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Aim and learning objectives @c

Aim:
Learn how you can use WGS for outbreak investigations

Specific learning objectives

At the end of this session, you will be able to:

1. Understand how WGS was used during the beginning of the SARS-CoV-2
outbreak in the Netherlands

2. Understand how WGS was used during the outbreak of SARS-CoV-2 on
mink farms

3. Understand how WGS was used during the Andes Hantavirus outbreak on
a cruise ship
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What do you think WGS can be
used for during an outbreak
response?

® The Slido app must be installed on every computer you're presenting from SlidO
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WGS for outbreak investigations @c

Where did it come from?

How different is it from what we
have seen before?

Is it part of a transmission cluster?

Is it part of an outbreak?

Is there ongoing circulation or a new

introduction?

ELRGFERR CENTRE FOR
DISEASE FREVERTION
AMD CONTROL

GENOME EXPLOSION

Scientists have shared about six million SARS-CoV-2 genome sequences
on the GISAID data-sharing platform since January 2020, many of them
in just the past eight months. Those deposited from Africa recently
proved invaluable in sounding the alarm on the Omicron variant.
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e January 2020: First genome of the SARS-CoV-2 coronavirus reported
o December 2020: Alpha and Beta variants named

O January 2021: Gamma variant named

Q April 2021: Delta variant named

o November 2021: Omicron variant named

https://www.nature.com/articles/d41586-021-03698-7
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SARS-CoV-2 -- All viruses change over time &

« Emergence of new variants is expected, although:

« Most mutations have no impact on function or structure of virus
« Some can be harmful for virus survival

Spikes, used by the virus ’

» Some can result in advantage for virus: i Y
« Increased transmissibility ek,
 Increased disease severity, virulence r*\,

- Influence efficacy of vaccines/therapeutics « j , ‘\\\\

« Mutation rate of SARS-CoV-2 is low relative to other RNA viruses

« Chance on mutations increases with frequency of human and animal
infections
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Amplicon-based Nanopore sequencing @ C

PROTOCOL |

Multiplex PCR method for MinION and Illumina

sequencing of Zika and other virus genomes directly
from clinical samples

Joshua Quick!, Nathan D Grubaugh?®, Steven T Pullan’, Ingra M Claro*, Andrew D Smith!, Karthik Gangavarapu?,
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Data analysis

2L - RAMPART &
o-".'o., Experiment: EBOV_Amplic
o

Last server message: new data (t=!

https://github.com/artic-network/rampart

B
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Custom script to automatically collect data
from the machine and transfer to the
server

Real-time automated data-analysis:

« Demultiplex

e Trim primers

« Align to reference

« (Generate consensus sequence (10x, 30
and 100x coverage)
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Beginning of the pandemic @ C

DISEASE FREVERTION

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.

] BataCoV_Finland_FIMN-25_2020_EPI_I5L_412971_2020-02-25
BataCoV_HongkKong_VWM20002345 2020 _EPI_I1SL_409027_2020-02-03
BataCoV_|taly CDG1_2020_EPI_I5L 412973 _2020-02-20
BataCoV_Brarl_SPBR-1_2020_EPLISL_412954_2020-02-25
I—- BataCoV_Maxico_InDRE_01_2020_EPL_ISL_412972_202002-27
L ] BetaGoV_Methadands_Dieman_2020
I—. BataCoV_Gamarny_Badan-Wuarttembarg-1_2020 _EPI_|SL_412912_2020-02-25
BataCoV_Kanagawa_1_2020_EPI_I5L_402126_2020-01-14
BataCoV_HongKong_VWM20001218_2020_EPI_ISL_408995 2020-01-24
BataCoV_Murdch_BavPatl1_2020_EPI_I5L_408882_2020-01-28
9 BataloV_Mathadands Tiburg_2020
BataCoV_HongKang WM20001734_2020 EPI_ISL_409001_2020-01-29

