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As the world experiences warmer weather, heat waves and 

ooding, the climate change is leading to the geographical ex- 

ansion of mosquitos, which are known vectors of a range of in- 

ectious diseases like dengue, malaria, chikungunya, yellow fever, 

ift valley fever, West Nile fever, Japanese encephalitis and Zika 

hich affect millions of people worldwide [1] . Climate change now 

hreatens the spread of vector-borne diseases to previously low- 

isk areas in Africa, Asia, Europe, and the Americas [2–7] According 

o the World Health Organization (WHO), an additional 250,0 0 0 

eaths per year will occur in the next decades as a result of mal-

utrition, heat stress and vector-borne diseases [8] . World lead- 

rs have now acknowledged that the climate crisis is a health cri- 

is, and on 3 December 2023, the first-ever ‘Health Day’ dedicated 

o tackling the health impact of climate at a UN Climate Confer- 

nce (COP) was hosted by the UN climate conference (COP28) that 

ook place in Dubai, UAE, from 30 November to 12 December 2023 

9] . By December 3, 2023, 123 countries had endorsed the COP28 

AE Declaration on Climate Change and Health, expressing their 
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rave concern about the negative impacts of climate change on 

ealth [9] . 

As the climate crisis escalates, diseases transmitted by Aedes, 

ulex and Anopheles mosquitoes will likely expand their reach and 

ignificantly impact human health and wellbeing [ 2-4 , 10 ]. Aedes 

egypti , the yellow-fever mosquito that originated in Africa [11] , 

oes not only carry yellow fever, but is also a vector of West Nile 

irus, chikungunya, dengue and Zika [7] . This species is now found 

n tropical, subtropical and temperate regions worldwide and has 

ecently been incriminated as a vector of Zika [7] . In the Southeast 

sian region, Ae. aegypti is the principal vector of dengue. It is well 

dapted to living near human populations in rural and urban ar- 

as and breeds in human-made containers that hold water, such as 

ires, buckets, and flowerpots, where they lay their eggs [11] . Aedes 

lbopictus , the Asian tiger mosquito, is regarded as a secondary 

ector of dengue and is now considered as one of the most inva- 

ive species globally because of its strong ability to adapt to new 

nvironments [11] . It is native to tropical and subtropical areas of 

outheast Asia and breeds in natural habitats, including tree-holes, 

amboo stumps and at the edges of tropical forests [11] . It is, how-

ver, a highly adaptable species and, in recent years, has spread to 

frica, Europe and the Americas through travel and sea trade and 

dapted to breeding in rural areas and human-made containers in 

rban settings [12] . It has now genetically adapted to become a 

ompetent new vector of dengue and Chikungunya viruses [12] . In 
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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frica, the South Asian malaria vector, Anopheles stephensi , was de- 

cribed in Djibouti in 2012 but is now raising concerns after ap- 

earances in six other countries in Africa (Ethiopia, Ghana, Kenya, 

igeria, Somalia and Sudan) where malaria is endemic [13–15] . 

The incidence of dengue, a vector-borne disease transmitted by 

edes mosquitoes, increased dramatically from 50 0,0 0 0 cases in 

0 0 0 to 5.2 million in 2019 [10] . A recent report by the European

entre for Disease Prevention and Control (ECDC) also demon- 

trated the spread of different mosquito vector species that can 

ause many mosquito-borne diseases [3] . As summers got longer 

nd warmer, and heat waves and flooding became more common 

n recent years, there was a notable rise in dengue cases globally. 

s of October 2023, over 4.2 million cases and over 3, 0 0 0 dengue-

elated deaths have been reported from 79 countries/territories 

lobally [3] . Across Asia, nations like Bangladesh, Sri Lanka, Thai- 

and, and Malaysia have experienced a surge in cases of mosquito- 

orne diseases [16] . South America has been severely affected by 

engue in 2023, with Peru grappling with its most severe dengue 

utbreak on record [17] . In Florida, USA, a rise in dengue cases 

rompted authorities to issue alerts in several counties [18] . 

