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ABSTRACT 
Climate variability, including extreme weather events such as floods and droughts, has significant implications for 
water contamination and the occurrence of waterborne diseases like typhoid fever. This review explores the 
mechanisms by which floods and droughts contribute to the contamination of water sources and the subsequent 
increase in typhoid outbreaks. In flood-prone regions, overflowing sewage systems and compromised water 
treatment facilities lead to the spread of pathogens, including Salmonella enterica serovar Typhi, the causative agent 
of typhoid fever. Conversely, droughts exacerbate water scarcity, leading communities to rely on contaminated 
water sources, further elevating the risk of outbreaks. The review highlights the critical need for improved water 
and sanitation infrastructure, climate-resilient water management practices, and effective early warning systems to 
mitigate the public health impacts of these extreme events. By addressing these vulnerabilities, vulnerable 
populations can be better protected from the health threats posed by climate variability. 
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INTRODUCTION 

Climate variability, encompassing extreme weather events such as floods and droughts, has become an increasingly 
critical factor influencing both environmental conditions and public health outcomes worldwide. These climate 
events are not merely transient fluctuations in weather patterns, but rather have profound and often long-lasting 
effects on ecosystems, economies, and communities, especially in vulnerable regions. One of the most significant 
public health concerns linked to climate variability is its impact on water quality [1]. Waterborne diseases, including 
typhoid fever, which is primarily caused by Salmonella enterica serovar Typhi, pose a major health risk in areas with 
inadequate access to safe water and sanitation infrastructure. The link between climate variability and the prevalence 
of such diseases highlights a complex intersection of environmental change, public health, and social vulnerability 
[2]. 
In particular, the occurrence of extreme weather events, including floods and droughts, can directly affect water 
sources and sanitation systems, increasing the likelihood of water contamination. Flooding often leads to the 
overflow of water from polluted sources into drinking water supplies, while droughts can reduce access to clean 
water by drying up natural water sources and exacerbating water scarcity. In both scenarios, the exposure to 
contaminated water, either through direct consumption or poor hygiene practices, can lead to the outbreak of 
infectious diseases such as typhoid fever [3]. Understanding the relationship between climate variability and the 
dynamics of water contamination is crucial for developing strategies to mitigate the health risks associated with 
such outbreaks. This study, therefore, seeks to explore how climate variability, particularly floods and droughts, 
impacts water contamination and the subsequent rise in typhoid outbreaks. 
Climate change, as evidenced by rising global temperatures and shifting weather patterns, has had a disproportionate 
impact on developing countries, particularly in regions with already limited resources to adapt to these changes. In 
Sub-Saharan Africa, South Asia, and parts of Latin America, where access to safe drinking water and sanitation is 
often inadequate, the effects of climate variability are more pronounced [4]. According to the World Health 
Organization (WHO) [5], waterborne diseases such as typhoid fever are responsible for a significant burden of 
disease, with more than 20 million cases and 200,000 deaths reported annually. The link between climate extremes, 
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such as floods and droughts, and the increased incidence of waterborne diseases has been documented in numerous 
studies. 
Typhoid fever, caused by Salmonella enterica serovar Typhi, is primarily transmitted through the ingestion of 
contaminated water or food. In regions where water treatment and sanitation systems are compromised, the 
introduction of pathogens into drinking water supplies during climate events such as floods becomes a major public 
health concern. Similarly, droughts, which cause water scarcity, can lead to the use of unclean water sources or 
untreated water, increasing the risk of contamination [6]. The fluctuating nature of rainfall patterns, with prolonged 
periods of drought followed by intense rainfall, creates an environment where water sources are often vulnerable to 
contamination, leading to increased risks of typhoid outbreaks. This underscores the need to investigate the 
mechanisms linking climate variability to water quality and public health outcomes, particularly in the context of 
low-income countries with limited infrastructure to deal with such challenges. 
While climate variability, including extreme weather events like floods and droughts, has been recognized as a key 
driver of waterborne diseases, the specific ways in which these events lead to water contamination and subsequent 
typhoid outbreaks remain underexplored. In many low-income countries, water management systems are already 
overstretched, and extreme weather events only exacerbate the situation [7]. For instance, floods may overwhelm 
water treatment plants, allowing contaminated water to spread, while droughts may increase reliance on unsafe 
water sources due to scarcity. Despite these known risks, there is limited research on how these climate extremes 
influence the quality of water and contribute to the outbreak of typhoid fever, particularly in regions where the 
health infrastructure is underdeveloped [8]. 