BataCoV_HongKang_\VM20001403_2020 EPI_ISL_409000_2020-01-26

BataCoV_HongKong_VB20026565_2020_EPI_ISL_408024_2020-01-31

BataCoV_HongKang VM20001988_2020 EPI_ISL_409020_2020-01-30

BataCoV_MongKang_VM20002162_2020 EPI_|SL_409023_2020-01-31

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




Systematic sequencing during first phase of the @
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hCoV-19_USA_MN2-MDH2_2020_EPI_ISL_414589
hCoV-19_Netherlands_NoordBrabant_52

hCoV-19_Netherlands_NoordBrabant_49

hCoV-19_Netherlands_NoordBrabant_44 -
hCoV-19_Netherlands_NoordBrabant_57

hCoV-19_Netherlands_NoordBrabant_42 The SEq u ences d ete Cted I n th e
hCoV-19_Netherlands_NoordBrabant_53
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BetaCoV_Netherlands_Loon_op_zand_1363512 revealed the resence Of mu Itl Ie CO-
hCoV-19_Netherlands_NoordBrabant_24 p p
BetaCoV_Netherlands_Coevorden_1363618_Tilburg
BetaCoV_Netherlands_Tilburg_1363550 H H H
circulati ng sequence types ound In
hCoV-19_Netherlands_NoordBrabant_38 ,
hCoV-19_England_Sheff01_2020_EPI_ISL_414500_2020-03-04 . .
hCoV-19_Scotland_CVR04_2020_EPI_ISL_414026_2020-03-04 Seve ra | d Iffe rent CI u Ste rs I n th e
hCoV-19_Scotland_CVR02_2020_EPI_ISL_414024_2020-03-02
hCoV-19_Netherlands_NoordBrabant_12 -
hCoV-19_Netherlands_NoordBrabant_10
[‘ hCoV-19_Netherlands_NoordBrabant_29 phyloge netlc tree.
1 T . ) hCoV-19_Netherlands_Utrecht_14_2
B ————— hCoV-19_Netherlands_NoordBrabant_31

BetaCoV_Netherlands_Naarden_1364774
) hCoV-19_Netherlands_Limburg_6
' ] hCoV-19_Netherlands_NoordBrabant_47 - - =
o The increase in COVID-19 patients as
hCoV-19_Netherlands_NoordBrabant_28 p

hCoV-19_Netherlands_NoordBrabant_35
hCoV-19_Netherlands_NoordBrabant_33 H H
hCoV-19_Netherlands_NoordBrabant_27 We as I ncreaslng a ecte
hCoV-19_Netherlands_NoordBrabant_65
hCoV-19_Netherlands_NA_32

gt AN geographic areas and occurrence of
I local clusters provided further support

' ] hCoV-19_Netherlands_NoordBrabant_34

*:: BetaCoV Netherinds_Andel 1365066 for the increased movement

BetaCoV_Netherlands_Nieuwendijk_1363582_pt
BetaCoV_Netherlands_Oss_1363500_Italie = .
hCoV-19_Netherlands_NoordBrabant_61 rest rlctl On s
hCoV-19_Netherlands_NoordBrabant_63 u
BetaCoV_Netherlands_Hardinxveld_Giessendam_1364806
hCoV-19_Netherlands_NoordBrabant_11
hCoV-19_Netherlands_NoordBrabant_54
hCoV-19_Netherlands_NA_5

L ] hCoV-19_Netherlands_NoordBrabant_32
hCoV-19_Netherlands_NA_4

5.0E-6




WGS sequencing during the rest of the pandemic @c

US coronavirus hotspots linked to meat
processing plants

Analysis shows a f virus
Workers and unions urge health and safety overhaul

Determine the geographical signature (if
any)

Monitor significant changes in the genome

COVID-19 in health-care workers in three hospitals in the @5®
south of the Netherlands: a cross-sectional study

Outbreak investigations 0a
= SHARE  REPORT

* Nursmg homes @ Transmission of SARS-CoV-2 on mink farms
 Slaughterhouses & between humans and mink and back to humans
[ Gyms @ ...5::2f;ﬁ::?;::;:?,:;{;:ina S.Sikkema', David F. Nieuwenhuijse', RoherlJanMolenaarz, Emmanu...
« Schools
* Fru it i nd UStry 9 Article Figures & Data Info & Metrics elLetters PDF
- Mink farms




