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ABSTRACT

Malaria remains a significant public health challenge in East and West Africa, with climate change emerging as a
critical determinant of its transmission dynamics. Rising temperatures, shifting rainfall patterns, and extreme
weather events are altering the geographic distribution of malaria, potentially expanding transmission zones into
previously malaria-free highland and semi-arid regions. This review examines climate change projections and their
implications for malaria risks in East and West Africa, focusing on temperature increases, rainfall variability, and
extreme weather events. It assesses how these climatic changes influence mosquito breeding, parasite development,
and human-vector interactions, thereby exacerbating malaria burdens in vulnerable regions. Furthermore, the study
explores regional vulnerabilities, high-risk areas, and the necessity of integrating climate change considerations into
malaria control strategies. Effective adaptation measures, including enhanced disease surveillance, climate-resilient
vector control strategies, and policy frameworks that incorporate climate projections, are crucial for mitigating
malaria expansion. Strengthening healthcare preparedness and fostering regional collaboration will be essential in
addressing the evolving challenges posed by climate-driven malaria transmission.
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INTRODUCTION

Malaria is one of the most pressing public health challenges in East and West Africa, contributing significantly to
morbidity and mortality across all age groups, particularly among children under five and pregnant women [17].
The disease, primarily transmitted by female 4nopheles mosquitoes infected with Plasmodium parasites, is influenced
by various climatic and environmental factors [27]. Temperature, humidity, and rainfall patterns play a critical role
in shaping malaria transmission dynamics by affecting mosquito breeding, parasite development within the vector,
and human-vector interactions [37].

Historically, malaria-endemic regions in Africa have been largely confined to areas with favorable climatic
conditions, including high humidity and moderate to high temperatures. However, climate change is altering these
parameters, potentially reshaping the epidemiology of malaria by shifting transmission zones into previously non-
endemic regions [47]. Recent studies suggest that rising temperatures, increased rainfall variability, and extreme
weather events such as floods and droughts could enhance malaria vector survival, extend breeding seasons, and
even introduce malaria into high-altitude regions that were previously unsuitable for transmission [5].

East and West Africa are particularly vulnerable to these climate-induced changes due to their diverse ecological
landscapes and existing health infrastructure challenges. In East Africa, countries such as Uganda, Kenya, and
Tanzania have historically experienced stable malaria transmission in lowland regions, while highland areas were
largely free from the disease [67]. However, with increasing temperatures, malaria is now being reported in highland
communities, raising concerns about potential outbreaks in previously unaffected populations [77. Similarly, in
West Africa, where seasonal malaria transmission is already a challenge due to monsoon rainfall patterns, shifting
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climate patterns could exacerbate malaria burdens in regions where control efforts have made significant progress
[87.

The ability to accurately predict malaria transmission risks under different climate change scenarios is crucial for
informing public health strategies. Climate models incorporating temperature, precipitation, and other
environmental factors can help map potential malaria hotspots, allowing governments and health agencies to
allocate resources effectively [97]. However, despite growing evidence of climate-induced malaria expansion,
research gaps remain in understanding the localized impacts of climate change on malaria transmission, particularly
in under-studied regions of Africa. This review aims to analyze climate change projections and their implications for
malaria risk assessment in East and West Africa. By synthesizing available data, the study will provide insights into
potential transmission shifts, regional vulnerability, and strategies for mitigating climate-driven malaria expansion
[107. Despite significant progress in malaria control through interventions such as insecticide-treated nets (ITNs),
indoor residual spraying (IRS), and artemisinin-based combination therapies (ACTs), malaria remains a leading
cause of death and illness in Africa [117]. The emergence of climate change as a major determinant of malaria
transmission adds a new layer of complexity to malaria eradication efforts. One of the critical challenges posed by
climate change is its potential to modify the geographic distribution of malaria. Areas that were previously
unsuitable for malaria transmission, such as highland regions and semi-arid zones, may become conducive to
mosquito breeding as temperatures rise [ 127. This shift could lead to an increase in malaria cases among populations
with little to no immunity, resulting in more severe disease outcomes and straining already fragile healthcare
systems. Furthermore, climate change is contributing to increased rainfall variability, leading to both prolonged dry
seasons and intense flooding. While droughts may temporarily reduce mosquito populations, heavy rainfall and
flooding create ideal breeding conditions for Anopheles mosquitoes, potentially triggering malaria outbreaks [137.
In West Africa, where seasonal malaria transmission is closely linked to monsoon patterns, shifts in rainfall
distribution could make malaria transmission less predictable and harder to control. Current malaria control
strategies are largely based on historical transmission patterns, yet climate change is making these patterns
increasingly unreliable. Without integrating climate change projections into malaria risk assessments, public health
authorities may be unprepared for emerging transmission threats. A deeper understanding of how global warming
will influence malaria dynamics is urgently needed to guide adaptation measures, strengthen healthcare
preparedness, and prevent the reversal of gains made in malaria control. This study seeks to address these gaps by
evaluating climate change projections for East and West Africa and assessing how rising temperatures, changing
rainfall patterns, and extreme weather events could impact malaria transmission. This study aims to analyze climate
change projections and future malaria risks in East and West Africa. It aims to assess predicted temperature
increases, rainfall variability, and other climate changes in these regions. The study also evaluates the impact on
malaria transmission, identifying high-risk areas for malaria expansion, assessing public health implications, and
providing recommendations for integrating climate change considerations into malaria control and public health
planning. The research questions include how climate change projections predict temperature and rainfall variations,
the potential impacts of climate change on malaria vector distribution and parasite development, which regions in
East and West Africa are most vulnerable to climate-driven malaria expansion, how changing transmission patterns
affect public health systems and control efforts, and what strategies can be implemented to mitigate the impact of
climate change on malaria transmission. The study is significant for several reasons, including informating malaria
control strategies, strengthening healthcare preparedness, supporting climate change adaptation efforts, addressing
research gaps, and contributing to global malaria eradication goals.

