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Abstract  

Chikungunya Fever has re-emerged over the last two decades as one of the most important arboviral threats to global 

public health. Once considered a geographically restricted tropical disease, chikungunya virus (CHIKV) has expanded 

across Africa, Asia, Europe, and the Americas, driven by complex interactions among climate change, globalization, 

vector adaptation, urbanization, and increasing human mobility. The expansion of competent mosquito vectors, 

particularly Aedes aegypti and Aedes albopictus, has facilitated sustained transmission in regions previously unsuitable 

for CHIKV circulation. Climate-associated changes in temperature, rainfall, humidity, and extreme weather events have 

altered vector ecology and enhanced transmission potential in both tropical and temperate settings. Urbanization, 

population growth, inadequate sanitation, and expanding peri-urban settlements have further amplified mosquito breeding 

and human-vector contact. Additionally, adaptive viral mutations, including the E1-A226V mutation, have improved 

CHIKV fitness in the alternative vector Aedes albopictus, accelerating global spread. Recent outbreaks in Europe, the 

Americas, and parts of Asia demonstrate the increasing potential for autochthonous transmission outside traditional 

endemic zones. This review synthesizes current evidence regarding the epidemiological resurgence of CHIKV, 

emphasizing the interplay between environmental change, vector adaptation, and urbanization. The review also discusses 

future projections, surveillance challenges, integrated vector management, and the need for climate-informed public 

health preparedness. Understanding the multifactorial drivers of CHIKV emergence is critical for developing sustainable 

prevention and control strategies in an increasingly interconnected and warming world. 
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1. Introduction 

 

Chikungunya Fever is a mosquito-borne viral disease caused by chikungunya virus (CHIKV), 

an enveloped positive-sense single-stranded RNA virus belonging to the genus Alphavirus within the 

family Togaviridae [1]. The disease is characterized primarily by acute febrile illness, rash, myalgia, 

and debilitating polyarthralgia that may persist for months or years in some patients [2]. Although 

mortality is generally low, the disease imposes substantial morbidity and socioeconomic burden on 

affected populations [3]. 

CHIKV was first identified in Tanzania in 1952 following an outbreak in the Makonde Plateau 

[4]. For several decades, chikungunya remained largely confined to sporadic outbreaks in Africa and 

Asia. However, since the early 2000s, the epidemiology of CHIKV has changed dramatically, with 

explosive outbreaks occurring across multiple continents. Major epidemics in the Indian Ocean islands, 
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India, Southeast Asia, Europe, and the Americas have transformed CHIKV into a major global public 

health concern [5]. The resurgence of CHIKV reflects the convergence of multiple ecological and 

anthropogenic drivers. Climate change has emerged as a critical factor influencing vector distribution, 

vector competence, and transmission dynamics [6]. Rising global temperatures, altered rainfall patterns, 

increasing humidity, and extreme weather events create favorable conditions for mosquito proliferation 

and viral replication [2]. Simultaneously, rapid urbanization and globalization have increased human 

exposure to mosquito vectors while facilitating international spread through travel and trade. A major 

turning point in CHIKV evolution was the emergence of adaptive mutations that enhanced transmission 

by Aedes albopictus, a vector capable of surviving in temperate climates [7]. This adaptation 

significantly expanded the ecological niche of CHIKV and contributed to outbreaks in regions 

previously considered low-risk, including parts of Europe and North America [8]. 

In addition to environmental and virological changes, urban growth has profoundly altered 

mosquito ecology. Expanding urban centers with inadequate waste management, poor water 

infrastructure, and high population density provide ideal breeding conditions for Aedes mosquitoes 

[9,10]. Urban heat islands and peri-urban sprawl further intensify transmission risk [11]. Given the 

increasing global burden of arboviral diseases, understanding the drivers of CHIKV emergence has 

become increasingly important. This narrative review examines the global expansion of CHIKV through 

the lenses of climate change, vector adaptation, and urbanization, while discussing implications for 

surveillance, prevention, and future public health preparedness.  