The recent outbreaks of dengue in Bangladesh exemplify the 

mpact of climate change on the changing micro-ecology of the 

edes vectors and the rise in the risk of mosquito-borne infec- 

ions in southeast Asia. A World Report published in The Lancet 

n August 2023 [19] predicted that Bangladesh will register record 

umbers of dengue cases in 2023 amid an accelerating outbreak. 

n October 2023, Bangladesh experienced its worst dengue out- 

reak on record when more than 10 0 0 people died, and for the 

rst time, more cases were recorded away from the dense urban 

entres [20] . In contrast, only 281 deaths were recorded in 2022 

19] . The epidemiological profile of dengue in Bangladesh has the 

nfection typically peaking during the monsoon season between 

uly and September. The typical dengue peak during the mon- 

oon season shifted in 2023, starting three months earlier, due to 

avourable breeding conditions for the Aedes mosquitoes caused by 

 prolonged monsoon season with higher temperatures and irreg- 

lar heavy rainfall. 

In Europe, as heat waves and flooding became more common 

n recent years, and summers got longer and warmer, Aedes al- 

opictus was able to establish itself more northwards and west- 

ards [3] . Also, the yellow-fever mosquito, Aedes aegypti , which is 

nown to transmit dengue, chikungunya, Zika, Mayaro and, poten- 

ially, West Nile viruses, has been established in Cyprus since 2022 

nd may continue to spread to other European countries [ 3 , 21 ]. Cli-

ate change and human behaviour are creating ecological condi- 

ions that are more favourable for these Aedes species to breed, and 

he incidence of West Nile virus and dengue has increased dramat- 

cally in the EU since 2010. In 2013, 114 regions in 8 countries were

ffected by Aedes albopictus . In 2023, the mosquito is well estab- 

ished in 13 countries and 337 regions [3] . In 2022, active trans- 

ission of West Nile Virus was demonstrated in Italy, Greece, Ro- 

ania, Germany, Hungary, Croatia, Austria, France, Spain, Slovakia 

nd Bulgaria. Altogether 1,133 human cases and 92 deaths of West 

ile virus infection were reported, and 1, 112 were locally acquired 

n the 11 countries with active transmission. The number of lo- 

ally acquired dengue cases in 2022 was the same as the 71 re- 

orted between 2010 and 2021. Active transmission of dengue was 

emonstrated in France and Spain [3] . In the Americas, the 1.9 mil- 

ion dengue cases reported during the first five months of 2023 

ere more than the total reported for the region for the whole 

f 2021 and projected to surpass the 2.8 million registered in 

022 [10] . 

Dengue outbreaks have also been reported in countries in 

frica. According to a statement by the government of Burkina 

aso, released on 19 October and reported by the Reuters News 

gency [22] , dengue fever has killed 214 people in Burkina Faso 
144 
ince January 1, 2023, mainly in the two largest cities of Oua- 

adougou and Bobo-Dioulasso. There were 48 deaths reported 

rom 9-15 October 2023 when the dengue epidemic coincided with 

n incidence of chikungunya. 

Zika virus disease is also being reported from new geographical 

egions. Since 2019, two more countries (France and Kenya) were 

dded to the list of countries with evidence of autochthonous, 

osquito-borne transmission [ 23 , 24 ]. An outbreak was reported 

rom the southern Indian state of Kerala in May 2021, which was 

he first report of Zika virus disease in WHO south east region after 

he outbreak in the Northern Indian states of Rajasthan and Mad- 

ya Pradesh in 2018 [7] . 

