:{ﬁ wssn2saz.584
@ V¥ @ World Journal of Biology Pharmacy and Health Sciences
y 710\ eISSN: 2582-5542 s
Cross Ref DOI: 10.30574/wjbphs i

WJ B P H S Journal homepage: https://wjbphs.com/ o

(RESEARCH ARTICLE) W) Check for updates

The impact of climate change on malaria transmission and the need for new
preventative strategies

Jonathan Jonas Weng *

Youth Advocates for Global Health Association, Vancouver BC Canada.

World Journal of Biology Pharmacy and Health Sciences, 2025, 21(03), 099-106

Publication history: Received on 13 January 2025; revised on 24 February 2025; accepted on 27 February 2025

Article DOI: https://doi.org/10.30574/wijbphs.2025.21.3.0210

Abstract

Malaria remains one of the leading causes of illness and death in sub-Saharan Africa, and its transmission is increasingly
influenced by climate change. This paper reviews current literature on the relationship between climate change and
malaria transmission, focusing on how shifting weather patterns, such as increased rainfall and temperature
fluctuations, affect mosquito populations and disease spread. The analysis indicates that climate change is likely to
expand malaria’s geographic range, putting more populations at risk. This study also explores existing malaria
prevention strategies, assessing their effectiveness in the face of these environmental changes. Based on these findings,
new preventive measures, such as climate-adaptive vector control techniques and region-specific vaccine deployment,
are recommended to combat the growing threat of malaria. The results emphasize the need for interdisciplinary
approaches combining public health, climate science, and policy to mitigate the impacts of climate change on malaria
transmission.
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1. Introduction

Malaria is one of the most pervasive and deadly infectious diseases in the world, with the majority of cases and deaths
occurring in sub-Saharan Africa. According to the World Health Organization (WHO), in 2020, there were an estimated
241 million cases of malaria globally, resulting in 627,000 deaths. Despite significant progress in malaria control and
prevention over the past few decades, the disease continues to be a major public health challenge, particularly in
resource-limited regions. Traditional measures such as insecticide-treated bed nets, antimalarial drugs, and indoor
spraying have helped reduce the incidence of malaria, yet the disease remains resilient and its transmission persists in
many regions.

In recent years, scientific research has increasingly pointed to climate change as a major factor influencing the
transmission dynamics of malaria. Climate change, driven by human activities such as deforestation and the burning of
fossil fuels, is causing fluctuations in temperature, precipitation, and humidity—environmental conditions that are
crucial for the lifecycle of the malaria parasite and its mosquito vectors. Mosquitoes, primarily Anopheles species, are
highly sensitive to environmental factors such as temperature and humidity, and shifts in these factors can alter their
behavior, distribution, and survival rates. For instance, warmer temperatures can accelerate the development of the
malaria parasite inside the mosquito, while changes in rainfall patterns can affect mosquito breeding sites.
Consequently, climate change has the potential to alter the geographic distribution of malaria, bringing the disease to
regions that were previously malaria-free and intensifying transmission in endemic areas.
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The connection between climate change and malaria transmission has significant implications for public health
strategies and malaria prevention. In particular, the possibility of malaria spreading to new areas highlights the urgent
need for novel preventive measures that can adapt to the changing climate. While traditional malaria control strategies
have been effective in some regions, their effectiveness may be compromised as the environment continues to change.
For example, the spread of insecticide resistance among mosquitoes is a growing concern, making chemical-based
control methods less reliable. Furthermore, climate change may lead to seasonal shifts in malaria transmission,
requiring more flexible and dynamic approaches to control and prevention.

This paper aims to explore the impact of climate change on malaria transmission and examine the need for new
preventative strategies that are better equipped to address the challenges posed by a changing climate. Through a
review of existing literature and research, this study will analyze how climate change is influencing malaria
transmission patterns, particularly in regions at risk of emerging outbreaks. Additionally, the paper will discuss the
limitations of current malaria prevention methods in the face of climate change and propose innovative solutions that
integrate environmental, social, and technological considerations. By addressing both the environmental and health-
related aspects of malaria transmission, this research will underscore the importance of a holistic, interdisciplinary
approach to combating malaria in an era of climate change.

