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ABSTRACT

Road infrastructure is a cornerstone of economic growth and regional connectivity in Sub-Saharan Africa,
facilitating trade, mobility, and access to essential services. However, emerging evidence indicates that road
construction and maintenance can inadvertently influence malaria transmission by altering ecosystems and creating
favorable habitats for Anopheles mosquitoes, the primary vectors of the disease. This review synthesizes current
knowledge on the ecological and epidemiological impacts of transport infrastructure on malaria dynamics,
highlighting how road-induced environmental changes, such as water accumulation in borrow pits, poor drainage,
deforestation, and land-use modifications, enhance vector breeding and increase human-vector contact. Additionally,
improved mobility along transport corridors facilitates parasite dissemination into previously low-transmission
areas, compounding public health risks. Mitigation strategies, including eco-sensitive road design, integrated vector
management, environmental impact assessments, community engagement, and intersectoral collaboration, are
explored. The review identifies critical knowledge gaps, emphasizing the need for longitudinal studies, spatial
modeling, and geospatial surveillance to inform evidence-based planning and policy that balance infrastructure
development with malaria control.
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INTRODUCTION

Transport infrastructure, particularly road networks, plays a pivotal role in advancing economic development, trade,
and accessibility across Sub-Saharan Africa. Roads serve as vital arteries connecting rural and urban centers,
facilitating the movement of goods, services, and people, while stimulating commerce, industrialization, and social
interaction [1-57. In many African countries, including Uganda, Kenya, Tanzania, and Nigeria, road construction
has been prioritized as part of national development agendas to enhance economic integration, reduce poverty, and
promote regional trade. However, beyond these socioeconomic benefits, transport infrastructure projects, especially
road construction and maintenance, have profound ecological and environmental implications [6-117]. These
alterations to the physical environment can inadvertently influence disease ecology, particularly that of malaria,
which remains one of the most persistent and devastating public health challenges in Sub-Saharan Africa [12-177].

Malaria, caused by Plasmodium parasites and transmitted by female 4nopheles mosquitoes, continues to exact a heavy
toll on human health and economic productivity in the region. According to the World Health Organization (WHO),
Sub-Saharan Africa accounts for over 90% of global malaria cases and deaths, with children under five and pregnant
women being most vulnerable [18-257. Despite substantial investments in vector control interventions such as
insecticide-treated nets (I'TNs), indoor residual spraying (IRS), and artemisinin-based combination therapies
(ACTs), malaria transmission remains intense and heterogeneous across different ecological zones. This variability
in transmission intensity has often been linked to environmental, climatic, and socioeconomic factors [26-307].
However, recent research increasingly recognizes that anthropogenic changes particularly those resulting from
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infrastructure development may be reshaping malaria transmission patterns in ways that are not yet fully
understood.

The expansion of transport infrastructure, while essential for economic growth, inevitably alters landscapes and
ecosystems. Road construction often involves clearing vegetation, altering drainage systems, and creating borrow
pits, tire ruts, and puddles that can accumulate water [81-397]. These microhabitats provide ideal breeding grounds
tor Anopheles mosquitoes. Additionally, improved road networks enhance human mobility, facilitating the movement
of both infected individuals and mosquitoes between regions, thereby influencing the spatial spread of malaria. For
instance, the construction of major highways in forested or rural areas has been associated with increased malaria
incidence due to environmental disturbances that favor mosquito proliferation [40-45].

In Uganda and other East African nations, road development projects are expanding rapidly as part of national
development frameworks such as Uganda Vision 2040 and the African Union’s Programme for Infrastructure
Development in Africa (PIDA). While these initiatives are crucial for connectivity and trade, they often intersect
with malaria-endemic zones where ecological sensitivity is high [46-507. Studies conducted in various African
contexts have shown that areas near newly constructed roads experience higher mosquito densities and increased
malaria transmission rates. This is partly due to the creation of stagnant water pools and the migration of non-
immune populations into malaria-endemic regions for construction or trade-related activities [51-57].
Furthermore, the presence of roads affects healthcare accessibility. While improved transport can facilitate faster
access to medical facilities and malaria prevention programs, it can also accelerate population movements into high-
risk zones without adequate preventive measures. This dual impact underscores the complex relationship between
infrastructure development and malaria epidemiology, a relationship that demands a multidisciplinary approach
integrating environmental management, public health, and transportation planning [58-607.

Despite the evident link between road infrastructure and environmental changes conducive to malaria transmission,
this relationship remains inadequately addressed in development planning and disease control policies in Sub-
Saharan Africa. Infrastructure projects are often implemented with limited consideration of their long-term
ecological and health consequences. Environmental impact assessments (EIAs) rarely incorporate detailed analyses
of vector ecology or malaria risk, focusing instead on immediate physical and economic factors [61-657. As a result,
communities living near new or rehabilitated roads frequently experience unanticipated increases in malaria
incidence.

