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Abstract:  

Climate change is changing how emerging infectious diseases (EIDs) spread over the 

world. The ecological conditions in which diseases, vectors, and hosts interact are chang-

ing because of rising temperatures, shifting patterns of rainfall, and increasingly frequent 

extreme weather events. This narrative review compiles existing research on climate-sen-

sitive infectious illnesses and elucidates the principal mechanisms influencing observed 

changes. Food- and water-borne illnesses (e.g., cholera, leptospirosis) are increasingly 

linked to droughts, floods, and disruptions in infrastructure. Vector-borne diseases like 

dengue, chikungunya, malaria, and Lyme disease are spreading to highland and temper-

ate areas. At the same time, zoonotic spillovers like Ebola, Nipah, and SARS-CoV-2 are 

happening more commonly in areas where the ecosystem has been altered. New worries 

are thermotolerant fungal infections and microorganisms that live in permafrost. This re-

view does not offer new epidemiological modelling; instead, it puts recent Global Burden 

of Disease (GBD) estimates into context. These estimates reveal that the burden of infec-

tious diseases is rising in regions that are sensitive to climate change, including sub-Sa-

haran Africa, South Asia, and Latin America. Weak surveillance systems, health disparities 

caused by climate change, and broken data streams are some of the biggest gaps in re-

sponse. Improvements in AI-based forecasting, satellite surveillance, pathogen genomes, 

and One Health methods provide useful tools for taking action before something happens. 

It is important to build public health systems that are climate-responsive, transdiscipli-

nary, and fair in order to reduce the growing dangers posed by infectious illnesses con-

nected to climate change. 
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Introduction 

Climate change is now universally recognized as 

both an environmental problem and a serious threat to 

world health [1]. Anthropogenic increases in green-

house gas emissions have caused a cascade of ecological 

changes, including rising global temperatures, chang-

ing precipitation patterns, sea-level rise, and an increase 

in the frequency of extreme weather events. These en-

vironmental changes are hastening transitions in the 

habitats and life cycles of many disease vectors, upset-

ting ecological balances, and intensifying interactions 

between humans, animals, and pathogens [2]. As a re-

sult, the landscape of infectious illnesses is experiencing 

rapid and complicated alterations, with previously ge-

ographically restricted pathogens spreading into new 

territory and previously controlled infections resurfac-

ing under novel climatic conditions [3]. 

Emerging infectious diseases (EIDs) are infections 

that have recently arrived in a community or are rap-

idly rising in prevalence or geographical spread. They 

could be caused by previously unknown pathogens or 

by existing agents developing new pathogenicity, host 

range, or resistance profiles. Importantly, the origin and 

re-emergence of infectious illnesses are becoming more 

closely related to climate-sensitive dynamics [4]. Vec-

tor-borne diseases like malaria and dengue fever, for 

example, are now showing up in highland and temper-

ate zones that were previously thought to be non-en-

demic. Waterborne outbreaks of cholera, leptospirosis, 

and other enteric illnesses are common after floods and 

natural disasters, while deforestation and changing 

land use have encouraged the zoonotic spread of vi-

ruses such as Ebola, Nipah, and SARS-CoV-2. These 

patterns highlight the complexities and changing na-

ture of climate-driven infectious hazards [5]. 

Although understanding of these connections has 

improved, significant gaps remain in the research.  

Much of the existing work is still divided by region, dis-

ease kind, or disciplinary viewpoint. Few reviews have 

combined the global scale of climate-related EID dy-

namics, highlighting novel patterns of emergence, path-

ogen adaptation, and regional vulnerability. Further-

more, while international organizations have built 

frameworks for climate-resilient health systems, the 

translation of climate science into infectious disease 

preparedness is still unequal and inadequate in many 

locations, particularly in low- and middle-income na-

tions [6]. 

While this review does not conduct original inter-

disciplinary modelling like the formal GBD studies, its 

findings are consistent with GBD trends showing an in-

creasing proportion of infectious disease burden in re-

gions highly exposed to climate variability (e.g., sub-Sa-

haran Africa, South Asia, and Latin America). Recent 

GBD estimates confirm a rise in climate-sensitive infec-

tious disease DALYs — particularly vector-borne dis-

eases such as dengue, malaria, and Lyme disease — in 

geographic areas where temperature and rainfall anom-

alies have intensified over the past two decades. Our 

discussion aligns with these trends by synthesizing eco-

logical and epidemiological mechanisms that help ex-

plain the burden patterns documented by GBD. Hence, 

rather than contradicting GBD, our findings contextual-

ize and support GBD observations by providing mech-

anistic pathways linking climate change to the shifts in 

infectious disease burden captured in GBD estimates.  

This study aims to fill these essential gaps by giv-

ing a thorough and up-to-date overview of how climate 

change is altering the worldwide distribution, dynam-

ics, and risk profile of emerging infectious illnesses.This 

paper is structured as a narrative review, drawing on 

peer-reviewed literature and global data sources to syn-

thesize current knowledge on climate-sensitive infec-

tious disease trends. Targeted searches were conducted 

in PubMed, Web of Science, and Scopus using combi-

nations of the keywords “climate change,” “emerging in-

fectious diseases,” “vector-borne,” “zoonotic,” “public 

health,” and “global burden.” Grey literature from global 

health organizations (e.g., WHO, IPCC, GBD) was also 
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included. Sources were selected based on their rele-

vance, credibility, and contribution to understanding 

climate-related disease dynamics and response gaps. 

