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SSI
• Is under the auspices of the Danish Ministry of Health. Main duty is to ensure preparedness 

against infectious diseases and biological threats, and control congenital disorders and 
provide counselling to the Danish healthcare system and authorities in the event of 
epidemics

• Specialized Diagnostics
• House Danish National Biobank which stores more than 22 million biological samples
• Is responsible for the national screening of newborns
• Research

• All of SSI’s activities are based on research
• Vaccine supply

• SSI is responsible for the purchase and supply of vaccines to the Danish national 
vaccination programmes, including the Childhood Vaccination Programme, pandemic 
preparedness and other necessary preparedness supplies

Statens Serum Institut (SSI)



The Department of Bacteria, Parasites 
and Fungi

• Responsible for national public health 
activities and performs surveillance and 
specialized diagnostic analysis in 
relation to bacteria, parasites and fungi

Surveillance of antimicrobial 
resistance in bacteria and fungi and 
the consumption of antimicrobials in 
the primary health care sector and 
hospitals in Denmark (DANMAP)

Statens Serum Institut



Section for Sequencing and 
Bioinformatics at SSI



WGS at Statens Serum Institut

10-year “plan” in the making

2013-2023 February 2020 - 2023



How did we start working with NGS?

• Research was the facilitator
• 2010 with 454 technology

• External providers
• Small steps

• Collaborators!!!

• Students/PhD

• First Illumina instrument in 2013
• Plug & Play solution



NGS at Statens Serum Institut
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What is hiding in 
the sequences?



Bacteria
Automated DNA 

extraction

COVID
Pre-amplified

genomes

Microbiome
Target gene 

amplification

Automated NGS 
library

preparation
Library QC Sequencing

QC & 
Data analysis

Sequencing Core Facility – From Sample 
to Sequence
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MagnaPure

Hamilton
Tapestation NextSeq

MiSeqBiomek

10-12K bacterial
isolates per year

COVID capacity
>2000 pr. day

Microbiome –
project based



HPC for bioinformatics analysis
• Calc system to be 

replaced by:
• uGerm on Computerome

• Private cloud on computerome

• Scalable computing power (CPU)

• Scalable memory (RAM)

• Scalable storage (project allocated)

• GPU node for fast computation

• Computerome security clearance

• Planned to be ready this year

GPU Node

PRIVATE CLOUD

Calc 1-9, Fat01, Flex 01
(16CPU, 150GB, 80TB)

Fat04
(60CPU, 500GB, ~90TB)

(COVID-nodes)

Fat03
(60CPU, 500GB, ~90TB)

(COVID-node)

Fat04
(60CPU, 500GB, ~90TB)

(COVID-node)



SARS-CoV-2 sequencing
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Total genomes sequenced: ~1 million samples

Very rapid turnaound time



Microbiome
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Amplicon sequencing for research projects

Microbiome

Staphylome

Epidome

Bacterial 
community

(16S rRNA gene)

Staphylococcal 
species

S. epidermidis

• QC

• taxonomic assignment

• contaminant removal

• Statistics

• Visualization

• Publication



Key aspect of WGS



Bacterial genomics

• Providing software solutions to BPS and SSI: • Using data for research:

From core facility services to cutting edge research
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Bacterial species sequenced
(2020 – 2022)
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Species No. Sequenced
C. difficile 3,311
E. coli 3,270
E. faecium 3,147
C. jejuni 2,996
S. aureus 2,926
Salmonella 2,388
S. dysgalactiae 1,665
S. pneumoniae 1,473
S. agalactiae 738
L. pneumophila 663
K. pneumoniae 446
S. epidermidis 382
A. pleuropneumoniae 320
Listeria 298
Gr. A. Streptococcus 276
C. freundii 255
H. influenzae 229
Yersinia 223
C. perfringens 137
Cronobacter 122
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SARS-CoV-2 sequencing
A key for public health response



Denmark during the pandemic



From individuals to surveillance and back



TestCenter Denmark

• Test Center Denmark-
PCR community test 
track

• The Danish COVID-19 
Genome Consortium

• Use of WGS data for 
public health action 

Political
commitment

Cross-sector
collaboration

Strong digital 
data 

infrastructure

High PCR and 
WGS test 
capacity

Efficient 
vaccination 

roll-out

Public trust



From Individuals to Data

Genome
+

Metadata

Sequencing
”Health-care track”

