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Vector Borne diseases 

 
Diseases transmitted by blood sucking arthropods 

• Survival 

• Development rate 

• Activity 

• Length of gonotrophic cycle 

• Vector competence 
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• Survival 
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• Life habits 

• Survival 

• Replication rate 
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Modelling Disease risk based on climatic indicators: 
Last 6 years in Liverpool... 

Impact of climate 

upon bluetongue 

transmission in 

Europe. 

Guis et al., 2012. 

Impact of climate 

upon liver fluke in 

the UK 

GLOWORM EU 

project (in prep) 

Malaria modelling. 

Seasonal forecasts & 

climate change scenarios 

Caminade et al., 2014b & 

2014c. 

Mapping Asian tiger 

mosquito climatic 

suitability. Caminade 

et al. 2012, Work with 

the HPA 

Japanese 

encephalitis. 

Impoinvil et al., 

2011, 2013. 

Rift Valley 

Fever Caminade 

et al., 2011 & 

2014a. work with 

J.A. Ndione 



Rift Valley Fever 

Zoonosis generally transmitted by 
Aedes and Culex mosquitoes. 

 

RVF virus is a member of the 

genus Phlebovirus (family 

Bunyaviridae). 

Animal symptoms: high level of abortion in pregnant females, 
vomiting and diarrhoea, respiratory disease, fever, lethargy, 

anorexia and sudden death in young animals. 

High mortality rate (especially in lamb, calf, sheep and goat). 
 
Human symptoms: large fever, headache, myalgia 
Can lead to hemorrhagic fever meningitis and death (<2%).  
Low mortality rate. 
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Ndione et al,  

2008 
RVF risk 

Dry spell followed by a rainfall peak during the late rainy season (Sep-

Oct) over Northern Senegal (Ngao pond, Barkedji in 2002) 

 Rehydrating ponds  

 Culex and Aedes mosquitoes hatching + host promiscuity 

 high RVF risk 

Caminade et al, 2011 

RVF risk 

Rift Valley Fever & climate 

Countries with endemic disease and substantial 

outbreaks of RVF 

 

Countries known to have some cases, periodic 

isolation of virus, or serologic evidence of RVF 

 

CDC 

OIE reports 

2005-2011 



Rift Valley Fever outbreaks in Mauritania 

Red line 

Climatology 

Black line 

Current year 

Caminade et al, 2014a 



Asian tiger mosquito: an invasive species 

Dengue fever  

2 cases in France in 2010 and 2014 

Chikungunya fever  

Ravenna outbreak in Italy in 2007 

Biting nuisances!!!!!  

 

Pathogens 

1) Model its climatic suitability using different distribution 
models. 
 
2) Using an ensemble of Regional Climate Model scenario to 
design future projections 
 
3) Differences and similarities before addressing recommendations 
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Asian tiger mosquito: distribution 

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

Wikimedia commons 



Asian tiger mosquito: Introduction routes 
Scholte & Schaffner, 2007 



Asian tiger mosquito spread in Europe 
Scholte & Schaffner, 2007 



Asian tiger mosquito: distribution in Europe: 

ECDC/VBORNET framework Jan 2012 

Hot spots: 

 

• Italy 

• Corsica,   

• Sardinia 

• Sicily 

• Eastern 

coast 

  of Spain 

• Southern 

  France 

• Adriatic 

coast 

• Greece 



Simulated climate suitability for A. albopictus 

1960-1989 1990-2009 

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 



Asian tiger mosquito: distribution in Europe: 

ECDC/VBORNET October 2013 
Countries at risk  - recent context and 

future scenario 

 

Cyprus, Bulgaria, Slovakia, Hungary, 

Macedonia, Portugal, Turkey, the Benelux, 

Germany and the UK. 





Google earth video on youtube: 

http://www.youtube.com/watch?v=WFqmNgtXOrM 

http://www.youtube.com/watch?v=WFqmNgtXOrM


An update for France 1999-2013 

Model 1 

 

Overwintering + 

Annual 

Temperature 

and rainfall 

thresholds 

Model 2 

 

“Suitability” 

functions 

Model 3 

 

Overwintering, 

temperature and  

photoperiod 

Weeks of activity 

Observation 

30/09/14 



Malaria Background 

• Caused by Plasmodium spp parasite which is transmitted by bites of the Anopheles spp 

mosquito 

• WHO Global elimination program in mid-20th C was successful in Europe and USA 

• Now mainly sub-Saharan Africa (P. Falciparum) (91%) and Asia (P. Falciparum and P. 

