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 Estimated more than 500,000 cases of foodborne iliness linked to
known pathogens in the UK annually

« High economic burden - £1.8 billion annually in medical, financial
and welfare costs

Estimate of number of cases per year of iliness due to
common foodborne pathogens

Campylobacter 280,000 Cryptosporidium 2770
C. perfringens 80,000 Giardia 8000
E. coli 0157 10,000 Norovirus 74,100
Listeria 183

O’Brien et al, BMJ Open 2016
Salmonella 33,100 doi: 10.1136/bmjopen-2016-011119.
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Gastrointestinal Bacterla Reference Uﬂlt

* National Reference Laboratory
« Salmonella Reference Service
« E. coli, Shigella, Vibrio and Yersinia Reference Service

« Foodborne Pathogen Reference Service — Listeria monocytogenes,
Bacillus cereus, Clostridium botulinum and Clostridium perfringens,
Staphylococcus aureus

« Campylobacter and Helicobacter Reference Service

Receive bacterial isolates from clinical microbiology laboratories and
food and water laboratories ie from clinical cases and from foods,
across England and Wales for identification and typing for national
surveillance and for outbreak detection and investigation
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* Provides information to assist the understanding and management of local
outbreaks/incidents

« Identifies clusters and outbreaks occurring at local, regional, national level

» Provides microbiological evidence to identify and track source of
contamination so effective control and prevention measures can be
implemented

« National surveillance and trend monitoring over time

« Monitoring effectiveness of control and preventative
measures
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Outbreak investigation questions

* Is there an increase In a particular type — a cluster of
cases/outbreak?

 Is the type from clinical cases same as the type from
food — if available?

 Have we seen this type before in food?

 Is this a known type in the UK or elsewhere?
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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 TATSs, lower costs

High quality data, standardisation,
rapid global comparability

Safety

Highest degree of resolution for
strain discrimination

Provides phylogenetic information
showing unequivocal strain
relatedness

Improved cluster detection

Provides information on potential
sources and geographical location

Ability to rapidly screen large
number of isolates for virulence
genes, AMR genes

Leads to improved control
measures

§) WGS at PHE
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%  Assessing similarity between

Public Health

e genomes by SNP typing

Single nucleotide polymorphism (SNP)
l.e. a different nucleotide to the reference genome

Ref G T A G
Strain 1 G G A A "
Strain 2 A G G G o
READ FROM RIGHT TO LEFT

Ref P

Strain 1 1.2.3.158. 199@

Strain 2 250 SNP level / / \ \ o SNP level

DE 50 SNP level

SNP address
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|dentify linked strains with unprecedented sensitivity and
specificity

* Provides context for strains

* Infer strain source

« Native / Imported

« Geographical signals within UK

» Virulence potential
 Demonstrate relatedness of isolates over years

Building global databases — clinical, animal, food

NCBI BioProject PRINA248042
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it International outbreak of
Salmonella Enteritidis PT14b Summer 2014

12153 H1H18047301-2 o tar_oount” Foenes, T8, Magiaand Essex” 341111.11]

[ HIZDO60586 [ro wav_sourt, Faeses, PT 148, London 32425 28.397]
HIZES00582 [0 ra_con, B, 7T 148, Cambrs and Lanshe: mmnum]

15, Suser, Surey amd e, 3242620188]
T o 150]

T 145 Lntor, 324525 1361

BT 146, Landon, 324.%525.198] *
T 145, Lnto, 3242525 188]

145, Lnto, 324 525188]

145 Lnto, 324 525186]

T 145, Lnto, 324525.156]

T 145, Lntor, 324525.136]

