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ABSTRACT

Climate change, an emerging issue, significantly impacts international health, particularly malaria, a critical issue
that affects tropical and subtropical areas. Researchers have identified climate variability as a major determinant of
malaria transmission and distribution. This review aims to disentangle the interplay between climate variability and
malaria transmission, with a focus on temperature, rainfall, humidity, and extreme weather events and their influence
on the Anopheles mosquito and Plasmodium parasites' life cycles. Writing this review article involved consulting
several scientific databases and compiling information from them. Thus, incorporating data from epidemiology,
ecology, climatology, and public health, this paper aimed at integrating knowledge on how climatic factors influence
malaria incidence, distribution, and transmission density. This study emphasizes the importance of cross-disciplinary
approaches in addressing these issues and highlights the need for synergy in implementing climate change
mitigation, improved health care systems, advanced surveillance, and community mobilization to mitigate and
manage malaria in the changing climate. Awareness of the factors determining climate variability and their
relationship with malaria transmission patterns is important in formulating adequate strategies to cushion the
impact of climate change on malaria incidence and secure world health.
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INTRODUCTION

Global warming will significantly impact the spread
of infectious diseases globally, posing a moderate
threat to animal health worldwide. Of all these,
malaria is by far the most significant public health
challenge, particularly in the sub-Saharan African
region, which accounts for about 40% of the global
malaria burden [17. Malaria in humans is caused by
parasites belonging to the Plasmodium family, which
are present in the salivary glands of infected
Anopheles mosquitoes [27]. Despite the fact that
climate variability and malaria transmission have the
potential to affect each other, especially with the
deteriorating climate change situation, there is a
growing interest in the way climate variability

influences malaria transmission as well as addresses
the existing challenges to malaria control and
elimination efforts. The purpose of this review is to
demystify the rather complex association between
climatic volatility and malaria transmission, with a
view to providing insights on how climatic
fluctuations can affect malaria epidemiology,
distribution, and magnanimity. Thus, this review
encompasses an extensive body of literature from
areas such as epidemiology, ecology, and climatology,
as well as public health, in an effort to reach this broad
goal of perceiving how climate factors influence the
dynamics of malaria transmission at the local to
global level.

METHODOLOGY

This review article aims at identifying the correlation
between climate change and malaria transmission. It
applies a structured approach to searching for articles

in databases such as PubMed, Scopus, Web of Science,
and Google Scholar. As a result, the review focuses on
papers that examine climate variability in malaria
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transmission and its volatility, epidemiology, vector
populations, and control activities. This collected data
is then analyzed to obtain a qualitative as well as
quantitative narrative of the interaction between
climate variability and malaria transmission. We then
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analyzed and discuss these data under key themes,
emphasizing the need for cross-cutting and
integrated strategies and interventions to address
climate change and malaria.

Background on Climate Change

Climate change encompasses the long-term alteration
of Earth's climate, the main cause of which is
greenhouse gas emissions due to phenomena like the
burning of fossil fuels, the destruction of forests, and
industrialization [87. The main greenhouse gases
consist of carbon dioxide (CO.), methane (CH.),
nitrous oxide (N:O), and fluorinated gases that
produce heat in the Earth’s atmosphere, causing
global warming [47. Global surface temperatures
have increased by about 1.1°C since the late 19th
century, as well as accelerated ice melting, rising sea
levels, and increased extreme weather events [57.
Habitat change, threatened species, health risks,
agriculture, and infrastructure vulnerability, among

others, are indicators of the effects of climate change
[67]. Measures to reduce and adapt to the effects of
climate change include implementing policies to shift
to cleaner and renewable energy, promoting energy
conservation and afforestation, and developing
technology to capture and store carbon dioxide [77].
There are global initiatives such as the Paris
Agreement, which seeks to limit global warming to
no more than two degrees above pre-industrial
standards, and the Intergovernmental Panel on
Climate Change (IPCC), which offers reports and
plans for reducing and preparing for climate change's
impact [87].

