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ABSTRACT

Urbanization has dramatically altered the hydrological landscape, with poorly designed or neglected drainage
systems becoming hotspots for Anopheles mosquito breeding. This review evaluates the role of water management
infrastructure—storm drains, ditches, culverts, and sewer systems—in influencing vector ecology and malaria
transmission. Evidence shows that clogged drains and stagnant wastewater pools serve as ideal larval habitats,
particularly for Anopheles gambiae and Anopheles arabiensis. Conversely, well-maintained drainage systems can
significantly reduce vector proliferation. The review also considers the interplay between rapid urban expansion,
inadequate waste management, and climate variability in amplifying these risks. Case studies from African cities
highlight both challenges and innovative community-based solutions for integrating vector control into urban
planning. Recommendations are made for environmentally sensitive drainage design, regular maintenance regimes,
and intersectoral collaboration between urban planners, engineers, and public health practitioners.
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INTRODUCTION
Malaria continues to pose a formidable threat to global health, particularly in Sub-Saharan Africa and parts of
Southeast Asia, where it remains endemic. Anopheles mosquitoes, the sole vectors of malaria, have traditionally been
associated with rural environments where stagnant water bodies, swamps, and puddles provide suitable breeding
grounds [17]. However, recent trends indicate that malaria transmission is increasingly becoming an urban
challenge. This shift is largely driven by rapid urbanization, environmental mismanagement, and inadequate
infrastructure development. Urban areas, once thought to offer some protection against malaria due to reduced
vector habitats, are now witnessing a rise in cases, partly attributable to poorly designed or poorly maintained
drainage systems [27].
Urban water management systems such as storm drains, ditches, culverts, and open sewers are essential components
of city infrastructure intended to control surface runoff, prevent flooding, and maintain public sanitation.
Unfortunately, when these systems are neglected, clogged, or improperly constructed, they become artificial habitats
for mosquito breeding [37. Pools of stagnant wastewater in blocked drains or poorly flowing culverts create
favorable ecological conditions for Anopheles gambiae and Anopheles arabiensis, two of the most efficient malaria
vectors. This situation demonstrates how the failure of infrastructure not only undermines urban health but also
contributes directly to disease transmission dynamics [4].
The growing recognition of urban malaria highlights the need to understand how infrastructure shapes mosquito
ecology. Studies have shown that while rural malaria remains high due to natural water bodies, urban transmission
is increasingly driven by anthropogenic factors, particularly ineffective drainage and waste disposal [57. Moreover,
climate variability—marked by erratic rainfall and flooding exacerbates the problem by overwhelming existing
drainage networks and creating new breeding sites. Urban poverty and informal settlements, characterized by
inadequate water management and sanitation facilities, further magnify the risks. Addressing these challenges
requires interdisciplinary collaboration between urban planners, public health officials, engineers, and community
stakeholders.
Despite significant investment in malaria control strategies such as insecticide-treated nets and indoor residual
spraying, urban malaria continues to persist, particularly in areas with poor drainage infrastructure. The neglect of
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water management systems has allowed urban spaces to become hotspots for Anopheles breeding, undermining public
health interventions [67]. There is a clear gap in understanding how drainage systems directly contribute to vector
ecology and what sustainable strategies can mitigate this challenge within the context of rapid urban growth and
climate pressures [7]. This study aims to critically examine the relationship between poorly managed urban
drainage systems and the proliferation of Anopheles mosquito breeding sites, recognizing drainage infrastructure
as a key factor in urban malaria ecology. It seeks to assess how rapid urbanization, coupled with climate variability,
interacts with water management systems to influence malaria transmission, emphasizing the complex interplay
between environmental changes and disease dynamics. Additionally, the study aims to identify innovative and
community-based solutions that integrate vector control into urban water management and planning, promoting
sustainable, locally adaptable interventions. Central research questions include: how clogged or inadequately
maintained drainage systems contribute to mosquito breeding in urban settings; the role of accelerated urban
expansion and climatic fluctuations in amplifying malaria risks; and which practical strategies can align drainage
management with vector control efforts to reduce transmission sustainably. The significance of this study lies in its
potential to inform both scientific understanding and public health practice. By elucidating the infrastructure—
disease nexus, it provides actionable insights for policymakers, urban planners, engineers, and health practitioners,
supporting the design of environmentally sensitive drainage systems that mitigate breeding habitats. Integrating
health considerations into urban planning can reduce malaria burdens, enhance community well-being, and promote
resilient, sustainable urban development in rapidly growing cities.

