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ABSTRACT: Climate change and urbanization atre reshaping
the epidemiology of vector-borne diseases, leading to
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rising temperatures, and erratic precipitation patterns on
vector habitats and disease proliferation. A comprehensive
literature search was conducted in PubMed, Scopus, and
Google Scholar, selecting studies published within the last 20
years that empirically examine climate change and
urbanization’s role in vector ecology. Findings highlight that
rapid urbanization creates ideal breeding environments for
disease vectors, exacerbating public health challenges. The
Context ~ of  Climate  Change  and yrban heat island effect intensifies vector survival, while
Urbanization. Jurnal ~ Riset Kualitatif dan inadequate waste and water management promote their
Promosi Kesehatan, 2(1), 15-26. proliferation. Climate variability alters seasonal disease
transmission, extending vector activity periods and increasing
epidemic occurrences. Emerging technologies such as IoT and
GIS have shown promise in improving surveillance and
disease management but require policy support and
infrastructure  investments for optimal effectiveness.
Mitigating these risks necessitates integrated approaches,
incorporating urban planning, climate adaptation, and
enhanced vector control strategies. Strengthening community
participation, expanding access to sanitation, and developing
predictive modeling frameworks will be essential in managing
disease risks. Future research should explore adaptive control
measures and long-term vector resistance mechanisms to
inform sustainable public health interventions.
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INTRODUCTION

Vector borne diseases (VBDs) such as dengue, malaria, chikungunya, and Zika have shown a
notable resurgence globally, particularly in rapidly urbanizing regions affected by climate change.
These diseases are primarily transmitted by vectors such as Aedes aegypti and Anopheles gambiae,
whose habitats and behavior are highly sensitive to environmental and climatic changes. Rising
global temperatures, erratic rainfall, and humidity fluctuations contribute to the proliferation and
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extended survival of vectors, thereby increasing the risk of disease outbreaks (Ligsay et al., 2021;
Yin et al., 2022).

Urbanization, especially when poorly managed, amplifies these risks. The rapid expansion of cities
often leads to overcrowded housing, inadequate drainage systems, and accumulation of stagnant
water in artificial containers all of which serve as ideal breeding grounds for vectors (Wilke et al.,
2018). Moreover, the urban heat island effect elevates local temperatures, accelerating the
mosquito life cycle and increasing the frequency of vector human contact (Kauffman & Kramer,
2017). These urban specific environmental changes intensify disease transmission dynamics in

ways that differ markedly from rural areas.

Several countries have witnessed surges in vector borne diseases due to the synergistic effects of
climate change and urbanization. For instance, Brazil has experienced successive dengue epidemics
following unusually heavy rainfall and urban sprawl (Guo et al., 2023). In India, prolonged malaria
transmission seasons in cities like Mumbai have been linked to chronic urban flooding and rising
temperatures (Dhimal et al,, 2014). Meanwhile, Vietnam’s peri urban zones have recorded
increased Aedes albopictus density following extensive land use changes and informal urban
settlement growth (Huynh et al., 2022). These examples illustrate how localized environmental
stressors intersect with broader climate trends to exacerbate VBD risks.

Despite a growing body of literature, most studies still examine climate change or urbanization as
separate determinants. Research often remains fragmented, disease specific, or focused on limited
geographic contexts t(Tozan et al., 2020). Systematic syntheses that examine how these two drivers
interact especially in urban settings are relatively scarce. Moreover, few studies integrate social and
infrastructural factors that mediate vulnerability and response capacity, particularly in low and
middle income countries (Almeida et al., 2020).

This review seeks to address those gaps by systematically analyzing the intersection between
climate change and urbanization in shaping the epidemiology of VBDs. It explores how
environmental shifts influence vector ecology, seasonal transmission patterns, and disease burden
in diverse urban contexts. In doing so, it highlights the need for climate sensitive and place based
public health interventions that account for both ecological and socioeconomic variability
(Ngouanet et al., 2022).