Vivax) 

• Mainly affects children, pregnant women and elders 

• Estimated 660,000 deaths worldwide in 2010  

• Fallen 33% in sub-Saharan Africa since 2000 -> Roll Back Malaria Programme, Bill & 

Melinda Gates fundation, World Bank Malaria Booster programme... 

• ISI-MIP – QWeCI - Healthy Futures EU projects: Using an ensemble of malaria models 

to simulate the risk in malaria transmission for the recent context and the future 



Source: WHO 



ISI-MIP framework (methodology) 

ISI-MIP Inter-Sectoral Impact Model Inter-comparison.  

Aim: Using an ensemble of climate model simulations, scenarios and an 

ensemble of impact models to assess simulated future impact changes 

and the related uncertainties. 

Five malaria models investigated: MARA, LMM_ro, Vectri, Umea & 

MIASMA for P. falciparum 

Output Variables:  
Length of the malaria transmission season e.g. LTS (in months) 

Malaria climatic suitability (binary 0-1). Defined if LTS >=3 months 

Additional person/month at risk for the future. 

Bias corrected climate scenarios were available for all RCPs [2.6, 4.5, 6, 

8] emission scenarios and the historical simulations for 5 GCMs. 

Population scenario SSP2 (UN) 

GCM1 - HadGem2-ES 

GCM2 - IPSL-CM5A-LR 

GCM3 - MIROC-ESM-CHEM 

GCM4 - GFDL-ESM2M 

GCM5 - NorESM1-M 

 

 

 



Malaria Background 1900s vs 2000s 

“obs” 

 Models 

Caminade et al., 2014 

Malaria endemicity  

decreased worlwide 

Mainly due to 

intervention (bed nets, 

early diagnostic tests, 

vector control…) 



Impact of climate change on malaria distribution 

Climatic suitability simulated to increase for all malaria models 

over the Tropical highland regions. 
Caminade et al., 2014 



Malaria 21st century scenario 

The effect of climate scenarios on future 

malaria distribution: changes in length of the 

malaria season. 

 
Each map shows the results for a different emissions 

scenario (RCP). The different hues represent changes in 

the length of the transmission season for the mean of 

CMIP5 sub-ensemble (with respect to the 1980-2010 

historical mean). The different saturations represent 

signal-to-noise (μ/Sigma) across the super ensemble 

(noise is defined as one standard deviation within the 

multi-GCM and multi-malaria model ensemble). The 

stippled area shows the multi-malaria multi GCM 

agreement (60% of the models agree on the sign of 

changes if the simulated absolute changes are above one 

month of malaria transmission).  

 

Simulated Increase in transmission over the 

highlands of Africa (east Africa, Madagascar, 

Angola, southern Africa) / decrease over the 

Sahel (extreme scenario / long term) 
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Time (2020s 2080s) 



Future population at risk 





A few weeks later in Science  

(based on field observations) 



More scientific evidences that climate becomes 

increasingly suitable for malaria in the Tropical 

highlands but other parameters will be critical: 

Population movements and urbanisation 

 

Technological development (vector control, vaccine?) 

 

Land surface changes (agriculture: fisheries, rice paddies…) 

 

Adaptation and evolution (mosquitoes resistance to insecticide, parasite 

resistance to drugs…) 

 

Socio-economic development (changes in wealth and vulnerability) 

 

Indirect effects of climate change 

 





Conclusions and Perspectives 

• More evidences that climate change contributed to the rise of infectious 

diseases but: other factors to consider: increased travel, land use, 

vulnerability, drug resistance… 

• Current disease models at their infancy stages (mosquitoes experience 

weather instead of climate) 

• Multi data source simulations useful and needed (using ensembles of 

disease models, climate models, population and climate change 

scenarios) 

• Stop the race for model skill: look at where things might occur instead 

of where things really occurred to anticipate the risk 

• Multi-disciplinary projects (entomologists, epidemiologists, human and 

animal health specialists, climatologists-meteorologists, human 

scientists, interface scientists) e.g. One Health approach 

• CMIP5 for IPCC should be a standard for multi-disease model risk 

assessment – international and national initiatives (ESCRIME for 

impacts of climate change or isi-mip initiative) 

 

 

 

 