Moreover, while numerous studies have examined the influence of climatic factors such as rainfall, humidity, and
temperature on malaria transmission, relatively few have investigated how human-driven environmental
modifications, particularly through road construction, alter vector breeding and disease dynamics. This knowledge
gap limits the ability of policymakers to design integrated strategies that mitigate the unintended health
consequences of infrastructure development [66-697]. Consequently, there is a pressing need to examine how road
construction and related human activities influence mosquito habitats, modify human movement patterns, and
ultimately affect malaria transmission in Sub-Saharan Africa. Understanding these dynamics is essential for
developing sustainable solutions that balance economic growth with public health protection [127.

This review aims to achieve several specific objectives focused on understanding the intersection between road
infrastructure and malaria transmission in Sub-Saharan Africa. Primarily, it seeks to examine the ecological impacts
of road construction and maintenance on mosquito breeding habitats and vector ecology, assessing how changes in
the environment create conditions favorable for Anopheles mosquito proliferation. Additionally, the review
investigates how transport infrastructure influences human mobility, settlement patterns, and consequent exposure
to malaria vectors, while also analyzing epidemiological outcomes resulting from environmental alterations
associated with road development projects. A further objective is to evaluate existing strategies and propose
integrated approaches for incorporating malaria risk mitigation into transport planning and environmental
management frameworks. Central research questions address how road activities modify ecological conditions for
mosquito breeding, the influence of transport networks on human-vector interactions, the relationship between road
proximity and malaria incidence, and methods for effectively integrating public health considerations into road
design and maintenance policies. The study is significant as it informs evidence-based decision-making, promotes
intersectoral collaboration between health, environment, and transport sectors, and supports sustainable
infrastructure development aligned with global frameworks like the SDGs, enhancing both economic growth and
population health.

Ecological Impacts of Road Construction on Anopheles Mosquito Habitats

The construction and expansion of road networks often involve extensive land alteration, including excavation,
leveling, grading, and modifications to natural drainage systems. These activities can inadvertently create favorable
conditions for the proliferation of Anopheles mosquito larvae, the primary vectors of malaria. Features such as
borrow pits, roadside ditches, depressions formed by construction machinery, and wheel ruts can collect and retain
stagnant water, forming ideal breeding sites [137]. Empirical studies from Uganda, Kenya, and Nigeria have reported
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marked increases in Anopheles larval habitats following road construction, particularly in poorly drained or unpaved
areas. Beyond initial construction, road maintenance practices, including vegetation clearing, embankment
reshaping, and improper drainage management, can prolong the persistence of these aquatic habitats, enabling
mosquitoes to thrive over extended periods. In forested and peri-urban regions, road openings alter microclimatic
conditions by increasing sunlight exposure and ambient temperatures near water bodies, which accelerates larval
development and increases mosquito survivorship. The proximity of these anthropogenic breeding sites to human
settlements intensifies vector-human interactions, elevating the risk of malaria transmission. Consequently, the
ecological transformation induced by road infrastructure highlights a critical interface between development
activities and vector ecology, underscoring the need for integrated engineering, environmental management, and
vector control strategies in road planning and maintenance [ 14].

Human Mobility and Malaria Spread Along Transport Corridors

Road infrastructure not only reshapes local ecosystems and mosquito breeding sites but also significantly influences
human movement and settlement patterns, thereby affecting malaria transmission dynamics. Improved transport
routes facilitate easier movement of people for trade, employment, agriculture, and social purposes, often leading to
the expansion of settlements into previously uninhabited or low-transmission areas [15]. This increased mobility
enables the rapid movement of infected individuals and malaria parasites, potentially introducing the disease into
regions where it was previously controlled or absent. Similarly, the transportation of goods and livestock along
major roads can inadvertently carry vectors or create conditions favorable for mosquito breeding, such as roadside
water pools. Empirical studies from Ethiopia and Tanzania indicate that communities located near highways and
major transport corridors consistently exhibit higher malaria prevalence compared to more isolated areas. Mobile
populations, including truck drivers, traders, seasonal laborers, and migrants, act as important conduits for malaria
parasites, bridging regions with varying transmission intensities. While road networks generate significant socio-
economic benefits, including improved access to markets, healthcare, and social services, they also pose public health
challenges. Without targeted surveillance, vector control, and community education, the expansion of transport
corridors can inadvertently exacerbate malaria transmission, highlighting the need for integrated planning that
balances development with disease prevention strategies [167].