Furthermore, this review contributes to the literature by emphasizing the role of integrated vector
control strategies, community engagement, and emerging technologies such as Geographic
Information Systems (GIS) and the Internet of Things (IoT). By synthesizing empirical studies
from multiple regions and presenting comparative insights, this work aims to inform future
research directions and support the development of adaptive, multisectoral policies for VBD
prevention and control in the era of climate change and rapid urbanization (Guo et al., 2023; Wilke
et al., 2018).
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METHOD

This study employs a systematic review approach to examine the relationship between
urbanization, climate change, and vector-borne diseases. A comprehensive literature search was
conducted across academic databases, including PubMed, Scopus, and Google Scholar, targeting
studies published in the last 20 years. The search strategy combined predefined keywords and
Boolean operators to ensure precision and comprehensiveness. Keywords included "urbanization

and vector-borne diseases," "

climate change and vector distribution," and "temperature and
humidity effects on vector-borne disease transmission." Additional terms such as "urban health,"
"climate change," "vector-borne diseases," and "public health interventions" were also

incorporated to broaden the search scope and capture relevant studies.

Selection criteria were clearly defined to ensure the inclusion of peer-reviewed studies, systematic
reviews, and meta-analyses that empirically or theoretically analyze the impact of urbanization and
climate change on vector-borne diseases. Studies included in the review had to explicitly discuss
the interaction between these factors and be conducted in urban settings to assess direct impacts
within densely populated environments. Research employing empirical analysis, field data, or
epidemiological surveys was prioritized. Exclusion criteria encompassed studies focusing on non-
vector-borne diseases, publications lacking empirical data, and articles that did not consider urban

contexts or environmental impacts in their analysis.

To enhance reliability, a multi-stage screening process was employed. Four independent reviewers
assessed the studies to ensure alignment with inclusion criteria. The initial screening involved title
and abstract reviews, followed by a full-text assessment for relevance and methodological rigor.
Key themes were synthesized to identify recurring patterns in how urbanization and climate change
influence disease transmission dynamics. These findings provide insights into the ecological,
epidemiological, and policy-related dimensions of vector-borne diseases, supporting the
development of targeted public health interventions.

RESULT AND DISCUSSION
The Impact of Urbanization on Vector-Borne Diseases

Urbanization has significantly influenced the habitat and population dynamics of vector species
such as Aedes aegypti and Anopheles. The expansion of urban infrastructure has modified
environments, creating new breeding grounds for these vectors. Research by Wilke et al. highlights
how urban settings provide clean water sources that facilitate Aedes aegypti proliferation, increasing
the incidence of diseases such as dengue and chikungunya (Ligsay et al, 2021). Urban
environments often accumulate stagnant water in poorly managed areas, including open containers
and urban waste, which serve as ideal vector habitats.

Additionally, urbanization alters the distribution patterns of disease vectors. A study by Ren et al.
demonstrated that urban villages in Guangzhou, China, function as transmission hubs for dengue
epidemics, facilitated by increased human-vector interactions (Ngouanet et al., 2022). Population
growth in urban settings leads to a shift in disease transmission dynamics compared to rural areas,
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underscoring the complex interplay between human activity and vector proliferation. This is
further supported by findings from Sagna et al.,, who observed a strong correlation between
population density and increased vector-borne disease transmission in urban districts (Dhimal et
al., 2018). The availability of vector breeding habitats in high-density regions and human behavioral
factors further exacerbate transmission risks.

Environmental factors such as climate change and weather variability compound the challenges
posed by urbanization. Mutsuddy et al. emphasize the link between climatic factors—rainfall,
humidity, and temperature—and dengue incidence, highlighting their role in disease prediction
models (Rodriguez-Martinez et al., 2023). Changes in land use due to urban expansion also create
new infection risks. For example, Surendran et al. found that malaria vectors like Anagpheles stephensi
adapt positively to urbanization, increasing disease transmission potential (Wilke et al., 2018).
These findings collectively demonstrate that urbanization intensifies health risks by altering vector
ecology and increasing human exposure to disease vectors.

