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|NVWGS for outbreak investigations
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Where did it come from

How different is it from what we

have seen before

Is it part of an outbreak
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Nanopore MinlON sequencing

Promoted for outbreak based sequencing

Examples during Ebola Zika Yellow fever

Possible advantages

Real time base calling

Fast library preparation

Cheap

Easy to implement • 8 BPSS
1

Possible disadvantages

High error rates 90 accuracy

Size of datasets storage
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Amplicon based sequencing ••
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PROTOCOL

Multiplex PCR method for MinlON and Illumina

sequencing of Zika and other virus genomes directly
from clinical samples
Joshua Quick1 Nathan D Grubaugh2 Steven T Pullan3 Ingra M Claro4 Andrew D Smith1 Karthik Gangavarapu2
Glenn Oliveira5 Refugio Robles Sildsaka2 Thomas F Rogers2 6 Nathan A Beutler2 DLl£2J R Burton2

Lia Laura Lewis Ximenez7 Jaqueline Goes de Jesus® Marta Giovanelti® 9 Sarah C Hill10 Allison Black11 12©

Trevor Bedford1 Miles W Carroll3 13 Marcio Nunes14 Luiz Carlos Alcantara Jr ® 3 Ester C Sabino4 Sally A Baylis15
Nuno R Faria10 Matthew Loose16 Jared T Simpson17 Oliver G Pybus10 Kristian G Andersen2 5 Nicholas J Loman1

1 Institute of Microbiology ud Infection School of Bmtiencts llhmnity of Birmingham Birmingham UK •The Scnppi Research Institute U folk California USA

Public Health England Natiooal Infection Sendee ftirton Down Salshury UK ‘
Department of Infectioui Dilease and lmtdute of Tropical Medicine Univenity

of SaA Paulo SaA Paulo Brad Scnppi Translations Science Institute La loQa Odifcrnia USA Maisachuietti General HoapitaL Booon Massachusetts USA

Tnstitulo Oswaldo Cnn Fundatio Oswaldo Cnu Rio de Janeiro Bead 1‘Fundagho Oswaldo Qua FtOCKUZ Sahador Brad Uru»emty of Rome Tor Vitrgatt H^y
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Built with nextstrain ncov Maintained by the Nextstrain team

Showing 67 of 4602 genomes sampled between Mar 2020 and Aug 2020 Filtered to Peru 40 Suriname 27

Phytogeny
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Reconstruct the genome

Around 12 000 000

sequences are generated

per sequence

✓ ✓ ✓

✓ V ✓

Around 10GB of data per

sequence run

✓ ✓ ✓
•

✓

✓ ✓ ✓ ✓✓

Now almost 160 sequence

runs performed ✓✓

Consensus calculating
17 880T

Coverage I y ^ y jj U iijLi iMy
■Jbl II 6 f l\ i JUiy l

1 504 1 269 2 183 3 2384 095 5 139 6 242 7 187 8 248 9 140 10 183 11 254 12 303 13 402 14 475 15 536 16 594 17 809 18 911 20 064 21 319 22 612 23 750 24 901 26 036 27 125 28 204 29 218

■C» hCoV 19 ltaly Uni

in to coo 477 ACS raarlc7n
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Data analysis

Custom script to

automatically collect data

from the machine and

transfer to the server

RAMPART Read Assignment Mapping and Phylogenetic Analysis in Rea Ime

Experiment EBOV Amplicons 1438839 mads mapped 1177 reads sec

Lxi saver message new dele t 50Js

■■■

Mapped reads ^®ReWs sec Mapped ftenfe

Real time automated data

analysis
Demultiplex
Trim primers

Align to reference

Generate consensus

sequence 10x 30 and

10Ox coverage

QMayings 85692 reads mapped 35 reads sec I read last seen Os ago

fw» length f

f

i
°t

o

| 6 Makona

3
87491 reads mapped 35 reads sec I ead last seen Os ago

| reac last seen Os S

RAMPAR1 by James Ftadfield Nkk toman and

Funded through The Wellcome Trust

as 3art at the ARTIC Network project
Cc’laboratcrs Award 2C6298 A 1TJ
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Mutations in the viral genome

|V

COVID 19 uitbraak
hoe stel je overdracht van nerts op mens vast

• • •■

m 9 t
■

0

0
a b

a b

coronavirus
medewerker

afkomstig
van nerts

a
c

mutatie

foutje
SARS CoV 2

a b c
RIVM Tweede Kamer| 25 mei 2020 5
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Multiple sequence alignment

