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ABSTRACT

Malaria transmission remains a major global health challenge, particularly in sub-Saharan Africa, where
urbanization and rural environmental conditions significantly influence transmission dynamics. This review
explores the differences in malaria transmission between urban and rural settings, emphasizing the role of
population density, sanitation, water storage practices, and vector ecology in shaping regional disparities in
malaria risk. Urban areas, characterized by high population density and rapid infrastructure development, face
unique transmission challenges, particularly in informal settlements where sanitation issues create breeding sites
for mosquitoes. In contrast, rural areas typically present more predictable environmental conditions for malaria
transmission, with abundant natural water bodies serving as breeding grounds for vectors. The comparative
analysis highlights the emergence of Anopheles stephensi in urban areas, alongside Anopheles gambiae in rural
settings, underscoring the importance of tailoring malaria control interventions to address the specific ecological
and socio-economic conditions of each setting. The findings advocate for context-specific strategies that
incorporate improved sanitation, water management, vector control, and healthcare access, with a focus on
ensuring the sustainability of malaria control efforts in both urban and rural regions.
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INTRODUCTION
Malaria remains one of the most significant global health challenges, particularly in tropical and subtropical
regions, where it places a substantial burden on public health systems. According to the World Health
Organization (WHO) [17, malaria is responsible for hundreds of thousands of deaths each year, with Sub-Saharan
Africa bearing the highest burden. The disease is caused by Plasmodium parasites transmitted to humans through
the bites of infected Anopheles mosquitoes. Malaria transmission is deeply influenced by climatic and
environmental factors, such as temperature, rainfall, and humidity, which create favorable conditions for vector
mosquitoes. While malaria transmission is widespread in rural areas due to favorable breeding conditions such as
stagnant water bodies, urban areas face unique transmission dynamics influenced by population density,
infrastructure, sanitation, and public health initiatives. Understanding the differences in malaria transmission
between urban and rural areas is crucial for developing effective malaria control strategies. Urbanization has led to
significant changes in the distribution of malaria vectors, often altering their habitats and behavior [27. In rural
settings, transmission tends to be linked to natural breeding sites such as ponds, streams, and marshes, while
urban areas may see transmission associated with human-made environments such as poorly managed water
storage systems, blocked drains, and construction sites. These variations impact the effectiveness of vector control
measures, including insecticide-treated nets (I'TNs), indoor residual spraying (IRS), and environmental
management [87]. Additionally, urban areas typically have better access to healthcare services, but overcrowding
and informal settlements may still present challenges, making it essential to address the specific urban-rural
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differences in transmission. A comparative analysis of these areas is essential for ensuring equitable and context-
specific resource allocation and the design of tailored malaria control interventions. The primary goal of this
review is to explore the urban-rural differences in malaria transmission dynamics to enhance targeted intervention
strategies. This analysis will focus on key factors influencing malaria transmission in both settings, including
population density, sanitation, water storage practices, and the ecology of malaria vectors. For example, urban
areas may face challenges such as rapid population growth, informal settlements, and inadequate waste
management systems, which create favorable conditions for mosquitoes. In contrast, rural areas may struggle with
limited access to healthcare and vector control measures, despite having a more predictable environment for
malaria transmission. By identifying these differences, the review aims to highlight the need for tailored malaria
control programs that account for the unique challenges and opportunities in both settings. The findings are
intended to inform public health policies and intervention strategies to effectively reduce malaria transmission in
both urban and rural areas, improving the overall success of malaria control efforts globally.
Malaria Transmission Dynamics in Urban vs. Rural Settings
Malaria is a major global health challenge, particularly in sub-Saharan Africa, Southeast Asia, and parts of Latin
America [87]. The distribution of malaria is influenced by factors such as geography, climate, and urbanization.
Historically, rural areas have borne the brunt of malaria transmission due to their ideal conditions for vector
mosquitoes, such as abundant standing water, suitable temperatures, and less infrastructure for vector control.
