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ABSTRACT

Road infrastructure is a critical driver of socioeconomic development in Sub-Saharan Africa, facilitating connectivity,
trade, and access to essential services. However, the construction and maintenance of roads have unintended
ecological and epidemiological consequences, particularly in relation to malaria transmission. Roadworks often
create artificial water bodies, borrow pits, and poorly drained depressions that provide ideal breeding habitats for
Anopheles mosquitoes, the primary vectors of malaria. Simultaneously, improved human mobility along transport
corridors accelerates the spread of Plasmodium parasites, linking high-transmission and previously low-risk areas.
Empirical studies across multiple African countries demonstrate increased malaria prevalence in communities
situated near major roads. Mitigation strategies, including eco-sensitive road design, effective drainage, routine
maintenance, vector control interventions, and community engagement, are essential to reduce these risks. Future
research should adopt interdisciplinary approaches integrating entomology, hydrology, public health, and
infrastructure planning to guide sustainable road development that balances economic progress with malaria
prevention.
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INTRODUCTION

Transport infrastructure plays a pivotal role in the socioeconomic development of nations, particularly in Sub-
Saharan Africa, where road networks are often the main arteries of connectivity. Roads enable the movement of
goods and services, improve access to health care facilities, open up agricultural markets, and foster social integration
[1, 27. They are essential for economic growth, poverty reduction, and regional integration, serving as lifelines for
rural and urban populations alike. In countries with limited railway or air transport systems, roads are often the
only reliable means of transportation, linking remote communities to essential services and opportunities [8-67.
Despite these developmental benefits, road construction and maintenance projects are often associated with profound
ecological and environmental transformations. The building of new roadways frequently requires excavation,
deforestation, and alterations of natural landscapes, leading to unintended ecological consequences [7-107]. Among
the most concerning of these is the creation of artificial water bodies such as borrow pits, culverts, roadside ditches,
and poorly drained depressions, which inadvertently serve as ideal breeding habitats for Anopheles mosquitoes,
being the primary vectors of malaria in Sub-Saharan Africa. These altered ecosystems, once introduced, can persist
for years, maintaining conducive conditions for vector proliferation [11-17].

At the same time, improved road networks increase human mobility, which enhances the circulation of both infected
and susceptible individuals across wider geographical areas. This accelerates the spread of Plasmodium parasites,
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especially into communities that may have previously recorded low malaria transmission. As people move more
freely, they may transport infections from high-burden areas to low-transmission zones, creating complex
epidemiological dynamics that complicate malaria control efforts [18-257.

Malaria remains one of the leading public health concerns in Sub-Saharan Africa, where it accounts for a significant
proportion of morbidity and mortality. The World Health Organization (WHO) estimates that Africa shoulders
over 90% of the global malaria burden, with children under five and pregnant women being the most vulnerable
groups [26-347. While considerable progress has been made through insecticide-treated nets (ITNs), indoor
residual spraying (IRS), improved diagnostics, and effective antimalarial treatments, the persistence of
environmental risk factors continues to undermine control measures. Roads, therefore, represent a double-edged
sword: while they enable access to health care and distribution of malaria control interventions, they also contribute
to ecological changes that perpetuate the transmission cycle [85-44].

The intersection of transport infrastructure and public health, particularly malaria epidemiology, remains an
underexplored research frontier. Most studies of road development prioritize economic impact assessments, while
limited attention is given to environmental health externalities [97]. As nations in Sub-Saharan Africa continue to
expand their road networks under ambitious development and integration agendas, there is an urgent need to
understand how these projects contribute to malaria risk. Such understanding is critical to designing road projects
that align with the principles of sustainability, safeguarding both economic progress and public health.

Although road networks are indispensable for social and economic advancement in Sub-Saharan Africa, their
unintended epidemiological consequences cannot be ignored [107. The construction and maintenance of roads
frequently generate stagnant water bodies that serve as permanent or semi-permanent mosquito breeding sites. In
many cases, roadside borrow pits remain neglected long after construction activities have ended, continuing to
sustain vector populations [117]. Moreover, increased human movement facilitated by road connectivity creates
epidemiological “bridges” between high-transmission and low-transmission zones. For example, migrant workers,
traders, and transport operators may carry malaria parasites across districts, amplifying the spread of infections.
This dynamic presents a significant challenge to malaria elimination strategies, especially in regions aiming to
transition from control to pre-elimination phases [127]. Despite these risks, road planning and malaria epidemiology
are rarely considered in the same framework. Infrastructure development projects are often evaluated on the basis
of economic feasibility, while health implications are sidelined or insufficiently integrated. As a result, road
development may inadvertently undo public health gains by sustaining or escalating malaria transmission risks
[13].