No systematic inclusion/exclusion protocol or meta-

analysis was employed, in keeping with the integrative 

nature of a narrative review. We specifically look at the 

ecological mechanisms by which climate factors pro-

mote disease onset, identify key disease categories that 

are changing, investigate regional trends and hotspots 

of concern, and assess the current status of public health 

preparedness. This review intends to guide future re-

search, surveillance tactics, and policy frameworks for 

anticipating and managing climate-sensitive infectious 

disease risks by emphasizing current data and incorpo-

rating interdisciplinary viewpoints [7]. 

Methodology 

Search Strategy and Selection Criteria: Litera-

ture searches were conducted in PubMed, Web of Sci-

ence, and Scopus using combinations of the keywords 

“climate change,” “emerging infectious diseases,” “vec-

tor-borne,” “zoonotic,” “public health,” and “global 

burden.” Grey literature from reputable global health 

organizations (e.g., WHO, IPCC, GBD) was also in-

cluded. 

Inclusion criteria were: (i) peer-reviewed articles 

or authoritative reports published between 2000 and 

2025; (ii) studies that explicitly examined links between 

climate variables and infectious disease emergence, dis-

tribution, or transmission; and (iii) works providing 

empirical data, modeling, or systematic reviews rele-

vant to climate-sensitive infectious diseases. 

Exclusion criteria were: (i) studies without a clear 

focus on climate–disease interactions; (ii) opinion pieces 

without supporting data; and (iii) duplicate records 

across databases.  

 

Climate-Driven Mechanisms of Disease Emergence

Interdisciplinary research that combines climatol-

ogy, ecology, and epidemiology is shedding new light 

on the relationship between climate dynamics and in-

fectious disease onset. Climate change disrupts the bio-

logical and environmental processes that regulate path-

ogen transmission, acting as both a catalyst and an am-

plifier of infectious disease risks. Several climate-sensi-

tive systems play an important role in shaping current 

and future patterns of disease onset [8]. 

One of the most obvious and well-documented ef-

fects is the impact of temperature and rainfall on vector 

life cycles. Mosquitoes, ticks, sandflies, and other ar-

thropod vectors are ectothermic creatures whose devel-

opment, reproduction, and feeding habits are heavily 

influenced by environmental temperature [9]. Rising 

global temperatures have increased disease vectors' ge-

ographic range and seasonal activity, allowing diseases 

including malaria, dengue fever, chikungunya, and 

Lyme disease to spread into previously non-endemic 

highland and temperate regions. Changes in rainfall 

patterns, such as increased frequency of heavy precipi-

tation events and protracted droughts, can affect breed-

ing habitats, increasing mosquito multiplication in stag-

nant water collections and bringing wildlife closer to 

human settlements during times of water scarcity [10]. 

Notably, new vector-pathogen connections are emerg-

ing, such as Aedes albopictus' adaptation to milder 

climes, which could indicate an evolutionary shift in 

vector competence under climatic stress.  

Extreme weather phenomena, particularly floods, 

storms, and droughts, act as acute triggers for infectious 

disease outbreaks. Flooding not only contaminates wa-

ter supplies, raising the risk of waterborne diseases like 

cholera, hepatitis A, and leptospirosis, but it also dis-

rupts health infrastructure and forces people to live in 

overcrowded, unhygienic shelters. Heatwaves can ex-

acerbate respiratory infections by raising particulate 

matter and allergen levels, whereas wildfires have been 

associated with an increase in hospitalizations for viral 

respiratory disorders [11]. The clustering of epidemics 

following these events suggests increased pathogen ex-

posure as well as decreased disease control capabilities. 

Importantly, the temporal association between climate 
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anomalies and disease outbreaks is becoming more pre-

dictable, opening pathways for anticipatory public 

health interventions [12]. 

Climate change also fosters disease onset through 

habitat destruction and zoonotic spillovers. As ecosys-

tems deteriorate due to deforestation, desertification, 

and agricultural encroachment, which is typically 

caused by climate-related land degradation, wildlife is 

forced to interact more closely with human populations 

[13]. This ecological convergence enhances disease 

transmission from wildlife reservoirs to human hosts. 

The advent of SARS-CoV-2, as well as earlier zoonoses 

like Ebola and Nipah virus, demonstrates the increas-

ingly porous barrier between wildlife and human dis-

ease ecologies. Recent research has highlighted the ex-

pansion of bat habitats as a result of rising temperatures 

and changing food availability, raising the potential of 

bat-borne virus spillovers in new geographic areas [14]. 

Thawing permafrost and releasing ancient germs 

is an unexplored but potentially significant frontier. As 

Arctic and sub-Arctic permafrost melts at a faster rate, 

long-dormant microorganisms such as viruses, bacte-

ria, and fungal spores may revive. A commonly recog-

nized incident occurred in 2016, when a decades-old an-

thrax-infected reindeer carcass thawed, resulting in a 

human outbreak in Siberia [15]. While the full scope of 

this hazard is unknown, new metagenomic analysis of 

permafrost cores has revealed viable microbial DNA 

extending back tens of thousands of years, raising valid 

concerns about the resurgence of illnesses against 

which present populations may be immune [16]. 