However, urbanization has led to a decrease in malaria prevalence in many cities due to improved infrastructure
and active vector control measures like indoor spraying and insecticide-treated nets. Urbanization typically leads
to changes in environmental conditions that influence malaria transmission. Infrastructure development, such as
road construction, drainage systems, and urban planning, often reduces the number of open water bodies where
mosquitoes breed. Improved sanitation, access to clean water, and better housing quality can further limit vector
habitats and reduce human-vector contact [47]. Consequently, urbanization has historically been associated with a
decrease in malaria transmission. However, there are emerging risks in urban areas, particularly in informal
settlements or slums, which often lack proper infrastructure, including waste management, sanitation, and housing
quality, creating conditions conducive to malaria transmission. Malaria transmission dynamics are shaped by a
range of socioeconomic and environmental factors that differ between urban and rural settings. Healthcare access
is generally better in urban areas, with more healthcare infrastructure and interventions like insecticide-treated
nets and indoor residual spraying. Economic activities differ substantially between urban and rural areas, with
agricultural work providing ideal breeding sites for mosquitoes in rural areas. High population density in urban
areas creates greater opportunities for malaria transmission because the proximity of people facilitates human-
vector interactions. Environmental factors play a crucial role in the survival and breeding of malaria vectors.
Urban areas, particularly cities with large numbers of impermeable surfaces, can lead to the creation of "urban heat
islands," which can alter local temperature and humidity, affecting mosquito populations [47]. In rural areas,
ongoing vulnerability to malaria persists due to environmental conditions, limited healthcare infrastructure, and
less effective vector control measures.
Population Density and Its Impact on Malaria Transmission

Malaria transmission is significantly influenced by the distribution and density of human populations, which
directly impacts factors such as exposure risk, mosquito-human contact, disease surveillance, and healthcare
infrastructure. The relationship between population density and malaria dynamics varies between urban and rural
settings, leading to distinct transmission patterns in each environment. In high-density urban areas, the increased
human presence creates unique dynamics in malaria transmission. These areas often face challenges such as
increased exposure risk, overwhelmed health systems, and higher exposure rates. Urban areas may have less
effective vector control compared to rural areas, which exacerbates the risk of transmission. Disease surveillance
can be overwhelmed due to the rapid spread of the disease in such areas, as urban residents often have more
mobility and frequent contact with potential mosquito habitats [57]. Healthcare infrastructure demands in urban
centers are often tasked with serving large populations, straining resources during outbreaks. Additionally, urban
centers are more likely to have a high proportion of people at greater risk due to factors like migration,
urbanization, and mobility, further stressing public health efforts. Human-mosquito contact rates in densely
populated areas are higher due to close proximity, urban-adapted mosquitoes, and nighttime activity. Malaria
transmission is most prevalent between dusk and dawn when mosquitoes are active, contrasting with rural
settings where people may be less exposed indoors due to less time spent outside during peak mosquito activity
periods. In contrast, rural areas typically have lower population densities, leading to different transmission
dynamics [67]. Lower human density and higher mosquito density increase the risk of malaria transmission, while
rural areas have fewer human hosts and larger mosquito breeding grounds. Understanding these dynamics is
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essential for tailoring effective malaria control strategies that consider both the density of human populations and
the environmental conditions conducive to mosquito breeding and transmission.
Water Storage Practices and Breeding Habitats
Water storage practices significantly influence the spread of malaria, particularly in areas with inadequate water
management systems. In urban areas, informal settlements often use containers like barrels, tanks, buckets, and
jerry cans as breeding grounds for mosquitoes. These containers are often placed in difticult-to-monitor locations,
such as backyards, rooftops, or alleys, where stagnant water accumulates [67]. These untreated containers provide
ideal conditions for mosquito larvae to thrive, and in these areas, waste management and sanitation services may
be lacking. In rural areas, natural sources like ponds, rivers, lakes, and wetlands serve as natural breeding sites for
malaria vectors. These bodies accumulate stagnant water during the rainy season, making it more challenging to
target and control breeding sites effectively. However, these natural breeding sites are often integral to local
ecosystems and communities, making interventions more difficult without disrupting essential services.
Rural households often rely on traditional water storage practices, such as collecting water in large containers,
which can become breeding grounds for mosquitoes. The reliance on manually collected water for daily use may
lead to neglect of proper water management practices. Effective malaria control programs must address both
natural and artificial water storage. In urban areas, controlling breeding habitats often involves reducing the
number of artificial containers where water can accumulate. Public health campaigns in these areas typically focus
on educating residents about the risks of storing water in uncovered containers and encouraging proper water
storage practices. In rural areas, targeted interventions may require a more integrated approach, including regular
surveillance, biological control agents, and improved drainage systems. Strategic interventions for malaria control
include public awareness campaigns, water supply improvement, integrated vector management, and larval source
management. In conclusion, effective malaria control programs must address diverse water storage practices while
promoting sustainable water management and targeted interventions to reduce mosquito breeding [77].
