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Who is PHE?

2 Pathogen genomics in public health

Role of the National Reference Laboratory

• Provide gold standard microbial typing of 

isolates

• Monitor for emerging threats to public 

health 

• Support national surveillance activities

• Facilitate national outbreak detection and 

investigation

• Contribute to international                                

infectious disease surveillance                                  

and response to outbreak                           

investigation across borders



Gastrointestinal Bacteria Reference Unit

Provide ID & Typing for:

Salmonella (10,000 isolates / yr)

E. coli & Shigella (3000 isolates / yr)

Listeria monocytogenes (1000 isolates / yr)

Campylobacter (2000 isolates / yr)



Public Health Questions

• What species/clone is it? e.g. O157, O26, S. Typhi, S. Enteritidis

• Have we seen this strain before?

• How pathogenic / resistant is this strain to humans?
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Conventional ID and typing methods

• Culture-based methods

• PCR specific marker genes

• Biochemistry

• Phenotypic arrays

• Serotyping

• Phage typing

• AMR

• Molecular methods: 

PFGE, MLVA, MLST
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Move to WGS 
•WGS provides a single one step 

method for identification and typing 

and provides a wealth of additional 

information 

•Faster TATs, lower costs 

•Quality, standardisation, potential for 

rapid global comparability

•Safety

•Improved resolution for strain 

discrimination

•Able to provide phylogenetic 

information

•Improved cluster detection

•Provides information on potential 

sources

•Ability to rapidly screen large number 

of isolates for virulence genes, AMR 

genes 

•Leads to improved understanding of 

GI pathogens and OBs

6 WGS at PHE



7 Salmonella NGS at PHE

Overview



The (very) basics of sequencing
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Illumina Sequencing



9 Viral Next Generation Sequencing
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Illumina – sequencing by synthesis 

98% Accuracy

100-300 bp read length

1.5 billion reads per flow cell

27 hrs



11 Viral Next Generation Sequencing



What clone is it? - MLST / wxy / fliC

Salmonella NGS at PHE

Illumina Short Reads

What species is it? - Kmer

A G T C G C G T A T G T C T G A C C C

A G T C G C A T G T A T

C G C G T A T A T G A C C C

A G T C G C G A T G A C C C

G T A T G T A

T C G C G T G T A T G A

A G T C G C G A T G A C

G C G T A T

T G T A T

C G T A T G

How similar / different is it? - SNP

AMR

VIRULENCE

PLASMID

How bad is it?



How do we assess similarity 

between genomes?

Strain 1

Strain 2

Ref G T A G

Strain 1 G G A A

Strain 2 A G G G

Reference

Ref

Strain 1

Strain 2

0.5



14 WGS for Salmonella epidemiology

Salmonella Enteritidis PT14b

‘How Deep Down the Rabbit Hole Do We Really Need to Go?’

‘Enteritidis can be complex’
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N= 9017

Routine Analysis WGS of all Salmonella isolates

since 2014 

Outbreak detected within inpatients at hospital



Salmonella Enteritidis 14B

Heartlands Hospital 

Birmingham



Inns et al – Eurosurveillance 2015
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Can we explain this association?

• Trace back in UK – All outbreaks involve eggs 

from same German supplier 

• Cases in Austria, Germany, France and 

Luxemburg 

• Trace back investigations lead to sampling of 

egg production premises in Germany 

• Company has 4 separate egg production plants 

supplied with pullet flocks from single supplier

• European isolates sequenced – cases / eggs
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Salmonella NGS at PHE

Timed phylogeny

3 years

Changes during the outbreak?

Sampling from a diversified source?



Clade 1 – 12 egg isolates + traceback (all site A)
Clade 2 – 2  egg isolates + traceback (all site B)
Clade 3 – 0 egg isolates, 0 traceback to site A or B
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Salmonella NGS at PHE

Clade 1 – 12 egg isolates + traceback (site A) 

Clade 2 – 2  egg isolates + traceback (site B)

Clade 3 – 0 egg isolates, 0 traceback (site A or B)



Summary
• WGS for routine surveillance of infectious disease is a reality.

• WGS allows identification of clusters with unparalleled specificity 

• WGS provides framework for risk assessment / attribution.

• WGS allows the underlying epidemiology within an outbreak to be revealed.

24 WGS for Salmonella epidemiology
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Questions?


