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Impacts of vector-borne diseases (VBD)

2nd Plague pandemic 14th century Malaria in Africa

Zika outbreak in Latin America 2015-2016

Bluetongue outbreak in Northern 

Europe Aug-Sep-Oct 2006

Yellow fever outbreak – Angola, 

DRC 2015-2016
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Climate change impacts on VBDs

VBDs are climate sensitive

Modelling the impact of climate variability on VBD burden, development of 

early warning systems (seasonal to climate change time scales).

Vectorial capacity = f(Tº)

Lafferty KD and Mordecai EA 2016 - F1000Research 2016, 5:2040

I like this place, 

I might settle down

Ouch, 

This is getting too warm…
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https://f1000research.com/articles/5-2040


Temperature effect on vector biting rates (a(T))

Biting rates:

Number of mosquito bites per 

day per host. 

When temperature increases, 

biting rate increases.

Left: 

Biting rates of Ae. aegypti, the 

yellow fever mosquito; it can 

transmit dengue, Zika & yellow 

fever viruses.

Scott et al., 2000, J Med Entomol 37(1):89–101
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https://academic.oup.com/jme/article-abstract/37/1/89/858778?redirectedFrom=fulltext


Temperature effect on vector dvpt & mortality (µ(T))

Development rate and 

mortality:

Mosquitoes develop 

faster at high 

temperature - if 

temperature exceeds 

about 35-37ºC mortality 

tends to increase.

Eggs can overwinter 

&/or resist desiccation.

Water is needed for 

breeding sites.

Significant differences 

between the lab and 

the field!
Ae. aegypti, the yellow fever mosquito Ae. albopictus, the Asian tiger mosquito

Brady et al., 2013, Parasite and Vectors 6:351
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https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-6-351


Temperatures effect on Extrinsic Incubation Period (EIP(T))

The Extrinsic Incubation Period (EIP) - example for P. falciparum and An. gambiae: time 

required for the pathogen to develop inside the mosquito vector before it becomes infectious 

(when the pathogen is detected in their salivary glands). 

When temperature increases, the EIP decreases e.g. it shortens.

If the temperature is too low, mosquito dies before the pathogen can replicate in their body e.g. 

before becoming infectious (about 30days life span in the field).

Time for 

0.2 

infectious

About 

two 

weeks

About 

one 

week

Shapiro et al., 2017, Plos Biology 15(10)
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https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2003489


Methods to model the impact of climate on VBDs

Statistical models Mechanistic models

Stat models: Maxent, BRTs, Bayesian models, Mahalanobis distance… Mechanistic models: SEIR/SIR, R0, Fuzzy logic, climate envelope…

Biting rate(T)
EIP(T)

Mortality(T))

Tjaden et al. (2018). Trends in Parasitology 34(3): 227-245. http://dx.doi.org/10.1016/j.pt.2017.11.006
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http://dx.doi.org/10.1016/j.pt.2017.11.006


Research example: the Asian tiger mosquito, 

Ae. albopictus
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The Asian tiger mosquito: Aedes albopictus

blue: original distribution, cyan: areas where introduced in the 
last 30 years.

Wikimedia commons

Rapid spread worldwide

Main introduction routes

Scholte & Schaffner, 2007

Rapid spread in Europe & France

Scholte & Schaffner, 2007

Source: CSIR



Aedes albopictus – distribution June 2011
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Regions suitable for Ae. albopictus – U. Liv & PHE work

Climate obs (EOBS) 1960-1989 Climate obs (EOBS) 1990-2009

Climate Models (ENSEMBLES 11 RCMS) 2030-2050

Model based on an overwintering criterion (Tjanuary >0C, 

Rain_annual>500mm) and different thresholds in annual Temperature:

suitable           12C< T_annual

high risk          11C< T_annual < 12C

medium risk:   10C< T_annual < 11C

low risk:            9C< T_annual < 10C

no suitability:            T_annual <   9C

Future risk increase: Benelux, Balkans, western Germany, the southern UK

Future risk decrease: Spain and Mediterranean islands Caminade et al., 2012, JRSI

Main findings:

1) Climate already suitable over a 

large area for its establishment in 

1960-1989

2) Climatic suitability increased over 

the past 20 years over central-

northern Europe and the Balkans

3) Similar trend for the future (risk 

increases in the North and decreases 

over southern Europe)

https://doi.org/10.1098/rsif.2012.0138


HPRU kick off meeting, Liverpool Nov 2014

Model 2:

“Suitability” 

functions 

(ECDC, 2009)

Weeks of activity

Model 1: Overwintering criterion + Annual 

Temperature and rainfall thresholds 

(Kobayashi et al., 2002)

Model 3

Overwintering, temperature 

and  photoperiod 

(Medlock et al, 2006). 

Kent – East Sussex!



Risk for the UK - 2019
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Recent climatic suitability 2006-16

Future climatic suitability 2060-69

RCP4.5

RCP8.5

Colder -> warmer climate models

Recent context:

Thames estuary & Kent at risk

Future scenarios:

Climatic suitability to increase over 

southern UK

Metelmann et al., 2019, JRSI

https://doi.org/10.1098/rsif.2018.0761


Aedes albopictus – distribution May 2020

Countries at risk  - recent context and 

future scenario (Caminade et al., 2012)

Cyprus, Bulgaria, Slovakia, Hungary, 

Macedonia, Portugal, Turkey, the Benelux, 

Czech republic, Germany and the UK

and Paris…
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LSHTM – Public Health England Oct 2016

Recent news…

Not established yet in the UK.

To be continued…
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ECDC – October 2019



Other research examples
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Xylella fastidiosa (Xf)
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Asian Hornet
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?

Chris Looney fills a tree cavity with carbon dioxide after 

vacuuming a nest of Asian giant hornets from inside it, on 

24 October in Blaine, Washington. 

Photograph: Elaine Thompson/AFP/Getty Images

Source: Guardian 
https://www.theguardian.com/environment/2020/oct/31/us-murder-

hornets-nest-asian-giant

This bee-hawking hornet already invaded 

range in Europe, in Spain and in Central 

and Eastern Europe – from Switzerland to 

Hungary up to Southern Sweden.



Conclusions

• Climate change, coupled with globalization, impacts insects vector borne diseases distribution 

(breeding sites – development and survival of vectors, pathogen development rate inside the 

vector e.g. EIP…)

• Increasing evidences that climate change already played a role in the background over the 

past 20 years: worrying vector trends have been observed in different temperate, arctic and 

highland regions. Sporadic outbreaks of vector-borne diseases have been observed in 

temperate climes (Southern Europe, southern USA, China…)

• Many factors to consider to anticipate the real future of infectious diseases (socio-economic, 

demography, land use changes, drug and insecticide resistance, technological break through, 

human behavior, interaction with animals…) -> One Health

• Need to use different disease modelling approaches and ensemble of climate models, 

emission & population scenarios to assess uncertainties, and these can be quite large!

• Model validation is critical but difficult  - validation relies on the quality of health and climate 

data!

• Climate change is already affecting our health directly (climatic extremes: heat waves, floods, 

air pollution…) and will have significant indirect effects from macro to micro scale e.g. on 

freshwater and oceanic resources, agriculture, livelihoods, population migration… It only 

started e.g. aperitif time… 
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