Emerging information also points to previously 

underappreciated illness amplification pathways. 

These include climate-induced variations in host im-

munity caused by heat stress and nutritional shortages, 

microbial evolution in response to environmental 

stressors, and changes in soil ecology that affect fungal 

pathogen dynamics [17]. For example, Candida auris, a 

multidrug-resistant fungus, is thought to have devel-

oped as a result of temperature adaptation in reaction 

to global warming. Toxigenic fungi, such as Aspergillus 

and Fusarium, also show increased sporulation in re-

sponse to drought and high temperatures, which has 

implications for respiratory and foodborne infections 

[18]. 

Together, these climate-driven mechanisms high-

light the profound and complex ways in which a warm-

ing world is changing the global infectious disease 

landscape. As these processes intensify and overlap, 

they necessitate proactive, integrated responses based 

on ecological awareness and predictive surveillance [7]. 

The intricate interplay of climatic variables, ecological 

disruption, and infectious disease dynamics can be 

viewed as a systems-based cascade of interconnected 

factors. Figure 1 depicts a graphic framework that con-

nects these components and demonstrates how climate 

change influences public health outcomes via numer-

ous interrelated routes [19]. 
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Figure 1. Conceptual Framework: Climate 

Change as a Driver of Infectious Disease Emergence. 

This diagram depicts the causal pathways that connect 

climate drivers—such as temperature rise, rainfall var-

iability, and extreme weather events—to environmen-

tal and 

ecological changes, pathogen dynamics, and, ul-

timately, public health consequences. Altering vector 

habitats, displacing wildlife, increasing urban conges-

tion, health disparities, and inadequate surveillance 

systems are all important intermediate processes.  

These combined pressures result in increased ep-

idemic frequency, geographical distribution, and mor-

tality from developing infectious diseases. The frame-

work promotes integrated, system-level thinking in 

public health preparation and climate adaptation plan-

ning.

Changing Patterns of Key Infectious Dis-

eases  

Climate change is reshaping vector ecology, wa-

ter systems, and human-animal interfaces, causing sig-

nificant changes in the distribution and epidemiology 

of infectious diseases. This section investigates cli-

mate-induced changes in three key categories of infec-

tious diseases: vector-borne, water- and food-borne, 

and zoonotic spillover events, with a focus on novel 

geographies, changed seasonality, and developing 

transmission mechanisms. 

Vector-borne Diseases 

Vector-borne diseases are among the most vulner-

able to climate change, as arthropod vectors such as 

mosquitoes, ticks, and sandflies rely heavily on envi-

ronmental temperature, humidity, and rainfall for sur-

vival, reproduction, and biting activity. Climate change 

has significantly altered the geographic and seasonal 

distribution of numerous major vector-borne diseases, 

resulting in epidemics in formerly climatically inappro-

priate places [20]. 

 

Malaria, which was formerly confined to tropical 

and subtropical zones, is now being reported in high-

altitude parts of East Africa and South America, where 

rising temperatures have allowed Anopheles mosqui-

toes to establish seasonal transmission [21]. The high-

land regions of Ethiopia and Kenya, for example, have 

seen episodic spikes in malaria prevalence coincide 

with unusually warm seasons, a pattern now corrobo-

rated by predictive climate-epidemiological models. 

These developments pose significant risks for immuno-

logically vulnerable individuals and poor health sys-

tems in highland areas [22]. 

Dengue fever, principally transmitted by Aedes aegypti 

and Aedes albopictus, has rapidly spread throughout 

Asia, the Americas, and, increasingly, Europe. Dengue 

fever, long thought to be a tropical disease, is now being 

recorded on a seasonal basis in southern France, Croa-

tia, and areas of the southern United States [23]. The 

adaptive migration of Aedes albopictus into temperate 

areas, enabled by diapause (cold-hardy eggs), demon-

strates the vectors' evolutionary adaptability under cli-

mate constraints. Furthermore, the expansion of the 

dengue transmission season, typically by several weeks 

or months, puts further strain on already overburdened 

vector-control operations [24]. 

 

Chikungunya and Zika virus, which are both 

spread by Aedes mosquitoes, have followed similar re-

gional expansion trends. Chikungunya outbreaks in It-

aly and France, as well as the rapid spread of Zika 

across the Americas in 2015-2016, demonstrate how 

quickly vector-borne viruses may establish themselves 

in new climatic zones when ecological and immunolog-

ical conditions meet. Climate variability has a crucial 

role in facilitating epidemics, particularly during El 

Niño periods or warm seasons [25]. 

 

Lyme disease, caused by Borrelia burgdorferi and 

transmitted by Ixodes ticks, has progressively spread in 

North America and Europe. Warmer winters and 

longer growing seasons have increased tick survival 

and host-vector contact, especially in peri-urban and 
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suburban settings. In Canada, the northern border of Ix-

odes scapularis has changed several hundred kilome-

ters in the last two decades, and portions of Scandinavia  

now record endemic transmission zones that were not 

there in earlier decades [26].

                                               

Collectively, these examples illustrate that vector-

borne diseases are not only moving geographically but 

also becoming less predictable in their seasonality and 

intensity, challenging traditional surveillance frame-

works. 