4388 HI4ITHEEI0N-1
U002

ecss, PTI4, London 1242625 38¢]
oxs. PT M5, Mg snd Exser, 14252035
21132_HIRH0H1S012 [no v coutt, o spec’, PT 140 Londor, 3245231517
25706 Q041 [rotrar_oomt, Fasees, 7T b, Londor, 324 5223]
2500 1 QEOBI1 [rotrar oo, Fasees, PT b, Londor, 324 525223]
3080 HI4SB0505:2 o tray_coun Fascss’ P14 Bedorshie, Habnshine nd Nothampinshive, 3 4 225 181]
2411941 £42078301-2 [ vy _sourt Fasoss., PT 145, Becrishe Herdordshie and Nerhamgtonshie’, 32425 5.1 46]
MO [0 trar s, Faseas, PT 145, Fampsie, i of Wight and Comset, 34228.127]
B3 H 212006014 [0 trm_oment, Fasas, P14, Wes Widinds, 3.24202545]
1 2640373051 [otrar_oowe, Faeces, PTH4Y, Londor, 324 252645]
[ 5310, HH4 183026701 [0 v_onunt, Faeces. PT 40’ Cumbia and Lancashie, 3242528 78]
[ HI21000485 [no v con, Facas. PT 14, degfa s Esser’, 324 2525 415]
48 W0 e o g, Fases P o Gt Wit 32022034
HIZ50071001-2 [0 tav_oounr, Faeces', PT 145 West Widlsnds, 32426.5175]
2500 AUIREOR o e o, s T 14 Yok nd . 32 0272
528031 [0 ra_anunt, Fasoss, PT145, Hempatie, e of Wightand Doset, 3242928.00]
MSBEITE [t ot Faces PT14. Hompee, e Hitand Dot 3202624.01]
AMSIHELE05 [0 trar_coun. Fazces. PT 145, Hampshie, i of Wihtand Doret. 324 2528.300]
8 RN 2 [t com P T 14 Wl 320220201
e x 5. PT {45 Thames Valey. 224 528 7]
2B 0 ar . s, 1141 e Vs 320220277
CHIUSEDOBO [ ra_co Fances, PT (4 Chtiv and syt 32428 2620
26000 HI454056801-2 [no bav_onut, Faeces! PT 14" Creshive and Merseyste! 52425 25270
HBB0E0G01-1 [0 av_cout, Faeses, PT 40 Be dfodehire, Hertordshie and Norhamplonshe’ 324 252531
M2 [ trar o, Pz, PT 146, Londor, 1202525311
M40 [0 trar o, Fces, PT 148, Londor, 3242825311
MBS0 [0 trar_cou, Fces., PT 145, Londor, 3242825311
ws 14zwnswz[m o et Fazoes, PT148, Londor, 3242828311
4282084 03 o _count. o e, PTH4Y, Lncolehve Leemsemie wnmmmwmm EHESLEN]

HIZ44 00817 [no o
HI4B24 [0 o

 In England an outbreak of
Salmonella Enteritidis PT 14b
In a hospital in Birmingham
with WGS profile
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WGS for outbreak detection and investigation
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Cases In Austria, Germany, France and
Luxemburg plus French egg isolate with
German egg mark — same MLVA or SLV as UK

Trace back in UK — All outbreaks involved eggs
from same German supplier

Trace back investigations lead to sampling of
egg production premises in Germany

Company has 4 separate egg production plants
supplied with layer flocks from single supplier

European isolates sequenced — cases / eggs
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Hospital — W.Mids

Chinese Restaurant - Cheshire




Outlier PT8
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almonella Enteritidis
4bh

Orange — Austria
Blue - France
Red - Germany
Black - UK

12 environmental + egg isolates from site A
cases from Germany
2 cases from France

2 eqgg isolates from site B

7cases from Germany

4 cases from France with trace back to B
4 Austrian and 1 Luxembourg case

32 England — 9 OB at kebab restaurant

Majority of UK isolates
4 cases from Germany
2 cases from Austria

2012

2012
2012

201405570
01406598
MRS-14/02198
201406599

London

London

London

MAS-14/02197
MRS-14/02196
[———— MRS-14/02194

London
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sie of Wight and Dorset
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Hampshire, Isle of Wight and Dorset

Cheshire and Mersysi
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|———— Cheshire a

8580
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Mersyside
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Cheshire and Mersysi
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Cheshire and Mersysid
Cheshire and Mersysid

