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ABSTRACT 
 
Since the middle of the 20th century, human activity has caused Earth's climate 

to change. The Intergovernmental Panel on Climate Change projects that global 

temperatures will continue rising in the coming decades, leading to significant 

environmental and health impacts. This traditional narrative review synthesises 

evidence from previously published literature to determine the epidemiology of 

vector-borne diseases caused by climate change, their environmental factors, 

and solutions to address the issues. The vector-borne diseases, such as West 

Nile virus, malaria, dengue, Chikungunya, and Zika virus, are related to changing 

climatic conditions that create favorable environments for the transmission of 

the disease. The climatic factors include rising temperatures, drought, 

hurricanes, floods, changes in rainfall patterns, higher relative humidity, and 

shifts in wind patterns. The findings indicate that climate change not only 

expands the geographical distribution of vectors such as mosquitoes, ticks, and 

rodents, but also enhances their breeding and survival rates, leading to increased 

transmission risks. To mitigate these impacts, this review proposes several 

strategic solutions, including improved surveillance, adaptation measures, 

disease risk assessments, mitigation, and public health education.   

INTRODUCTION 

Climate change is defined by the National Aeronautics 

and Space Administration (NASA) as a long-term 

alteration in the weather patterns that characterise the 

local, regional, and global climates of Earth.1 Since the 

middle of the 20th century, the Earth's climate has 

changed dramatically because of human activity, 

particularly from the burning of fossil fuels. The Earth's 

average surface temperature has increased due to this 

process, which has raised the atmospheric 

concentrations of heat-trapping greenhouse gases.2  

 

 

 

 

 

Based on the data from the Intergovernmental Panel on 

Climate Change (IPCC), the average global temperature 

over land and ocean surfaces rose by 0.85°C between 

1880 and 2012. According to their prediction, the 

temperature will rise by an additional 1.5°C by the end 

of the 21st century compared to 1850.3 Surface air 

temperatures in Southeast Asia are expected to increase 

by 2°C by 2060 and possibly by 5°C by 2098.4 Figure 1 

illustrates the effects of greenhouse gas emissions, 

showing how they contribute to global warming and 

changes in natural cover, which in turn influence ocean 
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climate, storms, precipitation, sea levels, droughts, and 

related phenomena such as floods, fires, and heatwaves, 

which adapted from.5  

 

 
Figure 1: The continuing release of greenhouse gases (GHGs) affects the 
Earth's system's climatic risks 

 

According to the World Health Organisation (WHO), 

24% of all global deaths are attributable to poor 

environmental conditions annually, mostly owing to 

climate change.6 The ecosystems where diseases, 

vectors, and hosts interact will be impacted both directly 

and indirectly by the predicted rise in annual 

temperatures, altered rainfall patterns, increasing sea 

levels, and the frequency of extreme weather events.7 

Infectious microorganisms become more resilient when 

the environment shifts, thus increasing the frequency 

and severity of diseases.8 Existing studies remain 

fragmented and often focus on isolated pathogens, 

targeted regions, or single climatic variables.9 Limited 

integration of climatic drivers, vector ecology, 

epidemiological trends, and public health strategies, 

along with inconsistencies in how climate affects disease 

transmission.10 An in-depth, comprehensive synthesis 

that summarises the available data, explains these 

relationships, and converts scientific findings into 

practical plans for disease prevention and mitigation is 

needed. Thus, the purpose of this review is to determine 

the epidemiology of vector-borne diseases caused by 

climate change, associated environmental factors, and 

solutions to address the issues.  

 

 

 

MATERIALS AND METHODS 

This article is a traditional narrative review to provide an 

integrative overview of the association between climate 

change and vector-borne diseases. An extensive 

literature search was carried out to identify appropriate 

peer-reviewed articles. It was conducted using the main 

scientific databases, including PubMed, Scopus, Web of 

Science, and Google Scholar. Keywords included 

‘climate change’, ‘global warming’, and ‘vector-borne 

disease’. With a focus on studies addressing 

epidemiological trends, climatic factors, vector ecology, 

and mitigation strategies related to climate-sensitive 

vector-borne diseases, published articles were chosen 

based on their applicability to this review's objectives. To 

provide a comprehensive understanding of existing 

concepts and emerging public health concerns, the 

chosen studies were critically interpreted and discussed. 