Water- and Food-borne Infections 

Water- and food-borne diseases are inextricably 

linked to climatic conditions, including precipitation 

patterns, flooding, temperature, and water infrastruc-

ture reliability. These illnesses are especially frequent in 

low-resource areas where climate extremes exacerbate 

existing infrastructure deficiencies. 

 

Cholera, caused by Vibrio cholerae, has a signifi-

cant link to rising sea surface temperatures, increased 

rainfall, and coastal flooding—conditions that promote 

the expansion of planktonic hosts and the contamina-

tion of drinking water. El Niño occurrences have been 

linked to cholera epidemics in the Bay of Bengal and 

East Africa. Models may predict regional outbreaks 

weeks ahead using sea surface temperature anomalies. 

In Haiti, the disastrous 2010 outbreak following an 

earthquake and flooding demonstrated how climatic 

and sociopolitical fragilities converge to create epi-

demic conditions [27]. 

 

Typhoid fever, caused by Salmonella enterica 

serovar Typhi, is still endemic in many parts of South 

Asia and Sub-Saharan Africa. Flooding occurrences 

have been associated with an increase in typhoid cases 

due to overburdened sewage systems and contamina-

tion of water sources. At the same time, drought cir-

cumstances may result in the concentration of patho-

gens in stagnant water or the usage of contaminated 

water sources, as seen in northern Nigeria and southern 

India [28,29]. 

 

Leptospirosis, a zoonotic bacterial infection 

spread through water polluted with diseased animals' 

urine, is becoming more well recognized as a climate-

sensitive disease. Outbreaks are frequently followed by 

heavy rainfall and flooding, especially in tropical and 

subtropical areas with inadequate sanitation and urban 

drainage systems. Recent research from Brazil, Sri 

Lanka, and the Philippines has shown that seasonal lep-

tospirosis outbreaks coincide with monsoon rains, and 

accumulating data suggest that climate change may po-

tentially be altering rodent reservoir dynamics [30]. 

These diseases exemplify how climate change exacer-

bates existing water insecurity and sanitation gaps, dis-

proportionately affecting vulnerable populations with 

limited access to safe water and health care services 

[31]. Furthermore, they highlight the urgent need for 

climate-resilient water and sanitation infrastructure as 

a core component of infectious disease prevention. 

Zoonotic and Viral Spillover Events 

Climate change is also accelerating the emergence 

of zoonotic diseases—those transmitted from animals 

to humans—by increasing human encroachment into 

wildlife habitats and altering the behavior, distribution, 

and immune dynamics of both wildlife and domestic 

animals. 

Nipah virus, a bat-borne paramyxovirus discov-

ered in Malaysia in 1998, has resurfaced irregularly in 

Bangladesh and India, frequently with high case fatality 

rates [32]. Deforestation and changes in fruiting tree 

phenology have brought fruit bats closer to human set-

tlements, where viral transmission can occur through 

contaminated food sources (for example, raw date palm 

sap) or direct contact. Climate change, which affects 

food availability and bat roosting habits, is increasingly 

being linked to the seasonal risk of spillover [33]. 
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Ecological disturbances brought on by hunting, 

deforestation, and climate irregularities have also been 

connected to epidemics of the Ebola virus disease in 

Central and West Africa. Deforestation and landscape 

fragmentation in Guinea led to an atypical climate dur-

ing the 2013–2016 West African Ebola epidemic, which 

may 

have increased human exposure to bat reservoirs [34]. 

Although little is known about Ebola's zoonotic poten-

tial, there is growing evidence that ecosystem stress 

brought on by climate change may increase the likeli-

hood of future outbreaks [35]. 

 

The virus that causes COVID-19, SARS-CoV-2, is a 

powerful illustration of how anthropogenic factors 

linked to climate change, such as habitat encroachment, 

animal trade, and urbanization, can foster the formation 

of new pathogens [36]. The pandemic has brought at-

tention to the delicate ecological balance that prevents 

the introduction of high-consequence zoonotic viruses,    

even though the exact causes are still being investigated 

[37].  

 

Beyond isolated outbreaks, the global risk environment 

is currently characterized by a higher frequency of spill-

overs, partly due to changes in host biodiversity, migra-

tion patterns, and pathogen shedding dynamics that are 

connected to climate change. According to studies, by 

2070, climate change may cause hundreds of mammal 

species to move geographically, which could lead to 

new cross-species viral transmission events[38]. Many 

of these occurrences could take place in areas with 

dense populations of people and little surveillance ca-

pability. 

 

The significant ecological and epidemiological effects of 

climate change are reflected in the shifting trends of in-

fectious diseases in these three categories. These 

changes are qualitative, altering the parameters of risk 

and necessitating new frameworks for surveillance, 

readiness, and intervention, in addition to being quan-

titative in kind, measured in new cases or outbreaks 

[39]. The diseases that will influence our public health 

futures will change along with the climate. Figure 2 

shows the spatiotemporal distribution of a few high-

burden infections over the past few decades, emphasiz-

ing important transition zones and new risk areas 

across regions to illustrate the growing geographic foot-

print of climate-sensitive infectious illnesses. 
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Figure 2 shows how climate-sensitive diseases have 

spread geographically between 1990 and 2025. From 

1990 to anticipated trends in 2025, this choropleth 

global map shows the chronological and spatial spread 

of four main climate-sensitive diseases: dengue, malaria, 

Lyme disease, and chikungunya/Zika. Whereas 

directional arrows show migration patterns across 

continents and biological zones, color gradients show 

the times when diseases first appeared or became more 

severe. With obvious ramifications for public health 

readiness in recently impacted areas, the graphic 

illustrates the poleward and altitudinal changes in 

disease distribution brought on by warmer 

temperatures, changed precipitation, and ecological 

disturbance. 

