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Abstract

Climate change has significantly altered global ecosystems, leading to increased risks associated with vector-borne diseases, particularly
dengue and malaria. These diseases, transmitted by mosquitoes such as Aedes aegypti and Anopheles, are highly sensitive to
environmental conditions, including temperature, precipitation, and bumidity. Rising global temperatures, coupled with erratic weather
patterns, are not only expanding the geographical range of disease vectors but also increasing their activity, abundance, and longevity.
This review explores the mmultifaceted relationship between climate change and vector-borne disease transmission, focusing on the
mechanisms by which climatic variables influence vector ecology and pathogen dynamics. Through detailed case studies of dengue and
malaria, the article examines historical trends, current challenges, and future projections for disease spread in response to a changing
climate. Furthermore, it highlights the importance of integrated public health strategies, early warning systems, and global cooperation
to mitigate the impact of climate-sensitive diseases on vulnerable populations.
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Introduction

Vector-borne diseases remain one of the leading causes of morbidity and mortality worldwide,
disproportionately affecting low- and middle-income countries (LMICs). Among these, dengue and malaria
account for millions of cases annually, with severe economic and social consequences. Both diseases are
intrinsically linked to environmental factors, making them highly susceptible to the effects of climate change

D

Climate change influences disease transmission by altering the habitats, behaviors, and population dynamics
of vector species, as well as the development and infectivity of pathogens within them. Increasing global
temperatures, changes in rainfall intensity and frequency, rising sea levels, and urbanization ate reshaping
the epidemiological landscape of these diseases. For example, dengue, previously restricted to tropical
regions, has now been reported in temperate areas such as southern Europe and North America. Similarly,
malaria has re-emerged in regions previously declared free of the disease due to warming trends and changes
in vector distribution (2).
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Climate change exerts a profound influence on vector ecology by modifying the environmental conditions
that directly and indirectly affect mosquito populations and the pathogens they transmit. These changes
reshape the dynamics of vector survival, reproduction, and distribution, thereby altering disease
transmission patterns. Key factors such as temperature, precipitation, humidity, and extreme weather events
interact with the ecology of vectors like Aedes aegypti and Anopheles mosquitoes, amplifying the risks
associated with vector-borne diseases (3).

This review investigates how climate change affects vector ecology and pathogen transmission using dengue
and malaria as focal diseases. It further explores public health implications and strategies for mitigating
these risks.

Temperature Effects on V'ectors and Pathogens
Temperature plays a pivotal role in the biological processes of mosquitoes and the pathogens they carry (4).
Impact on 1V ector Life Cycle

Warmer temperatures accelerate the development of mosquito larvae, reducing the time required to
transition from eggs to adults. For example, the development period of Aedes aegypti larvae can decrease
significantly as temperatures approach 30°C, leading to more rapid population turnover and an increase in
the number of adult mosquitoes (5).

Mosquito Activity and Feeding Behavior

Higher temperatures increase mosquito metabolic rates, causing them to feed more frequently. Increased
feeding leads to a higher probability of mosquitoes acquiring and transmitting pathogens, thus amplifying
the risk of disease outbreaks (4).

Pathogen Development

The extrinsic incubation period (EIP)—the time required for a pathogen to mature within the mosquito—
is highly temperature-dependent. For dengue, warmer temperatures shorten the EIP of the dengue virus in
Aedes aegypti, allowing infected mosquitoes to become infectious more quickly. Similarly, for malaria, the
development of Plasmodium parasites in Anopheles mosquitoes is accelerated at optimal temperatures
between 20°C and 30°C. However, extreme heat (above 40°C) can disrupt both vector and pathogen
survival, creating a non-linear relationship (6).

Geographical Shifts

Rising temperatures are causing disease vectors to migrate to previously unsuitable areas, particulatly higher
altitudes and latitudes. For example, malaria transmission has been reported in the East African Highlands,
which were historically too cool for Anopheles mosquitoes. Similarly, dengue vectors have expanded into
temperate regions, including parts of Europe and North America (7).

Precipitation and Breeding Sites

Precipitation patterns are a key driver of vector ecology, as they determine the availability of mosquito
breeding sites (4).

