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 Dynamics of common infectious diseases are changing

— Demographic change, population density, anti vaccine, AMR, etc.

* New diseases emerge frequently

— Deforestation, population growth, health system inequalities, travel, trade,
climate change

o Effects are difficult to predict due to complexity of
problems
— Rapid flexible response

e Public health and clinical response depend on global
capacity for disease surveillance

— Rapid sharing, comparison and analysis of data from multiple sources and
using multiple methodologies

/—« ' N This project has received funding from the European Union’s Horizon 2020
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« CHANGE in demographics of humans and
animals (size, age profile, health status)

« CHANGE in political landscape (civil unrest, wars,
migration)

e CHANGE In behavior (sexual behavior, tourism, food
habits)

« CHANGE In pathogen behavior (new viruses,

antimicrobial resistance, evolution)

« CHANGE In technology (inplants, increased survival,
transplantation)

e CHANGE In climate

/—« ' N This project has received funding from the European Union’s Horizon 2020
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2 main aspects

* Increased likelihood
of new pathogens

e ZooOnotic diseases!

to humans
Stage 5
exclusive -« Only from
human agent humans
Stage 4: From animal;
long outbreak C“ ? — Y (many cycles)
uuuuu

Increased abillity for
transmission




EID require multidisciplinary research
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Current performance

late detection, human disease first
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* |nequality in health care systems
 Budget cuts in healthcare
e Clinical diagnostic priorities

e Clinician knowledge of zoonoses, emerging
infections, exotic infections

* Privacy laws
e Prediction is difficult

: /—~ ' - This project has received funding from the European Union’s Horizon 2020
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Clinic/public health

How to diagnose/rule out?
How to track?

When are hosts infectious?
Modes of transmission
Sources of infection

Role of co-infections

Risk factors

Potential non-medical
interventions/prevention

Basic

Comparison with other
viruses in family

Virulence traits
Evolution after species jump
Pathogenesis

Immunity/cross
protection/enhancement

Potential antivirals
Potential vaccines



Clinic/public health

1.

Which discoveries will be
relevant?

What to prepare for?
Who are at risk?

How to predict emergence,
virulence and spread?

Is intervention/prevention
needed?

Basic

1.

What are drivers of
emergence

Is this a pathogen?

Can health risks be
predicted from genomics,
structure, in vitro studies?

What is the role of cross
immunity in emerging viral
infections?

how can disease
emergence be influenced?



Priority research questions EID during
disease emergence
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COMPARE: developing an enabling system

and tools for collaborative preparedness and
outbreak research

&g F
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Collaboration between “users” of NGS and bio-informaticians

Develop validated workflows for top 5 questions in disease
preparedness research and outbreak research

Use datasharing hubs and building from existing infrastructure
sector-, domain- and pathogen-independent

Flexible, scalable and open-source based information-sharing
platforms




What to sample?
Where?
When?

How? Humanes, livestock, wildlife,

food, environmental samples

RA Models & Analytical
risk-based workflows &
strategies S
for sample for generating ’

actionable

and data collection
information

Data and information platform




How to sequence?
Pathogen targeted

Metagenomic, Deep sequencing

Viruses, bacteria, parasites
QUALITY ASSURANCE Clinical, tissue, food,

environmental samples

RA Models & Analytical
risk-based workflows S
strategies S
for sample for generating ’

actionable

and data collection
information

Data and information platform




Clinical, public health, research How to analyze?
What does the analysis mean?

How do | use it ?

Human, veterinary

Ecology, food

RA Models & Analytical

risk-based workflows S

strategies ‘%R

for sample for generating =

and data collection ’ actionable <
information g-:;”
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From comparable data to actionable information
Different users need different Analytical

WOfkfIOWS (7 Frontline diagnostics in human and

veterinary clinical microbiology
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Norovirus
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Noroviruses persist in the population through

evolution
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Evolution of drift variants in chronic shedders
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Recombination

» Infection of a single cell with more than one strain:
progeny virus with mixed genome
* More likely when humans are exposed to multiple

viruses
— Eg foodborne outbreaks
— Daycare centres
— Immunocompromised persons
e Potential for introduction of novel viruses into the

population (mixed genomes)
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Since 1967, small cetaceans—mainly harbor
porpoises—that strand alive along the Dutch,
Belgian and German coasts have been
rehabilitated at the dolfinarium Harderwijk
and subsequently released into the wild.