 

Regional and Global Hotspots 
The prevalence of infectious diseases that are im-

pacted by climate change is not distributed equally 

around the world. Instead, it depicts intricate relation-

ships between regional ecological systems, public 

health infrastructure, sociopolitical settings, and cli-

matic factors [40]. This section examines major geo-

graphic regions where the dangers of infectious dis-

eases caused by climate change are growing, emphasiz-

ing emergence and reemergence patterns that indicate 

both immediate vulnerabilities and more general global 

trends. Table 1 lists the main EIDs by globe area, prin-

cipal vector or reservoir, and related climatic determi-

nants to put the spatial variability of climate-sensitive 

emerging infectious diseases (EIDs) into perspective 

[41]. 

 

Table 1: Climate-Sensitive Emerging Infectious Dis-

eases by Region and Vector.  

 

Climate-Sensitive Emerging Infectious Diseases and 

Their Main Vectors of Transmission by Region. The 

main EIDs impacted by climate change are listed in this 

table, arranged by global region, linked vectors or res-

ervoirs, and climate-related causes (such as rising tem-

peratures, flooding, and changes in land use). 

 

Table 1. Climate-Sensitive Emerging Infectious Diseases by Region and Vector 

Region Disease(s) 

 

Primary Vector/Reservoir 

 

Climate Driver(s) 

 

Sub-Saharan Af-

rica[22] 

Malaria, Rift Valley Fever Anopheles spp., livestock, 

mosquitoes 

 

Rising temperature, 

heavy rainfall 

Asia-Pacific[30] Dengue, Leptospirosis, 

Japanese Encephalitis 

Aedes spp., rodents, pigs, 

Culex spp. 

Monsoon variability, ur-

ban flooding 

 

The Americas[42] 

 

West Nile Virus, Hanta-

virus 

 

Birds, mosquitoes, ro-

dents 

Drought–flood cycles, 

warming trends 

 

Europe[43] 

 

Tick-borne Encephalitis, 

Dengue 

 

Ixodes ticks, Aedes spp 

 

Milder winters, urban 

heat islands 

Arctic/Sub-Arc-

tic[15] 

 

Anthrax (permafrost), an-

cient microbes 

Reindeer, thawed mi-

crobes 

 

Permafrost melting 

 

 

Africa: Malaria Resurgence and Rift Valley Fever 

Due to its tremendous ecological diversity, lim-

ited ability to adapt, and significant reliance on liveli-

hoods that are dependent on the climate, Africa contin-

ues to be one of the most climate-sensitive regions in the 
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world [44]. Long endemic in sub-Saharan Africa, ma-

laria is making a comeback in highland regions that 

were previously thought to be transmission-free. 

Warming temperatures have made it easier for Anoph-

eles mosquitoes to migrate upward in Ethiopia, 

Uganda, and Kenya, increasing the risk of malaria 

among high-altitude populations with weak acquired 

immunity and little ability for surveillance [45]. Tens of 

millions more people might be exposed to endemic 

transmission by 2050 if temperatures rise by 1°C, ac-

cording to climate modeling research [45]. 

Extreme weather events like El Niño-induced 

flooding are increasingly linked to Rift Valley Fever 

(RVF), a zoonotic arboviral illness spread by mosqui-

toes and exacerbated by livestock. East African out-

breaks, such as those in Kenya, Tanzania, and Sudan, 

have coincided with unusual rainfall patterns that lead 

to an increase in livestock-human interaction and a 

jump in mosquito hatching. The connection of climate, 

health, and food security in the region is highlighted by 

the resurgence of RVF, which not only endangers hu-

man health but also destroys agricultural livelihoods 

[46]. 

Asia-Pacific: Leptospirosis, Dengue, and 

Japanese Encephalitis 

Rapid urbanization, monsoonal instability, and 

dense human-animal-environment interfaces increase 

the complex web of new infectious disease concerns in 

the Asia-Pacific area. In flood-prone cities like Manila, 

Mumbai, and Jakarta, where inadequate drainage and 

rodent infestation provide the perfect environment for 

transmission after intense rains, leptospirosis—an of-

ten-overlooked bacterial zoonosis—has grown in prev-

alence. With an increasing yearly frequency in a num-

ber of nations, the disease increasingly exhibits seasonal 

peaks closely associated with climatic trends [47]. 

In Southeast Asia and the Western Pacific, dengue 

fever is still spreading rapidly. Aedes mosquito breed-

ing habitats are sporadic due to unpredictable rainfall, 

and transmission windows have been extended by 

warming temperatures [48]. Over the past 20 years, an-

nual cases have increased several times in countries like 

Bangladesh, the Philippines, and Vietnam; these in-

creases are frequently attributed to climatic variability. 

Due to increased vector suitability and international 

travel, dengue has resurfaced in Queensland, Australia 

[49]. 

