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Global influenza surveillance network

The WHO Global Influenza Surveillance Network (GISN), July 2008
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Seasonal influenza: risk
assessment and management

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

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

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

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

e Development diagnostic tests provided at not cost to all
National Influenza Centres

DTU Food, Technical University of Denmark



Antigenic shift and drift of seasonal
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influenza virus: vaccine composition

Virus
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WS & ANALYSIS

Contaminated food for thought

Ifitis to deal effectively with outbreaks of infectious diseases, Germany must streamline its
convoluted systems for reporting and communication.

T

B
GERMANY

that they had deaphered the microbe’s entine
3.2-milhon-base-pair genome and mmed-
ately made the DNA sequence avalable for
researchers to download. Scores of scien-
tists all ower the world started ponng over

Scientists Rush to Study
Genome of Lethal E. coli e i e

When cholera ragedin the German port ity the dangerous Shiga ioxin that entersthe cells and comparing it to reference genomes for
of Hamburg in 1892 and killed thousands  liming the gut and inhibits protein synthesis, £ aolf and other bacteria. The same day, a

HE

of people, famous epidemiologist Robert
Eoch pinpomted contaminated drinking

The resulting cellular destruction leads to
abdominal cmmping and eventually bloody

DTU Food, Technical University of Denmark
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World Largest HUS Epidemic Due to EHEC

e
s
R
. Germany (RrkI, July, 26th, 2011)
- EHEC
e 3,481 cases
e 18 deaths 3500
- HUS A‘
e 852 cases
3000 -
e 32 deaths
. Europe / North America (WHO, July 21st, 2500
2011)
- EHEC 2000
e 89 cases
e no deaths
_ HUS 1500
e 52 cases
e 2 deaths 1000 |
500
Cases
O,
Deaths
HUS

DTU Food, Technical University of Denmark RKI, July 26th, 2011, adapted [hitp:/www.rki.de/]




Achievements Prospective Genomic Epidemiology=

weeks year 2011
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week
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The Challenge

e Continue to increase the power of surveillance using molecular diagnostics
e Develop diagnostics that can be used as far down the health system as possible
e Continue to provide the benefits of that surveillance to all countries

DTU Food, Technical University of Denmark



The Evolving Scale of Science:

1980s:

One gene

One technician
One project

1990s:
Whole-genome sequencing of
single Reference strains
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2000s:
Whole-genome sequencing of
multiple strains




Second generation sequencing

Genome Analyzer

illumina

W

DTU Food, Technical University of Denmark

=



w— |
q

i

NGS output

Huge numbers of small fragments (35-500 bp)

DTU Food, Technical University of Denmark



Purpose of Center for Genomic Epidemiology

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

e And provide a useful facility for frontline users

DTU Food, Technical University of Denmark
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Raw DMNA Sequences

B - ___' 3 Summary of: »
: » What it is
What is known it
How we can fight Reports
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Examples — MLST and
Resfinder

MLST (Multilocus Sequence Typing)

C g Browse ‘ ¥ remove | | 4 Clear

[¥] Unloads { VTEC 0104:H4 Outbreak Straln

fr.- Fi™=  Apgregative
|| e adhesion plasmid
[HPA scaffold as

reference)

3000 kbg

4500 kbp

Ec55989 chromosome

GOs1 Tr2482_BGI1106  ypo0 kbp

b . 1000 icdeeicy [l 100% idantiny B s
N TOR dertity T0% identay | B
i N el Ay
SR idemicy S0% identiny ; 1B iwmrainy - ;.1..4....

- LE226692  HPA scaffold T 55089p
Tatal files: 0 (Mi&). 1500 kbp N ety B s sy
[ ] . 10r% idemtity . L00% identity ] ME by
3500 kbp = rosé identity [ 70% ideniity W 10 iy ety

SO0 ndendity

S0% identiy

Select MLST configuration
Escherichia coli#1 M

3000 kbp

2500 kbp

pEC_Bactec
Incl plasmid

Select type of your reads
Assembled Genome/Contigs® ~

(blaCTX-M-15)

’

| Submit || Clearfields |
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chromasoma)
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MLST Results
Sequence Typel ST-678

SETTINGS:

Organism: Escherichia coli
MLST Profile: ecoli

Genes in MLST Profile: 7

| Locus || %ldemtity  AllleLengtySPLength | Gaps | Allle
ek ||t | osesss | 0 | adks |
| gume ||t | 4w [ o | fumes |
o ||t | dese [ 0 | arbs |
e ||t | oswsis | 0 | wedsss |
| oman ||t | awas | 0 || mdws |
| pwa ||t | amws [ o | pwer |
| rea || w0 ] oswese 0 || rea |

DTU Food, Technical University of Denmark



Examples — MLST and

Resfinder
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ResFinder 1.1 Server (Acquired antibiotic resistance gene finder)

ResFinder 1.1 identify acquired antibiotic resistance genes in total and parial sequenced isclates of bacteria.

