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Introduction 

2 

 
• Ruminants are the main reservoir for STEC, but there is evidence for (wild) birds, pigs, dogs and horses 

being significant spill-over hosts 
 

• Source attribution studies based on microbial subtyping have mainly been performed for Salmonella, 
Campylobacter and Listeria  
 

• Combined (source-assigned) case–control and source attribution analyses (as done for Salmonella and 
Campylobacter) may bridge the gap between attributing human cases at: 
– the start of the transmission chain (i.e. reservoir level) 
– the point of exposure (i.e. risk factors)  

to identify source-specific risk factors for human infection 
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Case-control 

studies 
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Reservoirs vs. exposure 
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Microbial 

subtyping 



Aim 
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To attribute human STEC infections to four putative livestock sources  
(cattle, small ruminants, pigs, poultry) 

 
  
 
 
 
 
 
 
 

To determine how the STEC strains attributed to each source may infect humans 
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Source attribution models 

5 

i

j jij

jij

ij e
mp

mp










Wilfrid van Pelt 

)(
j iji Poissone 

jiijjij aqpm 

Dutch model Danish model 

Tine Hald 

λij  estimated number of human isolates of type i from source j 
pij  prevalence of type i in source j 
ei  observed number of human isolates of type i 
mj exposure weight (e.g. amount of food from source j consumed, probability of exposure to source j, etc.) 
qi  type-dependent factor (i.e. virulence, pathogenicity, survivability, etc.) 
aj  source-dependent factor (i.e. ability of sources j to act as a vehicle for the pathogen  like source characteristics 
influencing bacterial growth, preparation/handling procedures, etc.) 

• Frequentist approach 
• Equal impact of types and sources on humans 
• Source probabilities calculated independently of human 

subtype frequencies  

• Bayesian approach 
• Different impact of types and sources on humans 
• Source probabilities fitted on human subtype frequencies  

O-serotyping data 

STEC source attribution and spatial epidemiology in the Netherlands  | September 2020 



6 

How? 
• Select data from different EU countries/time periods 
• Choose countries/time periods  similar in human data   

comparable human data = exchangeable livestock source 
data 
 

 
Why? 
• Limited source data from NL 
• Increase diversity of O-serotypes 
• ~50% beef from other EU countries 
• Improve model performance (less uncertainty, unknowns, 

convergence) 
 

Borrowing livestock source data 
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STEC source attribution | October 2017 7 Choose countries (90 O-serotypes) with human PSI>0.50 



Source-assigned case-control study 
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• Cases (#342) 
• O-serotyped STEC infection 
• period 2010–2014 
• interviewed within 1 month from symptoms onset 
• no travel 1 week before symptoms onset 
• Not part of outbreak or family cluster 

 
• Controls (#2260) 

• thrice-yearly routine control interviews 
• period 2010-2014 
• no travel 1 week before interview 

 
• 8 putative risk factors were tested for risk of human STEC infections of probable cattle, small ruminant, pig 

or poultry origin 
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Overall attributions 
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Source attribution (%) most important O-serotypes 
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To study the spatial association between STEC O157 human infections and livestock 
densities in the Netherlands 

 

Aim 
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Methods 

•

•

14 STEC source attribution and spatial epidemiology in the Netherlands  | September 2020 

Cumulative human STEC O157 incidence rate (x 100,000 person-years) 



Population-weighted number of animals 
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𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 =
100 ∗ 𝐴 + 1000 ∗ 0 + 10 ∗ 𝐴 + 5 ∗ 𝐵 + 1

100 + 1000 + 10 + 1 + 5
 

STEC source attribution and spatial epidemiology in the Netherlands  | September 2020 



16 

Cumulative human STEC O157 incidence rate (x 100,000 person-years) 
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Population-weighted number of animals for small ruminants (a), cattle (b), poultry 
(c) and pigs (d) 
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Small ruminants 
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Variable P-value RR 95% CI 

Gender 

     Males Reference category 

     Females <0.001 1.74 1.40-2.17 

Age category (years) 

     0-4 <0.001 4.05 2.91-5.59 

     5-9 <0.001 2.01 1.32-2.97 

     10-49 0.27 1.15 0.90-1.49 

     ≥ 50 (ref) Reference category 

Livestock 

     Small ruminants 0.03 1.13 1.01-1.26 

     Cattle 0.69 0.97 0.86-1.11 

     Poultry 0.50 1.01 0.97-1.06 

     Pigs 0.83 1.01 0.94-1.07 
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Thank you for 
listening! 

lapo.mughini.gras@rivm.nl 
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