¥
Cheshire and Mersyside
f————— Cheshire and Mersyside
Cheshire and Mersyside
Cheshire and Mersyside
Cheshire and Mersyside
West Midlands

West Midlands
West Midlands
West Midlands
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|———— West Midlands

West Midlands
[ West Midlands
——— West Midlands
West Midlands

West Midlands
|———— West Midlands
West Midlands
————— West Midlands
West Midlands
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[———— West Midlands
West Midlands

West Midlands
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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, 0O traceback (?site C or D)

Premises A Premises B
Flock Remova Import Stopped

25

Premises B * *

Flock Removal

5 15 e
g B lade 1
s
B Clade 2
Clade 3
10
5
|
B e i b In b 1 i
oy i \:.p A A A Eay sy ol o A
& \Qp & il \Q-. \ o ‘-??I "-?’ﬂh \“.5:- _‘:‘Qh e
o* o o i o o L QY o* o o

Sample Date



o oot Shiga toxin-producing (STEC)
E. coli 0157

® Severe bloody diarrhoea and
Haemolytic Uraemic Syndrome (HUS).
Long-term renal, cardiac and neurological
sequelae

* Limited treatment options — palliative
care only as antibiotics contraindicated

® Zoonotic reservoir in the UK mainly
cattle, sheep and goats, but almost all
animals can act as secondary
transmission vectors

® Transmission can be food or
waterborne, via direct contact with
animals or their environment, or person to
person spread
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publeleath  Salad outbreaks are tricky!

Shops
+

Grower 1 “'l , \ Restaurants
- | olle

>
Grower 2 ’

Grower 3 e ! l

Grower 4

—> |
Wholesaler X
— /

different salad leaf mixes on different days
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England National context

* August 2015 — 40 cases of STEC 0157
PT 8 detected following routine analysis
of the WGS data. Not travel associated, o
but genetically close to UK cattle and b

L Conferimatedseed? i

environmental isolates in DB 2. Colocatedanimals “

3. Untreated irrigation water Farm 1 }-

« Cases exposed to prepackaged salads
subsequently found to have particular
type of salad leaf in common. S

{ \
Processor Green Farm 3
\ & packer multileaf

I

i o

I
I
iy, !
XA }
Wi
‘&&.

S ¥ ‘}“‘"v“f&m“ 1); _— -
. Hand-cut .
. Chlorinewash
. Mixingredients
. Pack

. Distribute

« Green multi-leaf lettuce, supplied to
Supermarket A, was grown in England
on five different farms, all samples -ve

Outbreak cases
&

« EHOs and local HPTs reported poor |~ . ,w:*-'%““ A
biosecurity on all farms, eg. animal o 1
ingress (wildlife) and use of untreated

irrigation water from rivers and ponds
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Pre-outbreak cases
Public Health 2012 - 2015
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H1
H1

H1

H1
H1
H1
H1
H1

H1

H16°

H1
H
H1

62020651 11
162020652

164320333
161920260 :

64160167 183

70380673 1
163160473 1
62700304 1

1392 1
10141083 1
63160474 1!

161680717 1
1720664 1

44200527 1

H1

Minced Lamb cluster 2016

* Minced lamb from national retailer sent
routine testing

* [solate from case that consumed the same
batch of minced lamb

 Isolate from new lamb kofta product sent for
shelf life testing from catering butcher

All cluster within 5 SNPs of outbreak isolates

Phylogeny of STEC clusters: using WGS to identify the source
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Lamb sausage cluster, 201

Case consumed undercooked
Lamb sausage from London cafe b
10 SNPs from outbreak strain

Two further isolates from lamb kofta from c

Phylogeny of STEC clusters: using WGS to identify the source
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England

Strain initially detected during the prepacked salad outbreak August -
October 2015.

No new cases in this cluster until March 2016; marked difference in
exposures and case demographics; minced lamb or live ovine
exposures

Four independent isolates from minced lamb products in the 10-SNP
cluster;

Increased and continuous activity of this strain to date; although
more variation than seen previously, new cases within 5 - 50 SNPs
of the original outbreak cluster continue to occur weekly.