Climate Change and the Spread of Vector-Borne Diseases

Climate change plays a crucial role in altering the seasonal patterns of vector-borne diseases by
impacting vector lifecycles and distribution. Mutsuddy et al. found that temperature fluctuations
and humidity variations influence seasonal dengue outbreaks, with Aedes aegyp?i populations being
particularly sensitive to climatic changes (Ligsay et al., 2021). Variations in temperature not only
affect mosquito reproduction rates but also accelerate viral incubation periods, leading to higher

transmission rates.

Analyses of climate variables, including rainfall and temperature, reveal how these factors interact
with vector biology. Elevated temperatures enhance mosquito survival rates and activity levels,
prolonging transmission seasons and increasing infection risks (Guo et al., 2023). Consequently,
climate change has extended disease transmission periods, disrupted established seasonal cycles,
and introduced vector-borne diseases into previously unaffected areas (4).

Rainfall patterns also play a vital role in vector proliferation. Gongalves et al. reported that
unregulated irrigation and inconsistent rainfall create additional breeding sites for vectors,
facilitating disease spread (Ngouanet et al., 2022). Mosquito physiology and reproduction cycles
are influenced by soil humidity and water availability, which are directly linked to shifting
precipitation trends (Ngouanet et al.,, 2022). These environmental transformations complicate
vector control efforts and necessitate adaptive disease management strategies (Dhimal et al., 2018).

Rising temperatures also affect vector migration patterns. Hotez noted that vectors exposed to
increasing temperatures may shift their habitats to previously unsuitable regions, expanding the
geographical range of diseases (Wilke et al., 2018). Moreover, climate-induced physiological
changes in vectors can enhance pathogen transmission efficiency, exacerbating disease virulence
(Almeida et al., 2020). Research by Tozan et al. highlights how environmental changes accelerate
disease transmission dynamics by influencing virus-vector interactions, creating new
epidemiological challenges (Almeida et al., 2020). The cumulative effects of climate change
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necessitate a reassessment of vector control policies and a shift toward climate-adaptive public
health interventions (Tozan et al., 2020).

Socioeconomic Impacts on Vector-Borne Disease Risks

Socioeconomic conditions, including sanitation access and healthcare availability, significantly
impact vector-borne disease risks. Poor sanitation and inadequate healthcare services exacerbate
vulnerabilities to diseases such as dengue and malaria. Mutsuddy et al. documented that inadequate
sanitation in densely populated urban settings correlates with increased dengue incidence, as
stagnant water and unsanitary conditions provide breeding grounds for Aedes aegypti (Ligsay et al.,
2021).

Communities in low-income areas often experience higher infection rates due to limited healthcare
access and vector control resources. Whiteman et al. identified a direct relationship between lower
socioeconomic status and higher transmission rates of Aedes albopictus-borne diseases (Ngouanet
et al., 2022). Limited public awareness and preventive practices further compound these risks,
reinforcing the need for community-based intervention programs (Dhimal M et al, 2018).

Globally, countries with higher poverty rates, including regions in Africa, Southeast Asia, and Latin
America, exhibit elevated vector-borne disease burdens. This is attributed to inadequate housing
conditions, insufficient sanitation infrastructure, and restricted access to medical interventions
(Wilke et al., 2018). For example, Wilke et al. observed that areas lacking proper waste management
and clean water supplies experienced heightened transmission rates of arboviruses such as Zika
and chikungunya (Guo et al., 2023).

Addressing these disparities requires integrated intervention strategies. Agha et al. found that
improving healthcare infrastructure and sanitation access in marginalized communities
substantially reduces vector-borne disease risks (Almeida et al., 2020). Investing in health education
and disease prevention programs has proven effective in mitigating disease spread and enhancing
community resilience (Tozan et al., 2020). Furthermore, patterns of human migration driven by
economic disparities contribute to disease dissemination, emphasizing the need for cross-sectoral
collaboration in addressing these public health challenges (Williams OD et al, 2021).