Creation of Breeding Habitats

Increased rainfall creates stagnant water bodies, such as puddles, ditches, and water-filled containers, which
serve as ideal breeding grounds for mosquitoes. For instance, Aedes aegypti often lays eggs in artificial
containers like tires, buckets, or pootly managed waste, and rainfall increases the availability of these
microhabitats (6).
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Flooding and Habitat Disruption

While moderate rainfall enhances mosquito breeding, excessive rainfall or flooding can temporarily disrupt
habitats by washing away larvae and pupae. However, flooding often creates new breeding sites once the
water recedes, leading to a surge in mosquito populations (8).

Drought and Human Behavior

Paradoxically, drought conditions can also increase vector populations. During droughts, humans tend to
store water in open containers, inadvertently creating artificial breeding sites for mosquitoes like Aedes
aegyptl. This phenomenon has been observed in urban areas with limited access to clean water supplies (9).

Humidity and Mosquito Survival

Humidity significantly affects mosquito longevity and activity levels, which in turn influence disease
transmission dynamics (9).

\Mosquito Iongevity

High humidity levels prolong mosquito survival, giving them more time to transmit pathogens to humans.
Mosquitoes are highly sensitive to desiccation (drying out), and regions with sustained high humidity
provide an ideal environment for their persistence (10).

Increased Biting Activity

Mosquitoes are more active and feed more frequently in humid conditions, increasing the likelihood of
disease transmission. For instance, during the rainy season in tropical regions, high humidity levels coincide
with a surge in dengue and malaria cases (10).

Extreme Weather Events

Climate change has increased the frequency and intensity of extreme weather events, such as heatwaves,
storms, and cyclones, which can have both direct and indirect impacts on vector ecology (11).

Heatwaves

Prolonged heatwaves can initially increase mosquito activity but may ultimately reduce populations if
temperatures exceed their thermal tolerance. However, these events may still contribute to short-term
surges in disease transmission by increasing mosquito biting frequency duting the eatly stages of the
heatwave (12).

Cyclones and Storms

Extreme storms often lead to flooding, which can create new mosquito breeding sites. In coastal regions,
cyclones have been linked to increased dengue outbreaks as stagnant water accumulates in the aftermath of
the storm (12).

Long-Term Ecosystenm Changes

Repeated exposure to extreme weather events can alter ecosystems in ways that favor vector proliferation.
For example, deforestation following cyclones may lead to changes in local water cycles, increasing standing

water pools that serve as breeding grounds for mosquitoes (4).

Seasonality and Transmission Dynamics
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Climate change is altering the seasonality of vector-borne diseases, extending transmission periods and
creating new hotspots for disease outbreaks (4).

Prolonged Transmission Seasons

Warmer temperatures and increased humidity are lengthening the transmission seasons for diseases like
dengue and malaria. In tropical regions, where transmission was previously confined to rainy seasons, cases
are now being reported throughout the year (13).

Emergence in New Regions

Climate-induced changes in seasonality are causing vector-borne diseases to emerge in regions that were
previously unaffected. For example, dengue has been reported in southern Europe, and malaria
transmission is now occurring in previously malaria-free highland areas of Africa and South America (14).

Case Studies: Dengne and Malaria

Climate change has profoundly affected the dynamics of vector-borne diseases like dengue and malaria. By
altering the environmental conditions that govern the survival and behavior of mosquito vectors, climate
change has expanded the geographical range, increased the intensity, and prolonged the seasonality of these
diseases. Dengue and malaria, two of the most widespread and impactful vector-borne diseases, setve as
critical case studies to illustrate the effects of climate change on public health (15).

Dengune

Dengue fever, caused by the dengue virus and transmitted primarily by Aedes aegypti and Aedes albopictus
mosquitoes, has experienced a dramatic rise in global incidence over the past several decades. Nearly half
of the world’s population is now at risk of dengue, with over 390 million infections reported annually.
Climate change has played a key role in this increase, influencing vector populations, disease transmission,
and outbreak dynamics (16).

Geographical Excpansion

Rising temperatures have facilitated the spread of Aedes aegypti and Aedes albopictus into regions
previously unsuitable for their survival. These mosquitoes were once restricted to tropical and subtropical
zones but are now increasingly found in temperate regions, such as southern Europe, the southern United
States, and parts of East Asia. For instance: (15).

