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WGS for outbreak investigations

= Where did it come from?
= How different is it from what we

have seen before?
= Is it part of an outbreak?

Nucleocapsid protein (N)

Membrane
- glycoprotein (M)
QY
X E 2

Spike
protein (S)

Envelope
protein (E)

Peiris et al, Nature Medicine,
2004, oepartment of ErasmusMC
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Promoted for outbreak based sequencing
Examples during Ebola, Zika, Yellow fever

Possible advantages:
Real time base calling
Fast (library preparation)
Cheap
= Easy to implement

Possible disadvantages:

High error rates (~90% accuracy)
A DEPARTMENT oF ErasmusmcC

Size of datasets / storage
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Multiplex PCR method for MinION and Illumina
sequencing of Zika and other virus genomes directly
from clinical samples
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@ suittwith nextstrain/ncov. Maintained by the Nextstrain team.

Showing 67 of 4802 genomes sampled between Mar 2020 and Aug

Phylogeny

Submission Date A

B oder [ 3-7daysago
B 1-2daysago
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« Around 12,000000 T _ T T . T .o T oo oT-

sequences are generated ! : ’ ’ ’
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« Around 10GB of data per R ST
seguence run “
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* Now almost 160 sequence ‘
runs performed ———— e e e e

Consensus (calculating ...)

17,880
Coverage n} IIH "|..| |.I| IIIHIl"hIII“““"IHI ' H " i ll I“Il"l"l l““
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L+ hCoV-19/Italy/Uni...
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RAMPART
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Custom script to
automatically collect data
from the machine and
transfer to the server

Real-time automated data-

analysis:

+ Demultiplex

* Trim primers

+ Align to reference

* Generate consensus
sequence (10x, 30 and
100x coverage)

A DEPARTMENT oF Erasmus MC



COVID-19 uitbraak

hoe stel je overdracht van nerts-op-mens vast?
.

’H’H‘ﬁ‘

(loutiey  SARS-Cov-2 afkomstig

van nerts

RIVM - Tweede Kamer (10)(2e) - 25 mei 2020
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Nextstrain

Showing 4307 of 4307 genomes sampled between Dec 2019 and May 2020.

Phylogeny
Country v

RESET LAYOUT
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LETTERS

https://doi.org/10.1038/541591-020-0997-y

nature. R
medicine

I ") Check for updates

Rapid SARS-CoV-2 whole-genome sequencing
and analysis for informed public health
decision-making in the Netherlands
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The first SARS-CoV-2 infection in the Netherlands was confirmed on February
27th and an additional case one day later. The genomes of these first two positive

samples were generated and analyzed by the February 29th.

BetaCoV_Finland_FIN-25_2020_EP|_ISL_412971_2020-02-25
BetaCoV_HongKong_VM20002345_2020_EP|_ISL_409027_2020-02-03
BetaCoV/_ltaly_CDG1_2020_EPI_ISL_412973_2020-02-20
BetaCoV_Brazil SPBR-01_2020_EP|_ISL_412964_2020-02-25
BataCoV_Mexico_nDRE_01_2020_EP|_ISL_412972_2020-02-27
BotaCoV_Nethedands_Dieman_2020
BetaCoV_Germany_Baden-Wuerttemberg-1_2020_EPI_ISL_412912_2020-02-25
BataCoV_Kanagawa_1_2020_EP|_ISL_402126_2020-01-14
BetaCoV_HongKang_VM20001218 2020 EP|_ISL_408995_2020-01-24
BetaCoV_Murich BavPat1_%020_EPI|_ISL_406862_2020-01-28
BetaCoV_Nethedands Tiburg_2020
BetaCoV_HangKong_VM20001794_2020_EP|_ISL_409001_2020-01-29
BataCoV_HongKong_VM20001403_2020_EPI_ISL_409000_2020-01-28
BetaCoV_HongKong_VB20026565_2020_EP|_ISL_409024_2020-01-31
BataCoV_HongKang_VM20001988_2020_EP|_ISL_409020_2020-01-30
BataCoV_HongKong_VM20002162_2020_EP|_ISL_409023_2020-01-31

Not from one recent source, e.g. unlikely connected

A DEPARTMENT oF Erasmus MC
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In the third phase sequencing of

e new cases with emphasis on

S =istem HCW and severe hospitalized
cases was continued.

SEE The diversity was also observed

in cases with similar travel
histories
IF - Een e .
{_h_,, S At that moment this represented
'_Lé:- o 27,1% of the total number of full
H == - genome sequences produced

ihariande_NoordHalond_

worldwide.
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BemCoV_Netheriands_Locn_op_zand_1363612
nCoV-19. fands.