Case Studies: Policy Implementation and Vector Control Strategies

Countries with high urbanization rates have implemented various policies to curb vector-borne
disease transmission. Integrated Vector Management (IVM) has emerged as a leading approach,
incorporating multi-sectoral strategies that align healthcare, environmental management, and
community engagement (Ligsay et al., 2021; Rodriguez-Martinez et al., 2023). Marcos-Marcos et
al. demonstrated that effective dengue control relies on clean water management and sanitation
improvements, particularly in urban areas where stagnant water accumulates (Ligsay AD et al,
2021).
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Brazil and Mexico have implemented targeted vector control programs with notable success.
Brazil’s "Arbovirus Surveillance" program combines active mosquito monitoring with public
awareness campaigns to encourage sanitation improvements and community participation in
disease prevention efforts. Similarly, Mexico has incorporated vector control measures into its
urban health development policies, prioritizing environmental management to reduce breeding
sites (Rodriguez-Martinez et al., 2023).

The application of emerging technologies, such as the Internet of Things (IoT) and Geographic
Information Systems (GIS), has enhanced vector surveillance and disease management. IoT-based
environmental monitoring enables real-time data collection on vector populations, facilitating
rapid response to disease outbreaks. GIS technology aids in mapping vector habitats and human-
vector interactions, allowing for targeted intervention planning (Ligsay et al., 2021; Rodriguez-
Martinez et al,, 2023). Data integration from these systems supports predictive modeling,
improving outbreak preparedness and response efficiency.

For example, research by Guo et al. leveraged GIS to identify high-risk habitats for Aedes albopictus
and assess environmental factors contributing to vector proliferation (Ngouanet et al., 2022).
Automated IoT sensors provide real-time environmental updates, optimizing vector control
measures based on changing field conditions (Dhimal et al., 2018). However, the success of these
technologies depends on robust policy frameworks, investment in infrastructure, and cross-sector

collaboration.

Studies highlight the importance of multi-sectoral partnerships in sustaining effective vector
control strategies. Ligsay et al. emphasize that integrating health, environmental, and educational
sectors enhances public health interventions (Wilke et al., 2018). Strengthening international
cooperation and research initiatives is vital for developing innovative disease management
solutions and ensuring sustainable public health policies (Guo et al., 2023).

The Interplay of Climate Change and Urbanization in Vector-Borne Disease
Transmission

Recent findings on the interaction between climate change and urbanization provide crucial
insights into the transmission of vector-borne diseases. Climate change, characterized by rising
temperatures and erratic precipitation patterns, has been shown to contribute to vector population
growth and alter their distribution, particularly in densely populated urban areas. Yin et al. conclude
that increased temperatures and humidity directly impact the risk of diseases caused by vectors
such as Aedes aegypti and Anopheles (Rodriguez-Martinez et al., 2023). Urban expansion exacerbates
these climatic effects by creating artificial breeding grounds in poorly managed water containers,
enhancing vector survival and disease transmission potential.

Urbanization intensifies the adverse effects of climate change by creating "heatislands" that elevate
temperatures in metropolitan areas. Studies have shown that increasingly extreme temperature and
rainfall variations affect vector dynamics, potentially extending disease transmission seasons and
increasing epidemic frequency (Ligsay et al., 2021). This underscores the necessity of adaptive
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policy interventions tailored to urban conditions to develop a more resilient public health system.
Addressing the simultaneous effects of urbanization and climate change requires comprehensive
urban planning and vector surveillance strategies that integrate climate adaptation measures with
disease control efforts.

Global mitigation policies for vector-borne disease risks must consider both climate change and
urbanization concurrently. Kolimenakis et al. emphasize the importance of an integrated approach
that combines environmental management with disease surveillance to enhance urban resilience
against emerging health threats (Ngouanet et al,, 2022). Public awareness and community
engagement remain critical in breaking the disease transmission cycle, particularly through proper
hygiene and sanitation practices. Effective public health strategies should incorporate climate
modeling, urban infrastructure planning, and community-based interventions to address disease
emergence in urban settings.