Previously unaffected regions, such as the high-

lands of Nepal and southern China, are now experienc-

ing the spread of Japanese encephalitis (JE), a virus 

spread by mosquitoes that is prevalent in portions of 

South and East Asia. This geographic distribution is be-

ing aided by changes in the patterns of rice cultivation, 

the growth of pig farming, and climatic circumstances 

that favor Culex mosquitoes. Notably, under different 

warming scenarios, climate models anticipate that JE 

transmission zones will move northward [50]. 

The Americas: West Nile Virus and Hantavirus 

In both tropical and temperate regions of the 

Americas, rodent-borne and vector-borne diseases as-

sociated with climate change are becoming more prev-

alent. Since its introduction to the US in 1999, the West 

Nile Virus (WNV) has spread over most of North Amer-

ica. Longer mosquito breeding seasons and more effec-

tive viral replication within vectors have been made 

possible by warmer temperatures, earlier springs, and 

fewer frost days [51]. Notably, new research shows that 

heat waves and drought conditions that draw birds and 

mosquitoes to areas with dwindling water supplies are 

associated with the severity and length of WNV epi-

demics [52]. 

Climate variations that impact rat population dy-

namics are increasingly linked to hantavirus pulmo-

nary syndrome (HPS), which is brought on by rodent-

borne hantaviruses. Increased rainfall after drought 

times causes vegetation booms and consequent spikes 

in rodent hosts like deer mice in the southwestern 

United States and parts of South America [53]. Usually, 

human exposure comes next, especially in peri-domes-

tic and rural areas with substandard housing. These 

patterns highlight how the climate may affect zoonotic 

reservoir cycles in addition to vector biology. 

Europe: Tick-borne Encephalitis and Emerging 

Arboviruses 

Despite its historical temperance, Europe is seeing 

a continuous rise in infectious diseases that are suscep-

tible to the climate, especially those spread by ticks and 
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mosquitoes. In Central and Eastern Europe, tick-borne 

encephalitis (TBE), which is spread by Ixodes ricinus 

and caused by a flavivirus, is moving northward and 

higher in elevation. Increased case incidence is a result 

of warmer winters and milder springs, which improve 

tick survival and prolong activity periods in nations like 

Germany, Poland, and the Baltic states [54]. 

At the same time, new arboviruses, such as den-

gue, chikungunya, and Zika, are spreading locally over 

southern Europe, especially in France, Italy, and Spain. 

Aedes albopictus has established itself in these regions 

thanks to international trade and climate change adapt-

ability, which has made the environment favorable for 

occasional outbreaks. The possibility of prolonged ar-

boviral transmission in some regions of Europe is be-

coming more apparent and less speculative, as climate 

projections show further warming and increased ex-

treme weather variability [55]. 

Together, these regional hotspots show that cli-

mate change is a geographically distinct phenomenon 

that alters local disease ecologies in context-specific 

ways rather than being a uniform or distant hazard. De-

signing specialized, climate-informed surveillance, con-

trol, and public health adaptation methods requires an 

understanding of these regional dynamics. Therefore, a 

worldwide response to newly developing infectious 

diseases needs to be based on local facts, supported by 

regional realities, and sensitive to the particular vulner-

abilities of each hotspot [56]. 

 

Public Health Implications and Response Gaps

For public health systems around the world, the 

expanding relationship between infectious disease de-

velopment and climate change poses a serious and in-

tricate problem. The institutional ability to identify, de-

cipher, and respond to these signals is still severely lim-

ited, despite a growing understanding of the molecular 

and ecological mechanisms that connect disease and cli-

mate. Public health infrastructures, especially those in 

vulnerable areas, are finding it difficult to keep up with 

the speed and complexity of new threats as climate-

driven disease risks increase in both frequency and ex-

tent. 

 

Surveillance Systems Under Pressure 

The rapidly changing spatiotemporal dynamics 

of diseases that are sensitive to climate change are be-

yond the capabilities of disease monitoring systems, 

which are already burdened by ongoing underfunding 

and restricted geographic coverage. Conventional sur-

veillance models, which are intended to identify known 

infections in known ecological environments, are reac-

tive rather than predictive [7]. These models, however, 

fall short of capturing the whole picture of new threats 

as vectors spread to new areas and zoonotic spillovers 

increase in frequency. For example, the emergence of 

Anopheles mosquitoes in East African highlands or Ae-

des albopictus in temperate Europe has often occurred 

years before official public health acknowledgment, 

highlighting systemic delays in detection. The use of 

manual reporting, a lack of laboratory diagnostic capa-

bilities, and a restricted ability to integrate with envi-

ronmental monitoring data further impair surveillance 

systems in low- and middle-income countries (LMICs) 

[57]. 