3 i g
S el The sequences detected in the
[’f::' e e Netherlands were diverse and
*‘{—. I R e revealed the presence of multiple
[:F o e L co-circulating sequence types,
o ‘ L found in several different clusters in
the phylogenetic tree.
The increase in COVID-19 patients
as well as increasing affected
geographic areas and occurrence
of local clusters provided further
support for the increased
movement restrictions.

5.0E6
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We show that whole genome sequencing in combination with
epidemiological data strengthened the evidence base for public health
decision making in the Netherlands.

Although implementation of WGS in the Dutch disease prevention and
control has shown its added value, there is still only a limited amount of
genomic information available from certain parts of the world.

The combination of real-time WGS with the data from the National Public
Health response team has provided information that helped decide on next
steps in the decision making.

In order to fully capitalize on the potential added value of WGS for public
health decision making, systems for combined analysis of data are needed
that are in agreement with general data protection rules.

A DEPARTMENT oF Erasmus MC
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Determine the geographical signature (if any)

US coronavirus hotspots linked to meat
processing plants

Waorkers and unlons urge health and safety overhaul

Monitor significant changes in the genome

Washington Beef is Hiring 8 f"-;.‘

Outbreak investigations
Hospitals
Nursing homes
Slaughterhouses
Gyms
Schools
Fruit industry
Mink farms A DEPARTMENT OF Erasmus MC
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First detected on a sea food and live animal market ™

Although the virus could be identified in
environmental samples, no animal tested positive

Cats, ferrets, hamsters, rhesus macaques,
cynomolgus macaques and fruit bats are
susceptible

Dogs, cats, lions, tigers and minks can be infected
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Increased mortality was reported at mink farms on the 19th and
20th of April

Farm 1: 12,000 animals of which 285

(2,4%) died ™
Farm 2: 7,500 animals of which 90 . ' E—,
(1,2%) died gy

Current states: 40 mink farms in the
Netherlands and 2 mink farms in
Denmark with infections

A DEPARTMENT of Erasmus MC

Situation report of the first 16 SARS-CoV-2 infected mink farms
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First Date(s) of sampling PCR positive Serology Employees and family
diagnosis in | employees and family (%) positive (%) members tested

animals: members: positive
PCR and/or serolog

DEIE 24-042020  28-04-2020 — 11-05-2020  5/6 (83%) 5/5 (100%) 6/6 (100%)
EEA 25-04-2020  31-03-2020 — 30-04-2020  1/2 (50%) 8/8 (100%) 8/8 (100%)
07-05-2020  11-05-2020 — 26-05-2020 5/7 (71%) 0/6 (0%)* 517 (71%)
07-05-2020  08-05-2020 1/3 (33%) 2/2 (100%) 2/3 (66%)
D 31-052020  01-06-2020 217 (29%) 3/6 (50%) 3/7 (43%)
B 31-05-2020 01-06-2020 116 (17%) 416 (66%) 416 (66%)
31-05-2020  10-06-2020 — 01-07-2020 8/10 (80%) NA** 8/10 (80%)
02-06-2020  03-06-2020 5/10 (50%) 5/9 (56%) 8/10 (80%)
D 04-062020  07-06-2020 117 (14%) 117 (14%) 217 (29%)
EEIC 08-06-2020  11-06-2020 1/8 (13%) 3/8 (38%) 4/8 (50%)
08-06-2020  11-06-2020 1/3 (33%) 0/2 (0%) 1/3 (33%)
DEEE 09-06-2020  11-06-2020 6/9 (66%) 2/8 (25%) 719 (78%)
14-06-2020  11-06-2020 — 18-06-2020  3/3 (33%) 012 (0%) 3/3 (33%)
DG 14-06-2020  14-08-2020 1/3 (100%) 5/6 (83%) 5/6 (83%)
21-06-2020  10-06-2020 — 30-06-2020 2/2 (100%) NA** 2/2 (100%)
DEEN 21-06-2020  23-068-2020 0/2 (0%) NA** 0/2 (0%)
43/88 (49%) 38/75 (51%) 66/97 (68%)

A DEPARTMENT oF Erasmus MC
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Mink farm related
sequences compared to all
Dutch sequences

A lot of divergence
compare to the human
population

3 main clusters

5 different introductions

A DEPARTMENT oF Erasmus MC



hCov-19 Netherlands Limburg 78 2020
hCov-19 Netherlands NB12 Mink 37
hCov-19 Netherlands NB12 Mink 13