=  Agnostic RNA-seq, 454 sequencing
> norovirus (HPNV)

= Production of VLPs (plasmid-based
transfections) for serology

=  Antibodies in 25% of animals

This project has received funding from the European Union’s Horizon 2020 -

research and innovation programme under grant agreement No 643476.
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Norovirus gene introduction via sea food?

Agriculture Fishery wastes
Sewage treatment

Human & animal noroviruses -

+ L

2012

De Graaf et al., in press
This project has received funding from the European Union’s Horizon 2020
mpare research and innovation programme under grant agreement No 643476.
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H5NS8 pilot project
COllaborative Management Platform for
detection and Analyses of (Re-) emerging
and foodborne outbreaks in Europe
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FIGURE 3

Phylogenetic trees derived from complete genome sequences of highly pathogenetic avian influenza A(H5N8) viruses
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e What is the added value of deep sequence data over consensus
sequences (SNPs) (epidemiology)?

e How fast are SNPs generated in various species, how well can we

detect them?

cs&mpare

How is this (and conclusions) influenced by platforms, chemistry,
workflows?

lllumina RNA seq

APHA
A/Duck/England/2014
FLI EMC
A/Turkey/Germany/2014 A/Chicken/Netherlands/2014
lllumina shotgun 454 amplicon ‘

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 643476.




Different platforms different data:
Coverage

SAMEA3493153 (BritishDuck) Segment 4 HA
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Ha CDS
HA mature peptide
EMC 454 Mean coverage: ** A ____amm
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Different data different conclusions?

Table 33. The number of consensus nucleotide mutations and low frequency variants compared to
the reference sequence per genome segment.

England Germany Netherlands
Genome segment Consensus Low frequency  Consensus Low frequency  Consensus  Low frequency
1 9 1 4 2 2 3
2 b 0 5 0 1 1
3 8 0 6 1 1 0
- 5 1 7 2 0 0
5 5 0 3 0 0 1
0 3 1 2 0 0 0
7 1 0 0 0 0 0
8 1 0 0 0 0 0

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 643476.




A survey of tools for variant analysis of next-generation genome sequencing data

Pabinger S et al. Brief Bioinform 2013; Nooij et al., in

preparationd e

Lab

Library Preparation, Exome Capturing, ...

Whole-Exome-Seq | * | Whole-Genome-Seq

NGS Platform

lllumina, SOLID, 454, ...

¥

Quality Assessment

Trimming, Filtering, ...

L]

Read Alignment

Reference Genome

Pipelines

Prioritization / Filtering

Y

Lab

Validation

11 packages
17 packages
13 pipeline
29 packages packages

74 packages

40 packages e

How to choose?
Is it important to choose?
Who compares?
How to keep up to date?
What can be automated?

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 643476.




WP9 Information sharing platform
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Portals and environments

( COMPARE Portal
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Development of virome data analysis apps
Version 1: clinical diagnostic feed-back

Norovirus Gl
Norovirus Gll
Rotavirus A
Rotavirus B
Mastadenovirus

= Mamastrovirus
j=2
=}
£

®  parechovirus

Enterovirus A I I

Enterovirus B

Enterovirus C

Human parechovirus

Sapovirus

D. Nieuwenhuijse, unpublished
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Viruses

Abundance
Co-infections
Comparison with RT-
PCR

Scrolling options

e age distribution
e Seasonality

e phylogeny



Core capacity Is broadly applicable

Kono, SL

AT

PORT LOKO

@16

FREETOWN

%fg @2 1s

_GUlNEA—B|SSAU KOUNDARA

SENEGAL

FORECARIAH

KAMBIA 15
k16 [E}

20

WESTERN RURAL @ 21

f IEEORNREA HISSIDOUGO
@ 23 KON GUEGKEDOU BEYLA
26

FREETOWN TONKOLILY

1986318

1 ] |

e’ @ KAILAHUN
eI movamsa | K
22 KENEMA
GBARPOLU
BONTHE

PUJEHUN

14
GRAND @

Laboratory Status @ Functional @ Pending

Guinea Sierra Leone
217 alkar Conidey 15 - PH England Mobile Lab, Port Loko
2 - Rospotrebnadzor Mobile Lab o .

