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Abstract
African countries are perhaps most vulnerable to climatic changes in the world. Climate change alters water nutrient levels, temperature, precipitation, water and air movement and other factors that are detrimental to human health. Due to the vulnerability of African countries, problems increase in other areas that make it hard to deal with the additional health challenges posed by climate change. Change in weather patterns and climatic conditions then affect population with an illness that makes it even harder to manage. Consequently, rising temperatures, increased frequency and the intensity of extreme weather events can directly impact health that can affect the rate of infections especially not just infectious but vector-borne diseases. The effects of climate change are thus negative and affect health globally.



Water-Borne Diseases and Their Effects Due To Climate Changes in Africa
Introduction
Climate variability and change may greatly influence human health directly or indirectly. Extreme weather events or altering the characteristics of natural environments can increase the exposure of human populations to risk factors. These climatic variability and water cycle will challenge the availability of water and increase the exposure to unsafe water. The increase in temperature, heavy storms, and change in rain pattern, floods, and droughts all show an increasing trend globally that will affect the physical and chemical components of water. The effect of water through different paths enhances the risk of waterborne diseases. Global climate change has the potential to severely impact human health worldwide.
Waterborne diseases are caused by a variety of toxic contaminants, microorganisms, which lead to horrible illnesses. They can cause many types of diarrheal diseases, including cholera and other illnesses. Outbreaks of waterborne diseases often occur from exposure water in numerous settings such as drinking contaminated water or caused by an environmental exposure to water (Levy, Smith, & Carlton, 2018). Climate change increases the intensity and frequency of major precipitation events or communities, especially in developing countries. They are likely to be faced with elevated diseases. Some diseases may pose a greater threat because of rising sea temperatures will have on the growth and spread of bacteria. For example, increased precipitation will increase the risk of overflooding in different areas of the world, which can increase the risk of pathogens and contaminants spread (Ahmed, Guerrero & Karanis, 2018). Developing countries are susceptible to this problem.
One of the biggest threats to coastal and marine systems in Africa is climate change (Besada et al., 2009). Africa is a leading continent that has developing countries being detected due to the impact (Besada et al., 2009). They are among the most vulnerable to climatic changes in the world. Due to the vulnerability, problems increase in other areas that make it hard to deal with the additional health challenges posed by climate change. The water sanitation has led to different health complications leading to death within the region. Some waterborne disease detected in the water source in Africa is amebic dysentery, cholera, hepatitis A, and typhoid. The type and magnitude of the health impact of climate change will vary within Africa among communities and regions (Byass, 2009). Geographic differences in temperature, precipitation, economic and social conditions, and other factors will be varied. Understanding the relationship between climate changes on the environment direct or indirect drivers of waterborne diseases is critical to target current activities and predict future challenges.
The purpose of this paper is to identify the effects on waterborne diseases due to climate changes among populations. The aim of this paper will review indirect and direct environmental factors impact health in Africa. A current understanding of changes in global factors such as temperature, precipitation, and weather events that have been influenced by climate change across Africa will be stated.
Background
 Global climate is a major issue affecting the African counts. The impacts of climate changes are associated with a variety of challenges ranging from poverty to health implications. Over the past years, global warming has significantly impacted Africa severely in terms of food security and an increase in waterborne diseases. According to the World Health Organization, it is estimated that about 300000 people in Africa die annually due to the impact of climate changes. Notably, for more than 10,000 years zoonotic diseases which arise from climatic factors have been a concern for African countries (Mattjus, 2018). Since I980, zoonotic infectious diseases have significantly impacted the less developed countries since the predisposing factors are relatively high in Africa. The infectious agents associated with the impacts of climate variation include bacteria and viruses (Mattjus, 2018). The common diseases recorded in African countries include dysentery, cholera, typhoid, Malaria, and Hepatitis A. These diseases have recorded a high mortality rate in African children over the past decade.
Nevertheless, the consequences of climate change are affecting public health at different levels. According to the United Nations, Intergovernmental Panel on Climate change (IPCC) the impacts of climate changes affect public health both directly and indirectly (Vilhelmsson & Tengland, 2016). For instance, Water flooding increases chances of Malaria due to water stagnation which is a breeding area for mosquitoes. Additionally, it is easier for infectious diseases caused by bacteria’s to spread through flooding. In Africa, Malaria, Yellow fever, dengue fever, and meningitis have increased with an increase in flooding (Vilhelmsson & Tengland, 2016). These diseases are more common in the highly flooded regions of Africa. The prevalence of disease in Africa is associated with lack of proper mechanisms to fight the diseases such as access to safe drinking water. 