Origin of the prepacked salad outbreak likely to be ovine

Questions remain around this strain amongst sheep in UK; how
widespread is it?
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Outbreak of listeriosis

Listeriosis is rare but severe disease 23 cases with food consumption data:
with high fatality rate and causes
the highest number of deaths due
to a foodborne pathogen in Europe

9 reported consumption of sweetcorn
and 1 reported possible
consumption

L. monocytogenes |s_olates from 5 6 reported consumption of frozen
European countries have same

WGS profile Nov 2017 sweetcorn

2 reported frozen vegetables, one non

Environmental isolate from French frozen both with sweetcorn

frozen food producer from surface

used to prepare frozen vegetables Sweetcorn consumption not part of
including sweetcorn — matches by food questionnaire for all MS —
WGS Nov 2017 UK cases re-interviewed 3/4

sweetcorn consu mption



On going multicountry European outbreak

Public Health of listeriosis identified by WGS June 2018

England

. Number of cases (No - Total Total
deaths) number | number
Country of cases of
deaths
2015 2016 2017 2018

Austria 0 2 (1) 0 0 2 1
Denmark 0 0 2 2 (1) 4 1
Finland 0 4 10 (2) 10 23 2
Sweden 0 3 (1) 3 1 7 2
The United

Kingdom 1 2 2 6 11 2

Total 1 11(2) 17(3) 19 (1) 47 8




Public Health ] N and Feb 2018

England

L. monocytogenes detected in batches of frozen sweetcorn from
Finnish trader (50-140cfu/g) with same WGS as OB strain

Sweetcorn produced in Hungary and packed in Poland

Recent Finnish case reported eating frozen mixed veg
containing sweetcorn — same brand as above

Swedish case reports eating frozen sweetcorn - brand unknown

Isolate with same WGS detected unacceptable levels in
sweetcorn from home of a consumer in Sweden — traced back
shows packed in Poland and produced in Hungary

Austria reports isolates from 2 different types of frozen mixed
vegetables including sweetcorn that originates same
company in Hungary
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Puniic Heatthn - ~00C INVestigations UK (11lcases)

England

Company supplying sweetcorn is large European-wide company
suppling fresh and frozen vegetables + other products to major
retailers, food service companies and industry across Europe

10 production sites across Europe including 2 in UK that supply a
range of major supermarkets and food service providers many of
which have been mentioned or have links with one or more cases in
the UK

Frozen Sweetcorn from implicated Company in Hungary is supplied to
the 2 production sites in the UK and thence to various supermarket
and food service suppliers and is known to be supplied to hospital
where one of UK cases was inpatient

Two recent cases have major supermarket branded frozen sweetcorn
originating from Hungary in their home freezers. Supermarket
known to be supplied by UK production sites — sampling and testing
underway
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Public Health Summal’y of ongomg

England
iIsteriosis outbreak

First multicounty European outbreak of listeriosis identified by
WGS

Provides unequivocal evidence that isolates are related and
come from a common source and have been present in food
chain for 2-3 years

|solates from frozen sweetcorn originating in Hungary have
same WGS profile isolates from cases

Need to implement effective control measures to prevent more
cases — recalling contaminated product

Improve communication on preventing consumption of uncooked
frozen sweetcorn



Public Health

England WG S SU m mary

« WGS is being used in real time for monitoring Salmonella, STEC, Shigella,
Campylobacter and Listeria monocytogenes

« Highest degree of resolution for typing plus phylogenetic information — unequivical
evidence that strains are related and from a common source
« Improved surveillance and outbreak detection and investigation:
o Real time monitoring of clusters, of virulence and AMR of all strains

o Detecting more outbreaks — smaller OBs, geographically spread, over longer time
frame, international outbreaks

o Accurate and robust outbreak definition — finds cases and rules out unrelated
cases from outbreak — refines OB investigation

o Increased case ascertainment and indication of location/source of infection

WGS is improving public health interventions for controlling foodborne
pathogen illness and the monitoring of their effectiveness
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