Climate Change Projections and Malaria Risk

Climate change projections show a steady rise in global temperatures, which has significant implications for malaria
transmission dynamics [147]. Warmer temperatures accelerate mosquito development and shorten the extrinsic
incubation period, leading to increased malaria transmission intensity. Rising temperatures also facilitate the
expansion of malaria transmission zones into previously malaria-free highland and temperate regions, threatening
populations with low exposure and minimal immunity to the disease. Changes in precipitation patterns significantly
influence malaria risk by affecting mosquito breeding habitats. Increased rainfall can create stagnant water pools,
leading to an increase in vector populations, particularly in tropical regions. However, erratic rainfall and extended
dry seasons can disrupt the natural breeding cycle of mosquitoes, potentially reducing transmission in some regions.
Drought conditions can drive human migration and alter water storage practices, leading to increased malaria risk.
Elevated weather events, such as floods, storms, and droughts, are expected to exacerbate malaria transmission in
various ways. Flooding can create widespread breeding grounds for mosquitoes, leading to sharp increases in malaria
cases following heavy rains. Infrastructure damage caused by floods can further facilitate mosquito proliferation
[157. Droughts can indirectly heighten malaria risk by altering human behavior and water management practices.
To address the complex relationship between climate change and malaria risk, it is critical to implement proactive
malaria control measures, including strengthening disease surveillance, enhancing early warning systems, investing
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in climate-resilient vector control strategies, promoting sustainable water management practices, and improving
healthcare infrastructure.
Regional Vulnerability and High-Risk Areas
Malaria transmission in East Africa is undergoing a significant shift due to rising temperatures, particularly in
highland areas that were once unsuitable for mosquito breeding. Climate models predict several key changes
affecting malaria risk in East Africa, including rising temperatures, expansion of malaria-endemic zones, and
seasonal variability [127]. Epidemiological evidence shows an increase in malaria cases in highland areas,
highlighting the need for enhanced surveillance, early detection systems, and proactive vector control measures. In
West Africa, malaria transmission is heavily influenced by monsoon variability, with seasonal rainfall patterns
playing a crucial role in mosquito breeding and population dynamics. Key factors driving malaria expansion in West
Africa include shifting monsoon patterns, increased rainfall in the Sahel Region, rapid urban growth, and prolonged
transmission seasons [ 16 ]. Regional-specific adaptation strategies to mitigate risks include enhanced climate-based
early warning systems, targeted vector control in emerging high-risk zones, improved urban malaria management,
and resilient healthcare infrastructure. Understanding these regional vulnerabilities is critical for developing
effective malaria control policies that align with the evolving risks posed by climate change. Proactive intervention
and climate-resilient public health strategies will be key to mitigating malaria expansion in both East and West
Africa [17].
Public Health Preparedness and Adaptive Strategies
A robust malaria surveillance system is crucial for anticipating and mitigating climate-driven changes in
transmission patterns. Climate-based surveillance includes climate-Malaria Modeling, real-time data collection,
integrated early warning systems, and cross-sectoral collaboration [187]. Several African countries are already
implementing climate-informed surveillance systems, such as Ethiopia's early warning tool. Climate-resilient vector
control strategies must be adaptive and resilient to remain effective. Traditional control tools like insecticide-treated
nets (I'TNs) and indoor residual spraying (IRS) must be complemented by innovative approaches. Key climate-
adaptive vector control strategies include enhanced I'TN and IRS deployment, biological control methods, genetic
and biotechnological innovations, and environmental management. A multi-pronged approach combining
traditional methods with novel biocontrol strategies is crucial for maintaining the effectiveness of vector control
under shifting climatic conditions. Addressing climate-driven malaria risks requires strong policy frameworks and
grassroots engagement. Governments, international organizations, and local communities all play a role in
developing resilient malaria control programs. Policy-level interventions include integrating climate change into
malaria control policies, funding for climate-resilient malaria strategies, regional collaboration and cross-border
initiatives, and community-led environmental management at the local level [197. Public health education on
climate change and malaria risks can empower communities to take proactive measures.
CONCLUSION
Climate change is posing a significant threat to malaria transmission in East and West Africa. Rising global
temperatures, shifting rainfall patterns, and increasing extreme weather events are expected to expand malaria
transmission zones, exacerbating the disease's burden in both endemic and malaria-free regions. Malaria will
increasingly affect high-altitude and semi-arid areas, putting populations with little prior exposure at heightened
risk. Unpredictable rainfall variability and flooding will create favorable mosquito breeding conditions, potentially
leading to malaria outbreaks that could strain fragile healthcare systems. To address this, integrating climate change
considerations into malaria control efforts is critical. Strengthening disease surveillance and early warning systems
is essential for anticipating outbreaks and implementing timely interventions. Climate-resilient vector control
measures, such as enhanced insecticide-treated net distribution and improved indoor residual spraying, are key in
adapting to changing transmission patterns. Investing in sustainable water management and infrastructure
resilience can mitigate the effects of extreme weather events that contribute to malaria risk. Policy frameworks must
evolve to address the complex interplay between climate change and malaria transmission. Governments and public
health organizations should prioritize the integration of climate models into malaria forecasting, allocate adequate
funding for adaptive strategies, and strengthen cross-border collaboration to tackle emerging transmission threats.
Community involvement and grassroots initiatives can also foster local resilience.
REFERENCES
1.Anjorin, S., Okolie, E., Yaya, S.: Malaria profile and socioeconomic predictors among under-five children: an
analysis of 11  sub-Saharan  African countries.  Malaria Journal. 22, 55 (2023).
https://doi.org/10.1186/512936-023-044:84-8
2.Drugs, I. of M. (US) C. on the E. of A., Arrow, K.J., Panosian, C., Gelband, H.: The Parasite, the Mosquito,
and the Disease. Presented at the (2004)