SARS-CoV-2 in mink farms &

Increased mortality was reported at mink farms on the 19th and 20th of
April 2020

Farm 1: 12,000 animals of
which 285 (2,4%) died

Farm 2: 7,500 animals of
which 90 (1,2%) died

SARS-CoV-2 was identified as
causative agent and later more

and more mlnk fal’mS were infected https://www.thelancet.com/journals/laninf/article/PIIS1473-
3099(20)30912-9/fulltext#f10
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Outbreak investigation @ c

DISEASE FREVERTION

« 69/128 farms were infected

in the Netherlands Wlth one 69 farms infected and 70 culled in the South-East of NL S 3
Of the flve “min k" VlrUS Infected mink farms/wk and virusclusterA, B, C, Dor E o ‘
clusters e ) e
g 8 ¢ ¥ 3 ¢ i ﬁ
g i for o
e 57/99 humans on an infected £ & il ﬂ @ *
mink farm were infected £, —_a; 1 II
3 Y T PR 111 1]
it A O ~ A
- EWS in place to rapidly SRy FESSE

detect SARS-CoV-2 in mink
and if found positive the
mink farms will be culled

« How is the virus spreading, mutating and what is the risk for humans?




Proof of mink to human

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

» Clustering in the phylogenetic
tree and timing of the samples

* Probably not all infected at the
farms but also family clusters

infection

hCov-19 Netherlands Limburg 78 2020

hCov-19 Netherlands NB12 Mink 37

hCov-19 Netherlands NB12 Mink 13

hCov-19 Netherlands Limburg 81 2020

hCov-19 Netherlands Limburg 79 2020
hCov-19 Netherlands NB12 Mink 11
hCov-19 Netherlands Limburg 80 2020
hCov-19 Netherlands Limburg 77 2020
hCov-19 Netherlands NB12 Mink 23

100 b hCov-19 Netherlands NB12 Mink 7

hCov-19 Netherlands NB1 Mink 5

hCov-19 Netherlands NB1 Mink 18
hCov-19 Netherlands NB1 Mink 16

'iCov-19 Netherlands NB1 Mink 17
hCov-19 Netherlands NB1 Mink 3
hCov-19 Netherlands NoordBrabant 156 2020

hCov-19 Netherlands NoordBrabant 157 2020
hCov-19 Netherlands NoordBrabant 168 2020

100

hCov-19 Netherlands NoordBrabant 166 2020
hCov-19 Netherlands NoordBrabant 155 2020

_|1oo_ hCov-19 Netherlands NB1 Mink 1
hCov-19 Netherlands NB1 Mink 14

8@Cov—19 Netherlands NB16 Mink 10
[gnCO\/—19 Netherlands NB16 Mink 13
I—l hCov-19 Netherlands NB16 Mink 2

100 hCov-19 Netherlands NB16 Mink 1
I— hCov-19 Netherlands NB16 Mink 14

hCov-19 Netherlands NB4 Mink 2

NnCov-19 Netherlands NA 746 2020
hCov-19 Netherlands NA 747 2020
hCov-19 Netherlands NB13 Mink 9

hCov-19 Netherlands NA 748 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

hCov-19 Netherlands NB1 Mink 6

hCov-19 Netherlands NoordBrabant 177 2020

hCov-19 Netherlands NB1 Mink 13
hCov-19 Netherlands NB1 Mink 9

hCov-19 Netherlands NB1 Mink 7

hCov-19 Netherlands NB1 Mink 12

hCov-19 Netherlands NB1 Mink 4

hCov-19 Netherlands NB1 Mink 10
—— hCov-19 Netherlands NB1 Mink 8
e 1 CoV-19 Netherlands NB1 Mink 11

hCov-19 Netherlands NB1 Mink 2

hCov-19 Netherlands NA 134 2020

hCov-19 Netherlands NA 376 2020

4.0E-5



Mutations in the viral genome

a
A

Coude) SARS-CoV-2

RIVM - Tweede Kamer Jaap van Dissel — 25 mei 2020

a b C
coronavirus

medewerker

afkomstig
van nerts

5
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Potential links between the mink farms @ C

