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Remote sensing of diseases 

 Environmental factors 
characterise and localise the habitat of disease-causing or 
transmitting species 
 Impact on disease transmission 

 > 80% of listed diseases have environmental risk factors; 
ca. ¼ of all fatalities (WORLD HEALTH ORGANIZATION, 2006) 
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Schistosomiasis 

 Parasitic worm disease 

 High disease burden:  

End-organ pathologies, impaired growth and 

development of children , chronic inflammation, 

anaemia (HOTEZ AND FENWICK, 2009) 

Schistosomiasis: 
Prevalence (in %) 

10.0 – 24.9 

Non-endemic 

Eliminated 

< 1.0 

25.0 – 49.9 

> 50.0 

1.0 – 9.9 

Source: UTZINGER, ET AL, 2011 

 440 Millionen infected 
 97% in Afrika (COLLEY ET AL., 2014) 

 5% receive treatment (HOTEZ AND FENWICK, 2009) 

“Disease burden of schistosomiasis in Africa equivalent to malaria or HIV/AIDS”  
(HOTEZ UND FENWICK, 2009) 

http://everyday21000childrendie.wor
dpress.com/2012/01/12/schistosomia
sis/ 

Source: NTD Modelling 
Consortium  
(http://www.ntdmodelling.org/diseases/schist
osomiasis-japonica) 



Source: COLLEY ET AL., 2014 

Parasites 

Humans 

Freshwater snails 

Transmission of schistosomiasis 
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Impact factors of parasites & snails: 
 Water temperature 
 Flow velocity  
 Stability of water level 
 Water depth 
 Vegetation 
 Natural predators 
 etc. 

Impact factors of humans: 
 Behaviour / water contact 
 Hygiene 
 Immunity 
 Cultural background 
 Socio-economic status 
 Migration 
 Intervention measures 
 Geolocation of household 
 etc. 



Source: COLLEY ET AL., 2014 
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Impact factors of parasites & snails: 
 Water temperature 
 Flow velocity  
 Stability of water level 
 Water depth 
 Vegetation 
 Natural predators 
 etc. 

Impact factors of humans: 
 Behaviour / water contact 
 Hygiene 
 Immunity 
 Cultural background 
 Socio-economic status 
 Migration 
 Intervention measures 
 Geolocation of household 
 etc. 
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Source: Google Earth (Image © DigitalGlobe 2011) 

School 

Credits: Jürg Utzinger 

Geolocation of data for risk modelling 
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Source: Google Earth (Image © DigitalGlobe 2011) 

potential disease transmission site 

school 

Pixel of remote sensing (RS) data 

23/32 studies (>70%) linked RS  
data with school-based Schistosoma 
infection prevalence* 

Geolocation of data for risk modelling 

*Walz, Y., Wegmann, M., Dech, S. Raso, G. and Utzinger, J. (2015). 
Risk profiling of schistosomiasis using remote sensing: approaches, 
challenges and outlook, Parasites & Vectors  8:163 
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Schistosomiasis risk Epidemiological 
data 

Remote sensing 
data 

Disease risk 
model 

Prediction: 
Probability of 

prevalence 
Current approach 

Ecological 
data 

Remote sensing 
data 

Disease risk 
model 

Prediction: 
Probability of 
prevalence at 
infection site 

Habitat 
suitability model 

Epidemiological 
data 

Buffer 

Habitat suitability 
Potential disease 
transmission sites 

Schistosomiasis risk 

Environmental 
suitability 

„Ecologically relevant model approach“ 

Approach of spatial risk profiling 
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Study sites 



Disease risk 
model 

Prediction: 
Probability of 
prevalence at 
infection site 

Epidemiological 
data 

Buffer 

Schistosomiasis risk 

Ecologically relevant model approach 
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Step 1:  Derivation of potential disease transmission sites 

Ecological 
data 

Remote sensing 
data 

Habitat 
suitability model 

Habitat suitability 
Potential disease 
transmission sites 

Environmental 
suitability 



Topographic sink 

Seasonal 
water 

Irrigated 
ricefield 

River 

(Dam-) lake 

Irrigation channel 
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Potential disease transmission sites 



RS variables 

Stability of water bodies Vegetation coverage Slope Stream order Depth of  
topographic sinks 

Temperature 

Relative habitat suitability: 
Water temperature 

Relative suitability 
High (1) 

