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Abstract 
Climate change is a pressing global challenge with far-reaching consequences for human health. One of the most concerning impacts 

is the emergence and spread of infectious diseases. This review explores the intricate link between climate change, vector-borne diseases, 

and zoonotic infections, highlighting how altering climate patterns create favorable conditions for disease transmission. We examine the 

mechanisms by which changes in temperature, rainfall, and other climatic factors influence the geographic distribution, abundance, and 

activity of disease vectors, such as mosquitoes, ticks, and rodents. The paper further analyzes how climate change can facilitate the 

emergence of zoonotic diseases by altering the interactions between humans, animals, and the environment. Finally, we discuss the 

public health implications of this evolving threat, emphasizing the need for comprehensive strategies to mitigate the spread of climate-

sensitive infectious diseases, including early warning systems, surveillance, and adaptation measures. 
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1 Introduction1 
The ongoing global phenomenon of climate change 

represents a paramount and multifaceted challenge of the 

Anthropocene, exerting profound and far-reaching 

consequences on human health, ecological integrity, and global 

security. While the direct impacts of climate change on the 

physical environment, such as rising sea levels, glacial melting, 

and increased frequency of extreme weather events, are well-

documented, the indirect effects, particularly its influence on 

the emergence, transmission, and geographic distribution of 

infectious diseases, are becoming increasingly prominent and 

concerning. This review aims to elucidate the intricate and 

complex relationship between climate change and infectious 

diseases, examining the mechanistic pathways through which 

alterations in climate patterns create permissive conditions that 

facilitate the spread of both vector-borne and zoonotic 

infections. The interplay between these two global 

challenges—climate change and infectious diseases—is not 

merely correlative but causal, involving a multitude of 

interacting factors and processes across various scales, from the 

molecular level to global ecological systems. Rising global 

average temperatures, coupled with altered precipitation 

patterns (characterized by both increased drought and flooding) 

and an amplified frequency of extreme weather events such as 

heatwaves, cyclones, and wildfires, disrupt established 

ecological balances, leading to shifts in species distribution, 

altered vector habitats, and new opportunities for pathogen 

transmission and amplification. These disruptions can result in 
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the geographic expansion of existing diseases, the emergence 

of novel pathogens, and the re-emergence of diseases 

previously considered controlled, all of which pose substantial 

threats to human and animal populations alike. Furthermore, 

climate change can impact the susceptibility of host organisms 

to infection through altered immune function, shifts in host 

behavior, and changes in nutritional status. The complex 

interactions between climate change, ecological change, and 

human behavior make this an extraordinarily challenging issue, 

requiring multidisciplinary expertise and global collaboration 

to fully comprehend the underlying mechanisms and develop 

effective mitigation and adaptation strategies. A 

comprehensive understanding of the causal links between 

climate change and the dynamics of infectious diseases is 

essential for informing public health policy, allocating 

resources effectively, and implementing measures that can 

mitigate these increasingly pressing threats. This review will 

delve into the specific mechanisms by which climate change 

acts as an amplifier of infectious disease risk, exploring both 

the well-established connections and the emerging areas of 

research that highlight the significance of this global health 

challenge. 

 

2 Climate Change and Vector-borne Diseases 
Vector-borne diseases, transmitted through the bites of 

infected arthropods such as insects, ticks, and mites, constitute 

a significant portion of the global infectious disease burden. 

These diseases are particularly sensitive to changes in 
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environmental conditions, making them highly susceptible to 

the impacts of climate change. Alterations in temperature, 

precipitation patterns, and humidity, driven by climate change, 

can profoundly influence vector distribution, abundance, 

activity, and pathogen transmission dynamics. The complex 

interactions between these factors create a situation where 

climate change acts as a major amplifier of vector-borne 

disease risk (1). 

Temperature is a critical environmental factor influencing 

the biology and ecology of disease vectors. Rising temperatures 

associated with climate change can have several significant 

effects on vector activity and disease transmission. Increased 

Geographic Range Expansion: Warmer temperatures can 

expand the geographical range of many vector species, 

allowing them to colonize higher latitudes and altitudes that 

were previously unsuitable for their survival. This expansion 

occurs as the thermal constraints limiting their distribution are 

relaxed, allowing vectors to establish populations in new areas. 

This process is not only concerning for the local health of the 

new regions, it can also significantly impact areas in higher 

latitudes, which may not be prepared for such vectors and their 

pathogens. For example, the expansion of mosquito vectors 

carrying diseases such as malaria and dengue fever into 

previously unaffected temperate regions is a well-documented 

consequence of climate change (2). 