Overview of Malaria

Malaria is a deadly disease that affects humans via the
bites of female Anopheles mosquitoes, which transmit
Plasmodium parasites [97]. Blood transfusions,
sharing of needles and syringes, and organ
transplantation are the main ways this disease spreads
[10]. The signs may include a high fever, rigours,
headache, nausea, vomiting, myalgia, sweating, a
productive cough, chest pain, and abdominal pain
[11]. In severe conditions, it leads to severe anaemia,
respiratory complications, acute kidney failure, and
cerebral malaria [127. Clinical diagnosis is possible,
but laboratory findings typically support the
diagnosis. Although parasitic disease management is
primarily based on the nature of the specific parasite,
it also varies depending on the stage of the disease.
These control measures include insecticide-treated

bed nets (ITNs), indoor residual spraying (IRS),
antimalarial drugs, and the RT'S/AS01 (RTS) malaria
vaccine [187]. Malaria is common in endemically
tropical and subtropical areas, which are mainly in
sub-Saharan Africa, Southeast Asia, Latin America,
and the Middle East. Drug resistance, insecticide
resistance, and the ability to sustain funding and
resources are some of the challenges [147.
Organisations and programmes that work to fight
malaria include the World Health Organisation’s
Global Malaria Programme, the Roll Back Malaria
Partnership, and the President's Malaria Initiative
[157. Despite its well-established status as a global
health problem, efforts are underway to gradually
lessen or even eliminate its effects.

Connection between Climate Change and Malaria

The impact of climate change on the distribution,
intensity, and seasonality of malaria transmission
cannot be ignored. Climate change has an impact on
aspects such as the mosquito's life cycle, parasite
development, and anopheles mosquito breeding sites.
1. Temperatures: The organism that causes malaria,
the Plasmodium, is sensitive to temperature and
needs a certain temperature for its development.
Warmer  temperatures favor the  parasite's
development cycle and thus have the potential to
increase transmission rates. Rising temperatures lead
to accelerated larval development and a population
increase, exposing wider areas to malarial
transmission [167].

2. Precipitation: Increased rainfall can lead to the
formation of breeding sites for mosquitoes, while
excessive rains can lead to the destruction of such
breeding sites. Moreover, drought and, in particular,
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water storage facilities contribute to mosquito
breeding and the spread of malaria [17].

3. Humidity: Water is an essential parameter, and a
high humidity level benefits mosquitoes' longevity
and feeding frequency. Changes in climatic conditions
may impact humidity levels, which in turn may affect
malaria transmission rates [187.

4. Extreme Weather Events: Floods create numerous
breeding grounds for mosquitoes, leading to
disruptions in malaria control efforts as they flood
health facilities. The temperature has a direct positive
effect on the number of mosquitoes; however, if the
temperature rises beyond the mosquito tolerance
level, then the number of mosquitoes reduces due to
heat stress [197].

5. Human Factors: Migration and displacement, land-
use change, as well as the direct and indirect economic
effects of climate change, may well cause more

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://www.inosr.net/inosr-scientific-research/
exposure to malaria, both to the total population
living in malaria-endemic regions, breeding new
populations of mosquitoes, and reducing the ability of
the affected communities to engage in effective
malaria control [207].

6. Seasonal Shifts: Climate change can cause seasons
to change length and timing. For example, shifts in
the duration of the rainy season may lead to an
increase in the time span within which mosquitoes
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breed and spread malaria [217. Climate factors,
mosquitoes, and parasite development rates predict or
forecast malaria variation. Some real-life examples of
how increased temperature has influenced malaria
development include highland regions in East Africa
and some regions in Latin America [227]. Knowing
these relationships is critical in developing strategies
that will help reduce the effects of climate change on
this vector-borne disease and protect those at risk.

Strategies for Combating Malaria through Climate Change Mitigation

Tackling climate change in relation to malaria
involves using a combination of strategies that
address climatic change effects that influence malaria
transmission directly and indirectly. Here are some
strategies:

1. Reducing greenhouse gas emissions: Climate
change policies, such as those promoting greenhouse
gas reduction, can slow down temperature changes as
well as precipitation. This can be useful for containing
the spread of malaria to new areas that it had not
previously affected [237. Parham and Michael [247]
assert that malaria endemicity is strongly influenced
by precipitation, whereas temperature has a higher
effect on disease spread—so long as there is adequate
rainfall.

2. Promoting renewable energy: Implementing
different renewable energy sources, such as solar and
wind power, can reduce the use of fossil energy,
thereby lowering greenhouse gas emissions and
climate change [257. Lima et al.[267] claim that
realizing the objectives of the Paris Agreement in
Brazil and lowering greenhouse gas emissions depend
heavily on renewable energy.

3. Improving water resource management: Climate
change impacts precipitation, leading to the creation
of new mosquito breeding grounds or a
transformation of existing ones [27]. However,
proper water management, particularly in the
drainage and storage of water, can reduce these effects
[287].

