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ABSTRACT

Urban malaria is an emerging public health challenge in Sub-Saharan Africa (SSA), where rapid urbanization,
socioeconomic disparities, and environmental degradation create conditions conducive to malaria transmission. This
systematic review examines the socioeconomic and environmental determinants shaping malaria risk in urban and
peri-urban settings across SSA. Evidence from multiple studies indicates that poverty, overcrowded housing,
inadequate sanitation, poor drainage systems, and unplanned urban growth significantly elevate malaria
vulnerability among urban populations. While urbanization can reduce transmission through improved housing and
infrastructure, informal settlements often lacking essential services, serve as persistent malaria hotspots. This review
highlights the interconnected roles of social inequality, environmental mismanagement, and weak urban governance
in sustaining malaria risk. Strengthening vector control, enhancing urban planning, and addressing socioeconomic
inequities are essential to achieving sustainable malaria reduction in African cities.
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INTRODUCTION

Malaria remains one of the most pressing public health challenges in Sub-Saharan Africa (SSA), accounting for
approximately 94% of the global burden of malaria cases and deaths [17. Traditionally considered a rural disease,
malaria has increasingly emerged as a significant concern in urban and peri-urban settings, challenging existing
assumptions about transmission dynamics and control strategies. Urbanization in SSA has accelerated rapidly in
recent decades, driven by population growth, rural-to-urban migration, and economic development [27]. According
to projections by the United Nations, the urban population of SSA is expected to triple by 2050, with a substantial
proportion residing in informal settlements characterized by inadequate infrastructure, poor housing, and limited
access to basic services [37]. While urbanization has the potential to reduce malaria transmission through improved
housing, sanitation, and healthcare access, unplanned and poorly managed urban expansion often creates
environments conducive to mosquito breeding, thereby sustaining urban malaria transmission [4-].

The environmental determinants of urban malaria are diverse and interconnected. Urban landscapes in SSA are
highly heterogeneous, ranging from well-planned residential neighborhoods with effective drainage systems to
informal settlements with stagnant water bodies, blocked drainage channels, and extensive waste accumulation.
Such conditions provide ideal breeding sites for malaria vectors, particularly Anopheles gambiae and Anopheles funestus
[5], which have adapted to urban environments. In addition to environmental factors, socioeconomic determinants,
such as poverty, overcrowding, inadequate housing, and limited access to healthcare, play a critical role in shaping
malaria risk. Populations in informal settlements are particularly vulnerable due to limited financial resources to
invest in protective measures such as insecticide-treated nets (ITNs), indoor residual spraying, and improved
housing infrastructure [67].