 

Climate Vulnerability and Health Inequities 

Marginalized populations—those with the most 

exposure to climate fluctuation and the least ability to 

adapt—are disproportionately affected by the public 

health burden of infectious illnesses that are climate-

sensitive. Socioeconomic deprivation and geographic 

vulnerability frequently coexist, generating a risk feed-

back loop. Underfunded health systems, subpar hous-

ing, restricted access to clean water, and a reliance on 

climate-sensitive livelihoods (such as agriculture) in-

crease the risk of contracting diseases and suffering se-

rious consequences in sub-Saharan Africa, South Asia, 

and tiny island states. Additionally, within-country dis-

parities continue to exist: national surveillance and 

health response systems frequently do not reach Indig-

enous groups, informal urban settlements, or climate 

migrants. There is a significant equity gap in the global 

health response to climate change, as seen by the rarity 

with which these inequities are addressed in national 

adaptation strategies [58]. 
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Delays in Outbreak Detection Due to Frag-

mented Data Systems 

The fragmentation of pertinent data streams is 

one of the most enduring problems in the management 

of climate-sensitive diseases. Data related to health, 

weather, ecology, and land use are usually kept apart in 

different institutional domains with different regula-

tions, formats, and privacy policies [59]. The capacity to 

create predictive models and send out timely notifica-

tions is hampered by this fragmentation. Integration is 

still uneven, even in wealthy nations with sophisticated 

digital infrastructure. For instance, the effectiveness of 

early warning systems for vector-borne outbreaks is re-

stricted by the incompatibility of environmental data 

platforms and public health reporting systems [60]. The 

majority of monitoring in LMICs is still done on paper 

and in retrospect, which slows down reaction times and 

compromises situational awareness in areas where dig-

ital infrastructure may be completely absent. 

 

Challenges in Integrating Climate Models 

with Public Health Forecasting 

Adaptive public health planning is made more 

difficult by the scientific and methodological differ-

ences between epidemiological forecasts and climate 

modeling. Although climate models are now much bet-

ter at forecasting trends in temperature, precipitation, 

and extreme weather, their incorporation into public 

health decision-making is still in its infancy. While cli-

mate scientists frequently create models without direct 

involvement from health authorities, the majority of 

public health experts are not trained in interpreting cli-

mate data [61]. The co-development of useful technolo-

gies suited to the demands of the health industry is 

hampered by this separation. 

Furthermore, nonlinear climate factors, delayed 

effects, and compounding vulnerabilities like popula-

tion relocation and malnutrition are frequently over-

looked by existing infectious disease forecasting mod-

els. For example, real-time data on rainfall variability, 

vector breeding cycles, and urban infrastructure are 

rarely included in dengue prediction models, which 

limits their use in dynamic environments. To close this 

gap, funding for transdisciplinary cooperation is cru-

cial, especially between academic modelers, health min-

istries, and meteorological institutes [62]. 

All things considered, the public health response 

to infectious diseases brought on by climate change is 

still reactive, dispersed, and inadequately sensitive to 

the ecological complexity and social injustice of new 

threats. Rethinking surveillance as a multisectoral en-

terprise, integrating equality into preparedness frame-

works, and encouraging ongoing, interdisciplinary co-

operation across institutions, borders, and data systems 

are all necessary to meet these problems. The health sec-

tor will continue to lag in terms of climate-related dis-

ease hazards in the absence of such systemic changes 

[39].

 

 

Innovative Tools and Opportunities  

Technological innovation and transdisciplinary 

frameworks present intriguing pathways for foresight, 

adaptation, and mitigation as the global health commu-

nity faces the growing threat of infectious illnesses that 

are sensitive to climate change. A more proactive and 

environmentally based approach to disease prevention 

is being provided by recent developments in artificial 

intelligence, remote sensing, genomic monitoring, and 

integrative policy frameworks, which are starting to 

change the landscape of outbreak prediction, vector 

control, and pathogen tracking [63]. 

Real-time predictions of the onset and spread of 

infectious diseases are increasingly being made using 

artificial intelligence (AI), big data analytics, and cli-

mate modeling [39]. In order to find trends and create 

prediction risk maps, machine learning algorithms can 

combine large, diverse datasets, such as satellite obser-

vations, weather records, electronic health records, and 

social media signals. For example, dengue epidemics 

based on changes in precipitation, humidity, and vector 

breeding patterns have been significantly predicted by 

AI-driven models. Early warning systems have been 

improved in East Africa by combining seasonal climatic 

forecasts with models of malaria transmission. This has 

allowed for the more prompt distribution of resources 

for prevention [64]. However, continuous capacity 

building in low-resource environments and fair access 

to data infrastructure are essential for the successful de-

ployment of such technologies. 

Vector monitoring has been transformed by satel-

lite imaging and remote sensing technologies, which al-

low for the real-time tracking of environmental factors 
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that facilitate the spread of illness. Changes in vegeta-

tion, standing water, and urban heat islands—all im-

portant markers of mosquito breeding grounds—can be 

identified with high-resolution photography. By ena-

bling the dynamic detection of new hotspots, these tech-

nologies lessen the need for static risk maps [22]. 

Rift Valley Fever and malaria epidemics are al-

ready being predicted in the Sahel and Amazon regions 

using satellite-derived vegetation indices and surface 

water models, respectively. When used with geo-

graphic information systems (GIS), these tools increase 

the efficiency of resource allocation and the spatial tar-

geting of vector control efforts [46]. 

Another revolutionary field that makes it possible 

to track pathogen evolution, drug resistance, and trans-

mission dynamics in real time is genomic epidemiol-

ogy. Characterizing epidemics, differentiating between 

imported and endemic strains, and detecting zoonotic 

spillover events have all benefited from whole-genome 

sequencing. Genomic surveillance aided in the quick 

discovery of new variations during the COVID-19 pan-

demic and guided international response plans. In the 

future, combining pathogen genomics with climate-

sensitive surveillance systems may offer early warning 

signs of evolutionary changes brought on by environ-

mental stressors, such as vector-mediated viral recom-

bination or fungal pathogens' adaptability to heat [65]. 