 

VECTOR-BORNE DISEASES CAUSED BY CLIMATE 
CHANGE 
In the previous three decades, the newest disease 

outbreaks have been either transmitted by vectors or 

began in animals and then transmitted to people. Vector-

borne infections account for more than 17% of all 

infectious diseases, causing over 700,000 fatalities 

annually.11 Climate change has a significant impact on 

arthropod vectors. Pathogens transmitted by 

mosquitoes and ticks cause vector-borne infections. Due 

to their distinct biological traits, these two types of 

vectors will react differently to climate change. Both 

mosquitoes and ticks are arthropods and ectothermic 

creatures, which means their surroundings have an 

impact on the surrounding temperature.12 Figure 2 

illustrates how various weather events can affect vector 

activity, increase the risk of disease transmission, and 

impact vector populations. These changes, in turn, affect 

the spread of vector-borne diseases. 
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Figure 2: The influence of severe weather events on vectors and vector-borne 
diseases 

 

One of the most important environmental factors 

influencing the spread of vector-borne diseases is 

temperature. Rising temperatures prolong transmission 

seasons and broaden geographic spread by accelerating 

mosquito growth, reducing pathogen incubation 

periods, increasing bite frequency, and improving vector 

survival.13 The increased risk of diseases transmitted by 

mosquitoes seen under climate change settings is              

mostly due to these temperature-driven biological 

interactions.14 

 

The transmission of vector-borne diseases can be 

facilitated by international travel, as it brings new vectors 

to areas with more favorable environmental conditions 

and can also introduce new pathogens to both native    

and invasive vector populations.15 The rate at which 

pathogens develop and reproduce in mosquitoes is 

significantly influenced by temperature.16 People who 

spend more time outside cleaning up after a hurricane or 

flood are more vulnerable to mosquito bites. While 

numerous observational and modelling studies support 

this association, the magnitude of temperature-related 

effects varies across regions and vector species, 

indicating that local ecological conditions play an 

important modifying role.17 

 

Vectors have been introduced via trade routes 

throughout history, with ships playing an essential role 

in the spread of mosquitoes. These insects were able to 

adapt in regions with favourable climatic circumstances 

through their spread.18 The mosquitoes that act as 

vectors for spreading mosquito-borne diseases are 

Aedes, Anopheles, and Culex. These mosquitoes 

become carriers of disease-causing germs when they 

feed on the blood of diseased hosts and then transmit 

these pathogens to a new host during their next blood 

meal.11 Several blood-sucking insect species, including 

the Asian Tiger Mosquito (Aedes albopictus), the Stable Fly 

(Stomoxys calcitrans), the Yellow Fever Mosquito (A. 

aegypti), and the Deer Fly (Chrysops spp.), contribute to the 

spread of these diseases.19 

 

Overwintering can enhance the spread of several species 

as their development rate rises, notably in Arctic 

conditions.20 Climate change leads to greater 

temperatures along altitudinal gradients. Hence, 

locations with temperate climates and greater altitudes 

(i.e., upslope) may become more conducive to the 

spread of diseases by vectors. Since mosquitoes are 

aquatic insects, the availability of water is essential to 

their life cycle and larval stage.11 Their biological traits 

and feeding behaviour are impacted by humidity, which 

improves vector population dynamics when air humidity 

levels are high.21 During conditions of high humidity, 

such as during storms, heavy rains, and floods, stagnant 

water accumulates and provides perfect breeding 

grounds for mosquitoes.4 

 

