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Laboratory-based surveillance of human infections v o

»Real-time typing/characterisation of isolates from
patients:

- Antimicrobial resistance

- Subtyping (subspecies, serovars)
- Determine virulence potential

- Detect genetic clusters

Outbreak investigations
Linking to sources/reservoirs
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Methods for surveillance

» Often many methods used for each isolate, e.g.:

« Serotyping

* Virulence factors

« Antimicrobial resistance

« High-discriminatory molecular typing methods
- Highly species/type specific
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» Next-generation sequencing technology — why now?
- Less expensive equipment, easy to use

- Accessible for more laboratories
- WGS of pathogens: costs getting competitive to [\/\
traditional typing

- Different typing outputs possible by the development
of bioinformatic analyses based on WGS
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From a variety of laboratory methods to WGS A i

Mix of lab-techniques

serotyping, antimicrobial-resistance, PCR, hybridization, PFGE, MLVA,
MLST, CRISPR, sequencing...

!

Whole-genome-sequencing

Analysis of sequence data giving many of the same answers

One method to rule them all! WGS




WGS workflow — routine surveillance
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LABORATORY BASED SURVEILLANCE  serum BER
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Hospitals: Diagnostics and culturing of isolates
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Laboratory: Registration:
Sequencmg of isolates | Transfer (and cleaning) of cases from the

nationwide, automatically updated database
of microbiological test results to SSI database

Linking isolate information and patient metadata —
Detection of clusters done using cgMLST —'
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FOODBORNE INFECTIONS

» Population in Denmark 5.8 million
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Implementation of WGS based surveillance in Denmark | seruv gz=

INSTITUT

All human
STEC




STEC

PCR
Haemolysis
B-glucuronidase
Hybndization
K1/K5
O-typing
H-typing

Vero cell assay
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» Expensive and time consuming characterisation:

- Virulence profile — pathogroup, virulence potential,
HUS-associated types

- Serotype — related to expected epidemiology,
sources/reservoirs

- High-discriminatory typing needed for outbreaks

» Cost-effective to replace this by WGS - tools such
as virulence finder and serotype finder developed

PFGE *
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* Cluster and

outbreak detection is
faster for STEC

Modified from Joensen et al J Clin Microbiol. 2014
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Implementation of WGS based surveillance in Denmark | seruv gz=
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All human
STEC
@ CgMLST
Allhuman | Central unit -> NextSeq | Hired 2"d
Salmonella and Bifrost QC Bioinformatician
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Three Danish
Salmonella outbreaks
revisited
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S. TM. OUTBREAKS IN DENMARK AND THE
NETHERLANDS, 2005

STATENS

«S. Typhimurium DT104, MDR

» 32 lab confirmed cases

» Associated with single restaurant
« Carpaccio, beef eaten raw
 Isolate from border control, match
» Traced-back to European country
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Date of symptoms onset
Fig. 1. Date of sympitoms onset for 38 restaurant-associated cases. O, Norwegian; [, probable; B, confirmed.
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OUTBREAK IN THE NETHERLANDS

» Same source, but connection not made
» Long epi investigation, successful
» CaCo points to beef; filet américain

Outbreak in

40 = Shipments from country of ]
35 origin to The Netherlands The Netherlands
% 30 4 Shipment from The Netherlands /
87 to Denmark
= 251
é 20 4 Outbreak in
Z

Week (2005)
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INTERNATIONAL ASPECTS
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» Trace-back slow and
complicated

» Shared typing schemes
needed

» Difficult with food
produced in one country
and cases in others...

The Netherlands

European country International
of origin
21 kg delivered to Outbreak in
butcher (14 kg sold Denmark
and 7 kg sampled) r Y
| 1598 ke |+ 2607 kg = 005k |
o )
utting I ;
lan >l 2006 kg = 35kt |
68 kg
=l 985 kg
25847 kg
Distribution to
-DI 2000 kg |—r (international)
ships
| 809 kg

| Additional import? |

Main contributors
to outbreak in
The Netherlands?

