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ABSTRACT

Malaria remains one of the most prevalent and deadly infectious diseases in sub-Saharan Africa, where it continues
to burden public health systems despite global efforts to control and eliminate it. Climate change has exacerbated
malaria transmission, with extreme climate events such as floods, droughts, and temperature fluctuations
significantly influencing the spread of the disease. This review examines case studies from East and West Africa,
regions where the impact of climate change on malaria transmission has been particularly pronounced. The study
highlights the correlations between extreme climate events and surges in malaria incidence, focusing on the role of
climate variables like temperature, rainfall, and humidity in facilitating mosquito breeding and parasite development.
East Africa, with its varied topography, and West Africa, with its tropical climate, have both experienced notable
malaria outbreaks linked to climate anomalies. These case studies underscore the complex relationship between
climate variability and malaria transmission, revealing the need for localized, evidence-based strategies to address
these challenges. The review emphasizes the importance of integrating climate-sensitive malaria control strategies
into public health systems, which include improving weather forecasting, utilizing climate data for early warning
systems, and enhancing surveillance efforts. Given the increasing frequency of extreme weather events due to
climate change, this research advocates for adaptive public health responses that can mitigate the impact of malaria
surges and safeguard vulnerable populations in Africa.
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INTRODUCTION
Malaria remains one of the most prevalent and deadly infectious diseases in sub-Saharan Africa, despite extensive
global efforts to control and eliminate it. The disease, caused by Plasmodium parasites transmitted through the bites
of infected Anopheles mosquitoes, continues to place a heavy burden on the region's health systems [17. According
to the World Health Organization (WHO), sub-Saharan Africa accounts for approximately 90% of the global malaria
burden, with millions of cases reported annually, resulting in hundreds of thousands of deaths, predominantly among
children under five years of age. Malaria transmission is strongly influenced by environmental factors, especially
climate conditions [27]. In recent decades, the role of climate change in altering malaria transmission dynamics has
gained increasing attention, as the region experiences a rise in extreme climate events, including floods, droughts,
and temperature fluctuations. The relationship between climate and malaria transmission is complex, involving a
multitude of factors such as temperature, rainfall, humidity, and seasonal variations [37]. While certain climatic
conditions are conducive to the proliferation of Anopheles mosquitoes and the development of the Plasmodium
parasite, extreme climate events, especially those associated with global warming, can exacerbate malaria
transmission by creating favorable breeding grounds for mosquitoes, disturbing traditional ecological balances, and
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altering the habitats of both the mosquito vectors and the parasite [47]. Understanding the links between these
extreme climate events and malaria surges is essential for improving the prediction, prevention, and control of
malaria in sub-Saharan Africa. This review examines case studies from East and West Africa, regions where the
impact of climate change on malaria has been particularly pronounced. These case studies provide valuable insights
into the correlations between extreme climate events and the frequency of malaria outbreaks [57]. By highlighting
these patterns, the review aims to contribute to the growing body of research on climate change and infectious
diseases, with a focus on malaria as a case study for understanding the broader implications of climate-induced health
risks in vulnerable regions [67].

The influence of climate on malaria transmission is not a new concept, with studies dating back several decades.
However, recent shifts in global climate patterns, driven by human activities such as deforestation, industrial
emissions, and land-use changes, have led to more frequent and severe extreme weather events, including floods,
heatwaves, and prolonged droughts. These events not only disrupt the environment but also amplify existing
vulnerabilities in health systems, particularly in resource-poor regions like sub-Saharan Africa [77]. Malaria
transmission is sensitive to climatic variables. For instance, temperature directly affects the development rate of
Plasmodium parasites within mosquitoes, with higher temperatures accelerating parasite development, thus
shortening the incubation period. This means that mosquitoes in warmer climates have the potential to transmit the
disease more quickly. Rainfall, on the other hand, creates breeding sites for mosquitoes, as stagnant water in pools,
puddles, and swamps provides ideal conditions for mosquito larvae. Changes in rainfall patterns, therefore, have
significant implications for malaria transmission. Similarly, periods of drought may reduce the availability of
breeding sites, but in some cases, drought followed by heavy rains can create a sudden spike in mosquito populations,
leading to malaria surges [87].

