Combating Malaria with Innovative Wearable Technology: Addressing Outdoor and Day-
Biting Mosquitoes

Abstract

Malaria remains a pervasive global health challenge, particularly in sub-Saharan Africa, where it
disproportionately affects vulnerable populations such as children and pregnant women.
Traditional preventive measures have limitations in addressing outdoor and daytime
transmission, especially from day-biting mosquito species. This paper presents an innovative
solution: a wearable device that dispenses mosquito repellent on demand, offering continuous
protection during outdoor activities. We integrate recent studies highlighting the significance of
outdoor and day-biting mosquitoes in malaria transmission. By outlining a comprehensive, data-
driven plan that aligns with the rigorous standards of institutions like the Gates Foundation and
the World Health Organization (WHO), we aim to validate the efficacy of this wearable
technology. Through robust evidence generation and strategic implementation, we seek to
strengthen malaria prevention efforts and contribute to global health outcomes.

1. Introduction
1.1 Background

Malaria causes over 600,000 deaths annually, with more than 241 million new cases reported
worldwide in 2020 (World Health Organization [WHO], 2021). Despite significant progress in
reducing malaria incidence through interventions like insecticide-treated nets (ITNs) and indoor
residual spraying (IRS), these measures primarily address nocturnal, indoor transmission.
Emerging evidence indicates that a significant proportion of mosquito bites occur outdoors,
contributing to sustained malaria transmission cycles (Killeen, 2014; Moore et al., 2017).

Recent studies have highlighted the increasing importance of outdoor and day-biting mosquitoes
in malaria transmission (Sougoufara et al., 2014; Gatton et al., 2013). Species such as Anopheles
arabiensis and Anopheles funestus have adapted their biting behavior, showing increased activity
during daylight hours and outdoors, thus evading traditional control measures.

1.2 Problem Statement

Current interventions inadequately protect individuals during outdoor exposure, particularly
during daylight hours when certain mosquito species are active. This gap leaves vulnerable
groups —especially children and pregnant women —at increased risk of infection and severe
disease outcomes. The persistence of residual malaria transmission due to outdoor and day-biting
mosquitoes necessitates innovative solutions (Killeen, 2014).

1.3 Objectives



The primary objective of this project is to develop and rigorously evaluate the efficacy of a
wearable mosquito repellent device in reducing malaria transmission. Specific goals include:

*  Efficacy Confirmation: Generate robust data to demonstrate the device's effectiveness
against outdoor and day-biting mosquitoes.

e  Standards Compliance: Align research methodologies with the standards required by
leading health institutions like the Gates Foundation and WHO.

*  Scalable Implementation: Develop a sustainable model for widespread adoption in
high-risk communities.

e Data Transparency: Ensure transparent reporting and data sharing to facilitate
independent verification and support policy-making.

2. Literature Review
2.1 Outdoor and Day-Biting Mosquitoes

Residual Malaria Transmission: Killeen (2014) discusses the challenge of residual malaria
transmission, emphasizing that vectors biting outdoors or during the day are not impacted by
ITNs or IRS. This residual transmission accounts for a significant portion of malaria cases that
persist despite high coverage of traditional interventions.

Behavioral Shifts in Mosquitoes: Russell et al. (2011) observed changes in mosquito feeding
behavior, with increased outdoor and early evening biting. These shifts are attributed to selective
pressures exerted by widespread use of ITNs and IRS, leading mosquitoes to adapt their feeding
times and locations.

Day-Biting Species: Studies have identified species like Anopheles albimanus and Anopheles
dirus as significant day-biters contributing to malaria transmission (Durnez & Coosemans,
2013). These species are often found in regions where outdoor activities are common, increasing
human-vector contact during the day.

2.2 Impact of Outdoor Transmission

Vulnerable Populations: Children and pregnant women are particularly at risk due to increased
outdoor exposure (Tusting et al., 2017). Daytime school activities and agricultural work
contribute to heightened vulnerability.

Limitations of Current Interventions: The inability of ITNs and IRS to address outdoor and
daytime biting necessitates supplementary measures. Research by Ogoma et al. (2010)
underscores the need for tools that provide protection beyond the confines of the home.



2.3 Potential of Wearable Repellents

Effectiveness of Spatial Repellents: A study by Hill et al. (2014) demonstrated that spatial
repellents can significantly reduce mosquito bites in outdoor settings. Wearable devices offer a
practical means of delivering such repellents on demand.

Community-Based Interventions: Kim et al. (2012) evaluated community-level outdoor
mosquito control and found that integrating wearable repellents reduced malaria incidence.
These findings support the feasibility of our proposed solution.