Ultimately, the goal of this research is to highlight the need for urgent action and the development of adaptive strategies
that can protect vulnerable populations from the expanding threat of malaria in a rapidly changing world.

2. Literature Review

Recent studies have increasingly pointed to the fact that climate change is altering the dynamics of malaria transmission,
exacerbating existing challenges to disease control and prevention. The distribution of the primary vectors of malaria,
Anopheles mosquitoes, is highly influenced by environmental factors such as temperature, precipitation, and humidity.
A study by Martens et al. (1999) predicted that by 2050, climate change could increase the geographical range of malaria
transmission, bringing it to regions previously unaffected by the disease, such as higher altitudes and parts of Europe
and Asia. Similarly, Barton et al. (2004) observed that rising temperatures accelerate the life cycle of malaria parasites
within the mosquito, potentially leading to longer transmission periods in endemic regions.

Changes in rainfall patterns, driven by climate change, also play a critical role in malaria transmission. Rainfall patterns
determine the availability of mosquito breeding sites, such as stagnant water in puddles, ponds, and ditches.
Unpredictable rainfall due to climate shifts can result in either increased or decreased mosquito populations, leading to
periods of higher-than-usual malaria transmission or reduced immunity in the population. For example, areas that have
traditionally been malaria-free, such as parts of East Africa and South Asia, have begun experiencing sporadic outbreaks,
likely due to changing rainfall patterns and increased temperatures. Furthermore, seasonal shifts in the timing and
intensity of malaria outbreaks have become more apparent, with some regions experiencing earlier or prolonged
transmission periods than previously observed.

While traditional preventive measures like insecticide-treated bed nets, indoor spraying, and antimalarial drugs have
been successful in reducing malaria transmission, these interventions are increasingly being challenged by climate-
induced changes in the vector population dynamics. The rise of insecticide resistance is one such challenge, as
mosquitoes evolve more rapidly in response to changing environmental conditions. Additionally, changes in seasonal
malaria transmission patterns may require more flexible and dynamic preventive strategies that can adjust to the
altered timing and intensity of outbreaks.

2.1. Geographic and Seasonal Shifts in Malaria Transmission

As climate change continues to alter global weather patterns, its impact on the geographic spread of malaria has become
increasingly evident. In many parts of the world, malaria transmission is expanding into regions previously considered
free of the disease. Warmer temperatures, changes in precipitation, and altered humidity levels are all contributing
factors that enable malaria transmission to occur in areas once thought to be too cool or dry for the disease to thrive.
For example, highland areas of Africa and Asia, traditionally outside malaria’s reach due to cooler temperatures, have
witnessed an increase in malaria cases as temperatures have gradually risen. A study by Paaijmans et al. (2010) found
that for every 1°C increase in temperature, the likelihood of malaria transmission in higher-altitude regions can rise by
up to 30%. This shift in geographic distribution not only poses a risk to vulnerable populations who may lack the
infrastructure and health systems to respond effectively but also strains local governments and healthcare systems
unprepared for malaria outbreaks.
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Moreover, seasonal shifts in malaria transmission have become a growing concern in many endemic regions.
Historically, malaria transmission in tropical and subtropical areas occurred in distinct seasons, typically coinciding
with the rainy season when mosquitoes breed in stagnant water. However, with increasing climate instability, these
seasonal patterns are becoming more unpredictable, leading to longer transmission periods or earlier and more intense
outbreaks. In some areas, extended rainy seasons may lead to a greater number of breeding sites for mosquitoes,
prolonging the window for malaria transmission. Conversely, some regions may experience droughts that reduce
mosquito breeding sites, leading to a temporary drop in transmission. These shifts in seasonality make it challenging
for existing malaria control measures—such as insecticide spraying and mosquito net distribution—to adapt to the
fluctuating timing of outbreaks.

The geographic and seasonal shifts in malaria transmission, driven by climate change, present a clear indication that
current preventive strategies may need to be adapted or expanded to address these evolving challenges. As malaria
spreads to new areas and its seasonal patterns become less predictable, there is a critical need for innovative
interventions that can respond to these changes in real-time. These adaptations could include the development of more
dynamic surveillance systems, climate-sensitive malaria control measures, and community-based programs that take
into account the changing climate and its effects on malaria transmission dynamics.