Sanitation and Waste Management
Sanitation and waste management are crucial in controlling malaria transmission, as they affect vector breeding
and human health conditions. Urban areas often face severe waste management challenges due to high population
densities, inadequate waste disposal systems, and poor infrastructure. These issues lead to stagnant water in
waste-filled environments, creating ideal breeding grounds for malaria vectors. Common urban waste
management issues include uncontrolled solid waste, blocked drains, and improper disposal of both solid and liquid
waste. In rural areas, sanitation conditions vary significantly, often influenced by geography, access to
infrastructure, and socioeconomic status. In rural areas, improper waste disposal and lack of sanitation
infrastructure remain significant issues. In some rural areas, human waste may be disposed of in open pits or pits
dug by families, leading to poor sanitation if not properly managed. Improperly managed water bodies can also
become breeding sites for mosquitoes if not drained or treated effectively.
Poor sanitation directly contributes to the creation of breeding sites for Anopheles mosquitoes, which lay their
eggs in stagnant water. In urban slums, poor sanitation conditions combined with waste mismanagement create an
environment conducive to mosquito breeding. Common breeding sites include open drains and puddles, garbage
piles, and sewage ponds and open sewers. In rural areas, variation in sanitation practices can also influence
mosquito breeding. Improving sanitation and waste management in urban areas has a direct effect on reducing
malaria transmission. Specific urban interventions include improved waste collection and disposal, drainage
improvement, public health campaigns, and proper waste disposal. In rural areas, interventions focus on proper
waste disposal at the household level, improved water storage practices, and agricultural waste management.
Sanitation and waste management are critical components of malaria control in both urban and rural areas [87]. By
improving sanitation and waste management, significant progress can be made in reducing malaria transmission,
enhancing public health, and improving quality of life for affected populations.
Vector Species and Ecology in Urban vs. Rural Settings
Malaria vector species composition varies significantly between urban and rural environments. Rural areas
typically have a higher abundance of Anopheles gambiae, the primary malaria vector in sub-Saharan Africa, which
prefers rural, agricultural, and forested areas with abundant breeding sites [97]. However, urban environments are
increasingly witnessing the rise of Anopheles stephensi, a species that has adapted to more urbanized settings,
such as large towns and cities. This shift from Anopheles gambiae to stephensi is concerning as it has a shorter
lifespan and is less susceptible to traditional malaria control measures. Urbanization has led to significant changes
in the ecological behavior of malaria vectors, with Anopheles stephensi being particularly notable for its ability to
thrive in polluted urban environments. This adaptability makes it a more persistent vector in cities with
suboptimal sanitation systems. Urban mosquito species can also adjust to the heat islands of cities, which can alter
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the development rates of mosquitoes. Understanding the differences in vector species and their ecology in urban
versus rural settings is critical for designing effective malaria control strategies. In rural areas, vector control
strategies often focus on large-scale interventions targeting natural breeding sites, while in urban areas, localized
and focused control measures are required due to the different breeding environments. Environmental control
measures, such as proper waste and water management, become increasingly important in preventing the spread of
Anopheles stephensi in cities [107].
Regional Case Studies on Urban vs. Rural Malaria Transmission
Malaria transmission patterns vary significantly between urban and rural areas due to factors such as population
density, environmental conditions, access to healthcare, and vector control strategies. Urban areas face higher
challenges compared to rural areas, where environmental factors like breeding sites for mosquitoes are more
prevalent. In Sub-Saharan Africa, Tanzania, urban areas have a higher malaria burden due to numerous mosquito
breeding sites in stagnant waters, while rapid urbanization has led to an increase in malaria cases in cities like Dar
es Salaam [47]. In Southeast Asia, Cambodia's malaria epidemiology differs dramatically between urban centers like
Phnom Penh and rural provinces [107]. Rural areas, especially those near forests and rice paddies, are at higher
risk for malaria due to the abundance of mosquito breeding sites. However, urban centers have witnessed an
increase in malaria cases in recent years, likely driven by migration, poor sanitation, and population density. In
Ghana, malaria is widespread, but rural regions show higher prevalence due to traditional farming practices and
limited access to healthcare. Urban areas experience a lower prevalence due to improved infrastructure, but new
challenges, such as growing slums and water drainage issues, are emerging as risk factors for malaria. Lessons
learned from various regions include understanding transmission dynamics, integrating vector management,
community engagement and education, innovative health interventions, adapting to changing dynamics, and
ensuring sustainability and long-term planning. By recognizing the unique challenges of urban and rural areas,
malaria control programs can be optimized by ensuring that interventions are adaptable and sustainable for the
long term [117].