Pillar 1

Data analysis

”Community track”
Pillar 2

All positive 
samples are re-

extracted

90%

10%

VOC-based contact-tracing
• Variant-detection by qPCR

• N501Y
• Del69/70
• E484K
• L452R

Reports for public 
health surveillance
and research

Results sent to Contact 
tracing units 



Genomic data in relation to QC, 
lineage and variant assignments, 
outbreak investigations, 
breakthrough infections etc 



Modelling of SARS-CoV-2

Hospitalised due to COVID-19

2022 2023
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Animal Health Surveillance - Mink
Outbreak June-November 2020

Occupational Risk 
• ~3,500 people living on mink farms in Denmark (19%)
• ~400 migrant workers on 8 pelting facilities

Community Spread of B.1.1.298 

• Estimated 5,000 cases

• Primarily local community spread in regions with SARS-
CoV-2 in mink



Animal Health Surveillance - Mink

• Cluster 5 had 4 spike mutations (at this time this was unusual)

• Reduced sensitivity to neutralizing antibodies

Transmission ClusterSpike mutation frequency



Animal Health Surveillance - Mink
Community spread of mink variants, North Denmark

2020-2021

Mink variants

4/11 2020:
The Danish 
government decided
to cull all mink



Other important sequenced-related outcome



Other examples of usage of WGS



Contact tracing via WGS og LPR



Group A 
Streptococcus 
in Denmark
Genomic and epidemiological trends in 
the post-lockdown period



§ Group A Streptococcus (Streptococcus pyogenes) can express a 
diverse range of virulence factors and cause a wide spectrum 
of both superficial (GAS) and invasive disease (iGAS)

§ There is no clinical reporting system for GAS or iGAS in 
Denmark

§ Current surveillance efforts are instead based on extracting 
postive test results from the national Microbiology Database 
(MiBa), in combination with a number of national registries to 
collect patient characteristics

Epidemiology of Group A Streptococcus
Strep throat

Scarlet fever

Necrotizing faciitis



Clinical microbiology 
laboratories submit iGAS isolates to 
Statens Serum Institut
for characterization on a voluntary 
basis

Thanks to this effort, whole-genome 
sequencing data is available for 85% 
of iGAS cases since 2018.

In addition, laboratories submitted 
257 GAS isolates from specimens 
obtained by general practitioners 
from patients with non-invasive 
infections in January and February 
2023.

Genomic trends
Variants in iGAS samples since 2018
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Characteristics of M1 in Danish iGAS
§ >50% of iGAS cases in 2023 were 

caused by the M1 variant 
(ST28/emm1.0)

§ Novel M1-lineage has spread 
rapidly since its first appearance in 
late 2022 and has been responsible 
for 30% of iGAS cases in 2023.

§ In addition to constituting a 
distinct phylogenetic clade, this 
variant is characterized by an 
acquisition of a bacteriophage 
containing the virulence gene speC

Tree scale: 0.01
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Core genome phylogeny of Danish M1 iGAS
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Variant distribution of GAS and iGAS in January-
February 2023
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Virulence of M1 variants

§ M1 variants were 
significantly 
overrepresented in 
invasive cases relative to 
non-invasive

§ iGAS patients infected 
with M1 variants more 
often require intensive 
care treatment

§ No significant difference 
in iGAS case fatality rate 
between variants

Variant iGAS 
cases

% Intensive 
care cases

p-value OR

M1DK 62 38.7 <0.05 2.38 (1.32-4.2)
M1UK 119 31.9 <0.05 1.8 (1.14-2.8)
M1global 70 32.9 <0.05 1.8 (1.01-3.13)
ST36 111 21.6 NS 0.96 (0.56-1.58)
ST101 69 17.4 NS 0.72 (0.34-1.39)
ST52 62 19.4 NS 0.83 (0.39-1.62)
ST44 35 17.1 NS 0.71 (0.24-1.78)
ST39 34 2.9 <0.05 0.1 (0-0.61)
ST62 21 9.5 NS 0.36 (0.04-1.52)
Other ST 256 17.6 <0.05 0.66 (0.45-0.97)0
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