0;

hCov-19 Netherlands Limburg 81 2020
hCov-19 Netherlands Limburg 79 2020

[ oo e 2
hCov-1¢ Netherlands Limburg 80 2020
hCov-18 Netherlands Limburg 77 2020

T [1C0v-13 Netherlands NBA2 Mink 23
Cov-19 NB12 Mink 7

hCov-19 Netherlands NB1 Mink 5

hCov-18 Netherlands NE1 Mink 18
hCov-19 Netherlands NB1 Mink 16
'Rcov-19 Netherlands NB1 Mink 17

b hCoV-19 Netherlands NB1 Mink 3
hCov-19 Netherlands

1Cov-19 Nelherland
1Cov-19 Nethe
Vink

Cov-19 Netherland:

Cov-19 Netherlan

hCov-19 Netherlands NoordBrabant 168

nCov-19 Netherlands
hCov-19 Nelherlands Noord|

1 Mink 1

hCov-19 Netherlands NB1 Mink 14

)

NA 748 2020

NoordBrabant 156 2020
NB2 Mink 2

NE3 Mink 6

hCov-19 Netherlands NoordBrabant 157 2020
20

hCov-19 Netherlands NoordBrabant 155 2020

Cov-19 Netherlands NB16 Mink 10
5Cov-19 Netherlands NE18 Nink 1 NB 1 6

hCov-19 Netherlands
hCov-19 Netherlands NB13 Mink 4

——— ¢
hCov-19 N
hCov-19 Netherlands NB13 Mink 16

44— N\B12 Limburg

<4  \B1/NB8 Same owner

<4 N\B3 People work

on both farms

Mink 5
Brabant 156 2020

hCov-18 Netherlands NB16 Mink 2
iands NB16 Mink 1
nds NE16 Mink 14

hCov-19 Neth,
hCov-19 Nether

<4+ NB4
<4 NB13

f—————————— hCov-19 Netherlands N84 Mink 2

qgeww Netherlands NA 746 2020

10 hCov-19 Netherlands NA 747 2020
ov-18 Netherlands NB13 Mink 9

B13 Mink 11

I— hCov-19 Netherlands NB13 Mink 10
177 2020

therlands NB1 Mink 6
hCov-19.

hCov-19 b

19 NEA Mink 13

hCo
lands NB1 Mink 9

hCov-18 Net

hCov-19 Netherlands NB1 Mink 7
nCov-19 Netherlands NB1 Mink 12
hCov-19 Netherlands NB1 Mink 4

hCov-19 Netherlands NB1 Mink 1
hCov-19 Netherlands NB1 Mink 8

hCov-19 Netherlands N81 Mink 11
nCov-19 Netherlands NB1 Mink 2

hCov-18 Netherlands NA 134 2020
v-19 NA 376 2020

4.0E5

Zoom A
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hCov-19 Netherlands NB10 Mink 2
f #Cov-19 Netherlands NB10 Mink 8

NBOS

<« NB15
- NB10

vqgomg Netharlands NB2 Mink 6
o0 hCov-19 Netherlands NB2 Mink 14
- hCov-19 Netherlands NB2 Mink 13

NCov-19 Netherlands NB2 Mink 2

100 “hCov-19 Netherlands NB2 Mink 3

hCov-19 Netherlands NB2 Mink 8

hCov-19 NB2 Mink 19
hCov-19 NB2 Mink 7
hCov-19 Netherlands NoordBrabant 111 2020

+hiCov-19 Netherlands NoordBrabant 124 2020

hCov-19 Netherlands NA 319 2020

hCov-19 Netherlands NA 245 2020

hCov-19 Netherlands NA 252 2020

hCov-19 Netherlands NA 113 2020

hCov-19 Zeeland 6 2020

BetaCoV_Netherlands_Tilburg__2020

hCov-19 Netherlands NoordBrabant 18 2020

hCov-19 Netherlands NA 33 2020

hCov-18 Netherlands ZuidHolland 48 2020

hCov-19 Netherlands NA 602 2020
hCov-19 Netherlands NoordBrabant 19 2020
[ hCov-18 Netherlands NA 82 2020
hCov-19 Netherlands NA 181 2020
hCov-18 Zeeland 37 2020