Furthermore, while there is an understanding of the general link between climate change and public health, the 
direct impact of specific climate events like floods and droughts on typhoid fever incidence has not been 
systematically studied in a comprehensive manner. The problem is further compounded by the scarcity of data, 
especially in rural or remote areas, which makes it difficult to assess the full scale of the issue and the effectiveness 
of existing intervention measures [9]. This study seeks to address this gap by examining the relationship between 
climate variability, water contamination, and typhoid outbreaks, with a focus on the mechanisms that underlie these 
events and their public health implications. The primary objective of this study is to examine the relationship 
between climate variability specifically floods and droughts and the contamination of water sources, which in turn 
impacts the frequency of typhoid outbreaks in vulnerable regions. The research aims to investigate how these 
extreme weather events exacerbate water contamination in areas lacking proper sanitation infrastructure. 
Furthermore, the study will assess the correlation between these climate extremes and the rise in typhoid fever 
incidents, a waterborne disease that thrives in unsanitary conditions. It will also explore the social, environmental, 
and infrastructural factors that elevate the risks of water contamination and disease transmission during such events. 
Additionally, the study seeks to evaluate the current effectiveness of public health interventions and water 
management strategies in mitigating the impact of floods and droughts on public health. Through these objectives, 
the research will offer practical recommendations for policy improvement, such as enhancing water quality 
management and strengthening public health measures to reduce the burden of typhoid fever in areas affected by 
climate variability. The significance of this study lies in its potential to inform both local and global health policy, 
contributing to more effective climate adaptation strategies that can address the dual challenges of climate change 
and waterborne diseases, particularly in low-income, climate-vulnerable regions. 
Impact of Floods on Water Contamination and Typhoid Outbreaks 
Floods are one of the most disruptive natural events that significantly affect water quality. When floods occur, they 
can overwhelm water treatment facilities, sewage systems, and natural water reservoirs, causing the mixing of clean 
and contaminated water sources. In regions with poor sanitation infrastructure, the contamination of drinking water 
sources with fecal matter becomes a major concern. Pathogens such as Salmonella Typhi, the causative agent of 
typhoid fever, are commonly found in sewage and can easily spread to drinking water during flooding events [10]. 
The risk of typhoid fever outbreaks increases significantly following floods due to the widespread contamination of 
water sources. For instance, studies have shown that communities living in flood-prone areas often experience a 
higher incidence of typhoid fever outbreaks after major flooding events. Floodwaters can also displace communities, 
leading to overcrowded conditions in temporary shelters, where hygiene practices are often compromised, further 
facilitating the spread of waterborne diseases. Several case studies have demonstrated the link between floods and 
typhoid fever outbreaks. For example, the 2004 floods in Southeast Asia were followed by an increase in typhoid 
cases, particularly in areas where infrastructure was damaged, and water sources were contaminated [11]. Similarly, 
recent flooding in parts of sub-Saharan Africa has led to significant spikes in the incidence of waterborne diseases, 
including typhoid, due to the contamination of wells and rivers. 
Droughts and Their Role in Water Contamination and Typhoid Outbreaks 
In contrast to floods, droughts also have a profound impact on water quality and public health. Droughts lead to a 
reduction in the availability of freshwater, forcing communities to rely on alternative, often less reliable, water 
sources such as shallow wells, rivers, and ponds. These water sources are more prone to contamination, especially 
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in areas with limited access to sanitation [12]. The reduction in water availability also puts stress on water 
treatment systems, leading to poor water quality and an increased likelihood of waterborne diseases like typhoid. 
Drought conditions can also lead to the concentration of pollutants in water sources. As water levels drop in 
reservoirs and rivers, the concentration of harmful pathogens, including Salmonella Typhi, can increase, exacerbating 
the risk of outbreaks. In many regions, water scarcity due to drought also results in decreased hygiene and sanitation 
practices, further contributing to the spread of waterborne diseases. A notable example is the prolonged drought in 
Somalia during the 2010–2011 period, which resulted in water shortages and the contamination of remaining water 
sources, leading to a spike in typhoid fever cases [13]. Similar patterns have been observed in parts of India and 
sub-Saharan Africa, where droughts have led to a scarcity of clean water, increasing the risk of typhoid outbreaks. 
