgements

Coordinated vector control and next-generation 
tool development

Track dengue serotypes, viral evolution, and population-level shifts in mosquito 

vectors, giving health systems the lead time to anticipate outbreaks and position 

interventions ahead of transmission peaks.

The authors would like to acknowledge the valuable inputs from Wellcome Trust,  

the Gates Foundation, Takeda, Professor Ooi Eng Eong from Duke-NUS Medical School,  

and Ms Sejal Mistry from Crowell Global Advisors in the development of this white paper.

Align regional vector control strategies so they reinforce one another through shared 

release zones, timing, and monitoring protocols, while also advancing new vector control 

tools such as heat-tolerant Wolbachia strains, improved sterile insect technique protocols, 

genetic sex-sorting tools, and transmission-blocking approaches with regional partners.

Accelerated deployment of advanced vaccines 
and therapeutics 
Support the introduction of promising next-generation tools against mosquito-borne 

diseases, with particular emphasis on options with stronger delivery potential at scale, 

such as effective vaccines and other interventions that can strengthen both outbreak 

response and longer-term disease control. 

Building on this framework, a new philanthropic-led multi-sectoral effort,  
the Global Consortium Against Mozzies (GCAM), is proposed to action  
alongside existing networks including CEPI, APLMA, and ADVA. The Temasek 
Trust ecosystem is ready to lead in this effort – Temasek Foundation leading on 
programmatic and Temasek Life Sciences Laboratory supporting through research.

GCAM’s priorities are informed by a mapping of the current funding and  
programme landscape across mosquito-borne diseases, aligned with the five 
stocks of effort identified in this white paper. While significant efforts are already 
concentrated in surveillance, vector control, and vaccines and therapeutics, these 
activities remain fragmented across geographies, funders, and delivery models. 
Challenges include insufficient coordination, lack of equity, and unclear pathways  
to scale solutions. As a start, GCAM will focus on areas that sit upstream in the 
broader mosquito-borne disease ecosystem, with the potential to enable wider 
downstream impact across outbreak preparedness, programme delivery, and  
health system resilience. These priorities are reflected in three areas of focus:

GCAM will serve as a catalytic platform that aligns philanthropic capital with 
scientific priorities and programme delivery. It is designed to complement  
– not duplicate – existing platforms by strengthening alignment across the 
research-to-implementation continuum, while enabling region-specific 
approaches. By convening partners across sectors, GCAM aims to  
strengthen coordination, mobilise support for scalable programmes, and 
accelerate the translation of proven and emerging solutions into impact.

Mosquitoes may be adapting rapidly, but our science – and our collective will 
– can move faster. By aligning efforts across sectors and countries, we have 
a real opportunity to protect communities, strengthen resilience, and build a 
healthier future for generations to come.
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Appendix

Figure S1: Projected Global Temperature Suitability for Transmission of Aedes aegypti 
and Aedes albopictus under Future Climate Scenarios[S1]

S1. Ryan, S. J., Carlson, C. J., Mordecai, E. A., 
& Johnson, L. R. (2019). Global expansion 
and redistribution of Aedes-borne virus transmission 
risk with climate change. PLoS Neglected
Tropical Diseases, 13(3), e0007213.  
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