Lastly, as comprehensive models for compre-

hending and addressing the interdependencies be-

tween environmental, animal, and human health, the 

One Health and Planetary Health frameworks are be-

coming more and more popular worldwide. These 

methods support the breakdown of academic silos and 

the promotion of cross-sectoral cooperation amongst 

climatologists, ecologists, veterinarians, and public 

health professionals. A paradigm change toward more 

integrated, anticipatory health governance is indicated 

by the institutionalization of One Health initiatives in 

national disease control programs, such as those that 

address zoonotic outbreaks or antibiotic resistance. As 

the cornerstone of global health security, planetary 

health highlights the wider ecological boundaries of hu-

man growth and calls for structural changes to slow 

down climate change and biodiversity loss [66]. 

In sum, these innovative tools and frameworks repre-

sent critical opportunities for transforming reactive 

public health systems into anticipatory, climate-resili-

ent structures. Their effective deployment will require 

not only technological capacity but also political will, 

intersectoral coordination, and ethical considerations 

regarding data equity and access. 

 

Ethical Considerations and Biases 

 While these tools offer transformative potential, 

they also raise important ethical concerns. AI-based 

models may reinforce existing data biases if trained on 

geographically or demographically incomplete da-

tasets, potentially excluding high-risk but underrepre-

sented populations. Satellite and genomic surveillance 

raise issues of data privacy, consent, and potential mis-

use, particularly in low-resource or politically sensitive 

settings. In addition, the digital divide and unequal ac-

cess to these technologies can exacerbate global health 

inequities unless safeguards for data governance, eq-

uity, and transparency are integrated into their deploy-

ment. 

 

Literature Gaps and Review Limitations 

Despite growing research on climate-sensitive in-

fectious diseases, several critical gaps remain in the lit-

erature. Much of the current evidence is fragmented by 

geography, disease type, or disciplinary silo, limiting 

comprehensive, system-level understanding. There is a 

lack of longitudinal, high-resolution studies linking 

specific climate variables to pathogen emergence, par-

ticularly in low- and middle-income countries where 

surveillance data are sparse. Moreover, the interactions 

between climate change, social determinants of health, 

and microbial evolution remain underexplored. This 

narrative review also has several limitations. It does not 

follow a systematic review protocol, and the selection 

of literature may reflect some degree of selection bias 

despite efforts to include high-quality, relevant sources. 
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Quantitative meta-analysis was not feasible due to var-

iability in study designs and metrics across included 

sources. Additionally, while this review integrates find-

ings across climatology, public health, and epidemiol-

ogy, it may not fully capture the breadth of region-spe-

cific knowledge published in non-English or local-lan-

guage sources. These limitations highlight the need for 

more coordinated, interdisciplinary, and globally inclu-

sive research to better understand and address the cli-

mate–infectious disease nexus.

Conclusion and Recommendation

With increasing evidence of changing pathogen 

ecologies, extending geographic ranges, and changing 

transmission patterns, climate change is unquestiona-

bly changing the worldwide landscape of infectious 

disease emergence. The upward and poleward migra-

tion of vector-borne diseases like Lyme disease, den-

gue, and malaria; the amplification of waterborne infec-

tions after climate extremes; and the increased risk of 

zoonotic spillovers in ecologically disrupted landscapes 

are some of the new and underappreciated develop-

ments highlighted in this review. Furthermore, a wider 

reconfiguration of microbial risk under planetary 

change is indicated by new risks, such as the emergence 

of fungal species that can adapt to heat stress and the 

possible release of ancient diseases due to the thawing 

of permafrost. 

The urgent need to create integrated, flexible pub-

lic health systems that are sensitive to climate cues and 

quick to react is at the core of these changes. In the face 

of nonlinear, climate-driven hazards, traditional dis-

ease surveillance and forecasting methods—which are 

limited by sectoral silos and historical baselines—are 

becoming less and less effective [67]. Though the One 

Health framework, satellite surveillance, AI-based 

modeling, and genetic epidemiology are now accessi-

ble, their operationalization is still unequal, especially 

in high-risk and low-resource areas. 

We need to develop a radically multidisciplinary 

paradigm that connects ecology, public health, climate 

science, and data systems in order to solve the current 

challenges. Addressing context-specific risks requires 

regionalized preparedness strategies that are based on 

local epidemiology and climate data. National and in-

ternational health initiatives must prioritize strengthen-

ing community-based early warning systems, increas-

ing integrated climate-health surveillance, and estab-

lishing cross-sectoral collaboration.  

      High-resolution, longitudinal investigations that 

connect pathogen dynamics across scales with environ-

mental variables should be given priority in future 

studies. Equally important are investments in staff 

training, data integration, and fair access to forecasting 

tools. Important steps toward sustainable planetary 

health governance at the policy level include making 

sure that global climate funding mechanisms specifi-

cally take health aspects into account and integrating 

climate-sensitive illness planning into national adapta-

tion plans [68]. 

In conclusion, the combination of infectious dis-

ease development and climate change is not only a chal-

lenge but also an invitation to rethink health security 

from the perspectives of scientific innovation, environ-

mental resilience, and international solidarity.
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