3. Our Solution
3.1 Innovation Overview

We propose a wearable mosquito repellent device that:

*  Provides On-Demand Protection: Allows users to apply repellent to vulnerable areas by
manually dispensing it when needed.

*  Utilizes Sustainable Design: Features a refillable reservoir system to minimize
environmental impact, aligning with global sustainability goals.

e Is User-Friendly: Designed for ease of use across diverse populations, including children
and pregnant women, with an adjustable Velcro band for comfort and durability.

*  Incorporates Data Collection: Equipped with RFID or NFC technology for monitoring
usage patterns, adherence, and effectiveness.

3.2 Device Functionality

Refillable Reservoir: The device contains a reservoir that users can refill by removing a cap
located near the wrist end of the band. Refills can be obtained at local schools, health institutions,
or community centers equipped with refill stations.

Manual Dispensing Mechanism: Users dispense the repellent by pressing on the face of the
device—similar to pressing on a watch face —which activates a patented valve system to release
a controlled amount of repellent onto their hands. They can then apply it to exposed skin areas.

Adjustable and Durable Design: The band is made from flexible materials, secured with Velcro
for easy adjustment, ensuring comfort and suitability for various age groups.

Eco-Friendly Approach: The refillable nature of the device eliminates the need for single-use
repellent containers, reducing plastic waste. Refill stations are designed to be recycled,
contributing to a zero-waste protection process.

Cost-Effective: The device is inexpensive to produce (approximately one dollar per unit),
making it accessible to low-income populations.



3.3 Alignment with Institutional Standards

Recognizing the rigorous evaluation criteria of organizations like the Gates Foundation and
WHO, our solution emphasizes:

Evidence-Based Approach: Prioritizing randomized controlled trials (RCTs) and
epidemiological studies with robust methodologies.

Data Integrity: Adhering to Good Clinical Practice (GCP) guidelines and ethical
standards, ensuring the reliability of findings.

Scalability: Designing for large-scale deployment and integration into existing health
systems, with potential for policy adoption.

Compliance with Guidelines: Aligning with WHO's framework for evaluating new
vector control tools (WHO, 2017).

4. Plan Going Forward

4.1 Research and Strategy Development

4.1.1 Comprehensive Research

Efficacy Evaluation: Conduct RCTs to assess the device's impact on reducing mosquito
bites and malaria incidence, focusing on outdoor and day-biting species.

o Hypothesis: The wearable device will significantly reduce the incidence of

malaria compared to standard care.

Repellent Formulation Analysis: Investigate various repellents, including natural
options like picaridin and essential oils (e.g., citronella, lemon eucalyptus), to determine
effectiveness and user preference across different regions and age groups.
Behavioral Studies: Examine user adherence, acceptance, and potential barriers to
consistent use through qualitative research methods.

4.1.2 Data Generation and Management

Standardized Data Collection: Utilize validated entomological and epidemiological
tools.

Technology Integration: Employ RFID or NFC readers at refill stations to monitor
refilling frequency and usage patterns.

Statistical Analysis Plan: Predefine methodologies, including intention-to-treat analyses
and adjustment for confounders.

Data Sharing: Commit to open-access data repositories following anonymization, in line
with WHO recommendations.

4.1.3 Ethical and Regulatory Compliance

Ethical Approval: Obtain Institutional Review Board (IRB) approvals and ensure
compliance with local ethical standards.



*  Informed Consent: Implement culturally appropriate consent processes, with materials
in local languages.

*  Regulatory Alignment: Ensure the device meets regulatory requirements for safety and
efficacy, including any necessary certifications.

4.1.4 Strategic Program Implementation

o Stakeholder Engagement: Collaborate with local health authorities, NGOs, community
leaders, and international agencies.

e Capacity Building: Train local personnel in device distribution, data collection,
maintenance, and education.

*  Monitoring and Evaluation: Establish KPIs aligned with institutional expectations and
global health indicators.

4.2 Milestones and Key Performance Indicators

Milestone 1: Research Protocol Development (Months 1-2)

*  KPI: Completion of a comprehensive research protocol adhering to GCP and WHO
guidelines.
*  KPI: Securing ethical approvals and letters of support from key stakeholders.

Milestone 2: Funding Acquisition (Months 3-5)

e KPI: Submission of funding proposals to the Gates Foundation, WHO, and other relevant
entities.
e KPI: Successful acquisition of initial funding to commence pilot studies.

Milestone 3: Pilot Study Implementation (Months 5-7)

e KPI: Recruitment of study participants meeting inclusion criteria, achieving target
sample size.

*  KPI: Deployment of wearable devices and initiation of data collection with 95% data
completeness.