Urban malaria is an emerging public health phenomenon in SSA that reflects the complex interactions between
human social behavior, environmental conditions, and vector ecology. Historically, malaria control programs have
prioritized rural areas, assuming lower transmission in urban centers due to higher population density and improved
infrastructure [77]. However, mounting evidence suggests that urban malaria is a growing concern, driven largely
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by rapid, unregulated urban growth and the expansion of informal settlements. Cities such as Lagos, Nairobi, Dar
es Salaam, and Kampala have documented persistent malaria transmission despite overall improvements in
socioeconomic indicators. The persistence of malaria in urban environments poses significant challenges to public
health systems, including increased demand for healthcare services, economic losses due to morbidity, and the risk
of epidemics following climatic or environmental changes [87].
Research in urban malaria highlights the multifaceted nature of risk factors. Environmental determinants such as
poor drainage, uncollected solid waste, proximity to water bodies, and vegetation cover contribute to vector
proliferation. Simultaneously, socioeconomic factors, including low income, limited education, inadequate housing,
and social inequities—exacerbate vulnerability by restricting access to preventive measures and treatment [97.
These determinants are often compounded by weak urban governance, insufficient policy enforcement, and limited
integration of public health considerations into urban planning. A comprehensive understanding of these
determinants is essential for designing interventions that are contextually relevant, sustainable, and equitable [107.
Despite progress in malaria control in SSA, urban malaria remains inadequately addressed, with control strategies
often designed for rural settings. Informal settlements in rapidly urbanizing cities continue to experience a high
malaria burden due to the convergence of environmental degradation and socioeconomic disadvantage. The lack of
integrated urban planning, ineffective waste management, inadequate water drainage, and poor housing
infrastructure create persistent breeding grounds for malaria vectors. Concurrently, populations in these settings
often face barriers to healthcare access, limited awareness of preventive measures, and economic constraints that
hinder adoption of protective strategies [117]. These conditions undermine malaria control efforts and contribute to
persistent transmission, posing a public health challenge that threatens the gains made in reducing malaria
morbidity and mortality.
Given the anticipated growth of urban populations in SSA, addressing urban malaria is critical not only for public
health but also for broader socioeconomic development. There is an urgent need for systematic evidence on the
specific environmental and socioeconomic determinants that shape urban malaria risk to inform effective
interventions, policy formulation, and resource allocation [127. Without a detailed understanding of these factors,
malaria control strategies risk being misaligned with the realities of urban transmission dynamics, perpetuating
health inequities and undermining progress toward malaria elimination goals. The primary aim of this systematic
review is to comprehensively examine the socioeconomic and environmental determinants that influence urban
malaria risk in sub-Saharan Africa (SSA). Specifically, the review seeks to identify key socioeconomic factors, such
as poverty, inadequate housing, overcrowding, and limited access to healthcare, that increase vulnerability to malaria
in urban settings. In parallel, it investigates environmental determinants, including water management practices,
sanitation systems, waste disposal methods, and urban land use patterns, which collectively shape the transmission
dynamics of malaria. Importantly, the study explores the complex interplay between these socioeconomic and
environmental factors, recognizing that urban malaria risk is often the result of multiple interrelated determinants
rather than isolated influences. Guided by research questions that focus on identifying primary risk factors,
understanding environmental contributions, and exploring interactions between social and environmental
determinants, this review also aims to generate actionable insights for malaria control. The significance of the study
lies in its potential to inform evidence-based urban malaria interventions that are contextually relevant for SSA
cities. By emphasizing integrated strategies encompassing housing improvement, sanitation, vector control, and
community engagement, the review highlights pathways for addressing both health inequities and environmental
degradation. Ultimately, this study contributes to sustainable urban development, public health resilience, and the
reduction of preventable disease burdens in rapidly urbanizing African contexts.

METHODOLOGY
This systematic review was conducted to provide a comprehensive synthesis of the existing evidence on urban
malaria risk factors in Sub-Saharan Africa (SSA) over the past two decades. Peer-reviewed studies published between
2000 and 2024 were considered to capture both contemporary and evolving trends in urban malaria epidemiology.
Major academic databases, including PubMed, Scopus, and Google Scholar, were systematically searched using
carefully selected combinations of keywords such as “urban malaria,” “socioeconomic factors,” “environmental
determinants,” and “Sub-Saharan Africa” to ensure the inclusion of relevant literature. The inclusion criteria focused
on studies that examined malaria risk factors specifically in urban or peri-urban settings, providing insight into the
unique dynamics of malaria transmission in densely populated and rapidly urbanizing regions. From eligible studies,
detailed data were extracted on variables such as socioeconomic status, housing quality, sanitation infrastructure,
population density, environmental characteristics, and policy or intervention measures. The extracted data were
then analyzed qualitatively to identify recurring patterns, associations, and causal pathways that contribute to
malaria risk in urban contexts. This approach allowed for the identification of common determinants across different
settings, highlighting critical areas for public health intervention and urban planning strategies aimed at mitigating
malaria transmission in SSA.
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Socioeconomic Determinants of Urban Malaria

