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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

2 Pathogen genomics in public health
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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)



%Iic Health PUbllC Health QUEStIOnS

England

» What species/clone is it? e.g. 0157, 026, S. Typhi, S. Enteritidis

« Have we seen this strain before?

« How pathogenic / resistant is this strain to humans?




408 Conventional ID and typing methods
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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

eFaster TATs, lower costs

*Quality, standardisation, potential for
rapid global comparability

«Safety

sImproved resolution for strain
discrimination

*Able to provide phylogenetic
information

sImproved 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
Gl pathogens and OBs

6 WGS at PHE



Overview
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o v The (very) basics of sequencing
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A. Library Preparation

Genomic DNA  p———

l Fragmentation

Adapters - - e

l Ligation

Sequencing
Library

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.

lllumina Sequencing
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Sequencing and Imaging
(Cyclic reversible termination - lllumina)

a lllumina/Solexa — Reversible terminators
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o % %.
" E
Incorporate O O
all four c 2
leotid Top: CATCGT

g:gheggef.s' Bottom: ccccce

with a

different dye
How the sequence is
interpreted

Wash, four-

colour imaging

Cleave dye
and terminating
groups, wash

N
Repeat cycles ~ = 9

9 Viral Next Generation Sequencing
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lllumina — sequencing by synthesis

98% Accuracy

100-300 bp read length

1.5 billion reads per flow cell
27 hrs
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@191760:3:000000008-A3FHC:1:1101:14631:1851 1:N:0:1
GTACATTATGACATGCATGTCGGCTGACCTGGAGGTCGTCACGAGTACCTGGGTGCTCGTCGGCGGCGTCCTGGCTGCTTTGGCCGCGTATTGCCTATCCACAGGCTGCGTGGTCATAGTAGGCAGGAT
n
1>1>1DF1DB3D1FFF1F3FE11AFBOABGBOABOEFOEC/A/ //EAFFGBA/ F?AFGCEE?C@/ />/E>EE10BFACFHH10<E?C?C?CG2FFFFGGFBF1C/CGAF?A. - FD1FD1FDFBDB??.C
@917606:3:000000008-A3FHC:1:1101:17693:1852 1:N:0:1

ATATAGACGCCCACTTCCTGTCTCAAACAAAGCAGAGCGGGGA

n

1>1A133B1>>>1AFGEEG1FEGE331BO0OOB1ABOBO/ // /

@191760:3:000000008-A3FHC:1:1101:16136:1864 1:N:0:1
GTATACCAATGTAGACCAAGACCTCGTAGGCTGGCCCGCTCCCCAAGGTGCCCGCTCATTGGTGCCCTGTACTTGCGGCTCCTCGEACCTTTACCTGGT CACGAGGCACGCCGATGTCATTCCCGTGCGCCGGCGEGET
GATAGTAGGGG

n
3A?AAFDACFFFB6BFFBA44BEGF2G222BF42EFG2EEEEFE2111B3FEG] EEE1FGD3GAEFFGCGBFGGBE/ /EEEFGG111EEFGG3BGHBAGFFG? /<?BAF 7@F//BDGFFGFGFF /F/A-CD?-@- - - -9
-.:8/9/// ..

@191766:3:000000008-A3FHC:1:1101:17888:1901 1:N:0:1
CTCATTGATGCCCTGTACTTGCGGCTCCTCGGACCTTTACCTGGTCACGAGGCACGCCGATGTCATTCCCGTGCGCCGGCGGGGTGATAGTAGGGGCAGCTTGCTCTCGCCCCGGCCTATCTCTTACTTGAAAGGCTCC
TCGGGGGCCCCA

n

AAAAAFFBFBFCBGAGBFGGBF 10AAEFGG?00AAGHHBFGH10FF2F/// /A/F/EF? /EEFFBFGEBF/G?E?EE//>@C?7<-.>11>111. .?-<?<D/.=<=0. .ACC--979/;9;90C0; ; CH;009.99A9
/9..----99@-

@191760:3:000000008-A3FHC:1:1101:18014:1917 1:N:0:1

ATCTGAACCTCGCCCTCCACCTGGTTTTTGTCCCGGCCEGTTAGECTGETAACTATGCATCCCAGAAGTCCCCTTGTCTGE

n

1AAA?B3CAFC1AAEEBAOFFGFOBFGFF?FFFEQ/AE/ /AE/0OBFO,/F12AF1GBFDGGGE11/011BB@?EGOF@F11

@M91760:3:000000008-A3FHC:1:1101:17146:1918 1:N:0:1
GGTGATAGGGTGCGTCAGAGTGACTTCATTTTGAACAGCACCCAGTCTGTATAGCAGAGGTGTTGGCCCATGGAGGGTGGGCTTGAGECGGATCAAGCACTTCCACATCTGGTCCCACGAAGGGGGAGGGGCTTGAGCT
CTAGCGCACACG

o

7?AA?FFD4?FAECFGCCBCGF5DFGHBGHHHF25F FCGFGGEAEHGHGHFHFFFBFBCAGEGGAEFGHDGBB327 ?EA? ?EHH? CB2ECC/EEAGFFBGGGDGBH3FFF 1BGFFHEGC/ /A? 7CC>@CCCCCE?<CBF
CGBOD?@-C?G-