* Distance

- Same owners , e -
 Shared personal
« Feed supplier

 Veterinarian

NBs2 NB2Y
NB23
[

NB26

[Predictor | Coefficient | 95% HPD interval | Inclusion Prob : : #? N?B o \N ,

distance between ) . ) A) N _ B ol e L &
0.67 050, -0.41] 0.99 sl T Sw o TN, |
1 74 [0.64, 2.81] 0.97 = foom — Goomt — oo

mink density origin [-3.95, 3.72] 0.01

mink density i )

human density origin k) [-3.71, 3.91] 0.14
destination 0.04 [-3.82, 3.87] 0.01
sample size of the ) :
sample size of the 3

days to cull origin -0.01 [-3.85, 3.86] 0.01

days to cull )




No mink related strains in surrounding Dutch Fons
population COC

Human cases in
vicinity of farms
: ,. e

4 —— . Human cases in

. / vicinity of farms
E \ 1 Limited spill over to the human
: population observed based on

gl — -y, (3 the sequencing samples (n=34)
= | with the same 4-digit postal code
- B and "kiemsurveillance’
Human cases <
in vicinity of — el
farms —— TN 49 - Only once detected in the

kiemsurveillance

e = —=—
-~ ey = o= — o B
~ e — = AAS
R — A
’ Dprin - =y
- d




Hantaviruses ecoC
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Hantaviruses are primarily zoonotic viruses hosted by

. . . h ndrom fatali n
rodents without causing illness e S
The Americas
Sin Nombre virus Peromyscus maniculatus HCPS 35% USA, Canada
. . Andes virus Oligoryzomys longicaudatus  HCPS 21.4-35-9%  Argentina, Chile
60 d I ffere nt OrthOh a ntaVI ruseS Araraquara virus Bolomys lasiurus HCPS 44-5% Brazil
Choclo virus Oligoryzomys fulvescens Fever, HCPS  12-15% Panama
3 8 d | ffere nt rese I'VOI r SpeC|eS Laguna Negravirus  Calomys laucha, Fever, HCPS  11-7% Paraguay, Argentina,
Calomys callosum Bolivia, Peru
30 path Ogenic to hu ma N Juquitiba virus. Oligoryzomys nigripes HCPS 32-5% Brazil
Europe and Asia
Hantaan virus Apodemus agrarius HFRS 1% China
Puumala virus Myodes glareolus HFRS (NE) 0-1-0-4%  Finland, Sweden, Belgium,

Germany, France, Russia,

2 main severe clinical syndromes in humans northeast Europe

. . Dobrava virus Apodemus flavicollis, HFRS 9-8-12.0%  Balkans, southeast Europe
« HFRS: Hemorrhagic Fever with Renal Syndrome Apodemus ponticus
Seoul virus Rattus norvegicus HFRS <1% Worldwide

¢ N Orth - a nd SO Uth _Ame rlca Tula virus Microtus arvalis HFRS - Russia, Europe
° H CPS : Ha ntaVi rus Ca rd io pu I mo na ry Syn d rO me All information was obtained from several sources.**** HCPS=hantavirus cardiopulmonary syndrome.

HFRS=haemorrhagic fever with renal syndrome. NE=nephropathia epidemica.