Mosquito-borne diseases may spread to new areas 

because of climate change; however, this transmission is 

also influenced by non-climatic factors such as rapid 

urbanization, increased population density, global travel, 

land use change, and socioeconomic inequalities that 

affect housing quality, sanitation, and access to vector 

control.22 This occurs when formerly uninhabitable 

places turn into conducive breeding grounds for 

mosquitoes that spread the disease.23 The West Nile 

virus has expanded to new areas caused by climate 

change, just like other mosquito-borne illnesses. In 1999, 

the West Nile virus was initially identified in the United 

States in New York City, but it has been circulating in 

Africa since the 1930s.24 In 2010, it led to a major 

outbreak in Europe that affected nations like Greece, 

Romania, Hungary, Spain, Russia, Turkey, Italy, France, 

Portugal, and Serbia. Since then, annual West Nile virus 

outbreaks have occurred in Eastern and Southern 
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Europe, suggesting that the virus is still being spread by 

the expanding mosquito populations.25 

 

In the northern Gulf of Mexico, early-season hurricanes 

can raise the total yearly number of West Nile Virus by 

7.8% and contribute to 94.3% of human neuroinvasive 

incidence across all locations, enhanced by hurricane 

damage. Culex mosquitoes carry the West Nile virus. 

Although more than 60% show no symptoms, the 

infections can pose considerable hazards, particularly for 

the elderly.26 This mosquito-borne virus can lead to 

deadly encephalitis in humans, mammals, and birds. Due 

to increased rainfall and a prolonged mosquito activity 

season brought on by rising temperatures, the disease's 

incidence has increased.21 The 2010 West Nile virus 

outbreak was mostly caused by abnormal temperature 

increases above the monthly average. As temperatures 

rise, the extrinsic incubation period of the West Nile 

virus in Culex mosquitoes drastically decreases.27 

 

Over the previous 10 years, cases of locally transmitted 

malaria, dengue, and Chikungunya have been detected in 

continental Europe.26 The life cycle of dipteran vectors, 

such as mosquitoes, is relatively short, taking only a few 

days to complete each stage of development from egg to 

adult, which can range from a week to several months. 

These vectors are particularly susceptible to climate 

fluctuations. Therefore, temperature variations, mostly 

brought on by global warming, may have an impact on 

the dynamics of disease transmission, changing the 

epidemiology of endemic mosquito-borne diseases.28 

Global climate suitability for the transmission of dengue 

has grown by 15.0% for A. albopictus and 8.9% for A. 

aegypti, both of which are responsible for spreading the 

disease.29 The Chikungunya, dengue, and Zika vector 

albopictus has spread throughout the world, including 

the Mediterranean area and Florida.12 

 

The El Niño Southern Oscillation has an impact on the 

temperature of the sea surface, rainfall, and wind 

patterns across the Pacific Ocean, which are important 

factors influencing dengue incidence.30 After Hurricane 

Mitch in 1998, Central American countries experienced 

about 40,000 cases of dengue due to disrupted vector 

control measures.31 A study in Southern Europe 

emphasizes the potential for future climate conditions to 

create more susceptible environments for dengue 

transmission.27 Starting from 2050, climate change is 

expected to lead to higher temperatures and increased 

rainfall, which could make certain regions more suitable 

for the spread of dengue. These regions include 

southern and western Africa, the southeastern United 

States of America, northern Argentina, central Mexico, 

and inland areas of Australia. Meanwhile, coastal towns 

in eastern China and Japan are anticipated to become 

more conducive environments to the transmission of 

dengue by 2050.32 

 

The Zika virus is mostly transmitted by the bites of 

infected Aedes mosquitoes. It can have serious 

neurological effects, such as microcephaly in foetuses 

and, less frequently, Guillain-Barré syndrome, a paralytic 

autoimmune disease.33 After a traveller brought the virus 

to north-eastern Brazil in 2014, the first human case was 

found in May 2015, sparking an outbreak the same 

year.34 After that, it expanded to most of the Caribbean 

and South and Central American nations.27 The Zika 

virus started to spread widely over the world in the next 

few years, causing severe outbreaks in South America 

and circulating in several African and Southeast Asian 

nations.35 The drought may have caused people to 

frequently store drinking water in open containers at 

home, which may have contributed to the outbreak by 

providing ideal breeding and exposure conditions for 

disease-carrying vectors.26 

 