Southern Europe has reported dengue outbreaks in countries like France, Spain, and Italy due to warmer
summers and milder winters.

In the United States, dengue has re-emerged in Florida and Texas, and outbreaks have also been noted in
Hawaii.

Prolonged Transmission Seasons

Climate change has extended the transmission season for dengue in endemic regions. Warmer temperatures
and increased humidity allow mosquito populations to remain active for longer periods, increasing the

likelihood of disease outbreaks. For example, Southeast Asian countries such as Thailand, Vietnam, and
Indonesia now experience dengue transmission almost year-round, rather than during specific rainy seasons

(16).
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Urbanization and Climate Interactions

Urbanization, combined with climate change, exacerbates dengue transmission. Poor waste management,
water storage practices, and increased flooding from extreme rainfall events create abundant breeding sites
for Aedes mosquitoes. For instance: (17).

In Brazil, a combination of rising temperatures, urban sprawl, and heavy rainfall has led to recurrent dengue
outbreaks, with over 2 million cases reported in 2020 alone.

Impacts of Exctreme Weather Events

Extreme weather events such as hurricanes, cyclones, and floods can lead to sudden surges in dengue cases.
In the aftermath of Cyclone Idai in Mozambique (2019), stagnant water left by the storm created breeding
grounds for mosquitoes, triggering outbreaks of dengue and other vector-borne diseases (18).

Malaria

Malaria, caused by Plasmodium parasites and transmitted by Anopheles mosquitoes, remains one of the
deadliest vector-borne diseases, particulatly in sub-Saharan Africa. While significant progress has been made
in reducing malatia cases and deaths through interventions like insecticide-treated bed nets and antimalarial
drugs, climate change is threatening to reverse these gains by altering the ecological balance of malaria
transmission (15).

Altitudinal and 1 atitudinal Shifts

Rising temperatures have enabled Anopheles mosquitoes to colonize higher altitudes and latitudes,
expanding malaria transmission to previously malaria-free areas (15).

In the East African Highlands (e.g., Kenya, Uganda, and Ethiopia), where cool temperatures historically
limited malaria transmission, warmer conditions have allowed mosquitoes and Plasmodium parasites to
thrive, leading to unexpected outbreaks.

In South America, regions such as the Andes, which were once malaria-free, are now reporting sporadic
cases due to increasing temperatures.

Impact of Rainfall and Droughts

Changes in precipitation patterns, driven by climate change, are affecting malaria transmission dynamics in
complex ways (19).

Increased rainfall can lead to the creation of mosquito breeding sites, such as puddles, ponds, and ditches.
In some regions of sub-Saharan Africa, intensified rainy seasons have been linked to increased malaria
incidence.

Conversely, droughts may disrupt vector habitats in some areas while simultaneously increasing
transmission in others, as water storage practices can create artificial breeding sites for mosquitoes. For
example, in the Sahel region, fluctuating rainfall has made malaria transmission highly seasonal but more
intense during brief rainy periods.

Prolonged Transmission Periods
Warmer temperatures are extending malaria transmission seasons in endemic areas. For example, countries

in West Africa, such as Nigeria and Ghana, now experience longer periods of malaria transmission
compared to historical patterns, resulting in higher disease burdens (20).
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Climate and Resistance

Climate change may also interact with other factors, such as insecticide resistance in Anopheles mosquitoes.
Rising temperatures can influence mosquito susceptibility to insecticides, potentially reducing the
effectiveness of widely used vector control measures (21).

Post-Exctreme Weather Events

Similar to dengue, malaria transmission often surges in the wake of extreme weather events. Flooding, in
particular, creates ideal breeding conditions for Anopheles mosquitoes. After Cyclone Kenneth struck

Mozambique in 2019, malaria cases surged due to widespread flooding and stagnant water accumulation
(22).

Regional Examples

India: Climate change is influencing malaria transmission in India, where regions such as Odisha and
Gujarat are experiencing increased disease prevalence due to higher temperatures and erratic rainfall (20).