Milestone 4: Data Collection and Interim Analysis (Months 7-12)

*  KPI: Collection of high-quality data with less than 10% loss to follow-up.
e KPI: Interim analysis demonstrating statistically significant reductions in mosquito bites
and preliminary indications of reduced malaria incidence.

Milestone 5: Final Data Analysis and Reporting (Months 12-15)

e KPI: Completion of statistical analyses confirming the device's efficacy with p-values
<0.05.

e  KPI: Preparation of comprehensive reports and manuscripts for peer-reviewed
publication.



Milestone 6: Program Expansion (Months 15-18)

e KPI: Scaling up to additional communities based on positive efficacy data.
e  KPI: Establishing partnerships for sustained impact, including agreements with
governmental health programs.

5. Strategy and Innovation
5.1 User-Centric Design

e Manual Application Flexibility: Users control when and how much repellent to
dispense, catering to individual needs and preferences.

*  Ergonomics: The device is lightweight and adjustable, ensuring comfort for all users.

e Cultural Relevance: Designs incorporate local aesthetics and preferences, enhancing
acceptance.

e Accessibility: Implemented pricing strategies and potential subsidies to make the device
affordable.

5.2 Sustainability Focus

*  Eco-Friendly Materials: Use of biodegradable materials for the device and packaging.

*  Zero-Waste Approach: Refillable stations are designed to be recycled, with no discarded
pollution throughout the protection process.

e Carbon Footprint Reduction: Sourcing materials locally where possible to minimize
transportation emissions.

5.3 Technology Integration

*  RFID/NFC Features: Refill stations equipped with RFID or NFC readers (including
smartphones) to monitor refilling frequency and ensure proper usage.

*  Data Security: Compliance with data protection regulations to safeguard participant
information.

*  Low-Cost Implementation: Utilization of inexpensive technology to keep the overall
cost low.

5.4 Repellent Variability and Research

e  Customized Repellents: Exploring different repellent formulations based on age,
behavior, and regional mosquito species.

*  Natural Repellents: Research into the efficacy and acceptance of natural repellents, such
as lemon eucalyptus oil (Maia & Moore, 2011), to provide options for sensitive
populations.



6. Key Objectives and Implementation Plan

6.1 Develop Research Protocol

*  Robust Study Design: Implement cluster-randomized trials in multiple sites to increase
generalizability.

*  Outcome Measures: Primary outcomes include confirmed malaria cases; secondary
outcomes include mosquito landing rates and user adherence.

e Sample Size Calculation: Powered to detect a minimum 25% reduction in malaria
incidence with 80% power and 95% confidence.

6.2 Fundraising Strategy

e  Targeted Proposals: Align proposals with donor priorities, emphasizing innovation and
potential for high-impact outcomes.

*  Demonstrated Need: Use epidemiological data to highlight malaria burden and the gap
in current interventions.

*  Co-Funding Opportunities: Explore matching funds and collaborative grants.

6.3 Awareness Campaign

*  Evidence-Based Messaging: Develop educational materials that incorporate findings
from recent studies.

o Multi-Channel Approach: Use community radio, social media, local events, and school
programs.

*  Engagement Metrics: Monitor campaign reach, participation rates, and changes in
knowledge and attitudes.

6.4 Pilot Testing and Expansion

e Site Selection Criteria: High malaria transmission areas with evidence of outdoor and
day-biting mosquito activity.

*  Training Modules: Standardized training for health workers and volunteers on device
usage and maintenance.

*  Scale-Up Framework: Develop guidelines for replication, including adaptation to
different cultural contexts.

7. Planning and Research Design

7.1 Strategic Meetings

*  Expert Advisory Board: Includes entomologists, epidemiologists, public health experts,
and representatives from WHO and the Gates Foundation.

*  Regular Consultations: Quarterly meetings to review progress, challenges, and strategic
adjustments.



7.2 Stakeholder Engagement

*  Community Leaders: Involvement in planning and advocacy to enhance acceptance.
*  Policy Makers: Alignment with national malaria control programs and strategies.

8. Fundraising and Awareness Campaign
8.1 Funding Proposal Development

e Alignment with Donor Goals: Emphasize how the project addresses residual
transmission and aligns with global malaria eradication efforts.

*  Detailed Budget: Transparent breakdown of costs, with justification linked to activities
and expected outcomes.

*  Impact Projections: Modeling potential reductions in malaria incidence and economic
benefits, such as reduced healthcare costs.

8.2 Launching the Fundraising Campaign

e Institutional Outreach: Engage directly with program officers and decision-makers.
e Public-Private Partnerships: Explore opportunities with companies interested in
corporate social responsibility initiatives.