Increased Vector Activity Period: Elevated temperatures 

can also extend the activity period of disease vectors, 

prolonging the time during which they are capable of 

transmitting pathogens. Vector species have specific thermal 

thresholds for activity, and warmer temperatures enable them 

to remain active for longer periods throughout the year, 

increasing the duration of potential transmission. This 

lengthening of the transmission season can lead to more cases 

of vector-borne diseases and increase the likelihood of 

outbreaks (3). 

Accelerated Vector Development Rates: Increased 

temperatures can accelerate the developmental rates of many 

vector species, leading to shorter life cycles and more rapid 

population growth. Higher temperatures speed up the rate of 

egg hatching, larval development, and pupation, allowing 

vector populations to build more quickly and increasing the 

number of infectious vectors present. This can also increase the 

rate at which pathogens replicate within the vector. The 

increased speed of vector development can substantially 

increase transmission rates in a relatively short period. This is 

especially true for mosquitoes with their rapid reproduction and 

development cycle (4). 

Impact on Vector Competence: Temperature fluctuations 

can also impact vector competence, which is the ability of a 

vector to acquire, harbor, and transmit a pathogen. Temperature 

extremes and fluctuations can influence vector immunity, 

pathogen replication within the vector, and the vector’s ability 

to transmit the pathogen via saliva. These effects on vector 

competence can both increase or decrease transmission rates. 

Understanding the effect of temperature on vector competence 

is critical for predicting future disease risks (5).  

Changes in precipitation patterns, including both increased 

rainfall and drought, significantly impact vector abundance and 

distribution. Flooding and Creation of Breeding Sites: Extreme 

rainfall events, which are becoming more frequent and intense 

due to climate change, can create new breeding grounds for 

many vectors, particularly mosquitoes, by forming pools of 

standing water. These pools provide ideal conditions for 

mosquito larvae to develop, leading to rapid population 

increases. This link between flooding events and increased 

vector abundance is a major driver of vector-borne disease 

transmission after periods of heavy rainfall (5). 

Drought and Vector Stress and Migration: Conversely, 

prolonged drought conditions can stress vector populations, 

altering their behavior and potentially leading to their migration 

into new areas in search of water and resources. Drought 

conditions can also concentrate vectors in remaining breeding 

sites and watering holes, which can facilitate increased 

transmission of pathogens between animals and humans. These 

concentrated vectors can be more likely to seek out new hosts, 

including humans, thus creating a greater potential for zoonotic 

disease transmission (6). 

Indirect Effects through Vegetation: Alterations in rainfall 

can also impact the distribution and abundance of vegetation, 

which provides food and shelter for many vector species. 

Changes in vegetation composition and density can shift the 

distribution and abundance of vectors, and subsequently impact 

disease transmission. Droughts and changes in rainfall patterns 

have significant impact on agricultural practices, which can 

indirectly impact vector breeding patterns and abundance (6). 

Several vector-borne diseases are particularly sensitive to 

the impacts of climate change, and changes in their 

distributions and transmission patterns are already being 

observed.Malaria: Malaria, a mosquito-borne disease that 

continues to cause significant morbidity and mortality globally, 

is highly sensitive to climate change. Increased temperatures 

and altered rainfall patterns can expand the geographic range of 

malaria vectors and increase the duration of the transmission 

season, leading to increased risk, particularly in areas where the 

disease was previously less prevalent. Shifts in vector 

distribution have led to re-emergence of malaria in regions that 

had previously eliminated the disease. Understanding how 

climate change impacts the complex dynamics of malaria is 

crucial for designing and implementing effective public health 

interventions (7). 

Dengue Fever: Dengue fever, another mosquito-borne 

disease, is also expanding its geographic range due to warmer 

temperatures, which allow the vector Aedes mosquitoes to 

thrive in new regions. Dengue fever epidemics are also 

becoming more frequent and severe as a result of climate 

change, increasing the public health burden in many regions of 

the world. This includes spread into previously unaffected areas 

as the temperature limits to the range of the vectors shifts 

poleward (8). 

Lyme Disease: Lyme disease, a tick-borne bacterial 

infection, is also influenced by climate change. Warmer 

temperatures and increased humidity have contributed to the 

northward expansion of Lyme disease as tick populations thrive 

in these conditions. The increased geographic range of Lyme 

disease also increases the risk of infection in previously 

unaffected populations, creating the need for heightened public 

awareness and more effective public health programs (9). 