E hCov-19 Netherlands NA 76 2020

3.0E-5

I 1 1hCov-18 NB10 Mink 5
] = hCov-19 NB10 Mink 13
ot hCov-19 NA 41 2020
- hCov-18 130 2020
hCov-19 Netherland: 112020
hCov-19 Netherlands NA 222 2020
! hCov-19 Netherlands Utrecht 23 2020
hCov-19 NA 178 2020
hCov-19 Netherlands NA 84 2020
hCov-19 Netherlands NoordBrabant 38 2020
hCov- 99 2020

A NBO2

Zoom B
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hCov-19 Netherlands NB7 Mink 2
hCov-19 Netherlands NB7 Mink 6

hCov-19 Netherlands NB7 Mink 3
hCov-19 Netherlands NB7 Mink 19 h NB 7

NB7 Mink 10

hCov-18
s\ CoOV-19 Netherlands NB7 Mink 1

100

[ <— NB14
Fo—— | <4  N\B6
hCov-19 Netherlands NB9 Mink 1 k h NBQ

100
hCov-19 Netherlands NBS Mink 3

hCov-18 Netherlands NoordBrabant 178 2020

100

j 'PCov-19 Netherlands ZuidHolland 34 2020
hCov-19 Netherlands NoordHolland 15 2020

L hCov-19 Netherlands NA 715 2020
hCov-19 Netherlands NA 168 2020

93
hCov-19 Netherlands NA 384 2020
3.0E-5
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* 34 samples from SARS-
CoV-2 positive
individuals from the
same 4-digit postal code
area were tested

* Not related to the mink
farms

* No increased risk

* Not a reflection of what
Is going on the area

A DEPARTMENT oF Erasmus MC



Employees got infected after the
detection of SARS-CoV-2 in minks

Clustering in the phylogenetic tree

Detection of the virus in air samples
(~CT 28)

Probably not all infected at the
farms
but also family clusters

A DEPARTMENT oF Erasmus MC
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Date of Sequence Same owner: Feed Number of Sequence Mink Detection™**:
diagnosis cluster: supplier: sequences diversity population

(human):  (average): size:

24-04-20 A NB1, NB4 1 17 (1) 0-9(3.9) 75,711 Notification

-V 25.04-20 B 1 1 8 0-8(3.6) 50473 Notification

XN 070520 A 2 1T 5 (5) 02 (06) 12,400 Notification

N:YR 070520 A NB1, NB4 1 I 1 NA 67,945 Contact tracing

NB1

N:-0 310520 D 1 v 1 NA 38,936 EWS-Ser+PM-1st

=0 310520 C 3 v 9 0-12 (6.8) 54,515 EWS-Ser+PM-1st

N:YA 310520 C NB7, NB11, 3 1 6(2) 0-4(1.4) 79,355 EWS-PM-1st
NB15

(NN 020620 A/D NB8, NB12* 3 v 6 (5) 0-6 (2.6) 39,144 EWS-Ser+PM-1st

=N 040620 C 2 v 2(1) 0-3(1.5) 32,557 EWS-Ser+PM-2nd

NS0 08-06-20 D 3 1 4 0-3(1.1) 26,824 EWS-Ser+PM-2nd

N-YEMN 08-0620 E NB7, NB11, 3 1 4 0-4(2.2) 38,745 EWS-PM-2nd
NB15

(=3P 09-06-20 A NBS, NB12* 3 1 5 0-3(1.2) 55,352 Notification

N=YEM 14-06-20 A 3 v 5(3) 0-5(3.2) 20,366 EWS-PM-5th

N=SPM 14-06-20 C 3 1 5(1) 0-7(37) 28375 EWS-PM-5th

N=YEM 210620 D NB7, NB11, 3 1 5 0-2(06) 35928 EWS-PM-6th
NB15

NB16 [PXEVEI 3 1 5 0-4(16) 66,920 EWS-PM-6th

A DEPARTMENT OF Erasmus MC



Uden: 1/1

#

Laarbeek: 1/4
!

Sint Anthonis: 5/13

Gemert-Bakel: 6/11
$$! | ##

Deurne: 1/5
|

Venray: 2/2

SARS-CoV-2 affected mink farms

Colored by cluster
A

moow

For farms with same owner,
shaped by owner
L]

u
A

Municipalities with SARS-CoV-2
affected mink farms

A DEPARTMENT oF Erasmus MC
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SARS-CoV-2 outbreaks have been detected in 16 mink farms in the
Netherlands

Phylogenetic signal indicates a wide/fast spread

No specific adaptation mutation were observed in all mink samples

Three main clusters have been identified without obvious link
+ Same food supplies?
* People working at different farms?
» Exchange of material?

A DEPARTMENT oF Erasmus MC
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