2.2. Challenges to Current Malaria Prevention

While significant progress has been made in reducing malaria transmission over the past few decades, climate change
has introduced new complexities that challenge the effectiveness of existing malaria prevention strategies. Traditional
measures, including insecticide-treated bed nets (ITNs), indoor residual spraying (IRS), and antimalarial drugs, have
proven to be successful in controlling malaria in many regions. However, these methods are facing increasing limitations
in the face of the dynamic changes brought about by a shifting climate.

One major challenge is the emergence of insecticide resistance among malaria mosquitoes. Overuse of insecticides for
bed nets and indoor spraying has led to a gradual buildup of resistance in mosquito populations, reducing the
effectiveness of these preventive tools. According to a report by the WHO (2021), insecticide resistance is now a
significant problem in over 70 countries, including regions of sub-Saharan Africa, where the malaria burden is highest.
With climate change altering the abundance and distribution of mosquitoes, these resistant strains may spread to new
areas, further complicating efforts to control the disease. In addition, the development of resistance to antimalarial
drugs, particularly artemisinin, which has been the cornerstone of malaria treatment for years, threatens the
effectiveness of treatment regimens and the success of malaria eradication efforts.

Another challenge is the changing seasonal patterns of malaria transmission. As climate change causes more erratic
rainfall and temperature fluctuations, malaria outbreaks may occur at unexpected times, extending beyond traditional
malaria seasons or arriving earlier. This unpredictability strains malaria control programs, which often rely on seasonal
planning for the distribution of bed nets, spraying campaigns, and other interventions. For example, many countries
plan their malaria control activities around the rainy season, but with longer or shorter rainy seasons due to climate
changes, the timing of interventions may not align with the peak transmission periods. Furthermore, in areas
experiencing increased temperatures, mosquito larvae may mature faster, resulting in higher mosquito populations and
an earlier start to transmission seasons, making it difficult for control programs to adjust quickly enough.

Limited infrastructure in many malaria-endemic countries adds to the challenges of adapting to climate-induced
changes. In many regions, the healthcare system is not adequately equipped to monitor the spread of malaria under the
changing conditions brought about by climate change. For instance, surveillance systems are often outdated or
underfunded, and many regions lack the necessary resources to respond quickly to emerging outbreaks. Additionally,
the health systems in some regions may be overwhelmed by the rising burden of disease as malaria expands into new
areas. These areas may have insufficient public health infrastructure, making it harder to implement timely
interventions.

Finally, there are significant economic and social challenges. Many of the regions most vulnerable to the impacts of
climate change and malaria transmission are already facing economic hardship. Resource constraints, combined with
the added pressure of climate-related displacement and migration, may hinder the effectiveness of preventive
measures. Furthermore, in some areas, there may be cultural barriers to adopting preventive strategies, such as
reluctance to use bed nets or resistance to taking preventive drugs.

Given these limitations, it is clear that current malaria prevention strategies need to be adapted and strengthened to
effectively address the impacts of climate change. There is an urgent need for innovative approaches that can respond
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to these challenges, including the development of new malaria control technologies, enhanced surveillance systems, and
community-driven programs that integrate climate change considerations into their design and implementation.

3. Methods

This study employs a systematic review and synthesis of various sources, including peer-reviewed journal articles,
climate reports, malaria transmission data from global health organizations, climate models, and books, to construct a
holistic understanding of how climate change affects malaria transmission dynamics. By integrating data from diverse
sources, this research aims to analyze the key environmental factors—such as temperature, precipitation, and
seasonality—that influence the spread of malaria and assess the extent to which climate change is reshaping these
factors.

3.1. Literature Search and Data Collection

A systematic search was conducted across multiple academic databases, including PubMed, Google Scholar, and Web of
Science, to identify relevant studies published between 2000 and 2024. The search was expanded to include
authoritative reports from organizations such as the World Health Organization (WHO), the Intergovernmental Panel
on Climate Change (IPCC), and the World Meteorological Organization (WMO). Books related to climate change and
infectious disease epidemiology were also included to provide a broader theoretical foundation.