7 5001 2 500 5 000 10 000 12 500 15 000 17 500 20 000 22 500 25 000 27 500 29 775
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Phylogeny
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Nextstrain

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

Phylogeny
Country v
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iStfSCRapid SARS CoV 2 whole genome sequencing
V|V~T lO

■f

5 Mtt

LETTERSnature

medicine
https doi org 10 1038 s41591 020 0997 y

I ll Check for updates

Rapid SARS CoV 2 whole genome sequencing
and analysis for informed public health

decision making in the Netherlands

10 2e

10 2e

10 2e 10 2e
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Initial testing of travelers according to

the WHO and ECDC case definitions j

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

BataC V_F iland_riM 25_2020_EPI ISL_412971_2Q20 02

B«1aCoV_HangKcng_VM20002345_2020_EPIjSL_409C27

BelaCoV_ltaly_CDG1_2020_EPMSL_412973_2020 CC 20

BetaCoV_Bfazs _SPBR 01 _2020 EPI ISL 412964 2020432 25

BelaCoV_Maxtoo_lnDRE_01_2020_EPIJSL_412972_2Q20 02 27

BctaCoV_Natfi ariands_D«man_2020

BetaCoV_G6fmary_BadBn Wuerttflmbflrg 1_2020_EPIJSL_412912_2020 02 25

BetaCoV_Kanagawa_1_2G2C_EPI_ISL_4Q2126 2020431 14

BetaCoV_HangKaig_W120001218_2020_EPIJSL_4Q8995_2Q20 01 24

_Miirich_BavPat1 _2020_EPI_ISL 406862 2020 01 28

_Nathsrtands_T®»jig_2D20

BetaCoV_HangKong_VM20001794_2020_EPI_lSL_409001_2020 01 29

BelaCoV_HnngKong_\ M20001403_2020_EPIjSl _409000_2020 fl1 26

BetaCoV_HongKong_VB20Q26565_2C20_EPI_ISL_409024_2Q20 01 31

2020 01 30

2020 01 31

2020 02 03

BetaCoV

BetaCoV■

BelaCoV_HangKcng_VM200019B8_2020_EPIJSL_409020_

BetaCoV_HangKcng_VM20002162_2020_EPI_ISL_409C23_

Not from one recent source e g unlikely connected
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Systematic sequencing during

exponential growth phase

rt

In the third phase sequencing of

new cases with emphasis on

HCW and severe hospitalized
cases was continued

^3EEBser~
“IS™

13CW_202oj M3

Es
hCoV 0_ ith«Iar l«_NA_16

hC6V19J »

asses

£ £
Ilstlif
iSSKKSSSCSS i The diversity was also observed

in cases with similar travel

histories

ss

hC0tW9_»l lhrtmH^uldHol»n LMJI «

KS3SSi£SS3iu“
BSKSSSSau

||W At that moment this represented
27 1 of the total number of full

genome sequences produced
worldwide

4 SES
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LNA »
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Systematic sequencing during

exponential growth phase IV

EtKKKS2S
^asaaags2ft The sequences detected in the

Netherlands were diverse and

sssssrs
”

revealed the presence of multiple
B« CoV_N»»w«reJi_uwi_cp_rand_ 363612

1 1

co circulating sequence types
EsssKunw found in several different clusters in
hCoV 19_Scotl«nd_CVR04_2020_EPI_ISl_ M028_202003TM

the phylogenetic tree
hCoV 19_NatMrtuida_Noord8raB nl_2B
hCoV 19_Neth«1arrd JJtrecht_14_2
hCaV 19_N»lr«ilancfa_NootdBrsbanl 31

BettO V_Nath«tan l _NMn w_13M774
™

”^rxssL 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

hCoV 1 _Nelh«cl«fi _NocnlBrabiinL67
hCoV 19 Nsthwtsnds NoordBf bart_42

hCoV 19_NMwlind _NoonJ8rMi rt_53

rC

Ha

£

^
5
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stsssssa
sj srs
HCoV 19_NMwl«»J»_NA_M
hCoV 19 Ne

hCoV 19_N KwtMA_NA 22

hCoV 19_Nelh«t£rais_N MX0Brsbani_48

sssssasrsy
Oo nCoV_Nothor1irtd5_ Ardol_1363068

ssssssssasr

nL«7
nt_30
nl 28

|§r _
ssbsssjs
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Discussion

5 Wtt

• 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 EfaSITlUSMC



621084

el
•

£ cOngoing research

V
T

\0
ltS Mtt

■ Determine the geographical signature if any US coronavirus hotspots linked to meat

processing plants

Analrshshow factories a sourceofvirus transmission

Monitor significant changes in the genome

Outbreak investigations

Hospitals

Nursing homes

Slaughterhouses

Gyms

Schools

Fruit industry

Mink farms

V

I ^
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£
First detected on a sea food and live animal market