Socioeconomic factors play a critical role in shaping urban malaria dynamics across African cities, with poverty,
housing quality, and education standing out as key determinants. Poverty remains a central driver of malaria risk,
as low-income households often inhabit informal settlements situated near mosquito breeding sites such as stagnant
water, open drains, and poorly managed waste areas [137]. Limited financial resources constrain access to essential
preventive measures, including insecticide-treated nets (ITNs) and timely healthcare services, while income
inequality exacerbates disparities in exposure. Wealthier urban residents typically enjoy well-constructed homes
with screened windows, effective drainage, and environmental management that reduce mosquito proliferation.
Housing quality and urban infrastructure further influence malaria transmission. Residences with mud walls,
thatched roofs, or unscreened openings provide easy entry points for mosquitoes, leading to higher indoor biting
rates and increased malaria prevalence, as observed in cities like Lagos, Accra, and Dar es Salaam. Conversely, solid,
elevated structures with proper screening offer protection. Additionally, education shapes behavioral responses to
malaria [147]. Limited health literacy and misconceptions about disease causation can hinder preventive practices,
while educational campaigns, community outreach, and school-based health programs have demonstrated
effectiveness in promoting awareness, encouraging preventive behaviors, and ultimately reducing malaria incidence
in urban environments. These socioeconomic determinants underscore the need for integrated, context-specific
interventions to address urban malaria comprehensively.

Environmental Determinants of Urban Malaria

Environmental determinants play a crucial role in shaping the dynamics of urban malaria transmission. One key
factor is sanitation and waste management, as inadequate sanitation directly contributes to the proliferation of
Anopheles mosquitoes in urban environments. Open drains, stagnant water, and improper disposal of refuse provide
ideal breeding sites, and rapid urban population growth often overwhelms municipal waste management systems,
particularly in informal settlements [157. Therefore, implementing effective environmental sanitation programs,
such as regular waste collection, proper drainage maintenance, and community education, is essential for sustainable
vector control. Urbanization and land use patterns also significantly influence malaria risk. Unplanned urban
expansion frequently creates peri-urban zones that combine rural and urban characteristics, often inhabited by
vulnerable populations with limited access to essential services [16]. Activities like deforestation and the conversion
of natural habitats for construction or agriculture disrupt local hydrology, creating additional mosquito breeding
opportunities. Furthermore, climate and microecological factors, including urban heat islands, rainfall variability,
and localized humidity, affect mosquito development and parasite transmission. Although urban centers generally
have fewer breeding sites than rural areas, microhabitats such as construction sites, blocked gutters, and abandoned
containers can sustain transmission pockets. Climate variability, including extreme rainfall or drought, further
modifies vector dynamics, underscoring the complex interplay between environmental, climatic, and urban planning
factors in urban malaria epidemiology [17].

Population Density and Human Mobility

Population density and human mobility are critical factors influencing malaria transmission dynamics, particularly
in urban and peri-urban settings. High population density in informal settlements creates environments where
human-vector contact is significantly increased, facilitating the rapid spread of malaria parasites [187]. Overcrowded
living conditions also pose challenges for implementing effective vector control measures, such as indoor residual
spraying (IRS) and the distribution of insecticide-treated bed nets, as limited space and structural inadequacies
reduce coverage and efficacy. Furthermore, patterns of human mobility amplify transmission risks. Rural-to-urban
migration, driven by economic opportunities or social factors, can introduce malaria parasites into urban centers
that were previously less affected, potentially creating new transmission hotspots. Conversely, urban residents who
travel to malaria-endemic rural areas may become infected and subsequently reintroduce the disease into urban
populations upon returning. This bidirectional flow of people not only sustains transmission cycles but also
complicates efforts for timely surveillance and targeted interventions. Understanding these mobility patterns,
combined with population density data, is therefore essential for designing context-specific malaria control
strategies. Integrating human movement monitoring with vector control programs can enhance the effectiveness of
interventions and reduce the overall malaria burden, particularly in rapidly growing urban areas where high density
and mobility intersect [197].