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page | 80



https://www.eejournals.org Open Access

3.Abiodun, G.J., Maharaj, R., Witbooi, P., Okosun, K.O.: Modelling the influence of temperature and rainfall on
the population dynamics of Anopheles arabiensis. Malaria Journal. 15, 364 (2016).
https://doi.org/10.1186/512936-016-1411-6

2.Ugwu O P C, Nwodo O I C, Joshua P E, Odo C E, Bawa A, Ossai E. C, Adonu C. C(2013). Anti-malaria and
hematological analyses of ethanol leaf extract of Moringaoleifera on malaria infected mice International
Journal of Pharmacy and Biological Science 3(1) 360-371.

5.Waheb B, Uzair S, Onur M, Ting-Wei S, Oguzhan Y, Shirley L, Aydogan O (2011). Handheld, lensless Page | 81
microscope identifies malaria parasites. SPIE newsroom, 10-12. 10.1117/2.1201107.003812

6.Amimo, I".A.: Malaria Transmission Dynamics in East Africa. Presented at the November 6 (2023)

7.0beagu, E. I, Alum, E. U. and Ugwu, O. P. C. Hepcidin: The Gatekeeper of Iron in Malaria Resistance
NEWPORT INTERNATIONAL JOURNAL OF RESEARCH IN MEDICAL SCIENCES. 2023; 4(2):1-
8. https://doi.org/10.59298/NIJRMS/2023/10.1.1400

8.Ryan, S.J., Lippi, C.A., Zermoglio, I'.: Shifting transmission risk for malaria in Africa with climate change: a
framework  for  planning and intervention. = Malaria  Journal. 19, 170  (2020).
https://doi.org/10.1186/512936-020-03224-6