Urban Drainage Systems as Mosquito Habitats

Urban drainage systems, particularly in rapidly growing cities, serve as critical habitats for malaria vector
mosquitoes, exacerbating disease transmission in vulnerable populations. Poorly maintained drains often become
clogged with organic debris, solid waste, and silt, leading to the formation of stagnant water pools that provide ideal
breeding conditions for Anopheles mosquitoes, including Anopheles gambiae and Anopheles arabiensis [87]. These
vectors prefer shallow, sunlit, nutrient-rich environments, making blocked urban drains highly conducive to larval
development. In addition, open sewerage channels and unlined ditches, which are common in informal settlements,
often experience irregular flow or stagnation, especially during dry periods. Such conditions not only promote
mosquito breeding but also increase residents’ exposure to a broader spectrum of sanitation-related health risks,
including bacterial and parasitic infections. Climate variability further compounds these challenges: extreme rainfall
can overwhelm drainage networks, causing flooding and the creation of temporary aquatic habitats that support
mosquito proliferation, while prolonged dry spells reduce water flow in drains, allowing stagnant pools to persist
[97]. Collectively, these factors highlight the complex interplay between urban infrastructure, environmental
management, and vector ecology, emphasizing the need for improved drainage maintenance, waste management,
and climate-adaptive urban planning to reduce mosquito breeding and mitigate malaria risk.

Urbanization, Waste Management, and Malaria Risk

Rapid urbanization in many African cities has significantly intensified the public health challenge of malaria,
particularly through its impact on waste management and urban infrastructure. As urban populations grow, informal
settlements often expand faster than the development of adequate drainage and sanitation systems [107]. These
communities frequently lack properly engineered drainage networks, and waste disposal practices are often
unregulated, leading to the accumulation of solid waste in streets, gutters, and open water channels. This
combination of stagnant water, clogged drains, and poorly maintained sewerage systems creates ideal breeding
habitats for Anopheles mosquitoes, the primary vectors of malaria. Furthermore, urban migration patterns and
increasing population density in city centers elevate the frequency of human-vector interactions, which in turn
amplifies malaria transmission potential [117]. Unlike rural areas, where population is more dispersed and vector
contact may be lower, dense urban settlements facilitate rapid disease spread. The interplay between urbanization,
inadequate waste management, and insufficient infrastructure thus not only enhances mosquito proliferation but
also poses a sustained risk for recurrent malaria outbreaks. Addressing these issues requires integrated urban
planning, effective waste management strategies, and targeted vector control interventions to mitigate malaria risk
in rapidly growing urban environments [127].