Zika Virus: The Zika virus, spread by Aedes mosquitoes, is 

another example of how temperature and rainfall patterns have 

facilitated outbreaks in new regions of the world. The complex 

dynamics of disease transmission, mosquito breeding, and 

human behavior make this a very difficult disease to control 

(10). 

West Nile Virus: Warmer temperatures and changes in 

rainfall can increase the abundance of Culex mosquitoes that 

transmit West Nile Virus, leading to changes in outbreaks. 

Understanding the interactions between climate, bird 

migration, and mosquito dynamics is crucial for predicting 

West Nile Virus outbreaks. 

 

3 Climate Change and Zoonotic Infections 
Zoonotic infections, which are diseases that naturally 

transmit from vertebrate animals to humans, account for a 

significant proportion of emerging infectious diseases globally. 
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Climate change acts as a potent catalyst, creating conditions 

that facilitate the emergence, amplification, and spread of 

zoonotic diseases through a variety of complex mechanisms 

that alter the dynamics of host-pathogen interactions and 

environmental conditions. The intricate connections between 

climate change and zoonotic disease dynamics highlight the 

interconnectedness of human, animal, and environmental 

health. 

Climate change directly and indirectly alters the 

interactions between animal hosts, humans, and pathogens, 

leading to increased opportunities for zoonotic disease 

transmission.Habitat Loss and Species Movement: Climate 

change-induced habitat loss, fragmentation, and degradation, 

driven by rising temperatures, changing precipitation patterns, 

and sea-level rise, can force animal species to move into new 

areas, often bringing them into closer proximity with humans. 

This increased contact between humans and wildlife, 

particularly those not previously co-habiting, increases the 

likelihood of cross-species pathogen transmission, creating 

opportunities for the emergence of novel zoonotic diseases. For 

example, habitat destruction can force animal species that are 

natural reservoirs for zoonotic diseases to move into new urban 

or peri-urban environments, leading to greater human contact. 

Increased Human-Animal Contact: Changes in agricultural 

practices, land use patterns, and increased human 

encroachment into previously undisturbed wildlife habitats 

significantly increase the frequency of human-animal contact, 

creating opportunities for zoonotic disease spillover. 

Deforestation, expansion of agricultural land, urbanization, and 

mining activities can all bring humans into closer contact with 

wildlife populations, including those that may harbor novel 

pathogens. Furthermore, climate change may also increase the 

proximity between humans, livestock and wildlife populations, 

leading to complex patterns of interspecies disease 

transmission. Changes in livestock management can also put 

humans and livestock into close contact with wildlife reservoirs 

of zoonotic diseases (11). 

Changes in Host Behavior: Climate change can alter animal 

behavior, including foraging patterns, migratory routes, and 

reproductive cycles, all of which can influence their 

susceptibility to infections and affect the potential for 

transmission to other species, including humans. For example, 

stress due to changes in weather patterns or habitat can alter 

animal immune systems and make them more vulnerable to 

infection. Changes in host behavior or migration can increase 

pathogen transmission and lead to geographically widespread 

zoonotic disease events (12). 

Climate change-driven environmental changes play a 

crucial role in altering pathogen survival and transmission 

dynamics, impacting the risk of zoonotic infections. Extreme 

Weather Events and Ecosystem Disruption: Extreme weather 

events, such as floods, droughts, and heatwaves, which are 

becoming more frequent and severe due to climate change, can 

disrupt ecosystems, alter animal behavior, and facilitate disease 

transmission. Flooding can displace animals and contaminate 

water sources, potentially spreading pathogens through the 

environment. Droughts can concentrate animals around limited 

water resources, increasing the potential for disease 

transmission. These extreme weather events can overwhelm 

local infrastructure, impacting the ability to respond to disease 

outbreaks (9). 

Changes in Vegetation Patterns: Climate change can alter 

the distribution and abundance of vegetation, impacting the 

range and activity of disease vectors and animal hosts. Changes 

in vegetation patterns can impact the food sources and habitats 

for both vectors and their host animals, influencing both the 

distribution and abundance of these species, and directly 

altering the transmission dynamics of zoonotic diseases. These 

altered patterns of vegetation can also lead to changes in human 

behavior in relation to the environment, which can also 

influence the risk of pathogen exposure (13). 

Changes in Pathogen Survival: Temperature and humidity 

can directly influence the survival of pathogens in the 

environment and in vectors. Pathogens with environmental 

survival stages can be significantly affected by climate change 

and these environmental factors. Increased temperatures can 

increase the survival of some pathogens, while it can reduce the 

survival of others. Changes in humidity and rainfall can also 

affect pathogen survival, leading to alterations in disease risk. 