9. Public Awareness and Community Engagement

9.1 Media Outreach

*  Scientific Publications: Target high-impact journals to disseminate findings.
e Conferences and Symposia: Present at international and regional malaria and public
health conferences.

9.2 Educational Initiatives

. Curriculum Integration: Work with educational authorities to include malaria
prevention in school curricula.
e Community Workshops: Utilize participatory methods to engage community members.

10. Research Implementation and Data Collection

10.1 Pilot Testing

*  Participant Recruitment: Transparent processes, ensuring representation across age and
gender.

*  Baseline Assessments: Comprehensive data collection on malaria prevalence, mosquito
density, and behavioral factors.



10.2 Monitoring and Evaluation

e Data Quality Assurance: Regular audits and use of electronic data capture systems.
*  Adverse Event Monitoring: Protocols for identifying and responding to any safety
concerns.

10.3 Ongoing Fundraising and Reporting
*  Interim Reports: Regular updates highlighting milestones, challenges, and adaptations.

e Stakeholder Communication: Maintain engagement through newsletters, meetings, and
transparent reporting.

11. Additional Activities
11.1 Environmental Advocacy
*  Sustainability Workshops: Link environmental health with malaria prevention.

e  Collaborative Initiatives: Partner with organizations focused on environmental
conservation.

11.2 Partnership Building

*  WHO Collaboration: Participate in WHOQO's Vector Control Advisory Group (VCAG)

processes.
*  Academic Partnerships: Engage with universities for research support and student
involvement.
11.3 Media Campaign

*  Success Narratives: Use storytelling to highlight individual and community benefits.
e Data Visualization: Create accessible representations of data to inform and engage the
public.

12. The Remarkable Journey of Ellyanne

12.1 Profile

Ellyanne Chlystun-Githae Wanjiku is a 14-year-old Kenyan environmental activist and the
youngest global malaria ambassador. Her achievements include:

*  Founding Children With Nature (CWN): An organization dedicated to environmental
conservation and education.

e  Planting Over 1.3 Million Trees: Demonstrating a commitment to combating climate
change and promoting health.



12.2 Role in the Project

*  Advocacy and Awareness: Leveraging her platform to raise awareness about the link
between environmental health and malaria.

*  Youth Engagement: Mobilizing young people to participate in malaria prevention and
environmental initiatives.

*  Global Outreach: Collaborating with international organizations to amplify impact and
promote sustainable solutions.

13. Conclusion and Next Steps
13.1 Commitment to Rigorous Evaluation

We are dedicated to meeting the stringent requirements of institutions like the Gates Foundation
and WHO by:

e Implementing Robust Research Designs: Ensuring findings are credible and can inform
policy.

*  Generating High-Quality Evidence: Contributing to the global knowledge base on
malaria prevention.

13.2 Strategy Refinement

*  Continuous Improvement: Adapting strategies based on data, feedback, and emerging
research.
*  Risk Mitigation: Identifying potential challenges and proactively addressing them.

13.3 Scaling and Sustainability

*  Long-Term Impact: Focusing on sustainable solutions integrated into national programs.
e Capacity Building: Empowering communities to maintain and expand interventions.

13.4 Health Monitoring Framework

We will establish a comprehensive framework to monitor:

*  Malaria Incidence Rates: Using confirmed case data to assess impact.

*  Behavioral Changes: Evaluating shifts in preventive practices and health-seeking
behavior.

*  Economic Indicators: Assessing cost-effectiveness and potential economic benefits.
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Appendices

A. Budget Overview

(An itemized budget detailing projected costs for research activities, device production,
personnel, training, monitoring, and evaluation.)

B. Stakeholder List

(A comprehensive list of partners, including contact information for local health authorities,
NGOs, academic institutions, and community organizations.)

C. Ethical Considerations

(Detailed ethical protocols, including consent forms, data protection measures, and plans for
ensuring participant well-being.)

By incorporating the detailed nuances of the wearable device's functionality and emphasizing our
commitment to rigorous research and sustainability, we aim to validate the efficacy of our
innovative solution. The manual, on-demand application of repellent addresses individual needs
while contributing to environmental conservation through its refillable design. Integrating recent
studies and data on outdoor and day-biting mosquitoes strengthens the foundation of our
proposal. Our commitment to evidence generation, ethical research practices, and transparent
reporting positions us to contribute significantly to malaria prevention efforts. We invite
collaboration and support from organizations like the Gates Foundation and WHO to realize this
vision and enhance global health outcomes.

Greg Demirjian
Founder | CEO | Inventor

greg@wearspray.com