Case Studies from African Cities

Urban malaria transmission in African cities is closely linked to environmental management, infrastructure quality,
and community engagement. In Dar es Salaam, Tanzania, research has shown that poorly maintained drainage
systems serve as prolific breeding sites for Anopheles mosquitoes, sustaining high local malaria transmission [137].
Interventions such as community-based larval source management, including systematic drain cleaning and targeted
larvicide application, have resulted in measurable reductions in mosquito densities and transmission risk,
highlighting the importance of community participation in vector control. In Lagos, Nigeria, rapid and unregulated
urban expansion, combined with inadequate waste disposal systems and frequent flooding, creates persistent
mosquito habitats within stormwater drains. Pilot programs that integrate urban sanitation improvements with
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malaria control efforts have demonstrated the effectiveness of multi-sectoral collaboration between health
authorities, municipal agencies, and local communities [147]. Similarly, in Kampala, Uganda, the rapid growth of
informal settlements has outpaced infrastructure development, leading to open drains doubling as waste disposal
channels and fostering persistent Anopheles habitats. Coordinated efforts between municipal authorities and
community organizations through targeted clean-up campaigns have proven effective in reducing mosquito breeding
sites. Collectively, these case studies underscore the necessity of combining environmental management,
infrastructure improvement, and community engagement to mitigate urban malaria transmission in rapidly growing
African cities [157].
Integrating Vector Control into Urban Planning
Integrating vector control into urban planning is a critical strategy for reducing malaria transmission in rapidly
growing cities, where environmental changes and poor infrastructure often create ideal mosquito breeding habitats.
One key approach is environmentally sensitive drainage design, which focuses on preventing water stagnation—a
primary driver of mosquito proliferation [167]. Measures such as covered drains, improved culverts, engineered
slopes, and graded surfaces ensure that water flows efficiently, minimizing areas where mosquitoes can lay eggs.
However, even the most thoughtfully designed drainage systems are ineffective without regular maintenance.
Routine desilting, unclogging, and cleaning of drains are essential to sustain their functionality, and community
engagement is vital in supporting these efforts [177]. Residents can participate in cleaning initiatives and report
blockages, while municipal authorities provide technical support and resources. Equally important is multi-sectoral
collaboration, bringing together public health practitioners, urban planners, civil engineers, and policymakers to
ensure that health considerations are embedded in infrastructure development from the outset [187. By integrating
these strategies into urban planning, cities can create resilient drainage systems that not only reduce mosquito
habitats but also promote sustainable malaria control, safeguard public health, and enhance the overall quality of
urban living.
Future Directions and Research Gaps
Future research on urban drainage and its role in malaria control must address several critical gaps to enhance both
public health and climate resilience. One key area is climate resilience, as rising temperatures, altered rainfall
patterns, and extreme weather events are likely to influence mosquito breeding dynamics in urban drainage systems,
yet data on these interactions remain limited. Understanding these patterns will be essential for designing adaptive,
climate-sensitive interventions that prevent mosquito proliferation in evolving urban landscapes [197. Another
priority is innovative technology, including the development of smart drainage systems equipped with real-time
monitoring sensors to detect water stagnation and automatically trigger maintenance or alert authorities, thereby
reducing potential breeding sites [20]. Community engagement also requires further investigation, particularly
sustainable models for local involvement in the upkeep and monitoring of drainage infrastructure, which can foster
ownership, ensure long-term functionality, and improve public health outcomes. Finally, there is a pressing need for
integrated policy frameworks that align urban sanitation, solid waste management, and malaria control strategies,
ensuring that interventions are coordinated, context-specific, and supported by both local governments and public
health institutions. Addressing these gaps will strengthen evidence-based interventions and promote sustainable,
climate-resilient urban malaria control strategies [67].
CONCLUSION
In conclusion, urban drainage systems play a pivotal role in shaping Anopheles mosquito habitats and influencing
malaria transmission in rapidly growing African cities. This review highlights how poorly maintained drains,
clogged culverts, and inadequate waste management create persistent breeding sites for key malaria vectors,
particularly Anopheles gambiae and Anopheles arabiensis. Rapid urbanization, informal settlements, and climate
variability exacerbate these risks by overwhelming drainage networks and fostering stagnant water accumulation.
Evidence from case studies in cities such as Dar es Salaam, Lagos, and Kampala demonstrates that environmentally
sensitive drainage design, regular maintenance, and community-based interventions can significantly reduce
mosquito proliferation and transmission risk. However, challenges remain, including gaps in climate-adaptive
research, the integration of innovative monitoring technologies, and sustainable models for community engagement.
Future strategies must combine urban planning, public health, and policy integration to create resilient drainage
systems that prevent vector breeding, enhance environmental sanitation, and reduce urban malaria burden. Effective
collaboration across sectors is essential for sustainable, long-term urban malaria control.
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