A better understanding of pathogen survival and transmission 

ecology in relation to environmental factors will help to predict 

how climate change may impact zoonotic disease risk (14). 

Impact on Vector Competence: As described earlier, 

temperature and humidity can impact vector competence, 

which is the ability of a vector to acquire, harbor and transmit 

a pathogen. These changes in vector competence can have a 

significant impact on transmission rates of zoonotic diseases. 

Several zoonotic diseases are particularly sensitive to climate 

change, with alterations in their distribution and transmission 

patterns already being observed (15). 

West Nile Virus: West Nile virus, a mosquito-borne 

zoonotic disease, is highly influenced by changes in rainfall 

patterns and temperature. Warmer temperatures have increased 

the range and activity of mosquitoes, leading to increased 

transmission rates and a wider distribution of the disease. 

Changes in rainfall can also influence the abundance of Culex 

mosquitoes that transmit West Nile virus. Understanding the 

complex interplay between climate and mosquito ecology is 

essential for predicting West Nile virus outbreaks and 

developing control strategies (16).  

Lyme Disease: Lyme disease, a tick-borne bacterial 

infection, is another example of how climate change can impact 

the spread of zoonotic diseases. Warmer temperatures and 

longer tick activity seasons have facilitated the northward 

expansion of the disease, exposing previously unaffected 

populations to the risks of infection. The changing geographic 

distribution of both the vectors and the animal hosts for Lyme 

disease significantly increases the transmission of this zoonotic 

disease. Hantavirus: Hantavirus infections, which are 

transmitted by rodents, are influenced by changes in 

precipitation patterns and temperature. Droughts can stress 

rodent populations, leading to increased human contact and 

outbreaks. Changes in rodent behavior in response to 

environmental changes can increase the likelihood of human 

exposure to infected rodents. This illustrates how climate 

change can impact the ecology and behavior of the animal host, 

and ultimately impact the potential for zoonotic transmission 

(17). 

Rabies: While rabies is a complex disease, changing animal 

behavior and distribution due to climate change has 

implications for the geographic distribution of rabies in animal 

reservoirs. Human contact with rabies-infected animals is the 

primary mode of transmission of this deadly disease. 

Emerging Coronaviruses: It has been suggested that 

environmental change plays a role in increasing the spillover of 

coronaviruses into humans, with the bat reservoirs shifting their 

habitats in response to changing climate patterns. 

 

4 Public Health Implications 
The nexus between climate change and infectious diseases 

poses substantial and multifaceted challenges for public health 

systems globally. The effects of climate change on infectious 

disease dynamics translate into increased morbidity and 

mortality, strain on healthcare infrastructure, economic losses, 
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and social disruption. Effectively addressing these challenges 

requires a comprehensive and proactive approach that 

integrates climate science, disease ecology, and public health 

interventions. 

Expansion of Disease Burden: Climate-sensitive infectious 

diseases, including both vector-borne and zoonotic infections, 

contribute significantly to the global burden of disease. The 

expansion of the geographic range of these diseases, coupled 

with increased transmission rates, leads to a higher incidence of 

infection, resulting in increased morbidity and mortality. This 

is especially concerning for vulnerable populations in 

developing countries, with limited access to healthcare. The 

increasing risk of multiple infections and the co-occurrence of 

multiple outbreaks will increase the burden on public health 

systems (18). 

Disproportionate Impact on Vulnerable Populations: 

Children, the elderly, individuals with weakened immune 

systems, and those with pre-existing health conditions are 

disproportionately affected by climate-sensitive infectious 

diseases. These groups are more susceptible to severe 

complications and death, making them a priority for public 

health interventions. The impact is more severe in resource-

limited settings where there are higher rates of malnourishment, 

underlying health conditions, and less access to care, all of 

which increase the impact of infectious diseases. Emergence of 

Novel Pathogens: Climate change is thought to increase the 

likelihood of novel pathogen emergence, increasing the risk of 

pandemics and epidemics that are difficult to predict and 

control. Emerging infections are often more severe, less well 

understood, and lack existing treatments and vaccines, making 

them particularly difficult to manage. The emergence of novel 

pathogens poses a significant threat to public health, 

demanding proactive surveillance, research, and public health 

preparedness (19). 