4. Enhancing surveillance and early warning systems:
Climate change impacts the distribution and
abundance of malaria vectors, necessitating the
development of monitoring and early warning
systems to promptly respond to changes in malaria
transmission characteristics. This can be useful for
early intervention and disease outbreak containment
[297].

5. Investing in resilient healthcare systems: This
includes enhancing and expanding healthcare
facilities, educating and empowering physicians, and

ensuring the availability of proper healthcare and
diagnostic apparatus in countries and areas that are
vulnerable to malaria and may experience increased
malaria incidences due to climate change [307. These
measures will contribute to the management of
difficult and challenging malaria periods. Previous
studies have proven the positive impact of a fortified
healthcare system in mitigating against disease
spread [31, 32

6. Implementing vector control measures: Some
approaches to controlling the vector include
insecticide-treated bed nets, indoor residual spraying,
larval control, and environmental control [337. Note
that all these measures should adapt to the prevailing
climatic changes.

7. Encouraging community involvement and
education: We must employ diverse communication
tactics and interventions within the community
development framework to enlighten individuals
about climate change, its effects on malaria
transmission, and necessary countermeasures, while
also fostering behaviors that prevent the spread of
malaria. The use of community and religious leaders
as advocates for health campaigns has proven
effective in instilling positive attitudes in individuals,
which could promote healthy living. For instance,
religious leaders have played significant roles in
promoting exclusive breast feeding and the fight
against HIV [34, 357. Thus, they can be involved in
the fight against malaria through climate change
mitigation.

8. Research and innovation: Further investigation
into the multifaceted relations between climate
change and malaria transmission is crucial for
identifying fresh approaches and methods for
eradicating malaria in a fluctuating climate. This
promises more sustainable strategies for vector
control, accurate disease prediction based on climate
factors, and the definition of suitable adaptation
measures [ 36].

Challenges and Future Directions

Despite some progress in understanding the
relationship between climate change and malaria,
several issues remain unresolved. Among them are
the lack of adequate surveillance and monitoring tools

to identify changes in the transmission dynamics of
malaria, weak health systems that cannot adapt to
changing climatic conditions, and climate-smart
interventions that seek to address both climate
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change and malaria [20]. The other related
challenges are generated by vector ecology and
human factors interfaces, the inadequacy of data, and
modelling tasks [877]. Good climate data is important
for estimating the effects of malaria but is not always
available, especially in rural or developing nations.
Forecasting is not completely certain, and modelling
tends to have problems with the variability of
projections and the combination of variables. In
addition, focusing on the factors that contribute to the
vulnerability will help to create sustainable measures
for preventing and reducing the effects of the effects
of climate change on health, for example, poverty,
healthcare access, and land use [387. Future research
should combine diverse data for a broader application,
advance collaborations between fields, develop better
models for representation, focus on specific delicate

Alum et al
areas, incorporate public health measures, and foster
more international collaboration and investment.
Cohort  studies, specifically  population-based
research, community-level interventions, and multi-
sectoral health interventions, can give way to
understanding the local epidemiology and issues
[89]. Preventive measures and policies that are
coordinated across sectors can mitigate vulnerability
to climate change and malaria. Lastly, global
collaboration and more support for the scientific
study, prevention, and treatment of diseases in such
areas are essential for enhancing the health of the
populace [407]. Neglecting these challenges or the
inability to tap into these future directions means that
researchers and policymakers are unlikely to fully
appreciate the implications of climate change on
malaria.

CONCLUSION

The intricate dependence of malaria transmission on
climate fluctuations is perfect evidence of the deep
effects of climate change on society's overall health.
This review explained how climate change factors
such as temperature, rainfall, humidity, and evenness
affect the life cycle of the Anopheles mosquito and the
Plasmodium parasite, which in turn affects the
cyclical spread of malaria and its severity and timing.
The evidence provided shows that there is a need to
adopt an integrated policy response to deal with the
impacts of climate change on malaria control. Thus,
in order to address the malaria issue in relation to
climate change, it is crucial to combine both the global
strategies of climate change mitigation and the local
measures of climate change adaptation. Decreasing
greenhouse gas emissions and encouraging the use of

renewable sources have the potential to reduce
climate change's overall effects. Furthermore,
optimizing water resource utilization, strengthening
investments in surveillance and early warning
systems, and establishing robust healthcare
frameworks are important for responding to evolving
malaria transmission patterns. Some of the essential
interventions include working with community
members, raising awareness about the effects of
climate change on malaria, and teaching community
members how to protect themselves from the disease
and seek treatment when necessary. Further research
and development are critical to creating new
technologies and approaches that may address the
new headlights that climate change is presenting.
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