
Areas at risk of zoonoses - Considering ecological
knowledge of both pathogen and vector

in modelling vector-borne diseases

Current developments in the spread of zoonoses in Europe emphasize the importance and urgency of well-informed projections concerning their
expectable future development. To identify current and future areas at risk of zoonoses a combination of ecological knowledge and statistical species
distribution models is required. Here, we use an ensemble modelling approach implemented in the biomod2 package of R (see Methods below).

Within a pilot project of the German Research Platform for Zoonoses (‘Zoonosis RISKTOOL’) we developed current and future risk maps for Dengue and
West Nile with special focus on the cold tolerance of the vectors Aedes albopictus and Aedes japonicus and the extrinsic incubation period (EIP) of the
pathogens.

Anja Jaeschke1,2, Stephanie Margarete Thomas1, Nils Tjaden1, Carl Beierkuhnlein1

1Biogeography, University of Bayreuth, D-95440 Bayreuth, Germany; 2Biogeographical Modelling, University of Bayreuth, D-95440 Bayreuth, Germany

 Thomas, Beierkuhnlein (2013) Predicting ectotherm disease vector spread—benefits from multidisciplinary approaches and directions forward.
Naturwissenschaften 100:395-405

 Fischer, Thomas et al. Climatic suitability of Aedes albopictus in Europe referring to climate change projections: Comparison of mechanistic and correlative niche
modelling approaches. Eurosurveillance. in rev.

 Tjaden, Thomas et al. (2013) Extrinsic incubation period of dengue: Knowledge, backlog and applications of temperature-dependence. Plos neglected tropical
diseases. doi:10.1371/journal.pntd.0002207

 Thomas, Obermayr et al. (2012) Low-temperature threshold for egg survival of a post-diapuase and non-diapause European aedine strain, Aedes albopictus
(Diptera: Culicidae). Parasites & Vectors 5:100

 Fischer, Thomas et al. (2011) Projection of climatic suitability for Aedes albopictus Skuse (Culicidae) in Europe under climate change conditions. Global 
Planetary Change 78:54-64

 Fischer, Thomas, Beierkuhnlein (2010) Climate change effects on vector-borne diseases in Europe. Nova Acta Leopoldina 112 (384): 99-107.

Background

Further References Anja Jaeschke
Department of Biogeography
Biogeographical Modelling
University of Bayreuth
D-95440 Bayreuth
0049 921 552256
www.biogeo.uni-bayreuth.de
anja.jaeschke@uni-bayreuth.de

Results: Climatic suitability for Aedes albopictus and Dengue

Methods
• Correlative species distribution model

• Bioclimatic variables of Worldclim (5’ resolution, global scale)

• Ensemble modelling approach as implemented in biomod2 R-package

• Generalized Linear Model (GLM), Boosted Regression Tree (BRT), Random Forest (RF), Maximum Entropy (MAXENT)

• Pseudo-absences/background selection (maximum distance for Ae. albopictus, randomly for Ae. japonicus)

• Future projections until 2030, 2050 and 2070 for five climate models and two emission scenarios (rcp4.5, rcp8.5)

• Intersection with EIP of Dengue virus and cold tolerance of the vector’s eggs

• See also the poster of Nils Tjaden for more details on the modelling framework
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Projected climatic suitability for Aedes
albopictus in Europe. Large parts of Europe
are climatically suitable in the future.

Overview of available literature data for the 
temperature dependence of the EIP of Dengue.

Dengue Amplification - future
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IPCC A1B

Higher ambient temperatures mean faster virus
amplification in the vector’s body.

EIP (days)

Temperature dependence EIP

The combination of the minimum temperature and
the duration of the exposure is the most important
variable constraining the reproduction and hence
the long-term establishment of the vector and will be
included in the next steps.

Climatic Variable Explanation

Bio1 Annual Mean Temperature

Bio5 Max Temperature of Warmest Month

Bio6 Min Temperature of Coldest Month

Bio9 Mean Temperature of Driest Quarter

Bio10 Mean Temperature of Warmest Quarter

Bio11 Mean Temperature of Coldest Quarter

Climatic suitability for Aedes albopictus in Europe
intersected with the duration of the EIP depending
on the ambient temperature.
For a transmission the EIP must be shorter than the
vector’s lifespan.
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Dengue Amplification &
Suitability for Aedes albopictus

Aedes albopictus - current
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Occurrence (until 2014)
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