Fig. 2. Distribution routes uncovered by the product
tracing, showing the shipment of incriminated beef from
the European country of origin to The Netherlands and
from there further internationally, May-November 2005.

14



CARPACCIO
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311 [ 0510H62092 JPX.0253.DK
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AmpChlSmxSpeStrTet ~ JPXX01.0214.DK
AmpSmx JPXX01.0205.DK

AmpChIFfnSmxSpeStrTet JPXX01.0205.DK
AmpChISmxSpeStrTet  JPXX01.0205.DK
AmpChIFfnSmxSpeStrTet JPXX01.0205.DK
AmpChlSmxSpeStrTet ~ JPXX01.0205.DK
AmpChIFfnSmxSpeStrTet JPXX01.0205.DK
AmpChlSmxSpeStrTet  JPXX01.0205.DK
AmpChIFfnSmxSpeStrTet JPXX01.0205.DK

JPXX01.0207.DK

JPXX01.0207.DK

JPXX01.0019.DK
AmpChlSmxSpeStrTet ~ JPXX01.0205.DK
Amp JPXX01.0045.DK
AmpChIFfnSmxSpeStrTet JPXX01.0014.DK
AmpChiIFfnNalSmxSpeS. JPXX01.0014.DK

PFGE-Xbal-pattern

STATENS
SERUM
INSTITUT

15



CARPACCIO
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JPXX01.0205.DK
JPXX01.0205.DK
JPXX01.0205.DK
JPXX01.0205.DK
JPXX01.0214.DK
JPXX01.0205.DK
JPXX01.0205.DK
JPXX01.0205.DK
JPXX01.0205.DK
JPXX01.0205.DK
JPXX01.0205.DK
JPXX01.0205.DK
JPXX01.0014.DK
JPXX01.0019.DK

STATENS
SERUM
INSTITUT

16



SERIOUS INTERNATIONAL OUTBREAK urevs g
SOLVED BY MOLECULAR TYPING STiTUT b

S. Typhimurium U288, 2008

C
O P N W M U1 O N O ©
1 1 1 1 1 1 1 1 1

39 40 41 42 43 44 45 46 47 48 49 50 51

Week number

S 37 patients
i 4 died
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FULL TRACE-BACK DIAGRAM o

1
1
1
T # Central storage 1 Slimp »| Swedish
i Sweden Sweden case(s)
i
e -
|
1
Other slaughterhouses Shop M i
delivering meat to (pork cuts testad |
Company 4: positive on 22 Oct; Shop D ! Norweglan
7 in Denmark, 1 1n Germany recalled) op : cases Shop 2 Sweden
. T /,' ! ry (postitive
Tl ! Salmonella
. Company 4 (minced meat tested | results)
positive on 9 Oct; recalled) | Shops ;
i Sweden
i {border with Norway)
|
it N [ Company 3
Company 1 (pork sausage tested | Sweden
positive on 5 Nov; heat-treated before || [
placing on the market) i Central storage 2
! Sweden
Compary 2 : Company 2
(minced meat tested positive ! Sweden
Cutting ™ on 15 Oct; recalled ! >
plant A ! N
Company 5 (pork roulade tested Denmark [ ; IR &
positive on 6 Oct; recalled) « ~. ! Sweden
- . e |
, |
= Positive Salmonella Typhimurium Uzss samples: E
Other slaughterhouses deltvering 14 Oct; blocked at the coldstore; !
meat to Cutting plant A 4 Nov; traded to Danish establishments only !
Pork: s More samples tested positive for Salmonella !
orK: et 1in the same period but were not relevant for |
Denmark: 1 Denmark: 3 |
Estonia: he Netherlands: this outbreak. i
stonta: 2 EIKE-. Erlands: 2 ALl batches sent to Sweden were tested and |
i1 found negative for Salmonella prior to shipment. |
|




S. TYPHIMURIUM U288 OUTBREAK v

» Also patients in Sweden
and Norway

» Could be linked by
molecular typing (MLVA)

» Could all be traced back

to the cutting plant in
Denmark
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1 repeat/1 allele included