Sub-Saharan Africa: Accounting for over 90% of global malaria cases, sub-Saharan Africa remains highly
vulnerable to climate change. Warmer temperatures and intense rainy seasons are likely to increase the
malaria burden in this region, particularly in areas with weak healthcare infrastructure (20).

Comparison of Dengue and Malaria

While both dengue and malaria are profoundly affected by climate change, their transmission dynamics
differ in important ways: (23).

Vector Behavior: Aedes aegypti mosquitoes (dengue vectors) are more closely associated with urban
environments and thrive in artificial water containers, making dengue outbreaks more urban-centric. In
contrast, Anopheles mosquitoes (malaria vectors) prefer rural and semi-rural environments.

Geographical Range: Dengue vectors have expanded into temperate zones at a faster rate than malaria
vectors, likely due to Aedes aegypti's tolerance of urban environments and its ability to breed in small water
containers.

Seasonality: While both diseases are experiencing extended transmission seasons, dengue is becoming more
prevalent year-round in tropical urban areas, whereas malaria remains strongly seasonal in most endemic
regions.

Implications for Global Health

The case studies of dengue and malaria illustrate the urgent need to address climate-sensitive vector-borne
diseases. Climate change is not only expanding the geographic range of these diseases but also intensifying
their impact in already endemic areas. This highlights the importance of region-specific strategies, including:
(24).

Climate-adaptive surveillance systems.

Improved vector control tailored to urban (dengue) and rural (malaria) settings.

Global collaboration to mitigate the dual threats of climate change and vector-borne diseases.

Without proactive measures, climate change will continue to exacerbate the public health burden of dengue
and malaria, particularly in vulnerable, low-resource settings (24).
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Expanded Role of Public Health Specialists and Epidemiology Technicians in A Addressmg Climate Change
and Vector-Borne Diseases

The influence of climate change on vector-borne diseases like dengue and malaria demands a collaborative,
multifaceted approach from public health professionals. As climate varability increases, so does the
complexity of managing and preventing these diseases. Public Health Specialists and Epidemiology
Technicians are at the forefront of this challenge, with their roles evolving as they adapt to new realities
shaped by a changing climate (25).

Expanded Role of Public Health Specialists

Public Health Specialists play a leadership role in crafting and implementing responses to climate change’s
impact on public health. Their influence extends across policy, education, advocacy, and health system
strengthening (25).

Climate Adaptation and Resilience Building

Public Health Specialists are tasked with ensuring that public health systems are resilient to the changing
landscape of climate-sensitive diseases. This involves designing adaptive strategies that can respond to the
shifting patterns of mosquito activity, disease outbreaks, and human health vulnerabilities. Public health
systems must be flexible enough to adjust to unexpected climate-induced disease outbreaks and rapid
geographic spread of diseases like dengue and malaria (26).

They play a key role in integrating climate change considerations into public health infrastructure planning.
This includes upgrading surveillance systems to detect vector-borne disease outbreaks eatlier, expanding
public health facilities in newly at-risk areas, and ensuring that healthcare providers are trained to respond
to the specific needs of emerging diseases tied to climate change (26).

Interdisciplinary Collaboration

Public Health Specialists often act as a bridge between various sectors that are essential to managing the
risks associated with vector-borne diseases in the context of climate change. They collaborate not only with
environmental scientists and climate experts but also with local governments, civil society, and international
organizations. By coordinating efforts across sectors such as water management, agriculture, and urban
planning, they help create a comprehensive approach to disease prevention (27).

Research and Data Utilization

These specialists support the collection, analysis, and application of data to better understand how climate
variables like temperature, rainfall, and humidity interact with vector populations. They also lead the
development of climate-health models that forecast disease transmission patterns based on climate
scenarios, helping stakeholders prepare for potential outbreaks. They may also guide research on innovative
solutions such as climate-resilient vector control technologies, vaccines, or eatly-warning systems (28).

Policy Advocacy for Climate Action

Public Health Specialists work with policymakers to integrate climate change into national and international
health agendas. They emphasize the interconnectedness of climate change and health, advocating for policy
changes that align climate action with public health goals. For example, ensuring that climate change
mitigation efforts also consider human health impacts—Ilike reducing carbon emissions to limit global
warming while also improving public health outcomes by addressing vector-borne diseases (26).
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Community Engagement and Education

Climate change is often viewed as a distant or abstract problem. Public Health Specialists help make the
issue tangible to communities by linking local health outcomes to climate factors. Through public health
education campaigns, they inform the public about preventive actions, such as reducing standing water
around homes to limit mosquito breeding, the importance of personal protection (e.g., wearing insect
repellent), and how to recognize the signs of diseases like dengue or malaria early (25).

