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ABSTRACT

Malaria in Sub-Saharan Africa, historically concentrated in rural ecosystems, is increasingly emerging in urban and
peri-urban settings due to rapid urbanization, land-use changes, and heightened human mobility. This review
examines the shifting distribution of Anopheles mosquitoes, highlighting how deforestation, agricultural
intensification, irrigation, informal settlements, and urban-rural interfaces modify vector habitats and transmission
dynamics. Evidence indicates that key vectors, including Anopheles gambiae and Anopheles arabiensis, exhibit
remarkable ecological adaptability, thriving in artificial and polluted urban environments. The review underscores
the limitations of traditional rural-focused control measures, such as insecticide-treated nets (I'TNs) and indoor
residual spraying (IRS), and emphasizes the need for urban-tailored strategies, including larval source management,
environmental modifications, strengthened surveillance, and integration with urban planning. Critical research gaps
persist in understanding vector behavior, socioeconomic determinants, and climate change impacts on urban malaria.
Addressing these gaps through multidisciplinary, context-specific interventions is essential to sustain malaria
control efforts and mitigate the growing threat of urban malaria across Sub-Saharan Africa.
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INTRODUCTION

Malaria continues to be one of the most significant public health challenges in Sub-Saharan Africa, accounting for
the highest burden of morbidity and mortality worldwide [17. According to the World Health Organization (WHO)
[27], the region contributes more than 90% of global malaria cases and deaths, with children under five and pregnant
women being disproportionately affected. Historically, malaria transmission has been strongly associated with rural
environments, where natural and agricultural landscapes create favorable conditions for Anopheles mosquitoes, the
primary vectors of malaria. These habitats include swamps, irrigated rice fields, ponds, and other stagnant water
bodies that provide suitable breeding grounds. Consequently, malaria epidemiology in Sub-Saharan Africa has
traditionally been studied and addressed through a rural lens, with control strategies focusing on rural households,
villages, and farming communities [37].

However, the last few decades have witnessed unprecedented urbanization across Sub-Saharan Africa. Projections
indicate that by 2050, more than half of the region’s population will reside in urban areas, compared to just over 30%
in 2010. This rapid demographic shift is accompanied by widespread land-use transformations, including
deforestation, agricultural intensification, irrigation schemes, infrastructural expansion, and the establishment of
informal urban settlements [47]. As a result, malaria is no longer confined to rural areas; it is increasingly becoming
a concern in peri-urban and urban settings.

Urbanization alters the ecological landscape in ways that can both suppress and enhance malaria transmission. On
one hand, well-planned urban areas with improved drainage, waste management, and better housing infrastructure
often reduce breeding habitats for mosquitoes, thus lowering malaria risks [57]. On the other hand, unplanned urban
growth, especially in low-income settlements, creates new breeding opportunities through poorly managed drainage
systems, clogged gutters, construction sites, water storage containers, and peri-urban agricultural practices [67.
Additionally, increased human mobility between rural and urban areas facilitates the introduction of malaria
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parasites into cities, sustaining transmission cycles even in environments where vector populations are relatively
low [77].

Anopheles mosquitoes, particularly species such as Anopheles gambiae sensu lato and Anopheles funestus, have shown
remarkable ecological adaptability, thriving not only in rural environments but also in human-modified urban
ecosystems. Their ability to exploit artificial and temporary water collections challenges the long-held assumption
that malaria is predominantly rural. The changing distribution of Anopheles mosquitoes raises critical questions
about the dynamics of malaria transmission in rapidly urbanizing Sub-Saharan Africa and calls for a reassessment
of vector control strategies that have traditionally been rural-centric [87.

Despite considerable progress in malaria control through interventions such as insecticide-treated nets (I'TNs),
indoor residual spraying (IRS), and improved case management, Sub-Saharan Africa continues to shoulder a
disproportionate share of the global malaria burden. The persistence of malaria can be partly attributed to ecological
and socio-economic changes associated with rapid urbanization and land-use transformations [97. The expansion of
cities, deforestation, agricultural intensification, and irrigation schemes have created complex ecological interfaces
that sustain Anopheles populations in new environments.