4 4 4 g 4
8 E E E E E Key MLVAPattern Phagetype

4 16 9 o 211 [l 0810R10736 JPX.0995.DK RDNC
4 16 9 o 211 [l 0810R10776 JPX.0995.DK U288
4 16 9 o 211 [l 0810R10793 JPX.0995.DK U288
4 16 9 o 211 [l 0810R10813 JPX.0995.DK 193
4 16 9 o 211 [l 0810734053 JPX.0995.DK 120
4 16 9 o 211 [l 0811R10880 JPX.0995.DK NT

4 16 9 o 211 [l 0811R10980 JPX.0995.DK U288
4 16 9 o 211 [l 0811wW44716  JPX.0995.DK 193
4 16 9 9 211 0901F57808 JPX.0995.DK U288
4 15 9 9 211 Ingmo JPX.0059.DK U288
4 15 9 o 211 [l 0807R9769 JPX.0059.DK U288
4 15 9 9 211 . 0811738667 JPX.0059.DK 12

4 15 9 8 211 0805W12918  JPX.0876.DK 193
4 15 9 8 211 0809R10387 JPX.0876.DK RDNC
4 15 10 9 211 0805R9437 JPX.0063.DK U302
4 13 9 10 211 0802R9143 JPX.0819.DK 104b
4 12 9 10 211 0803761302 JPX.0832.DK U289
4 11 9 10 211 0804761296 JPX.0751.DK 120
4 14 9 10 211 0809F32824 JPX.0167.DK None
4 11 9 14 211 0804F7620 JPX.0532.DK RDNC
4 14 11 9 211 0804F7617 JPX.0840.DK 193
4 14 11 9 211 0804R9244 JPX.0840.DK U288
4 14 1 9 211 0805R9401 JPX.0840.DK U288
4 14 1 9 211 0806R9473 JPX.0840.DK U302
4 14 1 9 211 0808R10161 JPX.0840.DK U288
4 14 12 9 211 0801F55128 JPX.0805.DK U310
4 14 10 9 211 0804R9259

4 9 5 9 211 0805555363 JPX.0806.DK RDNC
4 9 5 9 211 0806R9728 JPX.0806.DK RDNC

ST19, fully sensitive

21
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WQMLST (core (EnteroE MLVA_reps_True

g 4 4 4 &
3 S 5 E E E 5 E Key MLVAPattern Phagetype
4 12 9 10 211 0803T61302 JPX.0832.DK U289
—1__ 4 11 9 14 om1 0804F7620 JPX.0532.DK RDNC
| 4 9 5 9 211 0805555363 JPX.0806.DK RDNC
[ 4 9 5 9 211 0806R9728 JPX.0806.DK RDNC
4 14 11 9 211 0804F7617 JPX.0840.DK 193
4 14 11 9 211 0804R9244 JPX.0840.DK U288
4 14 11 9 211 0806R9473 JPX.0840.DK U302
4 15 9 o 211 [l 0807R9760 JPX.0059.DK U288
4 14 11 9 211 0805R9401 JPX.0840.DK U288
4 14 11 9 211 0808R10161  JPX.0840.DK U288
4 13 10 211 0802R9143 JPX.0819.DK 104b
— 4 11 9 10 211 0804T61296 JPX.0751.DK 120
4 15 10 9 211 0805R9437 JPX.0063.DK U302
L 4 14 9 10 211 0809F32824 JPX.0167.DK None
4 16 9 9 211 ] 0810R10776  JPX.0995.DK U288 ™
4 16 9 9 211 [l 0811R10880 JPX.0995.DK NT
4 16 9 o 211 [l 0811wW44716  JPX.0995.DK 193
— 4 16 9 o 211 [l 0901F57808 JPX.0995.DK U288
4 16 9 o 211 [l 0810R10736  JPX.0995.DK RDNC
4 16 9 9 211 [l] 0B10R10793  JPX.0995.DK wes 9 a"eleS
4 16 9 o 211 [l 0811R10980  JPX.0995.DK U288
4 16 9 9 211 [l 0810R10813 JPX.0995.DK 193
4 16 9 9 211 [l 0810734053 JPX.0995.DK 120
4 15 9 9 211 [l 0807R9769 JPX.0059.DK uzss_
— 4 14 10 9 211 0804R9259
4 15 9 s 211 0805W12918  JPX.0876.DK 193
4 15 8 211 0809R10387  JPX.0876.DK RDNC
4 15 9 o 211 [l 0811738667 JPX.0059.DK 12
4 14 12 9 211 0801F55128 JPX.0805.DK U310
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S. TYPHIMURIUM DT120, UNUSUAL SOURCE, 2010 stk F2=
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» Detected through surveillance and typing
(MLVA)

