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Figure 1:
http://www.global-greenhouse-warming.com/graphs-dia-grams-of-globalwarming-and-climate.html

Introduction
Climate change has been a very topical issue since global warming started to rapidly accelerate during the 20th
century. Continuing warming of the earth's atmosphere has the potential to significantly affect the health of
populations globally both as a result of changing weather patterns along with extreme weather events and the spread
and redistribution of disease. This is a current issue that requires a great amount of consideration as to how the
progression of climate change can be minimised in order to preserve our health and also the sustainability of the earth,
as we know it. This has been addressed in many studies and reports over recent years and has promoted controversy
due to sometimes apparently conflicting evidence. This study will look at the history and causes of climate change
give an overview of malaria and explore in more depth any established relationship between climate change and
malaria and what the future may hold when this link is viewed on a global scale.
Climate change
Over the past 100 years there has been ever-increasing attention to climate change and the associated problems this
may cause. The earth's climate has changed over billions of years as a result of natural causes but it is just in the past
century that human activity has been pinpointed as a likely major contributor to the current state of changing climate.
This is highly likely to be linked to increasing use of fossil fuels by humans and the quantities of carbon dioxide
produced as a result of burning these fuels. During the 20th century temperatures in the atmosphere close to the
earth's surface have been gradually increasing, with a rise over this period of 0.75° C. 1 This is an average global figure
and increases in specific regions may be even more marked.
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The two main predicted environmental effects of climate change have been stated to be an increase in overall
global temperature of approximately 3-5° C and an average rise in sea levels of 25 metres - both by the year 21002, less
than a century away. This prediction is concerning in many ways with direct effects on polar ice caps, animal habitats,
weather, food supply, disease and global health on a vast scale. Figure 1 shows a graph of past temperature changes
and esti-mated future changes relating to climate change.
Malaria
Malaria is a life threatening tropical disease that is a major cause of illness and death in many parts of the world.
Malaria is a vector borne parasitic disease, transmitted by the bite of female Anopheles mosquitoes. Plasmodium
parasites are the causative agents which result in one of four types of malaria - falciparum, vivax, malariae and ovale.
Cases of plasmodium falciparum and plasmodium vivax are the most common with the falciparum strain being the
biggest killer.4
In order for the parasite and mosquito vector to survive, an appropriate climate is required. The optimum climate
for anopheles mosquitoes is one in which temperatures remain around 20-30° C, there is adequate humidity, a
presence of stagnant fresh water for breeding and a suitable source of blood meals for the adults. 5 Changes in any of
these factors could fundamentally alter the dynamics of disease transmission.
Malaria: epidemiology and distribution
Malaria is notably prevalent and deadly in Sub-Saharan Africa but there is also a significant incidence in Asia, Central
and South America and to a lesser extent the Middle East. 6 It is estimated half of the world's population is at
continually at risk from the disease - around three billion people. Each year there are approximately 300-500 million
new cases with 2-3 million deaths.4 Within some countries there is uneven distribution of malaria with natives
travelling from non malarial areas to malarial areas being at increased risk. 6 Also those travelling to these areas from
malaria free countries are at risk. Disease transmission varies with the type of parasite, ecology of the vector, resistance and immunity of the human host and environ-mental factors e.g. climate, rainfall and humidity. 4,5
Mosquitoes require fresh water for reproduction, thus, the prevalence of malaria is higher in those
countries with a tropical climate and substantial rainfall. In some countries the distribution of malaria varies with the
seasons, e.g. in Southeast Asia, malaria is more prevalent during and following the monsoon season.6 Epidemic
spread of malaria can occur when environmental factors change and allow transmission in areas where locals have
very little or no immunity to the disease.4
Is there a link between malaria and climate change?
A considerable amount of evidence has been reported regarding the relationship between malaria and our changing
climate. Is malaria distribution due to a changing climate or are other factors involved?
There are some things which are undoubtedly encouraged by climate change; rising sea levels, flooding, extreme
weather, adverse affects on food production and farming and direct effects of increasing temperature on health. These
features are less controversial and less strongly debated compared to the relationship with malaria.
It has been predicted that, as global temperatures continue to rise, malaria is likely to spread and bring risk to
countries with temperate climates where cur-rently disease transmission does not occur. 5 It has been predicted that if
atmospheric temperatures are to rise by the estimated values of 3-5° C, the number of people at risk of malarial
infection could increase from approximately 45% to 60% of the global population by 2050. 4 This issue of shifting
disease patterns is a seri-ous potential public health concern for the future.
There is an established link between malaria incidence and natural disasters. The prevalence of many vector borne
diseases is affected by cyclones, hurricanes and flooding (e.g. heavy rainfall, river overflow or tsunamis). Initial
flooding may wash away mosquito breeding sites but after the flooding has settled and areas of stagnant fresh water
remain, new mosquito breeding sites may arise. This could increase mosquito vector populations resulting in more
malaria and other mosquito borne infections.7 Poverty, less reliable healthcare, poorer public health infrastructure and
less effective malaria control programmes after a natural disaster or a period of extreme weather all could contribute
to an increase in disease transmission. These are 'secondary' effects of global warming - changing climate leading to
the weather extremes in turn resulting in increased dis-ease transmission as well as poorer health care for those
affected.
Another possibility is that the geographical distribution of the disease, rather than the overall incidence may
change as temperatures around the globe are altered 5 (as demonstrated in studies focussing on Africa). As
temperatures rise in West Africa, where malaria is currently most rife, conditions may become hotter and less suitable
for mosquito survival and there may be a disease shift towards 'warming' regions in east and southern Africa where
malaria was previously absent.8 Figure 2 demonstrates the predict-ed distribution of malaria by the year 2050.
There are multiple theories which question whether climate change is likely to be one of the most important factors
affecting the incidence of malaria -other influences on its distribution include developing drug resistance, failure of
mosquito control schemes for economic or civil instability, poor health care systems and poverty and deprivation.5
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Conclusion
It is very difficult to identify exactly what the future holds for malaria on a global scale. There is evidence to suggest
that as temperatures rise and rainfall increases, increasing disease prevalence will follow. However, climate changes
may reduce the vector pop-ulation in some areas and lead to a decrease in inci-dence of the disease while, in contrast,
mosquito migration to areas previously free of malaria could lead to the disease becoming newly established or reestablished. This could lead to total global disease prevalence remaining relatively constant.
Published evidence suggests that factors other than climate change may be more important in affecting the
distribution of malaria worldwide. There is strong evidence that changes in prevalence and distribution of malaria is
multi-factorial.
It may be almost impossible to respond rapidly to or prevent changes in malaria incidence as there will always be
variables that cannot easily be predicted or controlled.

Figure 2:
Rogers & Randolph. The Global Spread of Malaria in a Future, Warmer World.
Science; 2000: p 1763-1766
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