 

2. Global epidemiology and re-emergence of CHIKV 

 

Historically, CHIKV circulated primarily in sylvatic cycles involving non-human primates and 

forest-dwelling mosquitoes in Africa [12]. In Asia, however, urban transmission cycles involving 

humans and Aedes mosquitoes became established, enabling larger outbreaks in densely populated 

settings [1]. The modern resurgence of CHIKV began with the 2004 outbreak in Kenya, followed by 

major epidemics in the Indian Ocean region, particularly in Mauritius and Réunion [13]. The outbreak 

in Réunion Island between 2005 and 2006 represented a landmark event, affecting approximately one-

third of the population and highlighting the epidemic potential of CHIKV [14]. During this outbreak, 

viral mutations associated with improved adaptation to Ae. albopictus were identified. Subsequently, 

India experienced massive outbreaks involving millions of suspected cases [15]. Southeast Asian 

countries including Thailand, Malaysia, and Indonesia also reported substantial transmission [16]. 

One of the most significant epidemiological milestones occurred in 2007 when autochthonous 

transmission was documented in Italy [17]. This outbreak demonstrated that CHIKV transmission could 

occur in temperate European regions where competent vectors had become established. Similar local 

transmission events were later documented in France and other European countries [18]. The 

introduction of CHIKV into the Americas in 2013 marked another major turning point [19]. Beginning 

in the Caribbean island of Saint Martin, the virus rapidly spread across North, Central, and South 

America [19]. Within a few years, millions of cases were reported throughout the Western Hemisphere. 

The scale and speed of spread reflected the widespread presence of Aedes vectors, high human mobility, 

and immunologically naïve populations [20]. Recent years have witnessed continuing expansion into 

previously unaffected regions, including parts of China and temperate Europe. Current evidence 

indicates that CHIKV transmission has now been reported in over 100 countries, placing billions of 

people at risk [21]. 

 

3. Climate change and CHIKV expansion 

 

Climate change is among the most influential drivers of emerging vector-borne diseases. 

Mosquito vectors are highly sensitive to environmental conditions, particularly temperature [22]. 

Temperature affects mosquito survival, feeding behavior, development rate, biting frequency, and viral 

replication. Warmer temperatures shorten the extrinsic incubation period of CHIKV within mosquitoes, 

allowing vectors to become infectious more rapidly [23]. Increased temperatures may also enhance 

mosquito reproduction and biting activity, thereby increasing transmission efficiency. However, 
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excessively high temperatures may reduce mosquito survival, suggesting that climate effects are 

nonlinear and region-specific [24].  

Climate modeling studies predict a substantial expansion of CHIKV-suitable areas under future 

warming scenarios [25]. Consequently, regions in Europe, East Asia, North America, and higher-altitude 

tropical zones are expected to become increasingly favorable for transmission. Several models project 

northward shifts of Ae. albopictus distribution into temperate regions during the twenty-first century 

[26]. 

Rainfall patterns strongly influence mosquito breeding habitats. Moderate rainfall can increase 

the availability of water-filled containers and stagnant water, supporting larval development [27]. 

Conversely, drought conditions may paradoxically increase transmission in urban settings where water 

storage practices create artificial breeding sites. Humidity also influences mosquito longevity and 

activity [28]. High humidity improves vector survival  and increases the probability of successful 

transmission. Climate change-associated shifts in precipitation and humidity patterns may therefore 

alter seasonal transmission dynamics [29]. 

Extreme weather events such as floods, cyclones, and heatwaves further complicate vector 

ecology. Flooding can create new breeding habitats, whereas post-disaster population displacement and 

weakened public health infrastructure may facilitate outbreaks [30].  

The spread of Ae. albopictus into Europe provides one of the clearest examples of climate-

driven vector expansion. Originally native to Asia, this mosquito has colonized large areas of Europe 

and North America through global trade and favorable climatic conditions [31]. Its tolerance for cooler 

climates enables CHIKV transmission in regions previously considered unsuitable. Climate suitability 

models suggest increasing transmission potential across southern and central Europe [32]. Seasonal 

outbreaks may become more frequent as warming temperatures extend mosquito activity periods [32].  

Similarly, the climate-driven expansion of vector habitats in East Asia and parts of China raises 

significant concerns regarding future endemic establishment. Global modeling studies indicate that 

billions more individuals may become exposed to CHIKV transmission risk under future climate 

scenarios [26]. Table 1 summarizes major drivers contributing to CHIKV re-emergence and global 

expansion.  

 

4. Vector adaptation and viral evolution 

 

The primary vectors of CHIKV are Aedes aegypti and Aedes albopictus. Ae. aegypti is 

traditionally regarded as the principal urban vector because of its close association with humans, 

preference for human blood meals, and adaptation to urban environments [33]. However, Ae. albopictus 

has emerged as a critically important vector in the global expansion of CHIKV. This species possesses 

several ecological advantages, including tolerance for cooler temperatures, ecological flexibility, and 

ability to thrive in peri-urban and rural settings [34]. The global spread of Ae. albopictus has been 

facilitated by international trade, especially the movement of used tires and ornamental plants [35]. 