The Role of Technology in Vector Control

Emerging technologies, such as the Internet of Things (IoT) and Geographic Information Systems
(GIS), offer promising solutions for monitoring and controlling vector populations in urban
environments. Research by Wilke et al. indicates that GIS-based data analysis can help identify
demographic and epidemiological hotspots for mosquito-borne diseases, facilitating rapid,
evidence-based responses (Dhimal et al., 2018; Wilke et al., 2018). These technologies improve
predictive capabilities, allowing for early detection of disease outbreaks and real-time monitoring
of ecological changes influenced by urbanization and climate shifts.

Despite their potential, technological solutions face multiple challenges. Infrastructure limitations
and governmental support are essential factors in ensuring accurate and reliable data generation.
Multi-sectoral collaboration is crucial in integrating technological advancements into vector
control strategies, combining resources from governmental agencies, research institutions, and
community health programs (Wilke et al., 2018). The effectiveness of IoT and GIS-based systems
in disease prevention depends on sustainable investment and strategic planning to enhance urban
resilience against vector-borne diseases.

The uncertainty surrounding climate change and urbanization's effects on vector-borne disease
transmission underscores the need for improved predictive modeling. Previous studies highlight
the potential of climate projections in informing vector control strategies, yet current models
remain limited in incorporating social and economic variables that contribute to disease
vulnerability (Guo et al., 2023). Further research and policy implementation are required to ensure
that public health measures effectively respond to evolving epidemiological trends influenced by
climate change and urbanization.
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Challenges in Implementing Vector Control Policies in Urban Environments

The implementation of vector control policies in urban settings encounters multiple challenges
that require targeted solutions. One of the primary obstacles is the complex interaction between
environmental, social, and economic factors affecting public health. Rapid urbanization is
frequently accompanied by inadequate sanitation infrastructure, creating ideal breeding conditions
for vectors such as Aedes and Anopheles. Gongalves et al. highlight how unregulated urban
expansion contributes to the proliferation of disease vectors by increasing contact between hosts,
pathogens, and vectors (Rodriguez-Martinez et al., 2023). This issue is exacerbated in low-income
communities, where access to healthcare and vector control interventions is often limited.

Poor sanitation and limited healthcare accessibility further heighten disease transmission risks.
Whiteman et al. found that compromised urban environments, characterized by insufficient
infrastructure and low public awareness, significantly influence the density and distribution of
Aedes albopictus, leading to increased disease outbreaks (Ligsay et al., 2021). Additionally, land-use
changes resulting from urbanization and industrialization have created new environmental
conditions that favor vector survival, complicating disease control efforts (Ligsay et al., 2021).

Another major challenge is insecticide resistance among vector populations. Marcos-Marcos et al.
emphasize that increasing resistance to various insecticides in endemic regions poses a critical
obstacle to controlling diseases such as dengue, necessitating the development of alternative
strategies (Ngouanet et al., 2022). Overreliance on chemical interventions alone is insufficient, and
a combination of biological, environmental, and community-based approaches must be
implemented for sustainable vector control.

Community involvement remains a crucial yet challenging aspect of vector control policies. While
participatory approaches have been incorporated into some public health strategies, behavioral
and social factors can influence the effectiveness of these programs. Egid et al. highlight the need
for cross-sectoral collaboration in designing community-based interventions, ensuring active
participation in vector control and public health initiatives (Dhimal et al., 2018). Effective
community engagement strategies should focus on education, awareness campaigns, and
participatory surveillance efforts to improve disease prevention at the local level.

The integration of emerging technologies into vector control policies presents a potential solution
but also introduces new challenges. Fournet et al. argue that digital surveillance systems can
provide real-time data for rapid public health responses (Wilke et al., 2018). However, limitations
in technological infrastructure and policy coordination must be addressed to maximize the impact
of these tools.

Cross-sectoral policy integration is essential for overcoming these challenges. Almeida et al. stress
the importance of incorporating urban environmental assessments into policy-making processes,
ensuring that public health strategies consider the broader socioeconomic and ecological factors
influencing disease transmission (Guo et al., 2023). Effective vector control measures should
leverage interdisciplinary collaboration, integrating expertise from epidemiology, urban planning,
environmental science, and public health policy.
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Adjusting Mitigation Strategies Based on Geographic and Socioeconomic Factors

Mitigation strategies for vector-borne diseases must be tailored to specific geographic and
socioeconomic conditions to enhance intervention effectiveness. Climate, land-use patterns,
economic disparities, and disease transmission dynamics vary across regions, requiring localized
approaches to vector control.