In the past decades, climate change and extreme weather conditions coupled with anthropogenic developments have significantly asserted pressure on the quality of water resources. Interference with the quality of water resources is the key reason behind the increment in water-borne diseases in Africa.  Consumption of contaminated water has accounted for the majority of water-borne related diseases in Africa. For this reason, there has been an intense pressure on the public health efforts to fight the disease to reduce mortality and morbidity. About 5.7% of global diseases were attributed to water-borne diseases (Yang, et al., 2012). Notably, the majority of African countries are less developing, therefore provisions of quality water, health services is minimal. Therefore, there had been a rise in Typhoid, cholera, diarrhea and Hepatitis A water-borne diseases in Africa over the past decades to date.
In the Eastern part of Africa which is a part of Sub-Saharan Africa constitutes of the Horn of Africa and East Africa countries. The climate in these regions is generally tropical. Additionally, the amount of precipitations is low especially in the horn of Africa countries which include Somali, Ethiopia, Djibouti and Eretria. Therefore, water scarcity is a major problem affecting the regions. Water scarcity means that both the quality and quantity is affected thus creating a route for water infectious diseases (Yang, et al., 2012).  Contaminated water in these areas has seen the region face typhoid and Cholera diseases over the years. The temperatures are very high in these areas and thus the prevalence of Mosquitoes which are Malaria vectors.  In Tropical Africa, Malaria, Yellow fever, and dengue fever are common diseases found along the tropical belt. The climate around these areas is warm and hot due to latitude and the rain belts, thus promoting Malaria prevalence (Mattjus, 2018).
Climate Changes and Health Issues in Africa
Climate change is expected to alter the lifecycle and the means of infectious diseases transmission. For instance, the ability of pathogens to spread is affected by maturity and the capability to replicate. Temperature and moisture are considered as key factors that promote pathogens transmission.  These two climatic factors promote the likelihood of communicable diseases spread. In Africa for instance, transmission of pathogens mainly occur through physical contacts and contaminated water (Levy, Smith, & Carlton, 2018). The neglected tropical diseases are the common infections affecting the poorest millions of people in Sub-Saharan Africa (NTDs) In Africa many countries suffer from the burden of the NTDs which accounts to about 85% of the Su-Saharan populations(Serdeczny et al.,(2017). The prevalence of these diseases is linked to a number of climatic factors such as flooding which is a key effect of climate change.
Water-borne diseases are chiefly caused by the bacteria, protozoa or viruses which camp in the human intestines. Water is the key foundation of these diseases due to its significant role in enhancing the lifecycle of the vectors. Climate change alterations thus contribute to effects on water quality due to hydrological pattern change. For instance, in the event of flooding the flooded areas becomes a breeding ground for the various diseases vectors. Therefore, these changes greatly affect most of the African countries due to lack of control mechanisms hence exposing its population to water-borne diseases (Ahmed, Guerrero & Karanis, 2018). Currently, about two million deaths, especially in children, are attributed to hygiene and proper sanitation in drinking water. Water-borne diseases are extremely prevalent in Africa whereby high epidemics have been recorded. In the aftermath of climate change-related events such as heavy rainfall and flooding, there is a high chance of diseases spreading due to poor control programs in Africa (Ahmed, Guerrero & Karanis, 2018).In addition, drought is attributed to an increase in communicable disease as a result of pathogens replication.  For instance, the meningitis diseases in West African are prevalent mostly during the drought season. The NTDs water-borne diseases are preventable through access to safe water or water filtration. The technique has been effective in reducing the guinea worm since the 1989 eradication program in Africa. Additionally, treatment awareness campaigns have also been used to reduce the disease prevalence (WHO, 2009).
Effects on waterborne diseases due to climate changes among populations
Global Climate change is potentially capable of adversely impacting human health, especially in the less developed countries.  Diarrheal is a significant disease which is highly affected by climate change drivers such as the availability of water. In Sub-Saharan Africa, diarrhea is the major cause of high children mortality rate representing about 27% deaths annually (Ahmed, Guerrero & Karanis, 2018). Majority of pathogens that causes these diseases are water-borne since the regions are highly susceptible to precipitation and temperature variations. According to the IPCC, the global surface temperature is expected to go high thus alterations in the global water cycles. The projected effects of climate change on the water systems results to waterborne enteric infections due to the climatic shifts. That is reduced availability of water means low quality. Therefore, understanding the meteorological impacts on the enteric diseases is vital since it significantly contributes to the risk of spreading diarrhea. Additionally, other diseases such as typhoid, malaria, and dysentery are likely to spread.
Africa is a “climate –Vulnerable” region in which anthropogenic climate change, rainfall various and extreme hydrological changes have potential impacts in adversely on the populations (Doumbia, Jalloh, & Diouf, 2014). For instance, climate change has been associated with epic water-borne diseases. In Africa, water-related diseases occur through direct exposure to contaminated water as a result of poor hygiene. The consequence of unsafe and lower water supply attributed to drought has seen the majority of African countries contract Hepatitis A, dysentery and fungal disease infections (Byass, 2009). These diseases are accelerated by lack of water especially in drought prevalent areas of the Sub Saharan Africa. In the tropical zones, Cholera is a common disease which is attributed to poor sanitation and unsafe drinking water. In addition, high temperatures in these regions favor the replication of pathogens thus increasing the rate of transmission. 