A major factor contributing to the resurgence of CHIKV was the emergence of adaptive 

mutations that enhanced viral fitness in Ae. albopictus. The most notable mutation, E1-A226V, emerged 

during the Réunion Island outbreak and significantly improved transmission efficiency in Ae. albopictus 

mosquitoes [36]. This adaptation increased the epidemic potential of CHIKV by enabling transmission 

in regions where Ae. aegypti populations were limited but Ae. albopictus was abundant [37]. The 

mutation represented a striking example of how viral evolution can alter vector specificity and expand 

geographic range. Additional mutations affecting viral infectivity, dissemination, and transmission have 

also been identified [38]. Continued viral evolution raises concern regarding the emergence of strains 

with enhanced epidemic capacity or altered pathogenicity [38]. 

Urban ecosystems favor the proliferation of Aedes mosquitoes. Artificial containers, discarded 

plastics, water storage tanks, clogged drainage systems, and poor sanitation provide ideal breeding 

habitats [39]. Urban heat islands may further enhance mosquito development and survival. Unlike many 

rural mosquito species, Ae. aegypti thrives in densely populated human settlements [40]. The close 

proximity of humans facilitates rapid transmission cycles and explosive outbreaks. Urban adaptation 

therefore represents a central feature of modern CHIKV epidemiology [41]. 
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Table 1. Major drivers contributing to the re-emergence and global expansion of CHIKV 

Driver Mechanism contributing to CHIKV expansion Examples/implications 

Climate change Increased temperature accelerates mosquito 

development and viral replication; altered rainfall 

creates breeding habitats 

Expansion of Aedes mosquitoes 

into temperate regions 

Rising global 

temperatures 

Shortened extrinsic incubation period enhances 

transmission efficiency 

Increased seasonal transmission in 

Europe and East Asia 

Urbanization Dense human populations increase mosquito–human 

contact 

Large outbreaks in rapidly growing 

cities 

Poor sanitation and 

water storage 

Creation of artificial breeding sites for Aedes 

mosquitoes 

Informal settlements with 

inadequate infrastructure 

Globalization and 

travel 

Rapid movement of viremic individuals across 

continents 

Introduction of CHIKV into Europe 

and the Americas 

International trade Spread of mosquito vectors through shipping and 

transportation 

Dissemination of Ae. albopictus via 

used tires 

Vector adaptation Enhanced vector competence increases transmission 

efficiency 

Adaptation of CHIKV to Ae. 

albopictus 

Viral evolution Mutations improve infectivity and ecological fitness E1-A226V mutation during 

Réunion outbreak 

Human behavioral 

factors 

Water storage and waste accumulation support 

mosquito breeding 

Increased household vector density 

Weak vector 

surveillance 

Delayed outbreak detection and response Sustained local transmission before 

intervention 

Inadequate public 

health infrastructure 

Reduced vector control effectiveness Recurrent outbreaks in resource-

limited settings 

Climate-related 

disasters 

Flooding and displacement increase exposure risk Post-cyclone and post-flood 

outbreaks 

 

 

5. Urbanization and human mobility 

 

Urbanization has dramatically reshaped the epidemiology of arboviral diseases, particularly in 

low- and middle-income countries where rapid population growth has severely outpaced municipal 

infrastructure development [42]. This lag in expansion leads to informal, densely populated settlements 

characterized by inadequate sanitation, poor drainage, and unreliable water supplies. Such environments 

compel residents to store water manually, creating ideal artificial breeding conditions that maximize 

human-vector contact and fuel sustained viral transmission [39]. Compounding this issue, rapid peri-

urban expansion produces highly fragmented landscapes that blur the boundaries between expanding 

human habitats and native vector ecosystems [43]. Furthermore, the development of urban heat islands 

exacerbates transmission dynamics, as elevated city temperatures accelerate mosquito larval 

development, boost adult survival rates, and significantly prolong active seasonal transmission windows 

[40]. 

Modern globalization has significantly accelerated the international dissemination of CHIKV. 