Challenges and Opportunities for Tailored Malaria Control Interventions
Malaria control remains a significant challenge in both urban and rural settings, particularly in sub-Saharan
Africa. Tailored malaria control interventions are essential for addressing unique challenges and leveraging local
opportunities in different geographic and socio-economic contexts. Barriers to effective malaria control include
limited resources, lack of awareness and community engagement, inadequate infrastructure, and vector resistance
to insecticides [127. Opportunities for tailored strategies include targeting insecticide-treated nets (ITNs) in rural
areas, indoor residual spraying (IRS) in rural areas, environmental sanitation campaigns in urban areas,
community-based interventions, and innovative approaches. These include remote sensing for breeding site
identification, community-driven sanitation programs, genetic surveillance tools, genetically modified mosquitoes,
integration of malaria control with other health initiatives, and research on alternative insecticides and control
methods. Remote sensing can provide real-time data on areas with standing water, vegetation, and other
conditions conducive to mosquito breeding, while community-driven sanitation programs can be improved
through digital tools. Genetic surveillance tools, such as CRISPR-based systems and molecular diagnostics, offer
new methods for monitoring vector populations and detecting resistance to insecticides. Genetically modified
mosquitoes that are sterile or resistant to the malaria parasite hold promise for reducing malaria transmission
[18]. Tailoring malaria control interventions to the specific needs of urban and rural communities offers
significant opportunities for reducing transmission. However, effective implementation is hindered by several
challenges, such as limited resources, lack of awareness, and vector resistance. To overcome these barriers,
innovative strategies leveraging new technologies, community involvement, and context-specific interventions
must be prioritized. Collaborative research, policy adaptation, and the integration of multiple health and
environmental interventions will be key to advancing malaria control efforts and ultimately reducing the burden of
malaria globally.
CONCLUSION

The analysis of malaria transmission dynamics reveals significant differences between urban and rural settings,
which must be carefully considered for effective malaria control. In rural areas, malaria transmission is often
influenced by environmental factors such as stagnant water sources, agricultural practices, and climate variability,
leading to a higher reliance on outdoor vector habitats and traditional methods of control, like insecticide-treated
nets (ITNs) and indoor residual spraying (IRS). In contrast, urban malaria transmission is increasingly affected by
factors such as rapid urbanization, changes in land use, population density, and poor infrastructure, leading to new
challenges. Urban areas are more likely to experience increased mosquito breeding sites in construction sites,
improper waste disposal, and water storage practices. Furthermore, urban malaria transmission often involves
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vectors that have adapted to urban environments, potentially requiring different intervention approaches, such as
targeting larvae in water storage tanks and improving urban sanitation. Understanding these variations is crucial
for developing targeted, effective interventions. While rural interventions may focus on broader, environmental
control strategies, urban malaria control requires more refined, context-specific methods. The disparities in
transmission also emphasize the need for tailored surveillance systems and intervention strategies that address the
unique ecological, socioeconomic, and infrastructural characteristics of both settings. The exploration of urban-
rural differences in malaria transmission points to several key areas for future research. First, enhancing urban
malaria surveillance is critical to improving early detection, response times, and monitoring of transmission
patterns. More research is needed to understand how malaria vectors are adapting to urban environments and
whether new control strategies are required to address these adaptations. For instance, understanding the impact
of urbanization on vector behavior and resistance to insecticides is an important research avenue. Additionally, the
development of intervention models that account for the density of human populations and the specific challenges
of urban infrastructure—such as overcrowding and inadequate waste management—is needed. Research should
also explore how changing climate patterns influence malaria transmission in both settings and inform integrated
approaches that blend environmental, biological, and social factors in intervention planning. Given the stark
differences in malaria transmission between urban and rural areas, it is essential for policymakers, researchers, and
public health professionals to recognize and address these disparities. Collaboration across sectors is key to
developing innovative, location-specific strategies that will effectively reduce malaria transmission. Policymakers
should prioritize funding for both urban and rural malaria control, ensuring that both environments receive the
attention and resources they need for effective intervention. Researchers must continue to explore the underlying
causes of urban malaria, developing new technologies, strategies, and tools for targeted control. Public health
professionals should work with local communities to ensure that interventions are culturally appropriate, effective,
and sustainable. By taking a more comprehensive, location-based approach to malaria control, we can make
significant strides toward reducing global malaria risk and ultimately eradicating the disease.
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