Increased Chronic Diseases: Some infectious diseases, 

such as dengue, can lead to chronic conditions which create a 

long term public health burden for the affected individuals and 

for the health care system. These chronic sequelae have long-

term economic and social consequences, making it critical to 

focus on disease prevention. Impact on Mental Health: Disease 

outbreaks, especially those involving severe symptoms, high 

mortality rates, and novel pathogens, can have a significant 

impact on mental health and well-being, leading to anxiety, 

fear, and depression within communities. The mental health 

consequences of infectious disease outbreaks are a growing 

area of concern for public health systems, especially as 

outbreak rates and intensity increase. Overburdened 

Infrastructure: Outbreaks of climate-sensitive diseases can 

overwhelm healthcare systems, leading to shortages of hospital 

beds, medical supplies, and trained personnel. These shortages 

can be particularly severe in resource-limited settings where 

healthcare infrastructure is already weak. The increased 

demand on health care systems also leads to delays in diagnosis 

and treatment, and can negatively impact care for people with 

non-communicable conditions (20). 

Increased Demand for Specialized Care: Climate-sensitive 

diseases often require specialized diagnostic and treatment 

approaches, further straining healthcare resources, and 

potentially requiring additional training for healthcare 

professionals. The need for specialized isolation units and 

infection control measures can also place a burden on 

healthcare facilities. Challenges with Public Health Capacity: 

Public health agencies are often ill-prepared to handle the 

complex challenges posed by climate-sensitive infectious 

diseases. This includes challenges in surveillance, early 

detection, contact tracing, and public health education. 

Furthermore, they may lack sufficient financial resources to 

respond effectively to large outbreaks. The increasing 

frequency of outbreaks will require a significant expansion of 

public health capacity (21). 

Interrupted Routine Healthcare: Outbreaks of climate 

sensitive infections often interrupt routine healthcare services, 

leading to reduced access to care for other diseases. Outbreaks 

can cause a delay in preventative healthcare services, such as 

vaccination programs, and can also decrease access to care for 

non-communicable conditions. Increased Healthcare Worker 

Burden: Public health and health care staff are placed under 

significant burden when dealing with outbreaks. This can lead 

to mental health problems, burn-out, and a decrease in the 

quality of care. Healthcare worker safety is also compromised 

during outbreaks. Reduced Economic Productivity: Disease 

outbreaks can result in reduced economic productivity due to 

illness, absenteeism from work, and the need for caregivers to 

miss work to care for sick family members. The economic 

impact is particularly pronounced in sectors such as agriculture, 

tourism, and hospitality. These lost productivity costs will 

impact economies locally and globally (22). 

Healthcare Expenditures: The direct and indirect costs of 

managing outbreaks, treating patients, and implementing 

control measures place a significant burden on healthcare 

budgets, creating long term economic consequences. The need 

for novel treatments and rapid diagnostic tools increases 

research and development costs, further straining resources. 

Impacts on Tourism and Travel: Disease outbreaks can severely 

disrupt tourism and travel, leading to decreased revenue and 

economic losses, especially for countries that rely on these 

sectors. Travel advisories and restrictions can lead to 

significant economic impact, both directly and indirectly in 

related industries. Impacts on Agricultural Production: Climate 

change impacts on infectious disease also impact agriculture 

and livestock production, which further negatively impact 

economies, particularly in areas dependent on agriculture. 

Trade and Commerce Disruptions: Disease outbreaks can 

disrupt global trade and commerce, leading to supply chain 

disruptions and decreased economic activity. This impact can 

further exacerbate economic instability (23). 

Displacement and Migration: Climate change induced 

disasters such as flooding, and sea level rise can lead to 

displacement and migration which can disrupt communities 

and lead to increased risk of infectious disease outbreaks and 

increased strain on healthcare systems in both the affected 

communities and surrounding areas. Food Security and 

Nutrition: Climate change impacts on agricultural production 

can lead to food insecurity and malnutrition, making 

populations more susceptible to infectious diseases. This 

impacts nutritional status and makes individuals more 

vulnerable to infection, further exacerbating the impacts of 

climate-sensitive infectious diseases. Water Security and 

Sanitation: Changes in precipitation patterns, drought, and 

flooding all negatively impact water resources and sanitation, 

creating conditions that promote the spread of water-borne 

infections. This further increases the vulnerability of 

populations to disease and contributes to the growing disease 

burden. 

 

5 Conclusion 
Climate change is a multifaceted threat, and its impact on 

infectious diseases is a growing concern. By altering the 

environment, climate change creates favorable conditions for 

the emergence and spread of vector-borne and zoonotic 

infections. This evolving threat demands a comprehensive 

public health response, including robust surveillance systems, 

early intervention strategies, and adaptive measures to mitigate 

the risks of climate-sensitive diseases. Continued research and 
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collaboration are essential to understand the complex interplay 

between climate change and infectious diseases, develop 

effective strategies for prevention and control, and ensure a 

healthier future for all. 
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