• l

V

Although the virus could be identified in

environmental samples no animal tested positive
Pisa

Cats ferrets hamsters rhesus macaques

cynomolgus macaques and fruit bats are

susceptible

V

A
■ Dogs cats lions tigers and minks can be infected

mm

A
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SARS CoV 2 in mink farms

Increased mortality was reported at mink farms on the 19th and

20th of April

Ic

SA

Farm 1 12 000 animals of which 285

2 4 died

Farm 2 7 500 animals of which 90

1 2 died

Current states 40 mink farms in the

Netherlands and 2 mink farms in

Denmark with infections

a department of ErasmusMC

Situation report of the first 16 SARS CoV 2 infected mink farms
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Human cases

»v

PCR positive Serology

positive

Farm First Date s of sampling

diagnosis in I employees and family
animals members

Employees and family
members tested

positive
PCR and or seroloisra

l 28 04 2020 11 05 2020 5 6 83

31 03 2020 30 04 2020 112 50

11 05 2020 26 05 2020 5 7 71

1 3 33

2 7 29

IB1 24 04 2020

25 04 2020

07 05 2020

07 05 2020

5 5 100

8 8 100

0 6 0

2 2 100

3 6 50

4 6 66

6 6 100

8 8 100

5 7 71

2 3 66

3 7 43

4 6 66

8 10 80

8 10 80

2 7 29

4 8 50

1 3 33

7 9 78

3 3 33

5 6 83

2 2 100

0 2 0

66 97 68

EIB2

E B3

EIB4 08 05 2020

E 31 05 2020 01 06 2020B5

r B6 31 05 2020 01 06 2020

31 05 2020 10 06 2020 01 07 2020 8 10 80

| 02 06 2020 03 06 2020

04 06 2020 07 06 2020

1 6 17

NB7 NA

NB8 5 10 50

1 7 14

1 8 13

1 3 33

5 9 56

1 7 14

3 8 38

0 2 0

6 9 66 2 8 25

0 2 0

1 3 100 5 6 83

NB9

NB10

NB11

NB12

NB13

NB14

NB15

NB16

Total

08 06 2020 11 06 2020

08 06 2020 11 06 2020

09 06 2020 11 06 2020

14 06 2020 11 06 2020 18 06 2020 3 3 33

14 06 2020 14 06 2020

21 06 2020 10 06 2020 30 06 2020 2 2 100

21 06 2020 23 06 2020

NA

0 2 0

43 88 49 38 75 51

NA

a department of ErasmusMC
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16 mink farms •

Ad
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■
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•

£■ Mink farm related

sequences compared to all

Dutch sequences

lu

mm m

mm
E

3

m

i A lot of divergence

compare to the human

population

1HH ii i rni1 1 i iluiiitM

wI

■
H111

91IS pm

m\ i

c
■ V

3 main clustersw

Wi

5 different introductionsA
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hCov 1S Netherlands Limburg
hCov 19 Netherlands

hCov 19 Netherlands NB1

hCov 19 Netherlands Limburg 80 2020

hCov 19 Netherlands Limburg 77 2020

hCov 19 Netherlands NB12 Mi

81 2020

Limburg 79 2020

2 Mink

LimburgNB12
nk 23

hCov 19 Netherlands NB12 Mink 7

hCov 19 Netherlands NB1 Mink 5

i
Same ownerNB1 NB8hCov 19 Netherlands NB1 Mink 18

hCov 19 Netherlands NB1 Mink 16

HI

nCov 19 Netherlands NB1 Mink 17

hCov 19 Netherlands NB1 Mink 3

■ hCov 19 Netherlands NoordBrabant 156 2020

J hCov 19 Netherlands NB3 Mink 2

I hCov 19 Netherlands NB2 Mink 3

t hCov 19 Netherlands NB3 Mink 4

I nCov 19 Net

II hCov 19 Netherlands NoordBrabant 157 2020

l| hCov 19 Netherlands NoordBrabant 168 2020

i «Cov 19 Netherlands NB3 Mink 5

I hCov 19 Netherlands NoordBrabant 136 2020
I hCov 19 Netherlands NoordBrabant 155 2020

