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Salmonella is a bacterial pathogen which causes diarrhea, 
fever, abdominal cramps, and, in severe cases, hospitalisation.

The UK has ~8,500 Salmonella cases annually, of which ~2,500 are 
Salmonella enterica subspecies Enteritidis.

S. Enteritidis infection is associated with consumption of contaminated 
foodstuffs, particularly poultry meat and eggs.

National monitoring and vaccination programmes have 
greatly reduced salmonellosis associated with local food production.

Many clinical S. Enteritidis cases identified in the UK are thought to be associated with 
foreign travel or consumption of imported foodstuffs.

Rapid geographical source attribution of an infecting strain will allow targeted 
epidemiological follow-up and rapid outbreak resolution.

Salmonella enterica subspecies Enteritidis



  

Source attribution to improve outbreak response 

Project Aims:

1/ Accurately prediction the geographical origin of S. Entertidis infections

2/ Rapidly provide granular information for epidemiologists

Clinical S. Enteritidis Genomes 
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2014-2019

‘Recent Reported Travel’



  

Enteritidis has a strong 
phylogeographical signal 



  

Hierarchical Classification using ML

Hierarchical classification is a useful tool for problems which have a discrete class hierarchy, in 
this case Region → Sub-region → Country. 

A Local Classifier per Node (LCN) approach was adopted1 

This generates a separate probability score per level of the hierarchy:
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Silla, C. N., & Freitas, A. A. (2011). Data Mining and Knowledge Discovery, 22(1), 31–72.
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Random Oversampler – Random Forest 
–  F1 Score

Harmonic mean between 
sensitivity and specificity

Models

Random Forest
XGBoost
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Robust Subsequent Year Prediction



  



  



  

Summary

Benefits
● Hierarchical classifiers can accurately and granularly predict geographical 

source of S. Enteritidis. 
● From raw data to classification in <4 minutes.
● Models are robust to both temporal perturbations and novel data. 

Limitations
● The model can only predict countries for which we have data, new datasets 

are needed.
● The do not always identify the ultimate source of the sample (i.e. food 

supply chains are complex).
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