In the context of climate change, these interactions between climate and malaria dynamics are expected to become
more unpredictable. Some regions may experience longer dry seasons that disrupt mosquito breeding cycles, while
others may see an increase in the frequency of intense rainfall events, further complicating malaria control efforts.
This underscores the need for localized, evidence-based strategies that consider the unique climatic and ecological
conditions of each region [97. This study focuses specifically on the East and West African regions, both of which
have experienced significant climate shifts over recent decades. East Africa, which includes countries such as Kenya,
Tanzania, and Uganda, is characterized by varied topography, with highland areas offering potential refuges for
malaria transmission in a changing climate. West Africa, home to countries like Ghana, Nigeria, and Mali, has a
more uniform tropical climate, but is also prone to significant fluctuations in rainfall and temperature [107]. Both
regions provide valuable case studies for examining the direct and indirect effects of extreme climate events on
malaria transmission and the broader public health implications.

Malaria remains a major public health challenge in sub-Saharan Africa, and its incidence is closely tied to
environmental conditions. With climate change intensifying the frequency and severity of extreme weather events,
there is growing concern about their potential impact on malaria transmission. There is a lack of comprehensive
studies that specifically address the relationship between extreme climate events, such as floods, droughts, and
temperature shifts, and malaria surges in the context of East and West Africa [117]. While the links between climate
and malaria are widely acknowledged, the specific mechanisms by which extreme events influence malaria outbreaks
are not well understood. Moreover, many health systems in sub-Saharan Africa are already under strain due to
limited resources, inadequate infrastructure, and ongoing disease burdens. As the impacts of climate change become
more pronounced, health systems in these regions will face increasing pressure to respond to changing malaria
patterns [127]. Failure to understand the nuances of climate-malaria interactions could undermine efforts to control
malaria and mitigate its effects, exacerbating the disease burden in an already vulnerable region. This study aims to
explore the impact of extreme climate events on malaria transmission and outbreaks in East and West Africa. By
analyzing case studies from these regions, it seeks to identify specific climate events, such as temperature
fluctuations, heavy rainfall, floods, and droughts, that have triggered significant surges in malaria. Additionally, the
study aims to examine the ecological and epidemiological mechanisms through which these extreme climate events
influence malaria transmission dynamics. Understanding how factors like changes in temperature and rainfall
patterns affect malaria transmission is essential for pinpointing the pathways through which climate change
exacerbates the disease. The study will also evaluate the effectiveness of public health responses to malaria outbreaks
that follow extreme climate events, assessing how well interventions have mitigated the impact of these outbreaks.
Based on the findings, the study will provide recommendations for adapting malaria control strategies to better
address the challenges posed by climate change. The significance of this research lies in its ability to enhance the
understanding of how climate variability influences malaria patterns in sub-Saharan Africa. By providing valuable
insights into the relationship between climate events and malaria, the study will inform targeted and adaptive
strategies for malaria control, helping policymakers and health professionals prepare for future outbreaks in a
changing climate.
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The Role of Climate Events in Malaria Transmission

Climate events play a crucial role in the transmission dynamics of malaria by influencing the various stages of the
Plasmodium parasite’s lifecycle and the population of its mosquito vectors. Temperature, rainfall, and humidity are
particularly significant climate variables that directly affect the rate of malaria transmission. Warmer temperatures,
for example, accelerate the development of the Plasmodium parasite within the mosquito host, leading to faster
transmission cycles and a higher likelihood of infection [137]. Similarly, increased rainfall provides abundant
breeding sites for mosquitoes, particularly in stagnant water pools, which facilitates the growth of mosquito
populations. As a result, malaria transmission tends to increase in regions experiencing higher rainfall and warmer
temperatures. On the other hand, extreme droughts or extended periods of dry weather can temporarily reduce
mosquito populations due to the scarcity of water sources for breeding. However, such droughts are often followed
by rapid surges in transmission once the climate becomes favorable again, such as after a period of heavy rainfall.
This cyclical pattern highlights the sensitivity of malaria transmission to climate variability and underscores the
complex relationship between climate events and the seasonal and geographical patterns of malaria outbreaks [147].
Understanding these links is essential for predicting and controlling malaria transmission in the face of changing
climate conditions.

Case Studies

East Africa: East Africa, with its diverse climatic zones, has experienced several malaria surges linked to extreme
climate events. A notable example is the 1997-1998 El Nifio event in Kenya, which caused widespread flooding and
created ideal breeding conditions for Anopheles mosquitoes, the primary vectors of malaria. The heavy rainfall led
to stagnant water pools, fostering mosquito proliferation and a dramatic increase in malaria cases [157. Similarly,
Uganda faced severe flooding during the same climatic anomaly, which significantly impacted both malaria incidence
and mortality. Health authorities reported a surge in hospital admissions, especially in lowland areas where water
stagnation was prevalent, highlighting the direct link between flooding and malaria outbreaks. In Ethiopia, the 2015
flooding event also triggered a surge in malaria cases in regions that had previously experienced low incidence [167].
The floodwaters created new mosquito breeding sites, which facilitated the spread of the malaria parasite to
populations that had not encountered malaria for decades. This pattern underscores the complex relationship
between extreme weather events and malaria transmission. Climate change-driven events like these do not just
exacerbate existing malaria hotspots but also introduce new risks, particularly in regions with historically low
malaria transmission, further complicating efforts to control the disease in the region [177.