Urban Planning and Governance

Urban planning and governance play a pivotal role in determining the risk and prevalence of malaria in rapidly
growing cities. Poorly coordinated efforts between health authorities and municipal planners often lead to urban
settlements characterized by inadequate drainage systems, improper waste disposal, overcrowding, and minimal
green infrastructure, all of which create ideal breeding grounds for malaria-carrying mosquitoes [207]. When urban
development policies fail to integrate health considerations, the resulting environment exacerbates vector
proliferation and increases exposure among residents. Conversely, embedding malaria prevention strategies into
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urban governance and planning can significantly reduce disease risk. Measures such as improved housing design
with screened windows and proper roofing, effective water management systems to prevent stagnant water
accumulation, and landscaping that discourages mosquito breeding are critical interventions [217]. Additionally,
innovative approaches like integrated vector management (IVM) programs have demonstrated success; for example,
in Dar es Salaam, Tanzania, [IVM combines environmental engineering, community engagement, and targeted
larviciding to control mosquito populations effectively. By fostering collaboration between urban planners, public
health authorities, and local communities, cities can create environments that not only reduce malaria transmission
but also promote healthier, more resilient urban living conditions. Sustainable urban governance is therefore
essential for long-term malaria control and public health improvement.
Policy Implications and Integrated Strategies
Addressing urban malaria in sub-Saharan Africa (SSA) demands a comprehensive, multi-sectoral approach that goes
beyond conventional health interventions, recognizing the complex interplay between disease transmission, urban
infrastructure, and social determinants. Effective policy frameworks must prioritize the strengthening of
infrastructure and sanitation systems, particularly in informal settlements where overcrowding, poor drainage, and
inadequate waste management exacerbate mosquito breeding and malaria risk [227]. Expanding access to preventive
tools, such as insecticide-treated nets and indoor residual spraying, alongside robust community-based health
education campaigns, is essential for empowering residents to adopt protective behaviors. Integrating malaria
surveillance into urban development planning ensures that public health considerations inform housing, drainage,
and land-use decisions, fostering proactive rather than reactive responses. Public-private partnerships can play a
critical role in enhancing waste and water management, leveraging resources and innovation to address
environmental factors that facilitate malaria transmission. Additionally, data-driven spatial mapping of urban
malaria hotspots allows for precise targeting of interventions, optimizing the allocation of limited resources [237.
Sustainable malaria control in urban contexts, therefore, requires policies that simultaneously mitigate
environmental degradation, promote social equity, and strengthen health systems, creating resilient urban
communities capable of reducing disease burden and improving overall population health.
Research Gaps and Future Directions
Research on urban malaria has expanded in recent years, yet several critical gaps remain that hinder effective control
strategies. One major limitation is the scarcity of longitudinal studies that track how malaria ecology evolves in
rapidly growing urban centers, where environmental and social changes can alter vector habitats and transmission
dynamics over time. Additionally, the interactions between urbanization and climate, such as changes in
temperature, rainfall patterns, and microclimates, remain poorly understood, limiting our ability to predict vector
adaptation and disease risk [247]. There is also a pronounced lack of high-resolution spatial data that links
socioeconomic factors, such as population density, housing quality, and access to healthcare, with malaria
transmission patterns, which is essential for targeted interventions. Furthermore, the potential of digital
technologies, including mobile applications, remote sensing, and geospatial modeling, for real-time urban malaria
surveillance remains largely underexplored, despite their promise in enhancing early warning systems and resource
allocation. Future research should prioritize participatory approaches, combining local knowledge with advanced
data science and modeling techniques to design context-specific, adaptive interventions [257]. Addressing these gaps
will improve our understanding of urban malaria dynamics and strengthen strategies for mitigating the disease in
complex urban environments, ultimately supporting healthier, more resilient cities.
CONCLUSION
Urban malaria in Sub-Saharan Africa (SSA) is increasingly recognized as a complex public health challenge shaped
by a combination of socioeconomic and environmental determinants. Rapid urbanization, population growth, and
the expansion of informal settlements create conditions that favor mosquito breeding and sustain transmission, even
in cities with overall improved infrastructure. Poverty remains a central driver of risk, as low-income households
often live in overcrowded, poorly constructed housing near stagnant water, open drains, and unmanaged waste sites,
limiting access to preventive tools such as insecticide-treated nets and timely healthcare. Environmental factors,
including inadequate sanitation, blocked drainage, improper waste disposal, and unplanned land use, further
exacerbate malaria transmission. High population density and patterns of human mobility introduce and sustain
infections in urban centers, complicating intervention efforts. Weak urban governance and limited integration of
health considerations into city planning amplify these risks. Addressing urban malaria in SSA requires multi-sectoral
strategies that combine environmental management, improved housing, community engagement, and data-driven
interventions, promoting resilience and reducing disease burden in rapidly growing urban populations.
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