Epidemiological Evidence of Road-Associated Malaria Transmission

Multiple epidemiological studies have demonstrated a clear association between proximity to roads and elevated
malaria risk in sub-Saharan Africa. For instance, research in western Kenya revealed that villages located within
two kilometers of a major road experienced significantly higher malaria incidence compared to more remote areas,
highlighting the spatial influence of infrastructure on disease transmission [17]. Similarly, in Cameroon, the
construction of forest roads was linked to increased populations of Anopheles gambiae, the primary malaria vector,
which coincided with a rise in malaria cases among nearby communities. The mechanisms underlying this
association are multifaceted and involve ecological, demographic, and behavioral dimensions. Roads often promote
environmental changes, including deforestation, water accumulation in roadside depressions, and altered drainage
patterns, all of which create ideal breeding habitats for mosquitoes. Furthermore, roads facilitate human settlement
and movement, increasing human-vector contact and expanding the population at risk. Land-use changes induced
by road development can disrupt local ecosystems, favoring vector proliferation, while demographic shifts bring
susceptible populations into closer proximity with breeding sites. Collectively, these factors illustrate the complex
interplay between infrastructure development and malaria epidemiology, emphasizing the need to integrate vector
control and land-use planning into road development policies to mitigate malaria risk in affected regions [187.
Mitigation Strategies and Eco-Sensitive Road Development

Addressing the malaria risks associated with road infrastructure requires a comprehensive, multisectoral strategy
that integrates public health considerations into all stages of planning, construction, and maintenance. Roads, while
essential for economic development and connectivity, often create conditions favorable for mosquito breeding,
particularly through water accumulation in poorly drained areas or along construction sites [197]. To mitigate these
risks, improved drainage design is critical; incorporating culverts, proper grading, and effective water flow
management can prevent stagnant water that serves as larval habitats for malaria vectors. Environmental impact
assessments (EIAs) should include vector ecology evaluations before construction, allowing planners to identify
potential breeding sites and implement preventive interventions. Vegetation and landscape management, such as
establishing buffer zones and routine maintenance, further reduces larval habitats while preserving ecological
integrity. Integrating health surveillance into transport corridors enables early detection of malaria outbreaks and
timely public health responses. Active community involvement in environmental management and health education
ensures local ownership and sustainability of prevention efforts. Finally, intersectoral collaboration among
ministries of health, transport, and environment aligns infrastructure development with disease control objectives.
By embedding ecological and health considerations into engineering and policy frameworks, countries can achieve
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infrastructure growth without compromising public health, ultimately supporting sustainable development and
malaria reduction [207].
Knowledge Gaps and Future Research Directions
Although there is increasing recognition of the role that road infrastructure plays in shaping malaria transmission
dynamics, substantial knowledge gaps persist that limit the development of effective interventions. Longitudinal
studies examining the long-term impacts of different types of road construction and design on vector ecology,
breeding site proliferation, and human-vector contact remain scarce, making it difficult to draw robust conclusions
about causality [217]. Additionally, there is a critical need for spatially explicit modeling approaches that can predict
malaria risk by integrating land-use changes induced by road expansion, including deforestation, urbanization, and
alteration of water drainage patterns. The interaction between road-induced environmental changes and climate
variability such as temperature fluctuations, rainfall patterns, and humidity also remains poorly understood, despite
its potential to modulate vector populations and seasonal transmission peaks. Future research should leverage
advanced tools, including remote sensing, geographic information systems (GIS), and high-resolution entomological
surveys, to map vector habitats, identify malaria hotspots, and evaluate risk gradients in communities adjacent to
road networks [227. By addressing these gaps, researchers can generate evidence-based strategies for infrastructure
planning, targeted vector control, and integrated malaria management that account for the complex interplay
between human development and disease ecology in endemic regions.

CONCLUSION
This review highlights the intricate and multifaceted relationship between road infrastructure and malaria
transmission in Sub-Saharan Africa. While road networks are crucial for socioeconomic development, trade, and
improved access to services, they inadvertently create ecological conditions conducive to Anopheles mosquito
breeding and facilitate human-vector interactions that increase malaria risk. Evidence demonstrates that road
construction, maintenance, and associated land-use changes, such as water accumulation in borrow pits, poor
drainage, deforestation, and settlement expansion, can significantly elevate vector density and disease incidence.
Furthermore, increased human mobility along transport corridors amplifies the spread of malaria parasites across
previously low-transmission areas, posing additional public health challenges. Effective mitigation requires an
integrated, multisectoral approach that combines eco-sensitive engineering, proactive vector control, health
education, and interdepartmental collaboration. Environmental impact assessments should incorporate vector
ecology considerations, while surveillance and community engagement are essential for early detection and
sustainable intervention. Addressing existing knowledge gaps through longitudinal studies, spatial modeling, and
advanced geospatial tools will enhance evidence-based planning, enabling road development that supports economic
growth without exacerbating malaria transmission, ultimately promoting healthier, resilient communities in
endemic regions.
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