@M91760:3:000000008-A3FHC:1:1101:13525:1923 1:N:0:1
CCCTCGAGGTAATCAAGGGGGGGAGACATCTTATCTTCTGCCACTCAAAGAAGAAGTGCGACGAGCTCGCCGCAAAACTGGTCGCGTTGGGCGTCAACGCCGTGGCTTACTACCGCGGCCTTGATGTGTCCACTAT
n

AAABAB3ADABFFED4A47777- - - . C/DGHHBDDHHFHCFGBGHGB/BC/ . CB/CGFF@?@@? ?BDFGEB? ? ; - BBAF//BF?BBBB?? ; A?BBDDFF?B?B?B?FFFFFFFF?B? ; BBFFEFFEFFFFFBFFBF
@191760:3:000000008-A3FHC:1:1101:18358:1923 1:N:0:1
ACCAAGCAGAGACTGCGGGEGCAAGACTGGTTGTGCTCECCACCGCTACCCCTCCGEGCTCTGTCACTGTGCCCCATCCCAACATCGAGGAGGTTGCTCTGTCCACCACTGGAGAGATCCCCTTCTATGGCAAGGCTAT
ccc
n
?AAAAFAFFFAFGG4G? 77 70E? 1AFFGFCHHGGF FHG ? EEDEGDEEEEHHHGGE? / ? EEHHFHHGHHFHFF GF FDHHFHGGGGHHFBA? 7/ ? CGFFHHHGHGGHHHGHHF FBABDAGGGHGHHHHFHF FGFGEAGGFH
HHG

@191760:3:000000008-A3FHC:1:1101:18862:1928 1:N:0:1
TTTGAATAACAGGACCCTTGGATGACGCGATGGTCCGCGTTCCAGCCCCGTGGTAGAC
n
ABBBAFFDFFFFGAGGFGGGGCHC CGAE ?2EDDHHFEEFGGFFFFFFEFCEDCGHFEG
[d1:HCVHIV 680313]> [l

Viral Next Generation Sequencing




What species is it?/- Kmer.

Actinobacteria Armatimonadetes Nomurabacte
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How similar / different is it? - SNP
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How bad is it?
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Reference

How do we assess similarity
between genomes?

Strain 1 Ref G T

A G
Strainl G G A A
Strain 2 A G G G
Strain 2 Ref
Strain 1
Strain 2

0.5
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Salmonella Enteritidis PT14b

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

14 WGS for Salmonella epidemiology ‘Enteritidis can be complex’



N= 9017

W Afica Routine Analysis WGS of all Salmonella isolates
Centra\fEfnstern Africa Since 20 14

Outlier Cluster

Outbreak detected within inpatients at hospital

Global epidemic clade
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Salmonella Enteritidis 14B

Heartlands Hospital
Birmingham

Figure 1
)

Surveillance

X

Outbreak

1 SNP

PHE Region Date Notes
London| 29.10.12
Anglia and Essex| 28.11.12
London 31.5.14
Hants, IOW and Dorset 3.6.14
Beds, Herts and Northants 10.6.14
Beds, Herts and Northants 19.6.14
W Mids 20.5.14
Cumbria and Lancs 16.8.12
Anglia and Essex 30.4.12
Cumbria and Lancs 2.5.14
London 1.3.12
Avon, Glos and Wilts 10.4.14
W Mids 16.6.14
Beds, Herts and Northants 11.4.14
London 28.5.14
London 29.5.14
London 15.5.14
Thames Valley 18.6.14
Greater Manchester 1.4.14
Patient 30.5.14
Patient 1.6.14 Bacteraemia
Patient 2.6.14
Patient 2.6.14
Patient 2.6.14
Patient 2.6.14
Patient 3.6.14 Previously visited ward
Patient 3.6.14
Patient 3.6.14
Staff 4.6.14 HCW on ward
Patient 4.6.14
Patient 4.6.14
Patient 4.6.14
Patient 5.6.14
Patient 6.6.14 Community case
Staff 6.6.14 Cleaner on ward
Patient 6.6.14
Patient 6.6.14
Patient 6.6.14 Bacteraemia
Patient 9.6.14
Staff] 9.6.14
Patient 9.6.14
Patient 10.6.14
Staff 10.6.14
Patient 12.6.14
Environmental 13.6.14 Food trolley
- 13.6.14
Staff] 13.6.14
Environmental 13.6.14 Food trolley
Environmental 13.6.14 Food trolley
Patient 14.6.14 Asymptomatic carriage
Patient 15.6.14 Asymptomatic carriage
Patient 19.6.14
Patient 20.6.14
- 19.6.14
Patient 4.6.14 Bacteraemia
Patient 4.6.14
- 18.6.14
Patient 2.6.14
Patient 8.6.14
Patient 8.6.14
Stafﬂ 20.6.14 Student nurse
Environmental[  13.6.14 Food trolley




FIGURE 2

Distribution of Salmonella Enteritidis phage type 14b, by calendar week of symptom onset and Public Health England
centre of residence, England and Wales, week 20-38 2014 (n=284)"
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Inns et al — Eurosurveillance 2015

1 Symptom onset dates were not available for three of the 287 outbreak cases.
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22 SNPs across outbreak
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« 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



@38 T — Timed phylogeny
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] h Changes during the outbreak?

Sampling from a diversified source?




Dallman et al, Microbial Genomics 201¢
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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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Clade 1 — 12 eqgg isolates + traceback (site A)
Clade 2 — 2 eqg isolates + traceback (site B)
Clade 3 — 0 egg isolates, O traceback (site A or B)
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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?

@jennifergardy