International air travel facilitates the rapid movement of viremic individuals across continents within 

hours, enabling infected travelers to introduce the virus into new regions where competent vectors are 
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already established [41,44]. The expansion of CHIKV into Europe and the Americas clearly illustrates 

the profound role of this travel-associated importation. Once the virus is introduced, localized 

transmission can rapidly occur if underlying environmental conditions are favorable enough to sustain 

vector activity [45]. Beyond human movement, global trade has contributed heavily to vector 

dissemination. The intercontinental spread of Ae. albopictus driven by the transportation of used tires 

and ornamental plants demonstrates how commercial activities can unintentionally facilitate invasive 

vector establishment worldwide [46]. 

The emergence of CHIKV in temperate regions represents one of the most concerning 

developments in contemporary arbovirology, fundamentally shifting its historical restriction from 

tropical climates to a global public health threat [47]. Outbreaks in Italy and France demonstrated that 

imported cases can seed sustained local transmission where Ae. albopictus populations are established, 

a paradigm shift driven by warming temperatures, increased vector survival, and extended mosquito 

activity seasons alongside globalization, urbanization, and international travel [48]. As mathematical 

models predict increasing suitability for seasonal summer epidemics across Europe, North America, and 

East Asia under future climate scenarios, public health systems in these newly exposed temperate 

countries face severe diagnostic and surveillance challenges, where a lack of clinical familiarity can 

lead to misdiagnoses with dengue, influenza, or rheumatologic conditions and critically delay outbreak 

detection [26,49]. 

 

6. Surveillance and public health challenges 

 

Diagnosing CHIKV infections remains exceptionally difficult in co-endemic regions because 

it shares core clinical features (such as acute fever, rash, and debilitating arthralgia) with dengue and 

Zika viruses [50]. While standard laboratory diagnosis relies on reverse transcription-polymerase chain 

reaction (RT-PCR), viral isolation, and serological assays, widespread resource limitations often hinder 

diagnostic capacity in the most heavily affected areas [51,52]. This diagnostic challenge underscores an 

urgent need for multiplex diagnostic tools capable of simultaneously distinguishing co-circulating 

arboviruses [51]. To overcome these limitations, effective public health strategies must implement 

integrated surveillance frameworks that monitor both human cases and vector populations [53]. Modern 

climate-informed surveillance systems—which synthesize meteorological, ecological, and 

epidemiological data via geographic information systems (GIS) and predictive modeling—are 

increasingly vital to mapping emerging risk areas, identifying transmission hotspots, and guiding 

targeted vector control interventions before outbreaks escalate [54,55]. 

When these preventative measures fail, large-scale CHIKV outbreaks can rapidly overwhelm 

local healthcare systems due to the sudden surge of acute, highly symptomatic cases [56]. The public 

health impact is further compounded by the long-term healthcare burden of chronic chikungunya-

associated arthralgia, which can persist in patients for months or even years [57]. Beyond the immediate 

strain on medical infrastructure, the broader economic consequences of these epidemics are devastating 

to affected regions. Communities frequently face staggering healthcare expenditures, severe 

productivity losses, a sharp decline in tourism, and a significantly reduced workforce capacity, 

demonstrating that CHIKV is both a profound medical crisis and a major socio-economic disruptor 

[58,59]. 

 

7. Prevention and control strategies 

 

Because no universally available antiviral therapy currently exists for CHIKV infection, 

prevention strategies remain heavily dependent on effective vector control measures [60]. Integrated 

vector management has therefore become a cornerstone of CHIKV prevention, combining 

environmental, biological, chemical, and community-based approaches to reduce mosquito populations 

and interrupt transmission cycles [61]. Control efforts focus primarily on reducing breeding habitats 

through elimination of stagnant water sources, improved household water storage practices, proper 

waste disposal, and environmental sanitation [62]. Additional interventions such as larviciding and 

insecticide spraying may further reduce vector density during outbreaks, while community education 

programs play an essential role in promoting public awareness and encouraging sustained participation 
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in mosquito control activities [62]. Nevertheless, conventional vector control strategies continue to face 

important challenges, including the emergence of insecticide resistance, high operational costs, 

logistical constraints, and concerns regarding long-term sustainability [63]. 

In recent years, climate-informed public health approaches have gained increasing attention as 

an essential component of CHIKV prevention and preparedness. Since climatic factors strongly 

influence mosquito ecology and transmission dynamics, integrating meteorological data into 

surveillance systems may improve outbreak prediction and enable earlier implementation of preventive 

interventions [64]. Early warning systems that incorporate climate forecasts, vector surveillance, and 

epidemiological monitoring can help identify high-risk regions before large-scale outbreaks occur [65]. 