People work

on both farms

NB3

hCov 19 Netherlands NB1

hCow 19 Netherlands NB1 Mink

JSSIS3£SSI flS £ l
4™ hCov 19 Netherlands NB16 Mink 2

1 hCov 19 Netherlands NB16 Mink 1

hCov 19 Netherlands NB16 Mink 14

NB16

NB4
hCov 19 Netherlands NB4 Mink 2

■tfSIESISKS
hCov 19 Netherlands NB13 Mink 9

hCov 19 Netherlands NA748 2020

hCov 19 Netherlands NB13 Mink 4

hCov 19 Netherlands NB13 Mink 11

hCov 19 Netherlands NB13 Mink 16

hCov 19 Netherlands NB13 Mink 10
NB13

hCov 19 Netherlands NB1 Mink 6

hCov 19 Netherlands NoordBrabant 177 2020
1 hCov 19 Netherlands NB1 Mink 13

link 9hCov 19 Netherlands NB1

hCov 19 Netherlands NB1

hCov 19 Netherlands NB1 Mink 12

hCov 19 Netherlands NB1 Mink 4

hCov 19 Netherlands NB1 Mink 10

hCov 19 Netherlands NB1 Mink 8

9 Netherlands NB1 Mink 11

hCov 19 Netherlands NB1 Mink 2 Zoom ANB1
hCov 19 Netherlands NA 134 2020

hCov 19 Netherlands NA 376 2020

4 0E 5
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NB05

S
I n erlands NB15 Mink 3

J rherlands NB15 Mink 11

J hpov 19 Netherlands NB15 Mink 8

|r hCov 19 Netherlands NB15 Mink 2

hCov 19 Netherlands NB15 Mink 7

NB15

NB10

NB08

hCov 19 Netherlands NB10 Mink 2

J JjCov 19 Netherlands NB10 Mink 8

J 1 hCov 19 Netherlands NB10 Mink 5

{ hCov 19 Netherlands NB10 Mink 13

hCov 19 Netherlands NA 41 2020

hCov 19 Netherlands NoordBrabant 130 2020
^— hCov 19 Netherlands NoordHolland

hCov 19 Netherlands NA 222 2020

hCov 19 Netherlands Utrecht 23 2020

2020

hCov 19 Netherlands NA 178 2020

hCov 19 Netherlands NA 84 2020

hCov 19 Netherlands NoordBrabant 38 2020

hCov 19 Netherlands NoordBrabant 99 2020

IK
19 Netherlands NB2 Mink 6

19 Netherlands NB2 Mink 14

IV

i NB02
ov 19 Netherlands NB2 Mink 13

Cov 19 Netherlands NB2 Mink 2

Cov 19 Netherlands NB2 Mink 3

hCov 19 Netherlands NB2 Mink 8

hCov 19 Netherlands NB2 Mink 19

hCov 19 Netherlands NB2 Mink 7

r ^Cov 19 Netherlands NoordBrabant 111 2020

r tiCov 19 Netherlands NoordBrabant 124 2020
1 hCov 19 Netherlands NA 319 2020

hCov 19 Netherlands NA 245 2020

hCov 19 Netherlands NA 252 2020

hCov 19 Netherlands NA 113 2020
i — hCov 19 Netherlands Zeeland 6 2020

[

r BetaCo
“ L hCov

oV_h
19 N

Netherlands_T i Iburg
letherlands NoordBra

2020

bant 18 2020

■ hCov 19 Netherlands NA 33 2020

hCov 19 Netherlands ZuidHolland 48 2020

hCov 19 Netherlands NA 76 2020

hCov 19 Netherlands NA 602 2020

hCov 19 Netherlands NoordBrabant 19 2020

v 19 Netherlands NA 82 2020

v 19 Netherlands NA 181 2020 Zoom BMB
hCov 19 Netherlands Zeeland 37 2020

3 0E 5
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I hCov 19 Netherlands NB7 Mink 2

