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Global influenza surveillance networkGlobal influenza surveillance network
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Seasonal influenza: risk Seasonal influenza: risk 

assessment and managementassessment and management

• Clinical specimens: >200,000 each year processed by National 
Influenza Centres to diagnose seasonal influenza

•Genetic & antigenic characterization:  viruses classified and 
most predominant strains identified for vaccine development

• Selection & development of vaccine candidate viruses: 
necessary for vaccine development and production

• Provision of candidate vaccine viruses for vaccine development: 
to any qualified vaccine producer

• Development diagnostic tests provided at not cost to all 
National Influenza Centres
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Antigenic shift and drift of seasonal Antigenic shift and drift of seasonal 

influenza virus: vaccine compositioninfluenza virus: vaccine composition
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World Largest HUS Epidemic Due to EHEC

• Germany (RKI, July, 26th, 2011)

– EHEC

• 3,481 cases

• 18 deaths

– HUS

• 852 cases

• 32 deaths

• Europe / North America  (WHO, July 21st, 
2011)

– EHEC

• 89 cases

• no deaths

– HUS

• 52 cases

• 2 deaths
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Achievements Prospective Genomic Epidemiology
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The ChallengeThe Challenge

• Continue to increase the power of surveillance using molecular diagnostics 

• Develop diagnostics that can be used as far down the health system as possible

• Continue to provide the benefits of that surveillance to all countries
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1980s:

One gene

One technician

One project

ATG

1990s:

Whole-genome sequencing of 

single Reference strains

2000s:

Whole-genome sequencing of 

multiple strains

The Evolving Scale of Science:

9
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Second generation sequencing
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NGS output

Huge numbers of small fragments (35-500 bp)
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Purpose of Center for Genomic Epidemiology

• Provide a proof of concept of combining bioinformatics with global 
epidemiology in real-time

• And provide a useful facility for frontline users



DTU Food, Technical University of Denmark



DTU Food, Technical University of Denmark

Epidemio
-logical 
markers

MLST

NGS
Illumina
PacBio
454..

Resistanc
e genes

Virulence 
genes

Allele 1

Allele 2

Allele 3

Allele 4

Allele 5

ST
Resistance 

gene profileAssembly 
pipeline

List of genes (100% or 
>95%)

Theoretical resistance 
phenotype

Species IDSpecies ID Outbreak strain
SNP* based typingSNP* based typing

*SNP – Single Nucleotide Polymorphism (extreme MLST)

1G bases 3-5M bases

AAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAA

AAAATAAAAAAAAAAA

AATAAATAATAATAAA



DTU Food, Technical University of Denmark

Examples – MLST and 
Resfinder

VTEC O104:H4 outbreak strain
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Examples – MLST and 
Resfinder

VTEC O104:H4 outbreak strain
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Results
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When can WGS replace all other techniques?

• The - £ $ € - question

• WGS – today 100 € going to 50 or 10?

• Traditional:

– Identification – 10 €

– Serotyping – 25 €

– Susceptibility testing – 15-25 €

– PFGE – 50 €

– MLST – 250 €

– Molecular characterisation – 10 – 1000 €

Already competitive

20 9 October 
2012
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Also:
Köser et al. Rapid whole-genome sequencing for investigation of a neonatal 
MRSA outbreak. N Engl J Med. 2012 Jun 14;366(24):2267-75.
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Is a global solution feasible?

•Technically

•Scientific

•Politically
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Computing needs

• Denmark (1 million sequences/year):
– 2h CPU time + 10mb storage for 1,000,000 genomes per year in 6 years 

= 230 Cores, 60TB storage needed

• EU (100 million sequences/year)
– 2,300 cores, 6PB storage

• Global needs (1 billion sequences/year)
– 23,000 cores, 60PB storage ~ 30th biggest computer (Smaller than Airbus’)



DTU Food, Technical University of Denmark

Bakteriel phylogeny

Species
(host specificity, trends

subtype
(Trends, long term spread

Clone
(Out breaks)

Sub-clone
(Short term spread
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Scientific challenges

• Standardized analysis and output

• Interpretation of data

• Combining WGs with epidemiology

– The need for classical epidemiology will remain the same

– There will be a new need for modelers and epidemiologists working 
with real.-time data and combining phylogeny with spatial and 
temporal data
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Building global partnership

• Global consensus meetings

– Bruxelles (Sep. 2011)

–Washington DC (March 2012)

>100 participants covering, governmental institutions, universities, 
hospitals and companies (FDA, CDC, FBI, NCBI, DoD, USDA, PHAC, Harvard, 

Maryland, Virginia, Los Alamos, TGen, Aligent, Broad, EBI, eCDC, Sanger, Oxford, DTU, 

RIVM, FZB, BGI, DDBJ, etc)

• Challenges:

– Meta-data

– Publications (selfish scientists)

– National authorities (need to know before the press)

– Legally (laywers)
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Conclusions

• There is a need and we believe it is possible

• Need to broaden discussion to a larger forum

• Need for special groups working on

– Global participation (208 countries!!!)

– Repository (NCBI, EBI, DDBJ)

– Access (Political, legal)

– Output (simple & advanced, diagnostic & epidemiology, genes & species)

– Taxonomy

– Epidemiology, statistics and modelling (we need more scientists)
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