Mechanisms Linking Climate Variability to Typhoid Outbreaks 
Climate variability plays a significant role in the occurrence of typhoid outbreaks, influencing multiple 
environmental and social factors. One of the key mechanisms linking climate variability to typhoid transmission is 
water quality deterioration. Extreme weather events, such as floods and droughts, can severely compromise water 
quality, either through direct contamination from sewage during floods or the concentration of pollutants in water 
sources during droughts [14]. In both cases, the water becomes a breeding ground for pathogens like Salmonella 
Typhi, the bacterium responsible for typhoid. Additionally, floods often disrupt essential sanitation infrastructure, 
such as sewage treatment plants, exacerbating the contamination of water sources. Conversely, droughts can reduce 
the availability of clean water for sanitation purposes, leading to the improper disposal of waste and further spreading 
of waterborne diseases. Another significant factor is the increased human mobility triggered by these extreme events 
[15]. As people are displaced from their homes due to floods or droughts, they often migrate in search of food and 
water, leading to overcrowded conditions in temporary shelters or refugee camps. These overcrowded living 
environments create ideal conditions for the rapid transmission of infectious diseases, including typhoid, as 
sanitation and hygiene practices become more difficult to maintain. Furthermore, climate-induced shifts in disease 
ecology contribute to the spread of typhoid. Warmer temperatures and altered precipitation patterns can create 
favorable conditions for the survival and proliferation of Salmonella Typhi in the environment. Higher temperatures 
may enable the bacterium to survive longer in contaminated water, while changing rainfall patterns can increase the 
likelihood of water contamination, further heightening the risk of outbreaks. Together, these mechanisms 
underscore the complex relationship between climate variability and the spread of typhoid fever [16]. 
Public Health Implications and Recommendations 
The relationship between climate variability, water contamination, and typhoid outbreaks highlights the critical 
need for a multifaceted public health and environmental management approach. Addressing these challenges 
requires a comprehensive strategy that integrates improvements in infrastructure, proactive management, and 
community engagement. A primary recommendation is the strengthening of water and sanitation infrastructure, 
with a focus on building resilience to climate-related disruptions [17]. This includes upgrading water treatment 
facilities, improving sewage systems, and ensuring that vulnerable communities have access to safe water, especially 
during extreme weather events like floods and droughts. Additionally, climate-resilient water management practices 
are essential to mitigate the impacts of climate variability. Flood control measures, drought-resistant water sources, 
and the adaptation of water distribution systems to changing climatic conditions are key strategies to ensure 
consistent access to clean water. Developing early warning systems is another vital recommendation, as they can 
help predict and mitigate the impact of climate-related events on water quality. Early warnings allow for timely 
interventions to prevent waterborne diseases like typhoid, particularly in at-risk areas. Community education is also 
crucial, as public awareness campaigns focused on hygiene, water treatment, and sanitation practices can empower 
individuals to reduce their risk of infection during climate extremes [18]. Finally, establishing robust surveillance 
and monitoring systems is essential to track both water quality and the prevalence of typhoid. This proactive 
approach enables health authorities to respond swiftly and effectively to emerging public health threats. These 
combined efforts can significantly reduce the burden of climate-sensitive diseases like typhoid. 

CONCLUSION 
The connection between climate variability and the incidence of typhoid fever highlights the significant, often 
overlooked, impact of climate change on public health. Extreme weather events, such as floods and droughts, can 
disrupt water and sanitation systems, leading to the contamination of drinking water sources. This contamination 
provides a conducive environment for the spread of waterborne diseases like typhoid fever, which disproportionately 
affects vulnerable populations. Addressing this issue requires urgent attention to strengthening water and sanitation 
infrastructure, particularly in regions most affected by climate variability. Climate-resilient water management 
strategies should be implemented to ensure safe access to clean water, even during periods of extreme weather. 
Additionally, the establishment of robust early warning and surveillance systems can aid in detecting potential 
outbreaks before they escalate, enabling timely interventions. By adopting these preventive measures, communities 
can build resilience to climate-induced health threats and reduce the risk of typhoid outbreaks, ultimately 
safeguarding public health in the face of climate change. 
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