Low (0) 
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Habitat suitability model 

Ecological context 

Temperature (°C) 
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Walz, Y., Wegmann, M., Dech, S.W., Vounatsou, P., Poda, J-N., N'Goran, EK., Utzinger, J., Raso, G. (2015): Modeling and validation of 
environmental suitability for schistosomiasis transmission using remote sensing. PLOS Neglected Tropical Diseases (under review) 
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Temperature 

Flow velocity 

Riparian 
vegetation 

Relative habitat suitability 
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Habitat suitability / potential disease transmission sites 

Habitat suitability index  

High (1) 

Low (>0) 

Aggregation 
Source: 
USFWS, 1983 
BROWN ET AL, 2000 
STORE AND KANGAS, 2001 

Potential disease transmission sites 



Disease risk 
model 

Prediction: 
Probability of 
prevalence at 
infection site 

Epidemiological 
data 

Buffer 

Schistosomiasis risk 

Ecologically relevant model approach 
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Step 1: Derivation of potential disease transmission sites 
Step 2:  Modelling of the infected population in reference to potential disease 
 transmission sites 

Ecological 
data 

Habitat 
suitability model 

Environmental 
suitability 

Remote sensing 
data 

Habitat suitability 
Potential disease 
transmission sites 

Reflectances 
(bue, green, red, NIR, 

MIR, SWIR) 

Water- and 
vegetation indices 

(NDWI, MNDWI,NDVI, 
SAVI,MSAVI,EVI) 

Thermal data 
(MIN, MAX, MW, Median,  

Delta Tag/Nacht) 

Topography 
(Altitude, slope, sinks,  

stream order) 



5km 

Source:  
MALONE ET AL, 2001 
STEINMANN ET AL, 2006 

Rapid Eye, 27.10.2010 (531-RGB) 
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Ecologically relevant model approach 

Habitat 
suitability model 

Habitat suitability 
Potential disease 
transmission sites 

Environmental 
suitability 

Walz, Y., Wegmann, M., Leutner, B., Dech, S.W., Vounatsou, P., N'Goran, EK., Raso, G., Utzinger, J. (2015). 
Use of an ecologically relevant modelling approach to improve remote sensing-based schistosomiasis risk profiling. Geospatial Health (under review) 



Schistosomiasis prevalence (%) 

Burkina Faso 

Côte d’Ivoire  

Taabo 

Man 

Ouagadougou 

Ecologically relevant model approach 

Predicted  
schistosomiasis prevalence (%) Settlements 

Full catchment model approach 

Predicted  
schistosomiasis prevalence (%) Settlements 
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Spatial risk prediction 



Full catchment model approach 

PLSR Modell 
n=38 
5-fold cross validation 

Buffer radius (m) 

Full catchment model approach 

Ecologically relevant model approach 

Buffer radius (m) 
17 

Model accuracy per buffer size 
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Conclusion 

 Concept of schistosomiasis risk modelling using remote sensing data requires 

consideration of the ecological and spatial context 

 Ecologically relevant model approach 

 

 Model accuracy varies strongly with extent (=buffer size) of the catchment area 

considered for modelling schistosomiasis risk 

 

 Multi-disciplinary approach essential for distilling causal relations 



Thank you! 
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Ouagadougou 

n=38 

n=75 

n=74 

Comparison between different study sites 



Variable importance 

* 

* Mean reduction of mean squared  
   error (MSE)  
   BREIMAN (2001) 
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Man Taabo Ouagadougou 



Habitat  
stability 

Temperature 
suitability 

Flow suitability 

Water depth  
suitability 

Dry season 
vegetation 
suitability 

HSIwater 

Vegetation 
suitability 

Potential flow  
suitability 

Stream 
suitability 

Sink depth 
suitability 

HSIpot. water 

Water suitability Potential water suitability 

Habitat suitability model 



  HSI Reference 

Reisfeld 

0.97 High 

Bewässerte 

Landwirtschaft 

0.64 Moderate 

 Trockenes Flussbett 

0.55 Low 

 Topographische Senke 

0.08 Low 

  HSI 
Reference: 

Estimated habitat 

suitability 

Permanenter Stausee 

0.6 High 

Permanenter Fluss 

0.55 Moderate 

Saisonaler Stausee 

0.32  Moderate 

Plausibility analysis: habitat suitability 