* E U rO pe a n d AS I a Table: Common or important hantaviruses causing disease in the Americas, and Europe and Asia
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Geographical distribution of hantaviruses @ C
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hantavirus
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Andes hantavirus — human-to-h

A Maximum Likelihood Tree

Andes virus

Castelo dos Sonhos virus
Bermejo virus Andes
orthohantavirus

Lechiguanas virus %
species

Orén virus
Pergamino virus

Maciel virus

Sin Nombre virus

0.1

7
1000

L
54 1000
78

1000
GQE
NRC-6/18 (2018)

Patient 9
Patient 4
Patient 23
Patient 2
Patient 22
Patient 29
Patient 27
Patient 26
Patient 25
Patient 24
Patient 20
Patient 1
Patient 19
Patient 18
Patient 16
Patient 15
Patient 14
Patient 6
Patient 17
Patient 13
Patient 3
Patient 28
Patient 11
Patient 10
Patient 5
Patient 8
Patient 7

Epuyén/
18-19
Outbreak

Patient 12

Epilink/96 (1996)
NRC-5/18 (2018)
AH-1 (1996)
LSCH2016 (2016)

—

NRC-2/97 (1997)
CHI-7913 (1999)
| NRC-4/18 (2018)

0.008

1 NRC-3/18 (2018

Chile971;869 (1997)

B Person-to-Person Transmission

@ Transmission source Possible source @ No secondary transmission

C Haplotype Network

T-C

Patient 7 [Leu—'s,e_’]
3559

T-C 247

Patient 22
T-C T-C
1428 1688

S L

—

/

Patient 6

G-A
o _S.egmenl 3686

S M L L

s \l\ %—/\'—/ :

Patient 4
T-C
5066

L Patient 12
T-C
264

21 cases

Patient 23
T=C T=C
1391 1654

S S

D Reproductive Number and Cases of ANDV Infection According to Week of Symptom Onset

R value 95% Credible
of outbreak interval

R value after

control

R value before

control measures

w— Weekly R value

Control measures
—+ implemented

-8

Median R Value
No. of Cases

T T T T T T T T T
44 45 46 47 48 49 S0 S51 52 1 2 3 4 S 6

November December January February
Week of Symptom Onset

https://www.nejm.org/doi/full/10.1056/NEJM0a2009040

uman transmission‘%ﬁéé

AMD CONTROL

Figure S3. Diagram of first superspreading event at a birthday party
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Andes hantavirus outbreak on a cruiseship %c

'O Canary Islands

_&_ MV HONDIUS <
April-May 2026 b3
ey
w——p Completed Route Cape Verde.ﬁ

» Projected Route

SOUTH ATLANTIC

" OCEAN
& Current Position @ Ascension Island

® Waypoint

@ Saint Helena

SOUTH -
AMERICA AFRICA : -~ S|

® Tristan da Cunha

/ (incl. Nightingale Island)
® south Georgia
ARGENTINA

@
@_Ushuaia

® Antarctic Peninsula SOUTHERN OCEAN

(Antarctica)

ANTARCTICA

« Luxurious cruise ship to explore remote regions (90 passengers and 60 crew members)




[ i Q@ s g 24 April
: i : *34 passengers and crew disembark at St. Helena?
rtnonantavirus anaesense outitprea  @or | ~Cade1/3 vl around Crile Uruguay & Argentn
i i
: - " g n/m : " i O i 25 April
A timeline of an outbreak by the "Andes hantavirus"/"Andes virus @ L | B ledto iohannesbuing Stuthiafrics
i @ i
i 26 April

CASE 4 CASE 3 : : : :

Z : : i £ UST (@) ! *Case 2 briefly boarded then left a flight (KLM592)
?e?:\gtlggéc]ealgps °JEV|:cuate%to ICSU Uth Afri sty Hondius departs | O ¢ to Amsterdam before attending the clinic
symptoms ohannesburg, Sout rica Ushuaia, Argenting : O . :

CASE 8 eAdult male, guide CASE 8 i ago DA «i | 27-28 April _

*Develops develops symptoms *Adult male i ONSETFORCASEl | i *Case 7 flew from St Helena to Switzerland
symptoms disembarked at