The keywords used in the search included “climate change and malaria transmission,” “temperature and malaria,”
“precipitation and mosquito breeding,” “seasonality of malaria,” “geographic expansion of malaria,” and “climate-
adaptive malaria control.” Studies were selected based on their focus on malaria-endemic regions, particularly in Sub-
Saharan Africa, South Asia, Southeast Asia, and parts of Central America, where climate change has significantly altered
malaria transmission patterns.

» o«

The selection criteria prioritized empirical studies, climate models, and epidemiological data that examined the
relationship between temperature, rainfall, and malaria transmission rates. Additionally, studies that projected future
malaria spread based on climate change scenarios were included to assess long-term implications.

3.2. Data Analysis

The extracted data were categorized into key thematic areas to evaluate how climate change impacts malaria
transmission:

e Temperature and Malaria Transmission: Examined studies on how rising temperatures accelerate the
Plasmodium parasite’s development within mosquitoes, shorten mosquito breeding cycles, and increase
transmission intensity.

e Precipitation and Mosquito Breeding: Reviewed studies on how rainfall fluctuations create or eliminate
breeding sites, leading to either increased or decreased malaria outbreaks. The impact of irregular precipitation
patterns, including prolonged droughts and heavy rainfall events, was also analyzed.

e Geographic Expansion and Seasonal Shifts: Investigated research on how malaria is expanding into higher-
altitude regions and previously malaria-free zones due to warming temperatures. Changes in the timing and
duration of malaria transmission seasons were also considered.

e Adaptation and Control Strategies: Assessed the effectiveness of existing malaria control strategies, such as
insecticide-treated bed nets and indoor residual spraying, in the context of climate change.

3.3. Climate Models and Future Projections

To complement empirical findings, this study incorporated climate model projections from organizations such as IPCC
and NASA. These models provided insights into potential future temperature and rainfall trends, allowing for an
assessment of how malaria transmission might evolve under different climate change scenarios. Climate models were
particularly useful in identifying high-risk regions where malaria transmission is likely to increase due to changing
environmental conditions.

3.4. Study Limitations

While this study provides a comprehensive review of the link between climate change and malaria transmission, several
limitations must be acknowledged:
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e Reliance on Secondary Data: The study is based on previously published data, limiting the ability to conduct
primary field research or obtain real-time malaria transmission data.

e Geographic and Temporal Constraints: Many studies focus on short-term climate variations or specific regions,
making it challenging to generalize findings globally.

e Limited Consideration of Other Factors: While temperature and precipitation are primary climate drivers of
malaria transmission, other environmental and socio-economic factors, such as humidity, wind patterns, land
use changes, and healthcare access, were not comprehensively addressed in many of the reviewed studies.

3.5. Ethical Considerations

Since this study is a literature review and does not involve human participants or original data collection, there were
no direct ethical concerns. However, all sources were carefully cited, and only publicly available or peer-reviewed
information was used to ensure accuracy and credibility.

By employing a systematic review of journal articles, climate reports, books, and malaria transmission data, this study
provides a comprehensive analysis of how climate change is shaping malaria transmission patterns and highlights the
urgent need for adaptive public health strategies.

4., Results

The relationship between climate change and malaria transmission has become an area of intense focus in global health
research. As climate patterns shift, key environmental factors like temperature, precipitation, and humidity are
significantly altering the conditions necessary for malaria transmission. The Anopheles mosquitoes that carry the
Plasmodium parasite, as well as the parasite itself, are highly sensitive to environmental conditions, and changes in
these factors are directly influencing the geographical spread, intensity, and timing of malaria outbreaks.