Indirect and Direct Environmental Factors Impact on Health in Africa
Climate change causes alterations in environmental factors. The environmental factors thus, directly and indirectly, have the potential to affect human health.  The indirect impacts on the population health predominantly occur through non-human biological changes. For instance, geographical range, crop yields and the transmission of infectious diseases are attributed to changes in environmental factors such as rainfall and temperature (Mattjus, 2018). Malnutrition is an indirect health impact that affects most of the African population due to alteration in environmental factors. Malnutrition accounts for several diseases in African which contributes to high mortality rate, especially in children. Changes in precipitation patterns, temperature and humidity significantly interrupt the agricultural production in Africa.  For instance, the warming of the Indian Ocean results into drought and famine across Eastern African countries (Mattjus, 2018). 
Communicable diseases are another health impact challenging Africa due to changes in Environmental factors. Communicable diseases result from viruses, bacteria, protozoa, parasites and fungi pathogens (Levy, Smith, & Carlton, 2018). Climate change is indirectly attributed to the spread of these diseases in Africa. For instance, temperature and moisture particularly influence the proliferation of pathogens by enhancing their maturity and replication. Notably, the two environmental factors enhance the survival rate of vectors thus potentially increasing infections (WHO, 2009). The NTDs water-borne diseases in Africa are also connected to environmental changes (Serdeczny et al., 2017). For instance, diarrhea is caused by water-borne pathogens due to climatic variations.
The direct impacts of environmental changes on health effect human directly. However, they are minimal they include morbidity and mortality due to direct extreme conditions. Such conditions include floods, droughts, extreme cold, and skin damage due to ultraviolet radiations (Bypass, 2009).
A Current Understanding of Changes in Global Factors Influenced By Climate Change across Africa
Climate change is a real manifestation in Africa. The intensified drought in Eastern Africa, Increased ocean acidity in Sothern coast Africa, Depletion of forests in Equatorial Africa and the floods in Western Africa accounts for the currents impacts of climate change (Besada et al., 2009). The immensely extreme weather patterns and climatic variations threaten health, food security and environmental factors that hinder Africa development. The extreme conditions threaten human survival due to the prevalence of the increased disease brought by climate change.
Increased temperatures, climate change-related disasters, insufficient drinking water are primary contributors to the spread of infectious water-borne diseases in Africa (Besada et al., 2009). Notably, most of the African nations are less developed, and therefore they lack access to safe drinking water which means potentially susceptible to water-borne diseases. Millions of people succumb to Malaria in Africa due to extreme temperatures and high rains such as in Kenyan highlands. Currently, climate change is indirectly linked to health issues through poor sanitation, unsafe water and the degradation of ecosystems. Extreme climatic conditions lead to drought, thus reduced the availability of quality water. These conditions lead consumption of unfit water thus the outbreak of cholera diseases and malnutrition which are major causes of high child mortality in Africa (WHO, 2009). Nevertheless, diarrhea is the second principle behind the death of children in Africa.
Currently, the Su-Saharan Africa has portrayed the vulnerable region to the climate change. The assumption is based on the region overreliance on Agriculture. However, the currents variation s in rainfall and temperature has greatly affected the regions ability to cope with the impacts. The rain-fed agriculture provides for about 90% of the Sub-Saharan populations (Besada et al., 2009). Therefore, changes or a reduction in the amount of rainfall means ill-health to the population. Therefore, climate changes an indirect threat to the population health of the majority in Africa. Climate change is thus a current issue that is significantly many people across Africa.
[bookmark: _GoBack]Conclusion
               Global climate change is a current that the entire world is attempting to fight. The impacts of climate change are severe and can last forever if stringent measures are not considered. Among the impacts of climate change include rainfall variability, extreme temperatures, flooding and drought among others. However, climate changes affect the entire world the less developed countries are likely to have adverse impacts compared to the developed nations. Africa is a continent with the majority of developing countries it is significantly impacted by global climate change. Among other consequences, the majority of African countries are impacted by water-borne diseases which are indirectly connected to climate change. Notably, climatic variability such as rainfall and temperature are vital predisposing factors for water-borne diseases. Among the water, borne-diseases include typhoid, cholera, malaria, Hepatitis A and dysentery. Communicable diseases are also spread through climatic related pathogens. Over the past decades, Africa has recorded high morbidity and mortality rate, especially in children due to water-borne diseases. Global warming which is the factor behind climate alteration has caused both direct and indirect environmental impacts on human health. The current understanding of climate change on Africans health reveals that the effects are already witnessed in entire Africa. For instance decrease in agricultural production in Sub-Saharan Africa, lack of access to safe water, high rainfall and temperate as well as flooding. These impacts have both, directly and indirectly, contributed to the vulnerability of Africans on the impacts of global climate change. In conclusion, Africa is a water-borne prone continent due to its susceptibility to climate change.
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