CASE 7 Tristan da Cunha 3 May

of severe respiratory CASE 2 CASE 1 around South America

; ; > 1 new death (n=3)
. / /|
cases \\ E?tdgjtltHSevlv.;‘samaIe disembarked «PRIOR TRAVEL 3 a \ it ases
*Adult male, ship's
doctor, developg l CASE 1 : 9 May , _
symptoms ( *Boarded 1 April «Orthohantavirus andesense virus genome sequenced
@ 26 25 29 *Adult Dutch male develops in Switzerland
symptoms onboard 12 Radboud Uni Medical Centre, Nijmegen, NLD,
o T gacpo 18 / 6 WEEK INCUBATION PERIOD*  *Close corp‘tact_of Case |2 employees to be isolated for 6 weeks due to exposure
*WHO notified of cluster = *>3 months prior trave during sample handling

illness on MV Hondius. § *Died on arrival at CASE 2 *Died onboard 10 May
«CASE 3 PCR positive T S— clinic in South ¢ Dutch female ashore with symptoms i «"nonCase 9" retired oncologist, assisted with care of
in South Africa — o N9 Africa St Helena; flies to South Africa sick passengers after Case 5 became ill; PCR-/serology-
*CASE 4 dies =) oClose contact & wife of Case 1 St Helena 24 April Hepativel\bonfirihertastn %
CASE 7 2>3 months prior travel around South America 8 P g
*Develops symptoms CASE 3
*As of: 7 cases, 3 fatal —t in Zurich «Adult British male develops symptoms onboard 11 May ) )
o2 confirmed o CASE 1 *Case 11 Asymptomatic Spanish male tests
o5 suspected «Body removed at St Helena provisionally positive; confirmed 12 May and
*CASE 2 PCR positive in e CASE 7 PCR develops symptoms
South Africa; flight positive in Zurich, *CDC 42-day quarantine period begins

contact tracing starts
*CASE 4 postmortem

test positive in the Vi
Netherlands

*CASE 5 PCR positive
& evacuated to the

*CASE 6 PCR positive
& evacuated to the
Netherlands 7 Ma

Switzerland

13 May

*As of: 11 cases, 3 fatal (2 confirmed, 1 probable)
8 lab confirmed
22 probable (Case 1 & 8); 1 inconclusive ("Case 10")
sNo cases outisde the MV Hondius

*Repatriation begins from Canary Islands

*CASE 10 Symptomatic French female tests positive

*"nonCASE 9" previously symptomatic (while onboard) US male retired
Doctor initially tests inconclusively positive; symptoms 3 May

CASE 12
eAdult symptomatic (14th))

Canadian female tests
positive in Canada; spouse
also symptomatic

*As of: 8 cases,
3 fatal (2 confirmed)

%6 lab confirmed

o2 probable

24 hospitalised

CASE 11
*Adult Spanish male develops
symptoms, test positive

reported
. to




Different countries, different wetlab methods — B
different drylab methods B
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Initial observations

G3432A

 Several SNPs can be seen already (>10 SNPs)
 Suggesting there might be different introductions on the cruise ship

-> Cross comparison of the data by sharing raw data files within the ‘ C2139T
group of data generators Y

 Identical M and S segments, 3 unique SNPs in L segment in 3 cases

Preliminary analysis of Orthohantavirus andesense virus sequences
from a cruise-ship related cluster, May 2026

M Hantavirus

S gustavo_palacios 14" 5d May 10

1/1

" Preliminary analysis of Orthohantavirus andesense virus sequences from a cruise-ship WA 55
ay

related cluster, May 2026.

In May 2026, an Andes virus (ANDV) outbreak occurred aboard the Dutch-flagged cruise ship MV

Hondius. The ship initially departed from Ushuaia, Argentina, on 1 April 2026 for a transatlantic
voyage via remote South Atlantic islands. The index case (case 1) reportedly developed fever,
A
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What do you think WGS can be
used for during an outbreak
response (part 2)?
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In summary (@

Whole genome sequencing (in combination with the right metadata) can be used
to:

« See how many times a virus got introduced in a certain settings or population
« Determine the direction of spread

« Determine the number of zoonotic transmission events (if the data is generated and
analysed in a similar fashion)
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