The movement of Anopheles mosquitoes across continents has 

ampered the recent progress against malaria in many countries 

n Africa. The main vectors of malaria in Africa are members of the 

nopheles gambiae complex, including Anopheles arabiensis, Anophe- 

es coluzzii and Anopheles gambiae , and Anopheles funestus vivax 

arasites to humans [25] . One threat to continued progress against 

alaria in Africa is the expansion of vectors into new areas. The 

outh Asian vector, Anopheles stephensi , first reported in Djibouti 

n 2012 and recently discovered in Ethiopia, Ghana, Kenya, Nige- 

ia, Sudan, Somalia and Somaliland [ 13-15 , 26 ], is raising concerns 

bout enhanced transmission of malaria in urban areas in Africa. It 

s an important vector of urban malaria in South Asia and the Mid- 

le East, including the Arabian Peninsula and northwards across 

outhern China [25] . Anopheles stephensi is well adapted to both 

ural and urban environments and breeds in various freshwater 

ources, including stagnant water bodies, rice fields, and water 

torage containers. It is a night-time feeder, primarily biting dur- 

ng the evening and night. It is known for its preference for biting 

umans and is considered an endophagic species, meaning it tends 

o rest indoors after feeding [11] . 

Malaria cases are also on the rise in Europe. In 2021, the Euro- 

ean Union (EU) reported 4,856 malaria cases, with the majority 

eing travel-related, but there were also 13 confirmed cases ac- 

uired within the EU (four in Greece and nine in France). A marked 

easonal trend was observed across all countries, with cases in- 

reasing during and immediately after the summer holiday months 

July–September), most likely reflecting travel patterns to malaria- 

ndemic countries [5] . 

The US Centers for Disease Control and Prevention is warning 

f locally acquired malaria cases in the United States, with con- 

erns that malaria could become more common as temperatures 

ise [2] . A recent study on climate change and malaria in Africa re- 

ealed a declining trend in malaria incidence rates from 20 0 0 to 

018. However, these rates varied significantly, with high values in 

ganda, Mozambique, Nigeria, and Zambia, and the vulnerability 

nd changing climate may reverse the recent decline [27] . 

Vector control has played a more substantial role in reduc- 

ng the prevalence of many mosquito-borne diseases compared to 

harmaceuticals or vaccines [28] . However, the efficacy of vector 

ontrol approaches is jeopardized by insecticide resistance, envi- 

onmental concerns and the difficulties associated with manufac- 

uring insecticidal materials in affected regions [29] . To address 

hese challenges, scientists should employ modern molecular tools 

o enhance our understanding of vectors, their relationships with 

arasites, and insecticide resistance in affected areas. Regrettably, 

ajor funding organizations supporting research and capacity de- 

elopment in developing countries, such as the European and De- 

eloping Countries Clinical Trials Partnership, do not allocate re- 

ources to vector research [30] . 

Developing research capabilities in vector biology and control 

s crucial to comprehend and monitor the changing patterns of 

osquito-borne diseases. This is essential for addressing the chal- 

enges arising from the influence of climate change on vector be- 

aviour and the transmission of diseases such as chikungunya, 
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engue, malaria, yellow fever, and Zika. In resource-limited set- 

ings, there is an urgent need to strengthen national capacities 

nd capabilities to respond to the emergence and re-emergence 

f vector-borne diseases with epidemic potential. In Sierra Leone, 

he Integrated Disease Surveillance and Response (IDSR) tool, a 

omprehensive, evidence-based strategy developed by the World 

ealth Organization (WHO) for enhancing the effectiveness of na- 

ional public health surveillance and response systems, has been 

sed to monitor the long-term trend and seasonal variation in 

alaria [31] . 

We have demonstrated that climate change substantially affects 

he spread of vector-borne diseases. Many mosquito vectors of in- 

ectious diseases are already spreading across continents, aided by 

lobal trade and travel, and establishing in new areas previously 

naffected by diseases like dengue and malaria. Changes at re- 

ional and national levels should be context- and disease-specific. 

o prevent the spread of vector-borne diseases, capacity enhance- 

ent is urgently needed in vector control and disease monitoring 

trategies. As of 3 December 2023, governments and development 

artners that participated in the COP28 Health Day had committed 

bout US$ 1 billion to support knowledge generation, innovative 

nancing, country capacity building, strategic partnerships, incu- 

ating innovations, and high-level advocacy on climate change and 

ealth [9] . 
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