Data-driven regional analysis plays a crucial role in understanding vector distribution and
environmental influences. Ibafiez-Justicia and Cianci emphasize the importance of spatial
modeling for mosquito species distribution, incorporating climate and vegetation factors to
optimize control efforts (Rodriguez-Martinez et al, 2023). This highlights the need for
geographically targeted vector control programs based on ecological and epidemiological data.

Community-based approaches are also critical in mitigating vector-borne disease risks, particularly
in low-income areas where healthcare infrastructure is limited. Local health authorities should
implement educational programs to raise awareness about disease prevention, environmental
sanitation, and vector control measures. Ngouanet et al. demonstrate that empowering community
leaders through educational initiatives enhances the sustainability of vector management programs
in Africa (Ligsay et al., 2021). Strengthening public participation in disease prevention is essential
in reducing vector breeding habitats and improving response capabilities.

Climate change adaptation must be integrated into vector control policies. Rising global
temperatures and shifting weather patterns influence vector behavior and disease transmission
cycles. Fletcher et al. highlight the role of seasonal climate variation modeling in guiding malaria
elimination efforts, underscoring the necessity of incorporating climate forecasts into public health
interventions (Ngouanet et al., 2022). Effective mitigation strategies should leverage long-term
climate projections to anticipate disease outbreaks and optimize intervention planning.

Government and community collaboration is vital for developing data-driven policies and
localized interventions. The use of GIS and IoT technologies should be expanded to monitor
vector populations and disease incidence in real-time. Guo et al. demonstrate how integrated
ecological monitoring can improve Aedes albopictus management in urban areas (Dhimal et al.,
2018). By leveraging these tools, policymakers can identify high-risk zones and implement targeted

control measures.

Differences in vector habitats and behaviors across regions necessitate species-specific mitigation
strategies. Urban vector populations often thrive in conditions influenced by human activities,
such as pollution and infrastructure changes. Anopheles gambiae control programs, for instance,
require habitat-specific interventions based on ecological and behavioral characteristics that
influence malaria transmission ((Wilke et al., 2018). Localized interventions tailored to vector
ecology are crucial for enhancing control effectiveness.

Holistic and cross-sectoral approaches remain fundamental in combating vector-borne diseases.
Collaboration among governments, researchers, and communities facilitates the development of
adaptive policies and effective implementation strategies (Guo et al., 2023). Aligning mitigation
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strategies with regional climate trends and urbanization patterns ensures the long-term
sustainability of vector control programs.

CONCLUSION

The interplay between climate change and urbanization significantly influences the transmission
dynamics of vector-borne diseases. Findings indicate that rising temperatures, unpredictable
rainfall patterns, and urban expansion contribute to vector proliferation and increased disease
incidence. The urban heatisland effect and water mismanagement in metropolitan areas exacerbate
these conditions, facilitating ideal breeding environments for vectors such as Aedes aegypti and
Anopheles. These environmental changes demand urgent interventions to mitigate the escalating
health risks posed by vector-borne diseases.

Policy measures should incorporate integrated vector management strategies that merge urban
planning, environmental sustainability, and climate adaptation. Surveillance technologies such as
Geographic Information Systems (GIS) and the Internet of Things (IoT) should be further
developed to enhance predictive modeling and disease outbreak responses. Strengthening multi-
sectoral collaboration, improving community awareness, and expanding access to sanitation and
healthcare services are pivotal to effective vector control.

Future research should focus on developing region-specific disease mitigation models that account
for socio-economic and ecological variations. There is also a need for long-term studies assessing
the combined effects of urbanization and climate change on vector habitats. Further exploration
of vector resistance mechanisms and alternative biological control strategies could contribute to
sustainable disease prevention efforts. Enhancing community engagement and promoting climate-
resilient health policies will be critical to mitigating the increasing burden of vector-borne diseases
in rapidly urbanizing regions.
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