Expanded Role of Epidemiology Technicians

Epidemiology Technicians are crucial in implementing surveillance, controlling disease vectors, and directly
supporting field operations that tackle the spread of diseases in a climate-impacted world. Their role is
indispensable in monitoring both vector populations and the environmental conditions that affect disease
transmission (29).

Surveillance and Early Detection

Epidemiology Technicians are at the forefront of identifying early warning signs of disease outbreaks linked
to changes in climate. By monitoring environmental conditions—such as temperature, precipitation, and
humidity—they help track patterns of mosquito breeding and predict when and where outbreaks may occur.
This allows for timely interventions to prevent the spread of diseases like malaria and dengue (30).

In areas where climate change is causing shifts in disease transmission, these technicians are responsible for
adapting surveillance techniques to new ecological conditions. For example, mosquitoes may now be
present in higher altitudes or different seasons than in the past, necessitating new surveillance strategies in
those areas (29).

Data Collection and Analysis

Epidemiology Technicians collect critical data in the field, including information about mosquito
populations, environmental conditions, human case reports, and the presence of pathogens like the dengue
virus ot Plasmodium parasites. Their data provides the backbone for decision-making in public health
responses. By combining field data with climate models, they help identify the most at-risk populations and
regions (31).

Epidemiology Technicians also track the effectiveness of interventions by collecting follow-up data on the
number of new cases after control measures are implemented. This feedback loop is essential to adjust
strategies and ensure that responses are both timely and effective (31).

Vector Control Implementation and Monitoring

Epidemiology Technicians are responsible for the implementation of vector control programs. These can
range from insecticide spraying, larviciding, and environmental management (e.g., removing breeding sites
such as stagnant water) to more innovative solutions such as the release of genetically modified mosquitoes
or biological control agents. They ensure that control measures are carried out effectively and in accordance
with best practices (32).

With climate change causing vectors to expand into new regions or behave differently, technicians must
adapt control methods to changing circumstances. They may need to consider factors such as the increased
resistance of mosquitoes to insecticides in some areas or changes in the seasonal timing of mosquito

breeding (32).
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Capacity Building and Training

Epidemiology Technicians play an essential role in training local communities, healthcare workers, and
other public health professionals to monitor and respond to vector-borne diseases. In regions where climate
change has introduced new disease risks, these technicians may train local health workers to recognize
symptoms of diseases that were previously rare or non-existent in the area, and to implement appropriate
treatments (30).

Collaboration in Emergency Response

In the case of climate-related disasters such as floods, heatwaves, or hurricanes, Epidemiology Technicians
are often mobilized to assist in emergency health responses. They are involved in rapid assessments,
tracking disease spread, and setting up temporary surveillance and treatment programs. For instance, after
a major storm, stagnant water pools may create new mosquito breeding sites, leading to outbreaks of
diseases like malatia or dengue, which require quick and coordinated action (33).

Conclusion

Climate change is a significant driver of the increasing burden of vector-borne diseases like dengue and
malaria. By reshaping vector ecology and disease transmission dynamics, it presents an urgent challenge for
global health systems. This review underscores the necessity of proactive public health measures, enhanced
disease surveillance, and international collaboration to address the growing threat posed by climate-sensitive
diseases. Without concerted efforts, the socioeconomic and health impacts of these diseases will
disproportionately affect the world’s most vulnerable populations.

Public Health Specialists and Epidemiology Technicians play complementary roles in addressing the
influence of climate change on vector-borne diseases. Their coordinated efforts in surveillance, data
collection, policy development, and community education are essential to managing the health risks
associated with climate change. Together, they help to build a resilient health system capable of responding
to the complex challenges posed by a warming world. Their work ensures that communities are not only
prepated for the health impacts of climate change but are actively engaged in reducing risks and improving
health outcomes.
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