West Africa: West Africa has consistently demonstrated a strong correlation between climate extremes,
particularly droughts and floods, and surges in malaria cases. The Sahel region, in particular, provides a notable
example. During the 2010-2011 drought, the subsequent heavy rains led to a sharp increase in malaria transmission
across countries like Niger, Chad, and Mali. The drought had initially dried up many seasonal pools, which are
essential mosquito breeding sites. However, once the rains returned, they replenished these pools, creating ideal
conditions for mosquito larvae to thrive [187. This sudden influx of breeding grounds contributed to a significant
uptick in malaria cases, as the mosquitoes that breed in stagnant water transmitted the disease to local populations.
A particularly striking case occurred in Ghana’s coastal regions after the devastating 2007 floods. The combination
of rising humidity and widespread flooding created optimal conditions for the malaria vector, Anopheles mosquitoes,
to flourish. Local health systems struggled to cope with the resulting surge in malaria cases. In some regions, health
facilities reported up to a 40% increase in malaria-related consultations, overwhelming healthcare providers. These
case studies underscore the growing threat that climate extremes pose to malaria transmission in West Africa,
highlighting the urgent need for adaptive public health strategies to mitigate the impact of such climate events [197.
Implications for Public Health and Climate Adaptation

The growing body of research and case studies on malaria transmission highlights the urgent need for an integrated
approach to malaria control that effectively incorporates climate predictions and early warning systems. Climate
change is increasingly recognized as a key driver of shifts in malaria transmission patterns, influencing both the
frequency and severity of the disease. Rising temperatures, fluctuating rainfall patterns, and more frequent extreme
weather events, such as floods and droughts, have a direct impact on the habitat of malaria-carrying mosquitoes,
thereby altering transmission dynamics [207]. These changing patterns make it difficult for health systems to
anticipate and respond to malaria outbreaks in a timely and effective manner.

Health systems must, therefore, be prepared to respond not only to the immediate surge of malaria cases following
extreme weather events but also to the long-term shifts in transmission patterns due to broader climatic changes.
Traditional preventive measures, such as the distribution of insecticide-treated nets (ITNs) and indoor residual
spraying (IRS), remain essential components of malaria control strategies [217]. However, these measures need to
be augmented with climate-sensitive approaches that allow for more proactive and anticipatory responses [227]. For
example, improving weather forecasting and utilizing climate data to predict malaria risks in specific regions can
enable health authorities to adjust their interventions in real time. In addition, surveillance systems should be
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strengthened to track environmental and climatic factors that influence mosquito populations and disease
transmission.
A key component of effective climate adaptation is fostering collaboration between meteorological agencies, health
ministries, and local communities. Meteorological agencies can provide early warnings and climate projections,
while health ministries must ensure that this information is used to adjust control measures appropriately.
Communities, as frontline stakeholders, need to be engaged and educated about the links between climate change
and malaria risks [2387. This collaborative approach not only enhances the eftectiveness of malaria control but also
builds resilience in vulnerable populations facing the compounded threat of climate change and infectious diseases.
CONCLUSION
The case studies from East and West Africa highlight the critical link between climate change and malaria
transmission, revealing how extreme climate events, such as floods, droughts, and temperature fluctuations,
significantly impact malaria incidence. These climate anomalies create environments conducive to the proliferation
of malaria vectors, leading to higher transmission rates and increasing the burden on already strained public health
systems. The evidence presented emphasizes the urgent need for malaria control programs to integrate climate
resilience into their strategies. This includes developing adaptive approaches that can respond to the evolving
challenges posed by climate variability. As climate change continues to alter disease transmission patterns, it
becomes essential for malaria-endemic countries to craft comprehensive, climate-smart public health strategies.
These strategies must combine robust climate science with effective public health interventions, ensuring
preparedness and responsiveness to malaria outbreaks. Strengthening such integrated approaches will be crucial for
mitigating the effects of malaria surges and safeguarding public health in the face of climate change.
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