Most existing malaria control strategies are designed with rural transmission dynamics in mind and often overlook
the emerging threat of urban malaria. For instance, while interventions such as I'TNs remain effective in many rural
households, their coverage and consistent use are lower in overcrowded informal settlements [107]. Moreover,
drainage systems and water management in cities are often poorly designed, leading to water stagnation that serves
as breeding grounds for mosquitoes. Consequently, control programs face challenges in adapting interventions to
suit urban-specific contexts.

Additionally, there is limited understanding of how Anopheles mosquitoes are adapting to urban ecosystems and
how these adaptations affect transmission intensity. The ecological resilience of malaria vectors, coupled with
increasing rural-to-urban migration, creates the possibility of persistent malaria transmission in urban centers that
were previously considered low-risk. This situation threatens to undermine decades of progress in malaria control,
as urban malaria presents unique challenges that differ from rural transmission patterns [117].

Therefore, there is an urgent need to examine the shifting distribution of Anopheles mosquitoes under conditions
of rapid urbanization and land-use change. Without such an understanding, malaria elimination efforts in Sub-
Saharan Africa risk being compromised, and public health systems may become overwhelmed by the dual challenge
of rural and urban malaria [127. This review aims to investigate the impact of land-use changes and rapid
urbanization on malaria transmission in Sub-Saharan Africa, with a particular focus on Anopheles mosquito ecology
and the emergence of urban malaria. The objectives include examining how deforestation, irrigation, and
agricultural intensification influence mosquito habitats and distribution, analyzing the role of informal settlements
in sustaining urban malaria, and assessing the ecological adaptability of key Anopheles species to urban and peri-
urban environments. The study also explores the implications of changing malaria epidemiology for vector control
strategies and proposes integrated, sustainable approaches for malaria prevention in the context of urban
development. Research questions focus on identifying habitat alterations due to land-use transformations,
understanding transmission dynamics in urbanized areas, determining species adaptability, evaluating challenges
for existing control measures, and identifying strategies for integrated vector management and sustainable urban
planning. The study is significant because it shifts attention from traditional rural malaria research to the growing
threat of urban malaria, provides insights into vector ecology for targeted interventions, informs policy and urban
planning to minimize breeding sites, supports global malaria elimination goals by tailoring strategies to diverse
ecological contexts, and addresses the socio-economic burden of malaria by improving health, productivity, and
sustainable development outcomes across Sub-Saharan Africa.

Rural Malaria and Traditional Vector Ecology

Rural areas remain critical hotspots for malaria transmission, primarily due to the abundant presence of major vector
species such as Anopheles gambiae sensu lato and Anopheles funestus sensu lato. These mosquitoes thrive in
environments commonly found in rural settings, including rain-fed agricultural fields, wetlands, and forest edges,
which provide ideal breeding and resting habitats [137]. The ecological characteristics of these areas, combined with
seasonal rainfall patterns, create conditions that sustain high vector densities and continuous malaria transmission
cycles. Rural populations often experience disproportionately higher malaria burdens compared to urban
counterparts, driven by multiple factors. Limited access to healthcare services hinders timely diagnosis and
treatment, while coverage of preventive interventions such as insecticide-treated nets (ITNs) and indoor residual
spraying (IRS) is frequently suboptimal. Additionally, human behaviors and livelihoods in rural settings, including
outdoor activities during peak mosquito biting times and proximity to vector breeding sites, increase human-vector
contact. Understanding the interplay between traditional vector ecology and rural community dynamics is essential
for designing targeted malaria control strategies that address both environmental and socio-behavioral
determinants of transmission [[14].
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Migration and Human Mobility