The irput sequance must ba in one-latter nuclaotiida code, Tost sejuence

’ @Brow‘se l 8 Femove fCIear

Uploads :

Total files; O (MiL)
Uploac
: )

Select Antimizrobial configuration
Salact multipla items, with Ctrl-Click (or Cmd-Click on Mac)

All
Aminoglycoside m

Beta-lactamasa
Fluoroquinelone
Clyccpeptide

-
MLS - Macrolide-Lincosamide-5treptograming v
Salect threshold for %=I1D
[ 100% =
Select type of your reads
[ Assembled Cenome ]

(" Submit ) ( Clear fields )
— AN
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I ts ResFinder Results

Amincglycoside |
strA | GenelengMSPLengh | Phenope || Acesionmmber |
’ 4190 Aminoglyeoside resistance e
100.00% 8047804 i . aph(3")1b AF321551
" e Aminoglyeoside resistance .
100.00% 83778317 i . aph(6).1d EJ4740%1
Beta-lactam |

376/376 H Beta-lactamasze rezistance H

Alternate name; UOE-1

Fluoroguinolone |

MLS - Macrolide-Lincosamide-StreptograminB

Phenicol

Sulphonamide

Tetracycline |

tetfd) 100.00%%: | 1200/1200 Tetracycline resistance AJS17790

Trimethoprim

gpd7 100.00% 474474 I Trimethoprim resistance I IF806498 |

Glycopeptide




g CGE Server - Windows Internet Explorer s s s

@O = | Q http://cge.chs.dtu.dk/services/all.php

File Edit View Favorites Tools Help

¢ Favorites | 9 €] Web Slice Gallery +

oo
oo

= | = glutathione metabaolism c... | f_} Center for Genomic Epide... | ﬂ} CGE Server b4 | |

Center for Genomic Epidemiology

Home Services User Home

NEWS: Dear all CGE service users, show

Overview of Services (Experimental)
Main Service - Pipeline

CGE (In development)
Sequence Typing

MLST (Works)
pMLST (Works)

Resistance - Virulence - Plasmids
ResFinder (Works)
PlasmidFinder (Works)
VirulenceFinder (Works)
Phylogenetic Tree
snpTree (Works)
Species Finding
KmerFinder (Works)
SpeciesFinder (Works)
TaxonomyFinder (This program is in development)

Read2Type (This service is not implemented on the new server)
Tapir (This service is not implemented on the new server)

Genome Assembly

Assembler (Works)

Support Technical problems

Copyright DTU 2011 / All rights reserved



When can WGS replace all other techniques?
e The - £ $ € - question

e WGS - today 100 € going to 50 or 107

e Traditional:
— Identification - 10 €
— Serotyping - 25 €
— Susceptibility testing — 15-25 €
- PFGE - 50 €
- MLST - 250 €
— Molecular characterisation — 10 - 1000 €

Already competitive

20 DTU Food, Technical University of Denmark 9 October
2012
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Open Access Research

BM] A pilot study of rapid benchtop
Open sequencing of Staphylococcus aureus and
- Clostridium difficile for outbreak
detection and surveillance

David W Eyre,"® Tanya Golubchik,>*® N Claire Gordon,'# Rory Bowden >34

Paolo Piazza,* Elizabeth M Batty,>® Camilla L C Ip,>® Daniel J Wilson,'#

Xavier Didelot,®® Lily O’Connor,'® Rochelle Lay,” David Buck,*

Angela M Kearns,® Angela Shaw,” John Paul,® Mark H Wilcox,® Peter J Donnelly,*
Tim E A Peto,"*> A Sarah Walker,"*'® Derrick W Crook'*®

Also:
Kdser et al. Rapid whole-genome sequencing for investigation of a neonatal

MRSA outbreak. N Engl J Med. 2012 Jun 14;366(24):2267-75.