The problem is compounded by the lack of systematic research on the specific mechanisms through which road
infrastructure contributes to malaria ecology in Sub-Saharan Africa. There is insufficient evidence-based guidance
for integrating malaria control measures into road design, construction, and maintenance practices [ 147]. Without
targeted studies, policymakers and engineers risk perpetuating infrastructure models that exacerbate rather than
mitigate malaria burdens. Therefore, there is a critical need to investigate the epidemiological impacts of roads on
malaria transmission, focusing on the ecological dynamics of Anopheles breeding and the role of human mobility in
parasite spread. Understanding these relationships will not only contribute to malaria control strategies but will
also enhance the sustainability of infrastructure projects in Africa [157. This study aims to investigate the
multifaceted linkages between road infrastructure and malaria transmission in Sub-Saharan Africa, addressing
critical ecological, epidemiological, and policy dimensions. Specifically, it seeks to examine how road construction
and maintenance alter Anopheles mosquito breeding habitats, analyze the influence of human mobility along road
networks on malaria parasite dynamics, assess the epidemiological burden in communities near major roads, evaluate
existing road development policies for gaps in health impact integration, and propose strategies to design and
maintain roads that minimize malaria risks. The research is guided by questions exploring the creation and
persistence of mosquito habitats due to roadworks, the role of increased mobility in spreading malaria, the
relationship between community proximity to roads and disease burden, and the extent to which current policies
incorporate malaria considerations. The study is significant for public health, policy integration, sustainable
development, and community empowerment, as it provides evidence to inform targeted malaria control, eco-friendly
infrastructure planning, and local environmental management while filling a critical gap in interdisciplinary research
relevant across the Sub-Saharan region.

Road Construction, Hydrology, and Mosquito Ecology

Road construction significantly impacts local hydrology, often creating conditions that inadvertently favor mosquito
proliferation. Activities such as excavation, leveling, and the creation of borrow pits disrupt natural drainage
patterns, leading to water accumulation in depressions, wheel ruts, and compacted surfaces. These waterlogged areas
can persist for days or weeks, depending on rainfall patterns and soil characteristics, creating ideal breeding sites
for Anopheles gambiae complex mosquitoes, the primary malaria vectors in Africa [16]. In regions experiencing
seasonal rainfall, these temporary water bodies may last long enough to support multiple mosquito life cycles,
resulting in higher vector densities near human settlements and along transport corridors. Additionally, the removal
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of vegetation and disturbance of soil during construction often reduces the presence of natural predators, such as
aquatic insects and small fish that would normally control mosquito populations [177]. Combined, these factors
enhance local malaria transmission risk, particularly in rural and peri-urban areas, where road networks intersect
with communities lacking adequate vector control interventions.

Human Mobility and Malaria Transmission along Transport Corridors

Road networks play a crucial role not only in shaping mosquito ecology but also in facilitating human mobility,
thereby influencing the spatial dynamics of malaria transmission. Well-connected transport corridors accelerate the
spread of malaria parasites by linking endemic regions with areas previously considered low-risk or non-endemic
[187. Through labor migration, commercial trade, and cross-border traffic, individuals carrying malaria parasites
may inadvertently introduce infections into new locations, creating opportunities for the disease to persist or re-
emerge. This interplay between vector ecology and human movement effectively transforms roads into
epidemiological “conduits,” where the physical infrastructure itself indirectly supports the circulation of malaria.
Empirical studies from both East and West Africa reveal that communities situated near major highways or busy
transport hubs frequently experience higher malaria prevalence, reflecting not only greater exposure to Anopheles
mosquitoes but also intensified parasite movement across regions [197]. Consequently, understanding the dual
influence of road networks on both mosquito habitats and human-mediated parasite dispersal is essential for
designing targeted malaria control strategies that consider both environmental and socio-economic factors
contributing to disease persistence and resurgence.