Interestingly, vector-borne diseases are regularly 

affected by extreme weather events. While drought 

conditions may potentially pose disease risk by 

encouraging household water storage practices that 

facilitate mosquito reproduction, flooding events 

frequently enhance vector populations by creating 

temporary breeding sites.27 These conflicting 

mechanisms show that, depending on local 

infrastructure, water management techniques, and 
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human behaviour, both excess and scarcity of water may 

increase the risk of transmission.36 

 

The most prevalent tick-borne disease in temperate 

Europe is Lyme disease, which is spread by Ixodes ticks 

carrying bacteria from the Borrelia genus.37 The primary 

vectors of this disease are the Blacklegged Tick (i.e., 

Ixodes scapularis) and Western Blacklegged Tick 

(Ixodes pacificus). The virus that causes numerous cases 

of tick-borne encephalitis every year in European 

nations is also spread by these ticks.38 Both Lyme 

borreliosis and tick-borne encephalitis, which are 

thought to be the most serious tick-borne diseases in 

Europe, are mostly spread by Ixodes Ricinus.12 In 

contrast, Ixodes scapularis is the main vector in North 

America. Figure 3 was adapted from Semenza et al.26 It 

displays the life cycle of ticks, their interaction with hosts 

and humans, and how environmental factors such as 

temperature and humidity could influence tick activity 

and transmission pathways. 

 

 
Figure 3: Climatic and meteorological elements that encourage tick life cycles 
and increase human risk. 

 

Increased tick survival over the winter and an increase in 

tick populations can result from warmer winter 

temperatures. In nations like Sweden, Slovakia, and 

Hungary, moderate winters and warm, humid summers 

have been linked to a high prevalence of tick-borne 

diseases.12 It is noteworthy that the impact of the climate 

on daily activities may also have an impact on the 

occurrence of these diseases.16 People may start outdoor 

activities early in the spring and continue them into the 

autumn due to temperature change, coinciding with tick 

activity. Longer exposure to tick habitats increases the 

potential of encountering ticks because they are active 

from the springtime melting of snow until the autumn 

return of snow cover.39 

 

A zoonotic disease that is spreading throughout Europe, 

Russia, and several regions of Asia is tick-borne 

encephalitis. The yearly incidence rates of tick-borne 

encephalitis per 100,000 individuals were 2 to 5.4 times 

higher between 2005 and 2015 than the equivalent 

national rates.40 The European Union recorded 2,057 

tick-borne encephalitis cases in 2014. The number of 

cases reported in endemic areas in Europe has increased 

by about 400% in the last 30 years; however, this 

increase can also be linked to better monitoring and 

diagnosis.16 According to a study that looked at 

epidemiological changes in tick-borne encephalitis 

incidence in the Russian Federation over two decades, 

Siberia and the Far East are experiencing the biggest 

changes from 1997 to 2006 and from 2007 to 2016.26 

The most prevalent tick-borne disease in the world is 

Lyme disease. With an estimated 65,000 cases per year, 

it is often referred to as Lyme borreliosis or tick-borne 

borreliosis and is the most prevalent common vector-

borne disease in the European Union.16 Erythema 

migrans rash and non-specific symptoms like headache, 

fever, exhaustion, and joint and muscle aches are 

common manifestations. If left untreated, it might 

escalate to a multisystem disease. Though it is rarely 

fatal, recent reports have linked deaths to Lyme 

carditis.39 With a 20% rise in incidence under a 2°C 

scenario, it is anticipated that the Lyme disease season 

will spread throughout the United States of America in 

the upcoming decades. The yearly Lyme disease season 

is expected to start earlier and last longer because of this 

increase.16 

 

Vector-borne disease risk is often shaped by the 

interaction of socioeconomic and climatic factors. The 

adverse effects of climate change on health can be 

worsened by informal settlements, poor drainage 

systems, inadequate waste management, and limited 

access to healthcare.41 Rainfall variability and humidity 

influence vector breeding through water availability and 

habitat suitability; however, their effects vary depending 
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on local infrastructure and human water-use practices.42 

The significance of social vulnerability in the spread of 

climate-sensitive diseases is further demonstrated by the 

fact that equivalent climatic exposures may result in 

substantially varying disease outcomes among 

communities.43 Figure 4 provides an overview of five 

vector-borne diseases, such as West Nile virus, malaria, 

dengue, Chikungunya, and Zika virus, and how they are 

impacted by climate change.  