» 20 cases, April-May 2010

» DT120, unusual resistant profile
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HYPOTHESIS GENERATING INTERVIEWS

» Particular sausage

mentioned twice
» Unusual product
» One supermarket
» Produced in Germany

» Case-control study

STATENS [
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SAUSAGE

MLVA_reps_True (<All Characters>
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STTR10-Real

STTR3-Real
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211
211
211
211
211
211
211
211
211
211
211
211
211
211
211
211

Key
[ 1101F13417
[ 1102R13933
I 1102717213
[ 1103m51898
[ 1103R13967
[ 1103w37762
1012R13730
1112F14959
[ 1102w36108
1109F59061
1101H16042
[ 1103R13977
1009748360
1012F4846
1010W70771
1011R13666
1103R14008

MLVAPattern
JPX.1343.DK
JPX.1343.DK
JPX.1343.DK
JPX.1343.DK
JPX.1343.DK
JPX.1343.DK
JPX.0193.DK
JPX.0617.DK
JPX.1369.DK
JPX.1360.DK
JPX.0451.DK
JPX.1368.DK
JPX.0007.DK
JPX.0007.DK
JPX.0004.DK
JPX.0005.DK
JPX.0436.DK

Phagetype Resistens

120
120
120
120
120
120
120
104b
120
193
120
120
120
120
120
U302
120

Tet

Tet
Sensitiv_gentages
Sensitiv_gentages
Tet
StrTet_gentages
ASSuT

Tet
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SAUSAGE CGMLST TREE SERUM
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wgMLST (core (EnteroBase)) MLVA_reps_True
x & x S x
1 a o - 5 5 5 5 5 Key MLVAPattern  Phagetype Resistens
3 12 9 2 21 1012F4846 JPX.0007.DK 120 ASSu
E 3 11 11 -2 211 1112F14959  JPX.0617.DK  104b

3 11 10 -2 211 1012R13730  JPX.0193.DK 120 ASSUT
3 11 14 -2 211 [ 1101F13417 JPX.1343.DK 120 Tet
3 11 14 -2 211 1102R13933  JPX.1343DK 120 Tet
3 11 14 2 211 . 1102717213 JPX.1343.DK 120 Sensitiv_gentages
3 11 14 g 211 [ 1102w36108  JPX.1369.DK 120 Tet
3 11 14 2 211 . 1103M51898 JPX.1343.DK 120 Sensitiv_gentages
3 11 14 2 211 . 1103R13967 JPX.1343.DK 120 Tet
3 10 14 -2 211 [ 1103R13977 JPX.1368.DK 120 Tet
3 11 14 2 211 . 1103W37762 JPX.1343.DK 120 StrTet_gentages
3 10 10 -2 211 1101H16042 JPX.0451.DK 120

{ 3 15 14 2 211  1109F59061  JPX.1360.DK 193
3 12 7 2 211 1103R14008  JPX.0436.DK 120
3 12 9 2 211 1009748360 JPX.0007.DK 120
3 12 11 2 211 1010W70771  JPX.0004.DK 120
3 12 10 2 211 1011R13666 JPX.0005.DK U302
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All human
STEC
@ CgMLST
Allhuman |l Central unit -> NextSeq | Hired
Salmonella and Bifrost QC Bioinformatician
C. difficile
sentinel

Campylobacter
from 4 regions
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Campylobacter project 2015-17 seruw (RS