Epidemiological Evidence of Road-Induced Malaria Risks

A growing body of epidemiological research across Sub-Saharan Africa underscores the significant link between
road infrastructure and malaria transmission. In Uganda and Kenya, studies have documented that borrow pits,
puddles, and drainage depressions created during rural road construction serve as ideal breeding grounds for
Anopheles gambiae s.1. larvae, resulting in higher mosquito densities and a corresponding rise in malaria cases among
communities situated near these roads [207]. Similarly, in countries such as Cameroon and Nigeria, road
development in forested or previously undisturbed areas has been associated with the formation of new aquatic
habitats that facilitate mosquito reproduction, thereby increasing malaria exposure for local populations. Beyond
habitat creation, roads also enhance human mobility, which can accelerate the spread of malaria parasites between
previously isolated areas, compounding public health risks. These findings highlight that poorly planned or
inadequately managed road projects can inadvertently exacerbate malaria burdens. Consequently, integrating vector
control measures and environmental management strategies into road development planning is critical to mitigating
these epidemiological risks and safeguarding community health.

Mitigation Strategies and Best Practices

Addressing the malaria risks associated with transport infrastructure demands a comprehensive and multisectoral
approach that combines engineering, environmental management, and community engagement. One of the primary
strategies involves improved road design and drainage systems, including the installation of effective culverts, well-
constructed roadside drains, and properly engineered slopes, all aimed at preventing the accumulation of stagnant
water that can serve as breeding sites for Anopheles mosquitoes [217]. Complementing design improvements,
routine maintenance of roads is critical; this includes the regular filling of borrow pits, potholes, and ruts, which
often become unintended larval habitats during the rainy season. Eco-sensitive engineering practices further
strengthen mitigation efforts by integrating environmental and health impact assessments into road planning and
construction, enabling the anticipation of vector proliferation and the implementation of preventive measures before
problems arise. Community-based interventions play a vital role, as local populations can participate in habitat
management, larval source reduction, and continuous environmental monitoring, thereby enhancing the
sustainability of control measures. Finally, fostering collaboration between ministries of health, transport, and
environment ensures that infrastructure development aligns with public health objectives, promoting synergy
between road expansion and malaria prevention. Together, these strategies provide a holistic framework for
minimizing the public health risks associated with transport networks [227].

Knowledge Gaps and Future Directions

Although research increasingly highlights the influence of road networks on ecological and public health outcomes,
substantial knowledge gaps persist. One major limitation is the scarcity of longitudinal studies that track changes
over extended periods, which restricts our understanding of the long-term epidemiological effects of road
development on vector-borne diseases [237]. Additionally, the ecological consequences of roads are not uniform
across different landscapes; savannah, forest, and urban environments may each respond differently to infrastructure
expansion, yet comparative studies examining these geographic variations remain limited. Another critical gap lies
in evaluating the effectiveness of integrating vector control strategies such as drainage optimization, larviciding, or
vegetation management into road planning and construction. Evidence on how these interventions mitigate disease
risk in communities adjacent to roads is fragmented and insufficient. Moving forward, future research should adopt
interdisciplinary approaches that bridge entomology, hydrology, public health, and infrastructure engineering,
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allowing for holistic assessments of road-associated ecological and epidemiological impacts [247. Such integrative
studies will provide actionable insights to guide sustainable road development while minimizing adverse health and
environmental outcomes.

CONCLUSION
Road infrastructure in Sub-Saharan Africa is indispensable for economic growth, social connectivity, and access to
essential services, yet it simultaneously presents significant public health challenges by influencing malaria
transmission dynamics. The construction and maintenance of roads create artificial water bodies, borrow pits, and
poorly drained depressions, which serve as prolific breeding sites for Anopheles mosquitoes. Enhanced human
mobility along these transport corridors further amplifies the spread of malaria parasites, linking high-transmission
and previously low-risk areas. Empirical evidence demonstrates that communities situated near roads frequently
experience elevated malaria prevalence, underscoring the complex interplay between ecological changes and
epidemiological outcomes. Addressing these risks requires integrative strategies combining eco-sensitive
engineering, effective drainage systems, routine maintenance, vector control interventions, and active community
participation. Future research should adopt interdisciplinary approaches to evaluate long-term impacts and optimize
mitigation measures. Ultimately, sustainable road planning that incorporates public health considerations is critical
to balancing infrastructure development with malaria prevention, safeguarding both human health and economic
progress.
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