I hCov 19 Netherlands NB7 Mink 3

I hCov 19 Netherlands NB7 Mink 19

hCov 19 Netherlands NB7 Mink 6

NB7
hCov 19 Netherlands NB7 Mink 10

hCov 19 Netherlands NB7 Mink 1

hCov 19 Netherlands NB14 Mi

hCov 19 Netherlands NB14 Mink 4

hCov 19 Netherlands NB14 Mink 37

NB14hCov 19 Netherlands NB14 Mink 25

hCov 19 Netherlands NB14 Mink

hCov 19 Netherlands NB6 Mink 16

hCov 19 Netherlands NB6 Mink 18

sljCov 19 Netherlands NB6 Mink 7

NB6hCov 19 Netherlands NB6 Mink 15

■ hCov 19 Netherlands NB6 Mink 2
I 100

I hCov 19 Netherlands NB6 Mink 3

hCov 19 Netherlands NB9 Mink 1

NB9hCov 19 Netherlands NB9 Mink 3

hCov 19 Netherlands NoordBrabant 178 2020

hCov 19 Netherlands NB6 Mink 13

hCov 19 Netherlands NB6 Mink 14

hCov 19 Netherlands NB6 Mink 17

PiCov 19 Netherlands ZuidHolland 34 2020

hCov 19 Netherlands NoordHolland 15 2020

hCov 19 Netherlands NA 715 2020

hCov 19 Netherlands NA 168 2020

hCov 19 Netherlands NA 384 2020

Zoom C
3 0E 5
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Reflection of local circulation

• 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 EfaSITlUSMC
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Proof of mink to human infection

I ID Mothorlanir LimBur® 01 30 ci

p F

• Employees got infected after the

detection of SARS CoV 2 in minks 1C NB1 Vint 7

■te
’9 MInanside

• Clustering in the phylogenetic tree
« is

•

1 a

jt7 £ iris l

hCov 19 Netfierlanas HoordSraBant 166 2020

BCciv is Nelherlonds NoorOBiMon 155 020

nt 150 2020

• Detection of the virus in air samples
~CT 28

ii f If io 1 1111 I PI 7 Ml HI

—1 5lnariands N6I

•

rr isr
■

hCo» 19 Naihailands VB13 Mink 4

nCnv 10 Marhadandi MUM umk 1

BCov 10 Netharla

irOBraBanl 177 2020

• Probably not all infected at the

farms

but also family clusters

i t b r r i

I

f

9 NeinenonosNA 13 2020

hCpv ’O Netheisnds NA 3

A DEPARTMENT OF EraSrtlUSMC
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No clear link

Farm Date of Sequence Same owner

diagnosis cluster

Feed

supplier

Vet Number of Sequence Mink

sequences diversity population
human average size

Detection

IB1 24 04 20 A

25 04 20 B

07 05 20 A

07 05 20 A

NB1 NB4 1 I 17 1 0 9 3 9 75 711

0 8 3 6 50 473

0 2 0 6 12 400

67 945

Notification

Notification

Notification

IB2 1 8

IB3 2 5 5

IB4 NB1 NB4 1 I 1 NA Contact tracing
NB1

NB5 31 05 20 D

31 05 20 C

31 05 20 C

1 IV 38 936

0 12 6 8 54 515

0 4 1 4 79 355

NA EWS Ser PM 1st1

NB6 3 V 9 EWS Ser PM 1st

EWS PM 1stNB7 NB7 NB11

NB15

NB8 NB12

3 6 2

NB8 02 06 20 A D

04 06 20 C

08 06 20 D

08 06 20 E

3 V 6 5 0 6 2 6 39 144

0 3 1 5 32 557

0 3 1 1 26 824

0 4 2 2 38 745

EWS Ser PM 1st

EWS Ser PM 2nd

EWS Ser PM 2nd

EWS PM 2nd

NB9 2 V 2 1

NB10

NB11

3 II 4

NB7 NB11

NB15

NB8 NB12

3 4

NB12

NB13

NB14

NB15

09 06 20 A

14 06 20 A

14 06 20 C

21 06 20 D

3 5 0 3 1 2 55 352

0 5 3 2 20 366

0 7 3 7 28 375

0 2 0 6 35 928

Notification

EWS PM 5th

EWS PM 5th

EWS PM 6th

3 V 5 3

3 5 1

NB7 NB11

NB15

3 II 5

NB16 21 06 20 A 3 5 0 4 1 6 66 920 EWS PM 6th

a department of ErasmusMC
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Geographical distribution

»vSARS CoV 2 affected mink farms

Colored by cluster

A

B
j

CS
DUden 1 1

E

Sint Anthonis 5 13 For farms with same owner

shaped by owner

I—t

\

\

Laarbeek 1 4

Gemert Bakel 6 11

Municipalities with SARS CoV 2

affected mink farmsVenray 2 2

□

VDeume 1 5
V

0 5 10 20

a department of ErasmusMCd km
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Discussion

5 Wtt

• 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 ErasmusMC
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