 

 
Figure 4: Climate change impacts on the geographic distribution, 
transmission mechanisms, and vector ecology of five major vector-borne 
diseases 
 

Much research relies on ecological or modelling 

methodologies, which may limit causal inference, despite 

increasing evidence connecting vector-borne diseases 

with climate change. Variability in findings can be 

attributed to differences in study design, data quality, 

surveillance effectiveness, and regional reporting 

systems.44 These limitations emphasize the need for 

further multidisciplinary, longitudinal, and standardized 

research to more accurately measure the links between 

climate change and vector-borne diseases. 

 

SOLUTIONS TO ADDRESS THE EFFECTS OF CLIMATE 
CHANGE ON VECTOR-BORNE DISEASE  
To detect and control vector-borne disease epidemics, 

surveillance is crucial. It entails collecting and evaluating 

information regarding vector-borne diseases. By 

offering insights into frequency, trends, affected 

demographics, and geographic distribution, this 

approach helps in the management and control of the 

diseases. In addition, it is crucial to adopt a One Health 

approach that considers the epidemiology of animal 

infections.45 The identification of emerging pathogens, a 

greater emphasis on vectors, enhanced control for 

pathogens, and the integration of extensive 

meteorological data into human and animal 

epidemiological studies will necessitate an increase in 

funding, as well as the hiring and training of qualified 

staff.46 Clinicians should receive training from medical 

schools, residency programs, fellowships, and 

continuing medical education to anticipate and handle 

these changing issues.47 Furthermore, ENSO forecasts 

can be included in vector-borne disease prediction 

models, anticipating El Niño episodes up to two years in 

advance. It entails creating and adopting practical plans, 

regulations, and measures to raise public awareness, 

lower those risks, and enhance readiness, response, and 

recovery procedures from the effects of climate 

change.48 

 

Moreover, the primary focus of risk assessment should 

be on potential hazards such as contaminated water 

sources, inadequate sanitation and cooking facilities, 

hazardous shelter conditions, population displacement 

leading to overcrowding, increased exposure to disease 

vectors, and limited access to healthcare services.49 

Vaccination can provide direct population-level 

protection against selected vector-borne infections, 

thereby reducing disease severity, transmission potential, 

and outbreak magnitude. However, vaccine availability 

remains limited for many climate-sensitive diseases, 

highlighting the continued importance of integrated 

vector control measures. These include environmental 

management to reduce breeding sites, use of insecticide-

treated materials, biological control approaches, and 
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community-based interventions.50 Optimising scarce 

resources to counter the global threat of vector-borne 

diseases requires a deeper comprehension of future 

vaccination demand, as well as the impact of animal 

migration and commerce.  

 

CONCLUSION 

Understanding the impact of climatic factors on vector-

borne disease transmission is essential for developing 

effective strategies to mitigate risks. Diseases such as 

West Nile virus, Malaria, Dengue, Chikungunya, and 

Zika virus are closely linked to rising temperatures, 

drought, hurricanes, floods, changes in rainfall patterns, 

increasing temperature, higher relative humidity, and 

shifts in wind patterns, which affect the survival and 

development of disease-carrying vectors. To address 

these challenges, comprehensive surveillance, systematic 

data analysis, and adaptation strategies are necessary. 

Evidence from epidemiological and modelling studies 

demonstrates that integrated vector control strategies, 

climate-informed surveillance systems, and early 

warning systems can improve outbreak prediction and 

reduce transmission risk for vector-borne diseases. 

Campaigns for community health education are essential 

for increasing awareness and enabling communities to 

lower the risks related to vector-borne diseases and 

climate change. Future research should prioritise 

longitudinal, region-specific studies that integrate 

climatic variables, vector ecology, and socioeconomic 

factors to better quantify causal relationships between 

climate change and disease transmission. 

Methodological approaches combining epidemiological 

surveillance, climate modelling, and One Health 

frameworks are needed to evaluate the effectiveness of 

mitigation strategies and support evidence-based public 

health policy in vulnerable settings. 
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