9.Yu, W., Mengersen, Kerrie, Dale, Pat, Ye, Xiaofang, Guo, Yuming, Turner, Lyle, Wang, Xiaoyu, Bi, Yan,
McBride, William J. H., Mackenzie, John S., and Tong, S.: Projecting Future Transmission of Malaria
Under Climate Change Scenarios: Challenges and Research Needs. Critical Reviews in Environmental
Science and Technology. 45, 777-811 (2015). https://doi.org/10.1080/10643389.2013.852392

10. Rubuga, F.K., Ahmed, A, Siddig, E., Sera, I., Moirano, G., Aimable, M., Albert, T, Gallican, N.R., Nebié,
E.I, Kitema, G.F., Vounatsou, P., Utzinger, J., Cissé, G.: Potential impact of climatic factors on malaria in
Rwanda between 2012 and 2021: a time-series analysis. Malaria Journal. 23, 274 (2024).
https://doi.org/10.1186/512936-024-05097-5

11. Oladipo, H.J., Tajudeen, Y.A., Oladunjoye, 1.O., Yusuff, S.I., Yusuf, R.O., Oluwaseyi, EM., AbdulBasit,
M.O., Adebisi, Y.A., ElI-Sherbini, M.S.: Increasing challenges of malaria control in sub-Saharan Africa:
Priorities for public health research and policymakers. Ann Med Surg (Lond). 81, 104366 (2022).
https://doi.org/10.1016/j.amsu.2022.104366

12. Ebele J. I, Emeka E. N., Nnenna C. A, Ignatius C. M., Emeka G. A. (2010). Malaria parasitaemia: effect on
serum sodium and potassium levels. Biol Med, 2, 2, 20-25.

13. Simon I, Ejemot-Nwadiaro R, Inah J, Eko J., (2017). Prevalence of malaria among pregnant women and
children under five years in Abi Local Government Area, Cross River State, Nigeria. Asian Journal of
Medicine and Health, 7, (1), 1-7. https://doi.org/10.9734/AJMAH/2017/35911.

14. Alum, E.U,, Ugwu, O.P.C, Egba, S.I., Uti, D.E,, Alum, B.N.(2024). Climate Variability and Malaria
Transmission: Unraveling the Complex Relationship. INOSR Scientific Research 11(2):16-
22. https://doi.org/10.59298/INOSRSR/2024/1.1.21622

15. Kungu, E, Inyangat, R., Ugwu, O.P.C. and Alum, E. U. (2023). Exploration of Medicinal Plants Used in
the Management of Malaria in Uganda. NEWPORT INTERNATIONAL JOURNAL OF RESEARCH IN
MEDICAL SCIENCES 4(1):101-108.https://nijournals.org/wp-content/uploads/2023/10/NIJRMS-
41101-108-2023.docx.pdf

16. Alum, E. U,, Tufail, T., Agu, P. C,, Akinloye, D. 1., & Obaroh, I. O. (2024). Malaria pervasiveness in Sub-
Saharan Africa: Overcoming the scuffle. Medicine, 103(49), e40241. doi: 10.1097/MD.0000000000040241.
PMID: 89654176

17. Alum, E. U. (2024). Phytochemicals in Malaria Treatment: Mechanisms of Action and Clinical Efficacy.
KIU J. Health Sci., 4(2):71-84. https://doi.org/10.59568/KIHS-2024-4-2-06.

18. Nabukenya I, Kaddu-Mulindwa D, Nasinyama G W (2013). Survey of Brucella infection and malaria among
Abattoir workers in Kampala and Mbarara Districts, Uganda. BMC public health, 13, 1-6.

19. Awasthi, K.R,, Jancey, J., Clements, A.C.A., Rai, R, Leavy, J.E.: Community engagement approaches for
malaria prevention, control and elimination: a scoping review. BMJ Open. 14, 081982 (2024).
https://doi.org/10.1186/bmjopen-2023-081982

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited


https://doi.org/10.59298/NIJRMS/2023/10.1.1400
https://doi.org/10.9734/AJMAH/2017/35911
https://doi.org/10.59298/INOSRSR/2024/1.1.21622
https://nijournals.org/wp-content/uploads/2023/10/NIJRMS-41101-108-2023.docx.pdf
https://nijournals.org/wp-content/uploads/2023/10/NIJRMS-41101-108-2023.docx.pdf
https://doi.org/10.59568/KJHS-2024-4-2-06