4.1. Temperature and Its Influence on Malaria Transmission

Rising global temperatures are one of the most significant factors driving the spread and acceleration of malaria
transmission. Temperature directly impacts both the life cycle of the Plasmodium parasite inside the mosquito and the
behavior of the mosquito itself. Studies indicate that for every 1°C increase in average temperature, the development
time of the parasite within the mosquito shortens, leading to faster transmission. Research conducted by Paaijmans et
al. (2010) found that increased temperatures not only speed up the life cycle of the parasite but also lead to increased
mosquito activity. In many regions, warmer temperatures are allowing mosquitoes to breed more frequently, increasing
the likelihood of transmission. As a result, malaria is spreading into areas that were previously unsuitable for mosquito
populations. For instance, highland areas in Africa and parts of Asia, which were once too cold for Anopheles
mosquitoes, are now experiencing outbreaks of malaria as temperatures rise. In Ethiopia, a study noted that areas once
considered too cool for malaria are now witnessing an increase in malaria cases due to higher temperatures, allowing
mosquitoes to thrive at higher altitudes.

4.2. Changes in Precipitation Patterns and Malaria Spread

Another critical factor in malaria transmission is precipitation, which provides the standing water necessary for
mosquito larvae to develop. The patterns of rainfall have become increasingly unpredictable due to climate change,
leading to significant fluctuations in malaria transmission. Increased rainfall in many endemic regions has expanded the
number of breeding sites for mosquitoes, creating more opportunities for mosquito populations to grow and spread. In
regions like West Africa, studies have shown that rising rainfall is directly correlated with increases in malaria
transmission, as the availability of breeding sites for mosquitoes increases. Conversely, droughts or irregular rainfall
patterns in regions like East Africa have also been shown to affect malaria transmission. While droughts reduce the
number of mosquito breeding sites, the return of rainfall after dry periods can lead to a sudden surge in mosquito
populations, creating conditions for rapid malaria outbreaks. This dynamic is particularly problematic for malaria
control, as it leads to unpredictable peaks in transmission, making it difficult for health systems to adequately prepare.

4.3. Seasonal Shifts and Unpredictable Transmission

The seasonality of malaria outbreaks has become increasingly unpredictable due to shifting weather patterns.
Historically, malaria transmission followed a seasonal pattern, peaking during the rainy season. However, as climate
change causes more erratic weather, malaria outbreaks have become less predictable. In some areas, longer rainy
seasons have resulted in prolonged transmission periods, while in others, transmission has begun earlier or later than
usual. In Kenya, for example, studies show that rising temperatures and altered rainfall patterns have shifted the timing
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of malaria outbreaks, making it difficult to anticipate when intervention measures should be implemented. This
unpredictability in the seasonality of malaria makes it harder for health systems to distribute preventive measures, such
as insecticide-treated bed nets or indoor residual spraying, at the most effective times. Additionally, longer transmission
seasons have placed a greater burden on healthcare systems, as outbreaks are sustained for longer periods, increasing
the number of malaria cases.

4.4. Geographic Spread of Malaria

Perhaps one of the most concerning effects of climate change is the geographic expansion of malaria into new regions.
Warmer temperatures and changing precipitation patterns have allowed Anopheles mosquitoes to expand their range
beyond traditional malaria-endemic areas. In regions such as Central America, malaria has begun to spread into higher
altitudes that were once too cool for mosquitoes. Similarly, in Asia, countries like China and Vietnam, which were once
malaria-free, have seen a resurgence in malaria cases as mosquitoes are now able to survive in these areas. The
geographic spread of malaria poses a significant challenge to global health systems, as many of these newly affected
regions lack the infrastructure and resources to deal with malaria outbreaks. The spread of malaria into new areas also
increases the risk for vulnerable populations who may have limited access to health services, further exacerbating the
impact of the disease.

The results of this review demonstrate that climate change is significantly influencing malaria transmission in n
dynamics by altering environmental factors such as temperature, precipitation, and seasonality. Warmer temperatures
are accelerating the transmission process and expanding the range of mosquitoes, while changes in rainfall patterns are
creating more breeding sites, leading to increased mosquito populations. The unpredictable nature of these changes
complicates malaria control efforts, as traditional preventive strategies become less effective in the face of shifting
transmission patterns.

Moreover, the geographic spread of malaria into previously unaffected areas poses a new and growing threat to global
health. As climate change continues to drive these shifts, there is an urgent need for adaptive strategies and innovative
interventions to address these emerging challenges in malaria control and prevention.