16 - Nigeria Mobile Lab
3 - EU Mobile Lab, Gueckedou . )
4-1P Lyon Mobile Lab 17 - PH England Mobile Lab, Bombali
5 - Belgium Mobile Lab, N'Zerekore 18- EU Mobile Lab, Hastings
Liberia 19 - NICD South Africa Lab
6 - OIC-NMRC Mdmmemmmem\/ontserrado 20 - China-CDC Lab
7-US-CDC Lab 21 - PH England Mobile Lab, W. Rural
8- USAMRIID 22 - US-CDC Lab
9 - OIC-NMRC Mobile Lab, Bong 23 . PHA Canada, Magburaka
10 - US 1st Area Medical Lab, Tappita

24 - Italy Mobile Lab
12 - US 1st Area Medical Lab, Saniquelle
13- US 1st Area Medical Lab, Greenville 22~ US DTRA
14 - Dutch/IOM 26 - Dutch Mobile Lab

MALI
T KOUBIA DINGUIRAYE
LELOUMA TOUGUE
LABE
o SIGUIRI
TELIMELE (
PITA DALABA
A MANDIANA
FRIA
MAMou | DABOLA
BOFFA e KANKAN
FARANAH
YAH KINDIA
1 BOMBALI | koiNaDUGU GUINEA
CONAKRY @ 2

KERDUANE

@ @ 3 @ MACENTA

LOFA
NZEREKORE

5LULA BANHS A
10

gvomou @
@ NIMBA BANETLY e

CAPE MOUNT BuULERlEU
SDMIG LIBER |A @
MONTSERRADO 1 2
MARGIBI
GHAND GRAND GEDEH
BAssa SINOE
RIVERCESS it
GRAND
KRU
CAPE MARYLAND
MOUNT
MONTSERRADO 8
6 MARGIBI GRA
BASY
@ 7

COTE
D'IVOIRE



Mateneh Ebola Treatment Centre
Makeni Sierra Leone

= " lan Goodfellow
Conloy i Univ of Cambridge Diagnostic
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‘_J 4 RS R Tent

Sierra Leone ;
~ Liberia

/S" Mo nrovia
1 of 6 DfID-funded treatment
centres

Part of network of diagnostic labs
set up by EML, DML, PHE, many
other groups

Thi%@’oject has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 643476.




Sequencing Tent

lan Goodfellow

] '

Clinical Convert to cDNA Library Sequencing Genome assembly
diagnostic —™ amplification — preparation —™ run — preliminary analysis
sample adapter ligation

6 hours 10 hours 4 hours 3 hours
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Rapid NGS of all Ebola cases to track source of new infections

nextstra

Real-time tracking of Ebola virus evolution

Richard Neher
Trevor Bedford
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We could do things on the fly if capitalizing on
existing networks

OIO, FAO, WHO
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PERSPECTIVES

Laboratory support during and after the Ebola virus

endgame: towards a sustained laboratory infrastructure

| Goodfellow?, C Reusken®, M Koopmans (m.koopmans@erasmusmc.nl)*?

1. University of Cambridge, Department Virology, Cambridge, United Kingdom
2. Erasmus MC, Department Viroscience, Rotterdam, the Netherlands

3. Centre for Infectious Disease Control, Bilthoven, The Netherlands
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 The merging of public health and research activities calls for
new models for research collaboration during EID outbreaks

e COMPARE seeks to develop tools, infrastructure, and
datasharing hubs to support this increasing

e Bottleneck at level of bioinformatics, therefore key focus
e Open source and access solutions, user defined

* |Inthe coming years, we will be seeking partners for pilot
projects
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A distributed infrastructure for life-science information
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The home for big data in biology

At EMBL-EBI, we use bioinformatics — the science of storing, sharing and analysing
biological data — to help people everywhere understand how living systems work, and
what makes them change.
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