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Hartemink	  et	  al.,	  2015	  

A	  resource-‐based	  habitat	  concept	  for	  infec'ous	  diseases	  



Earth & Life InstituteUCL

Tick-‐borne	  diseases	  in	  Europe:	  'cks	  everywhere,	  	  spa'ally	  homogenous	  risk?	  	  
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2	  examples:	  
Accoun'ng	  for	  exposure	  in	  environmental	  covariates	  
Assessing	  exposure	  on	  its	  own	  
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Human	  Host	  

Hiking	  

Picnicking	  

Pleasant,	  accessible	  landscape	  

Shady	  green	  spaces	  

Berry-‐	  Mushroom-‐rich	  area	  Food	  picking	  
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Step	  1:	  interpre'ng	  environmental	  variables	  in	  terms	  
of	  hazard	  and	  exposure	  

Tick-‐borne	  encephali's	  in	  Sweden	  

Hazard:	  'ck	  suitable	  
habitat,	  hosts	  

Exposure:	  
ALrac'vity:	  forest	  features	  	  
Accessibility:	  forest	  access	  

Zeimes	  	  et	  al.,	  2014	  	  doi:10.1186/1756-‐3305-‐7-‐370	  
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TBE	  in	  Sweden:	  integrate	  hazard	  and	  exposure	  
BRT	   BRT	  AIrac%veness	   BRT	  Ecology	  
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Attractiveness = accessibility + beauty of the area and forest 

•  Accessibility 
•  Most of second home are near 

permanent home (Pearce, 1996 ; 
Müller, 2006) 

 
Dim1_accessibility:  
+ with Population density and Roads - with 
Distance to Stockholm 

 
 
 

 

•  Beauty of the forest 
•  Increasing tourism preference 

with  
–  Number of clear-cuts (Bostedt et 

al., 1995) 
–  Skewness of vegetation 

(Silvennoinen et al., 2001)  
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Tick	  bites	  in	  Scout	  camps	  

De	  Keukeleire	  et	  al.	  2015	  
doi:10.1016/j.Lbdis.2015.05.008	  
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Tick	  bites	  in	  Scout	  camps	  
Low	  risk	  

High	  risk	  
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Step	  2:	  assess	  exposure	  

Example	  1:	  Lyme	  borreliosis	  in	  Norway	  

Exposure:	  
ALrac'vity:	  infrastructure	  for	  
outdoor	  ac'vi'es	  	  	  
Accessibility	  

Jore	  et	  al.	  2011	  
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Jore	  et	  al.,	  2011	  
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Inputs:	  
	  
Roads	  
	  
Hiking	  trails	  
	  
Picnic	  areas	  
	  
Cabins,	  campings	  
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Dengue in Hawaii 

Effler	  et	  al.	  2005	  

• Sporadic outbreaks following introduction of the 
virus (1943, 2001) 
• Vectors: Aedes albopictus, Ae. aegypti 
(controlled in the 1940s but…), both invasive 
• Travel to/from Asia, Hawaii, continental US 

D.	  Oda,	  Star	  Bulle'n	  
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Mosquito abundance Human population density 

Vanwambeke et al., 2011, Tropical Medicine and International Health 16 (2) 
doi:	  10.1111/j.1365-‐3156.2010.02671.x. 
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Vector to host ratio 
•  Maps	  the	  hosts	  using	  

environment	  rather	  than	  
mapping	  the	  environment	  

•  Uses	  proxies	  of	  assemblage	  of	  
resources	  (a	  necessity?)	  

•  Mosquito	  data	  resolu'on	  
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Where	  do	  people	  get	  exposed	  
•  Residence?	  
•  Other	  ac'vi'es	  

	  
How	  can	  we	  represent	  this?	  

•  Issue	  of	  scale	  
•  Issue	  of	  representa'on	  

Zeimes,	  Reil,	  Jacob,	  Ulrich,	  Vanwambeke,	  in	  prep.	  
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sophie.vanwambeke@uclouvain.be 
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Func'on	  

Resource	  

	  	  	  	  

Replica'on	  
in	  host	  	  

Host	  

Vector	  Transmission	  

Replica'on	  
in	  vector	  	  

Blood	  feeding	  

Oviposi'ng	  (and	  
maturing,	  for	  larvae)	  

Ma'ng	  

Adult	  res'ng/
diapausing	  

Host	  	  
(not	  necessarily	  competent	  for	  virus	  transmission)	  

Feeding	   Food	  	  (other	  than	  blood)	  e.g.	  nectar	  

Standing	  water	  

Mostly	  around	  bloodmeal	  source	  

Shelter	  from	  extreme	  temperatures	  or	  dessica'on	  

Residing	  

Crop	  growing	  

Outdoor	  
recrea'on	  

Built-‐up	  
residen'al	  areas	  

Pleasant	  areas	  
with	  vegeta'on	  

Fields,	  orchards	  

Building-‐based	  
ac'vi'es	  with	  
outdoors	  
elements	  

Suitable	  
thermal	  

condi'ons	  

Built-‐up	  areas	  

Suitable	  thermal	  condi'ons	  

Culex	  mosquitoes	  

JE	  virus	  

Human	  hosts	  

Feeding	  

Reproduc'on	  

Res'ng,	  
shelter	  

Food	  	  resource	  
for	  host	  

Resource	  for	  
host	  res'ng	  
Resource	  for	  

ma'ng/nes'ng	  

Watering	   Water	  

Non-‐human	  hosts,	  e.g.	  pigs	  
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Mechanis'c	  models,	  e.g.	  R0	  
	  
	  
Sta's'cal	  models:	  e.g.	  species	  
distribu'on	  models,	  regression	  
models.	  	  
	  
	  
Expert-‐based	  methods:	  e.g.	  
mul'-‐criteria	  decision	  	  
	  
	  
	  

	  

RBHC	  applied….	  
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Exposure:	  Human	  cases	  

Hazard:	  Tick	  presence/
abundance	  

Hazard:Pathogen	  circula@on	  	  

Challenges…	  Data	  are	  keyholes	  