5. Discussion

The findings from this review highlight the undeniable link between climate change and malaria transmission, with
significant implications for public health. As climate patterns shift, regions once considered safe from malaria are now
witnessing the disease’s spread, and areas already impacted are facing altered transmission dynamics. The temperature
increase has led to faster mosquito breeding cycles, while changes in precipitation have resulted in more breeding sites
in some regions, creating ideal conditions for increased malaria transmission. The unpredictability of seasonal
transmission due to altered weather patterns poses an additional challenge for malaria control efforts, as health systems
struggle to adapt to shifting transmission windows. These findings emphasize the urgent need for adaptive strategies
in malaria prevention, particularly in areas where climate change is expected to exacerbate transmission.

The implications for public health are profound, as climate change may render traditional malaria control strategies—
such as seasonal bed net distributions or indoor spraying campaigns—Iless effective. Health systems in newly affected
regions, such as highland areas or previously malaria-free zones, may lack the infrastructure or experience needed to
manage outbreaks, leading to increased morbidity and mortality. Moreover, the vulnerability of certain populations,
such as children, pregnant women, and displaced communities, is likely to increase due to the geographic spread of the
disease. This underscores the need for targeted interventions that consider both climate factors and the social
determinants of health.

While the studies reviewed provide valuable insights into the relationship between climate change and malaria
transmission, there are notable limitations in the existing research. Many studies rely on short-term data or limited
geographic areas, making it difficult to predict the long-term effects of climate change on malaria transmission across
diverse regions. Additionally, most models focus on a narrow set of climate variables, neglecting other important factors
such as humidity and wind patterns, which also influence mosquito behavior. More comprehensive, long-term studies
that include a broader range of climate variables and diverse geographic regions are needed to fully understand the full
impact of climate change on malaria transmission.

Future research should also explore innovative malaria prevention strategies that are better suited to the challenges

posed by climate change. For example, climate-resilient interventions such as vector control strategies tailored to
altered climate conditions could be a key focus. Research into genetically modified mosquitoes or vaccines that can
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withstand variable transmission conditions may provide new avenues for combating malaria in a changing climate.
Furthermore, increased collaboration between climate scientists, public health experts, and policymakers is crucial to
developing effective early warning systems and response strategies that can address the climate-induced shifts in
malaria transmission patterns.

While the impact of climate change on malaria transmission is undeniable, there is hope for mitigating these effects
through proactive and adaptive approaches. Governments, public health organizations, and the global community must
prioritize malaria control in the context of climate change, ensuring that vulnerable populations are protected and that
malaria prevention strategies evolve to meet the challenges of a warming world. Addressing the intersection of climate
change and infectious diseases like malaria will require an urgent, multi-faceted approach that integrates climate
science, public health strategies, and international cooperation.

6. Conclusion

This research underscores the critical impact of climate change on malaria transmission dynamics and the associated
challenges for public health systems worldwide. As climate patterns continue to shift, temperature increases, altered
precipitation, and unpredictable seasonal changes are creating new opportunities for malaria transmission and
expanding its geographical range. Regions that were once outside the typical malaria belt are now experiencing
outbreaks, while areas that are already affected are seeing changes in the timing and intensity of transmission. These
findings highlight the urgent need for adaptive malaria control strategies, particularly in areas where climate change is
expected to exacerbate the problem.

While existing malaria prevention methods have been effective in many areas, their adaptability in the face of changing
environmental conditions is limited. Public health systems must evolve to meet these new challenges, and targeted
interventions—such as climate-resilient malaria control strategies and early warning systems—are essential to
mitigate the impacts of climate change on malaria transmission. Furthermore, innovative research into malaria
vaccines, vector control technologies, and other novel interventions should be prioritized to address the evolving nature
of the disease in a warming world.

In conclusion, the relationship between climate change and malaria is complex and multifaceted, but it is clear that
climate change will continue to play a significant role in malaria transmission. It is imperative that the global community
acts now to address this issue, prioritizing public health preparedness and international collaboration to combat the
growing threat of malaria in the context of a changing climate.
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