Human migration and mobility significantly influence malaria transmission dynamics by altering exposure patterns
and facilitating parasite spread. Seasonal agricultural workers, rural-to-urban migrants, and displaced populations
frequently move between endemic and non-endemic areas, often carrying malaria parasites into urban or peri-urban
settings. This movement can introduce parasites to local mosquito populations, creating new transmission foci in
areas previously considered low-risk [157. Similarly, urban residents traveling to malaria-endemic rural regions
may acquire infections and return to cities, sustaining urban transmission cycles where competent vectors exist.
Migration-driven malaria spread is further complicated by socio-economic factors, including limited access to
healthcare, poor housing, and inadequate vector control measures among mobile populations. Seasonal or temporary
migration may also coincide with peak vector abundance, amplifying transmission risk. Displacement due to conflict
or environmental changes can concentrate vulnerable populations in high-risk areas, increasing infection rates.
Understanding patterns of human mobility is therefore critical for malaria control, informing targeted surveillance,
prevention strategies, and public health interventions to limit the introduction and spread of parasites across diverse
geographic and demographic contexts [167].

Land Conversion and Habitat Transformation

Land conversion and habitat transformation are major drivers altering the ecological niches of Anopheles
mosquitoes, with significant implications for malaria transmission. Activities such as deforestation, agricultural
intensification, irrigation schemes, and settlement expansion modify local environments, creating new or enhanced
breeding sites [177]. Deforestation, for example, often produces sunlit pools ideal for Anopheles gambiae
proliferation, while irrigated rice fields provide persistent aquatic habitats suitable for Anopheles arabiensis.
Infrastructure development, including roads and construction projects, generates artificial water bodies that support
mosquito breeding in urban and peri-urban areas. These environmental modifications reduce the traditional
separation between rural and urban malaria transmission patterns, leading to more complex and widespread vector
distributions. Consequently, human-driven landscape changes are reshaping malaria ecology, facilitating mosquito
adaptation to diverse habitats, and complicating vector control efforts. Understanding the impacts of land-use
changes on Anopheles populations is critical for designing effective, context-specific interventions that account for
evolving breeding patterns and transmission risks across both rural and urban African settings [187.
Urbanization and the Urban-Rural Interface

Historically, urban malaria in Sub-Saharan Africa was considered minimal due to factors such as pollution, limited
mosquito breeding sites, and relatively better infrastructure. However, rapid and often unplanned urbanization has
significantly altered this scenario, creating environments conducive to malaria transmission. Informal settlements
with poor drainage, inadequate sanitation, and limited access to piped water lead residents to store water in
containers, inadvertently providing breeding habitats for Anopheles mosquitoes [197. Peri-urban agriculture
further contributes to standing water sources, supporting the proliferation of key malaria vectors, particularly
Anopheles arabiensis and Anopheles gambiae. The urban-rural interface—zones where expanding cities meet
agricultural landscapes—has emerged as a critical area for vector adaptation, enabling mosquitoes to exploit both
urban and rural resources. This interface facilitates sustained malaria transmission, as vectors can thrive in
heterogeneous environments and move between urban and peri-urban areas. Consequently, the evolving patterns of
urbanization in Sub-Saharan Africa have transformed previously low-risk urban areas into potential malaria
hotspots, underscoring the need for targeted vector control strategies, urban planning interventions, and integrated
public health approaches to mitigate malaria transmission in these dynamic landscapes [207].

