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Aim and learning objectives

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?
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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 a transmission cluster?

• Is it part of an outbreak?

• Is there ongoing circulation or a new 

introduction?
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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

• Some can result in advantage for virus:

• Increased transmissibility

• Increased disease severity, virulence

• Influence efficacy of vaccines/therapeutics 

• 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
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89 overlapping amplicons 500bp
75 bp overlap 



Data analysis
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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)

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

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


Beginning of the pandemic
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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.

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

Oude Munnink et al., Nature Medicine (2020)



Systematic sequencing during first phase of the 
pandemic
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The sequences detected in the
Netherlands were diverse and
revealed the presence of multiple co-
circulating sequence types, 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.



WGS sequencing during the rest of the pandemic
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Determine the geographical signature (if
any)

Monitor significant changes in the genome

Outbreak investigations
• Hospitals
• Nursing homes
• Slaughterhouses
• Gyms
• Schools
• Fruit industry
• 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 mink farms were infected
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Outbreak investigation 
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• 69/128 farms were infected 
in the Netherlands with one 
of the five “mink” virus 
clusters

• 57/99 humans on an infected 
mink farm were infected 

• EWS in place to rapidly 
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 infection
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• 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

4.0E-5

hCov-19 Netherlands Limburg 77 2020

hCov-19 Netherlands NB16 Mink 13

hCov-19 Netherlands NB4 Mink 2

hCov-19 Netherlands NB1 Mink 14

hCov-19 Netherlands NoordBrabant 157 2020

hCov-19 Netherlands Limburg 80 2020

hCov-19 Netherlands NB16 Mink 1

hCov-19 Netherlands NA 134 2020

hCov-19 Netherlands NA 747 2020

hCov-19 Netherlands NB16 Mink 14

hCov-19 Netherlands NA 746 2020

hCov-19 Netherlands Limburg 78 2020

hCov-19 Netherlands NB1 Mink 4

hCov-19 Netherlands Limburg 81 2020

hCov-19 Netherlands NB1 Mink 3

hCov-19 Netherlands NB3 Mink 5

hCov-19 Netherlands NB1 Mink 6

hCov-19 Netherlands NB3 Mink 3

hCov-19 Netherlands NB12 Mink 23

hCov-19 Netherlands NB1 Mink 7

hCov-19 Netherlands NB8 Mink 9

hCov-19 Netherlands NB3 Mink 2

hCov-19 Netherlands NB13 Mink 11

hCov-19 Netherlands NB1 Mink 18

hCov-19 Netherlands NB1 Mink 17

hCov-19 Netherlands NB8 Mink 14

hCov-19 Netherlands NB12 Mink 7

hCov-19 Netherlands NoordBrabant 177 2020

hCov-19 Netherlands NB8 Mink 8

hCov-19 Netherlands NA 748 2020

hCov-19 Netherlands NB8 Mink 11

hCov-19 Netherlands NB16 Mink 10

hCov-19 Netherlands Limburg 79 2020

hCov-19 Netherlands NB13 Mink 10

hCov-19 Netherlands NB1 Mink 8

hCov-19 Netherlands NB13 Mink 9

hCov-19 Netherlands NB1 Mink 10

hCov-19 Netherlands NB1 Mink 9

hCov-19 Netherlands NoordBrabant 168 2020

hCov-19 Netherlands NB13 Mink 4

hCov-19 Netherlands NB12 Mink 11

hCov-19 Netherlands NB12 Mink 13

hCov-19 Netherlands NB12 Mink 37

hCov-19 Netherlands NoordBrabant 156 2020

hCov-19 Netherlands NoordBrabant 166 2020

hCov-19 Netherlands NB1 Mink 12

hCov-19 Netherlands NB1 Mink 11

hCov-19 Netherlands NB3 Mink 6

hCov-19 Netherlands NoordBrabant 155 2020

hCov-19 Netherlands NB13 Mink 16

hCov-19 Netherlands NB1 Mink 5

hCov-19 Netherlands NB3 Mink 4

hCov-19 Netherlands NB1 Mink 2

hCov-19 Netherlands NB1 Mink 1

hCov-19 Netherlands NB1 Mink 16

hCov-19 Netherlands NB16 Mink 2

hCov-19 Netherlands NA 376 2020

hCov-19 Netherlands NB1 Mink 13

hCov-19 Netherlands NB8 Mink 16
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Oude Munnink et al., Science (2020)



Mutations in the viral genome
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Van Dissel et al, 2de kamer briefing



Potential links between the mink farms
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• Distance
• Same owners
• Shared personal
• Feed supplier
• Veterinarian

A B C

Predictor Coefficient 95% HPD interval Inclusion Prob

distance between 
farms*

-0.67 [-0.90, -0.41] 0.99

if share owners * 1.74 [0.64, 2.81] 0.97

mink density origin 0 [-3.95, 3.72] 0.01

mink density 
destination

-0.01 [-3.86, 3.85] 0

human density origin -0.12 [-3.71, 3.91] 0.14

human density 
destination 0.04 [-3.82, 3.87] 0.01

sample size of the 
origin

-0.03 [-4.10, 3.78] 0

sample size of the 
destination

0.02 [-3.96, 3.73] 0

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

days to cull 
destination

0.04 [-4.05, 3.76] 0



No mink related strains in surrounding Dutch 
population
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Limited spill over to the human 
population observed based on 
the sequencing samples (n=34) 
with the same 4-digit postal code 
and ”kiemsurveillance”

Only once detected in the 
kiemsurveillance

Human cases in 
vicinity of farms

Human cases 

in vicinity of 
farms

Human cases in 
vicinity of farms



Hantaviruses
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Hantaviruses are primarily zoonotic viruses hosted by 
rodents without causing illness

60 different orthohantaviruses

38 different reservoir species

30 pathogenic to human

2 main severe clinical syndromes in humans

• HFRS: Hemorrhagic Fever with Renal Syndrome 

• North- and South-America

• HCPS: Hantavirus Cardiopulmonary Syndrome 

• Europe and Asia

Vial et al. Hantavirus in humans: a review of clinical aspects and management. Lancet ID 

2023



Geographical distribution of hantaviruses
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hantavirus 
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Andes hantavirus – human-to-human transmission
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https://www.nejm.org/doi/full/10.1056/NEJMoa2009040 
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Andes hantavirus outbreak on a cruiseship
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• Luxurious cruise ship to explore remote regions (90 passengers and 60 crew members)
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https://x.com/MackayIM



Different countries, different wetlab methods – 
different drylab methods
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While using different references and 
read cut-offs for consensus calling



Initial observations
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• 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 
group of data generators

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



Phylogeny
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• The overall high level of genetic similarity
suggests that the outbreak originated from a
single zoonotic spillover event (or a limited
number of closely related spillover events.)

• Clusters with sequences for which person-to-
person transmission has been described before

Oude Munnink et al, Science, 2026 (in press)
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What do you think WGS can be 
used for during an outbreak 
response (part 2)?

The Slido app must be installed on every computer you’re presenting from
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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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Reusing this content
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You are free: 
 to share – to copy, distribute and transmit the work 
 to remix – to adapt the work 

Under the following conditions; you must attribute the work in the manner specified by the 
author or licensor but not:

• in any way that suggests that they endorse you or your use of the work
• in any way that suggests you are author of the work.

This work is licensed under the Creative Commons (http://creativecommons.org)
Attribution 4.0 Generic license

The authors of this slide/page encourage educators, trainers, and professionals to include this 
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also allow it to be easily shared. (ECV1-29/9/11) 
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