DTU Food, Technical University of Denmark
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Is a global solution feasible?

e Technically
e Scientific

e Politically

DTU Food, Technical University of Denmark
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Computing needs

e 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

e EU (100 million sequences/year)
- 2,300 cores, 6PB storage

e Global needs (1 billion sequences/year)
— 23,000 cores, 60PB storage ~ 30t biggest computer (Smaller than Airbus’)

DTU Food, Technical University of Denmark
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Scientific challenges

e Standardized analysis and output
e Interpretation of data

e 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

DTU Food, Technical University of Denmark
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Building global partnership

e 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)

e Challenges:
— Meta-data
— Publications (selfish scientists)
— National authorities (need to know before the press)
- Legally (laywers)

DTU Food, Technical University of Denmark
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Conclusions

e There is a need and we believe it is possible
* Need to broaden discussion to a larger forum

e 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)

DTU Food, Technical University of Denmark

i



nmmmm-mmmﬁm et St L o
3 s E————
m-dr_ itpe v pemoembcepkemiclody arp NEICIER I L
R il P SNk

W Foeoiiies | g B Weh Sice Gallery v

] T.’EHMTDTEEMMEE.L- H ’--‘_'Erﬂlmn:nﬂ:llf\-ni'l.[ﬁr.. H OTU - Banmarks Tekmnks. - ﬂ&ﬂuhr&mkirﬁh. H b ﬂ =3 mm v Pagev Saleiy~ Tooks™ #'F ]
% Finct | cxsoqpatanss Previows Wt | [JF] Dgtiars = |
Organization Project Services Contact
Services Mizaus
e nifca thon of seouired
LT T TS T ) sntmicrabial resisiance genes

CTE TR L] F,

W2 hera prese RasFndar, awab
S P 1 EPl Lt i WG5S harka fiod
ienihing acquired antimioabial
Tich Eldfecd (i in Dackiria

»

Treing (WLET) fam an
azsembled genome or
froem 5 e o e ks

E

CLIERT S0

w  idaniFcaton of acguinad

ARkl ¢ e SISE i AR
froem 3 fle with sequencs Tl 17 P CTg b i S s B0
L T:H emall RHAE of Semonsls enlerics
2 o Ei et Sont v T o BT T T
My 7042
[=1a1
® idaniifcatian of ee fam N :::“m
AU N0 TGS o o k2 Sanen
pam e map of SL1344 advances o
darctonding ol 8. T B
arguatly e mastimoortan ksl

Jrganization imiacion modd. | diai
Project
fGenomic vanissom in Semone s
TR 8 0 i Bar
epidemickgical byping

M&ch s

The artalion within core genome is
e el for e siig ebin g evolubien end
prdding candidale panes fom
[FL T T e T

Publicatons

Contact

Weleome b the Canter for Genamie Epidemiclogy

Slapiniocoes ous suneis O3,
Wittin faw years the coests far a total bactanal genoma sequencng will be less than 5200 and the Hiest & sptafion and Emeargence af
equipment needed will cost kss than 5100 000, Thus, within a faw years al cinical microbaological imiciin Aicsistn o in Livesiock
labaratories will have a sequencear in usa on a daily basis. As pncas dacine o less than $200 whalka Fetinary 22 )
panome saquancing will also find wordwida applicatian in human and vaterinary practices as wal as : e el
many ather placas whara bacteria ara handlad In Denmark alona this equals mara than 100 GO0
isolakas anrualy in 1520 laboratonies and globaly up o 1-2 bikan isclatas par year. The limiing factar Lomparathe Ganomics af
will tharafore in tha flura not be the cost of the saguancing, but how o assemble. process and handie :ﬁr ""“I .';;::“"’ ard
the: larpa amount of data in a slandardzed way that will maka the informatan useful, especialy for Saniary 201%
diagnastic and surveillance e me divers by within 2 setal
PR BT & Mol 360 1 T 62
Tha aim of this canter i5 1o provide tha stiendfic foundation for fuure intemet-basad sokfians whara & P”m-'"mm;"f WE
ceniral databasa will anabla simplfication of lotal genomea sequencea informiation and comparison ko all
chhar saquanced inchding spabaltemporal anabesis. We wil davalop algoeithms for rapid anabysas of Mudliocus Semuencs Typing af Toal
whak panome DhA-sequencas, ioals for analvsas and exfraction af information from the saguance data RO Sl Py

ard inlermetrweb-intarfaces for usng the tools in the glabal saantific and medical community. The aciaky S —
can be axpanded o alsa inchide ather micrear garisms, such as vira and parasiles f i i Ciarh

Thia COE b8 iadiiad i el S0 Rifein

A P b M e

Do ‘Hln‘lﬁ'ﬂldldhh:hﬂﬂ' g ®H1mwm v

www.genomicepidemiology.org

29 DTU Food, Technical University of Denmark 9 October
2012