Effective preparedness also requires close collaboration among public health authorities, meteorological 

agencies, environmental scientists, and urban planners to ensure coordinated responses to emerging 

transmission threats [66]. Furthermore, urban planning strategies should incorporate vector control 

considerations, including improved drainage infrastructure, efficient waste management systems, and 

housing designs that minimize human exposure to mosquito vectors [64]. 

Recent advances in vaccine development represent a promising milestone in the long-term 

prevention of CHIKV infection. Multiple vaccine platforms, including live-attenuated vaccines, virus-

like particle vaccines, and mRNA-based vaccines, are currently under investigation or approaching 

regulatory implementation [59]. Vaccination may become increasingly important as climate change and 

globalization expand transmission into immunologically naïve populations and previously unaffected 

regions [25]. However, several challenges remain, including ensuring equitable vaccine access, 

monitoring long-term safety and effectiveness, and establishing cost-effective immunization strategies 

for endemic and outbreak-prone settings [67]. In addition to vaccines, innovative vector control 

technologies such as genetically modified mosquitoes and Wolbachia-based interventions are emerging 

as potential complementary tools for reducing transmission [13]. Together, these integrated preventive 

strategies may significantly strengthen global preparedness against the continuing expansion of CHIKV 

[13]. 

 

8. Future perspectives 

 

The future epidemiology of CHIKV infection will likely be influenced by the complex 

interplay between climate change, rapid urbanization, globalization, demographic transitions, and 

ongoing viral evolution. Current evidence suggests that CHIKV will continue to expand into new 

ecological and geographical regions over the coming decades, particularly as environmental conditions 

become increasingly favorable for mosquito vector survival and transmission [68]. Climate projections 

indicate a growing suitability for CHIKV transmission in temperate regions, especially in parts of 

Europe and East Asia, where warming temperatures may extend mosquito activity and breeding seasons 

[69]. At the same time, rapid urban population growth in tropical and subtropical regions may intensify 

epidemic potential by increasing human density, expanding peri-urban settlements, and creating 

additional mosquito breeding habitats [39]. Aging populations may also contribute to a greater burden 

of severe disease manifestations and chronic chikungunya-associated complications [70]. 

Future research efforts should therefore focus on improving understanding of viral adaptation 

mechanisms, identifying correlates of protective immunity, developing more accurate climate-health 

predictive models, and advancing the discovery of effective antiviral therapies and vaccines [71]. 

Strengthening integrated surveillance systems that combine epidemiological, entomological, 

environmental, and climatic data will also be essential for early outbreak detection and timely public 

health response. In addition, there is increasing recognition that CHIKV should be addressed through a 

One Health approach that acknowledges the interconnectedness of human, animal, and environmental 

health [72]. Such multidisciplinary collaboration may enhance preparedness and provide more 

sustainable strategies for mitigating the expanding global threat posed by CHIKV [72].  

 

9. Conclusion 

 

The re-emergence and global expansion of CHIKV infection illustrate the profound impact of 

environmental change, viral evolution, urbanization, and globalization on the epidemiology of 
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infectious diseases in the modern era. Climate change has significantly altered the ecological 

distribution and seasonal activity of mosquito vectors, particularly Ae. aegypti and Ae. albopictus, 

thereby increasing the potential for CHIKV transmission in both tropical and temperate regions. At the 

same time, rapid urbanization, population growth, inadequate sanitation, and expanding international 

travel have intensified human-vector interactions and facilitated the rapid dissemination of the virus 

across continents. The emergence of adaptive viral mutations, especially those enhancing transmission 

efficiency in Ae. albopictus, has further accelerated the establishment of CHIKV in previously 

unaffected regions. Collectively, these factors have transformed CHIKV from a relatively localized 

tropical infection into a major global public health concern. Additionally, the increasing burden of 

CHIKV highlights the urgent need for comprehensive and integrated prevention strategies involving 

vector control, climate-informed surveillance systems, improved urban planning, vaccine development, 

and international collaboration. Future preparedness efforts must also recognize the growing influence 

of climate variability and global interconnectedness on arboviral disease emergence. Without sustained 

and coordinated intervention, CHIKV may continue expanding into new ecological niches and establish 

endemic transmission in additional regions, posing substantial clinical, economic, and public health 

challenges worldwide. Addressing this evolving threat will require multidisciplinary collaboration 

integrating virology, epidemiology, entomology, climate science, urban health, and public policy within 

a broader One Health framework. 
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