» Isolates: 774 human (~10% of cases nationwide), 735 food/animal
» 47% of all cases part of a cluster - total of 104 clusters

774 clinical isolates
100 W sporadic [=1], n=408

W [2-4], n=190
W [>5], n=176

90
80
70

60

sep oct nov dec jan feb mar apr may jun jul aug sep oct nov dec jan feb mar apr may jun

5

o

Patient cases

4

o

3

o

2

o

1

o

2015 2016 2017

Joensen et al. EID, March 2020
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Summary - the 2015-17 project

»30% of all clinical isolates had match to food/animal
ISolates

- 25% Danish chicken meat or broilers
- 2% Imported poultry
- 2% Cattle

» 104 clusters of clinial isolates

- 82 small clusters (2-4 cases)
« 29% match to food/animals

- 22 large clusters (5-17 cases)

* 77% (17/22) match to food/animals
Joensen et al. EID, March 2020

29



STATENS

Survelillance of Campylobacter serum PR

INSTITUT

+«WGS of isolates from 4 regions (~12% of cases in DK)

»Analysis of WGS from retall chicken

» Continuous comparison of human and food isolates

»Similar results as in 2015-17 project
- ~50% cases were sporadic
- ~30% cases In larger clusters
« 11/14 large clusters match to chicken meat
« 2 geographically confined (one with milk as suspected source)
+ 1 cluster matched a 2016 cluster of human and chicken isolates

30
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Large continuous cluster
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» ST122; 88 cases in 2019 — 13% of all typed clinical isolates

» Match to chicken meat samples at retail ! and at slaughter
house ¢

40

o [ | Il I l

W ST122#1

30 +

25 +

20 +

15
10

5

0

16 48 50 52 |2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
2018 2019
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Genetic clusters i

% isolates assigned to clusters

STEC 30%
Salmonella 47%
Campylobacter 55% _
Organism
. 0
,!,‘ISte”a 62% . Campylobacter 2019 ->
60 - Listeria 2013 ->
% Salmonella 2017 ->
E || sTEC 2016 ->
O
40 1
30 -
20 -
Campylobacter and >
101 ‘ ” Salmonella clusters
0 - | || | T o - Lo 1 —l—u : PR /
0 e © & & e e g

Number of cases in clusters
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WGS for surveillance — views from SSI (SEm B

»Building on established and functioning survelillance
system

»Long-standing collaboration with food authorities

»Implementation for minimal extra resources (no
extra funding)

 Limited parallel use of old and new methods
* Old methods are also expensive

+»Great collaborators

»Build on hard work and experience from others

33



DATA CONSUMERS

» Clinical microbiologists
- Slower initial subtyping for all organisms
- Serotyping and PCR s fast
- Better typing in-silico

» Epidemiologists
- Faster cluster detection in most cases
- WGS is more accurate than PFGE and MLVA
- Inclusion or exclusion of cases in outbreaks are more certain
- More clusters and outbreaks are detected

» Public Health microbiologists
- WGS is the same method for all species
- Similar workflow in lab, one analysis, many results
- New skills required
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»Analysis still under development
- Plenty of tools and databases
« Updates, retirements
- Validation
- Continuing education of staff

»Data sharing

- Comparability (sectors, countries)
- GDPR




Challenges

»Interpreting new data

- Case definitions
- Clusters? SNP and AD

»Risk of loosing reference laboratory skills
- one-sided lab work
- WGS fails sometimes

»Budget

Investments in equipment
Expensive reagents
Education of staff

Hire bioinformaticians?
Commercial software?
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Advantag es SERUM |

»One lab method for all bacteria and all typing
- Possiblility for batching species

»Defining clusters/outbreaks
- More confident definition of clusters/outbreaks

- More certain microbiological evidence for linking to sources

»More outbreaks solved
- due to food authorities sequencing

»New challenges are coming
- We need new methods due to culture-free diagnostics
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Thank you for your attention!

Thanks to all clinical labs at the Danish hospitals for taking
part in projects and sending isolates for surveillance!

7 FWD AMR:
" ReflabCap
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