Vector Adaptability and Emerging Urban Malaria

Recent evidence indicates that several Anopheles mosquito species are exhibiting significant adaptability to urban
environments, reshaping the epidemiology of malaria in African cities. Anopheles gambiae, traditionally associated
with rural habitats, has been observed breeding in polluted water bodies, while Anopheles arabiensis persists in
irrigated urban gardens, reflecting their ecological flexibility [217]. The growth of urban agriculture, including
backyard irrigation and community gardens, along with widespread household water storage practices, provides
additional breeding sites that facilitate mosquito survival and reproduction in densely populated areas. These shifts
challenge the long-held notion that malaria is primarily a rural disease, as urban settings now offer suitable
conditions for sustained vector populations and ongoing malaria transmission. The adaptability of these vectors
underscores the need for tailored urban malaria control strategies that account for altered breeding habitats, human-
vector interactions, and the complexities of city landscapes. Failure to address these emerging urban dynamics may
hinder malaria elimination efforts and contribute to persistent disease burdens in rapidly expanding African cities
Implications for Malaria Epidemiology

The shifting distribution of malaria vectors in urban and peri-urban areas has significant implications for malaria
epidemiology. Transmission risk is highly heterogeneous, often concentrated in peri-urban zones where
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environmental conditions, such as stagnant water and poor drainage, create suitable breeding habitats. This localized
clustering challenges conventional assumptions about urban malaria, which was previously considered low risk, and
necessitates targeted vector control strategies [237. Changing transmission patterns are also emerging, as
urbanization introduces artificial water bodies that support year-round mosquito breeding, disrupting traditional
seasonal malaria cycles and potentially sustaining continuous transmission. Furthermore, urban malaria vectors are
increasingly exposed to both insecticides used in vector control programs and antimalarial drugs in human
populations, creating strong selection pressures that accelerate the evolution of resistance. This dynamic complicates
control efforts, as resistant vector populations reduce the effectiveness of conventional interventions, while drug-
resistant parasites threaten treatment success. Overall, these shifts underscore the need for fine-scale surveillance,
adaptive vector management, and integrated strategies that account for heterogeneous risk, altered seasonality, and
the growing challenge of resistance in urban malaria settings [24].
Control Challenges, Opportunities, and Research Gaps
Urban malaria presents unique challenges that limit the effectiveness of traditional control strategies such as
insecticide-treated nets (I'TNs) and indoor residual spraying (IRS), which were primarily designed for rural contexts.
High population density, diverse housing structures, and numerous artificial water-holding containers create
complex breeding environments that reduce the efficacy of conventional interventions [257]. Addressing these
challenges requires innovative, context-specific approaches including environmental management through
improved drainage and waste disposal, larval source management via biological control and targeted larviciding,
and strengthened urban surveillance and early warning systems. Integrating malaria control with urban planning
and housing development enhances sustainability and ensures that urban growth does not exacerbate transmission.
Despite these strategies, critical research gaps persist, including comprehensive mapping of urban vector breeding
habitats, understanding vector behavioral adaptations to polluted and artificial environments, elucidating
socioeconomic and cultural determinants of vulnerability, and assessing climate change impacts on urban malaria
distribution [257. Filling these gaps is essential for developing evidence-based, adaptive interventions and
sustainable urban malaria control programs in African cities.
CONCLUSION
The shifting distribution of Anopheles mosquitoes from rural to urban settings in Sub-Saharan Africa underscores
the evolving complexity of malaria transmission in the context of rapid urbanization and land-use change.
Traditional assumptions of malaria as a predominantly rural disease are increasingly challenged, as vectors such as
Anopheles gambiae and Anopheles arabiensis exhibit remarkable ecological adaptability, exploiting artificial water
bodies, peri-urban agriculture, and informal settlements. These dynamics have created heterogeneous transmission
patterns, concentrated in peri-urban zones and urban-rural interfaces, complicating control efforts and heightening
the risk of sustained urban malaria. Conventional interventions like insecticide-treated nets and indoor residual
spraying require adaptation to urban contexts, complemented by innovative strategies such as larval source
management, environmental modifications, strengthened surveillance, and integration with urban planning.
Addressing critical research gaps—including vector ecology in polluted environments, socioeconomic determinants,
and climate change impacts—is essential for evidence-based interventions. Ultimately, a multidisciplinary, context-
specific approach is imperative to mitigate the emerging threat of urban malaria and sustain progress toward malaria
control and elimination in Sub-Saharan Africa.
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