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Infectious diseases in the current era 

• 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 

• Effects are difficult to predict due to complexity of 
problems 
– Rapid flexible response  

• 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 
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Drivers of EID emergence 
• CHANGE in demographics of humans and 

animals (size, age profile, health status) 

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

• CHANGE in behavior (sexual behavior, tourism, food 
habits) 

• CHANGE in pathogen behavior (new viruses, 
antimicrobial resistance, evolution) 

• CHANGE in technology (inplants, increased survival, 
transplantation) 

• CHANGE in climate 
• ……….. 



2 main aspects 
• Increased likelihood 

of new pathogens 
• Zoonotic diseases! 

 

• Increased ability for 
transmission 
 



Nipah 
Rift valley fever 

Hepatitis E 
MERS CoV 

Avian influenza 

Rabies 
Nipah 
CCHF 
Zika 
Ebola 

EID require multidisciplinary research 



Emily H. Chan et al. PNAS 2010;107:21701-21706 
©2010 by National Academy of Sciences 

Current performance 
 late detection, human disease first 
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Problems in EID detection 

• Inequality in health care systems 
• Budget cuts in healthcare 
• Clinical diagnostic priorities 
• Clinician knowledge of zoonoses, emerging 

infections, exotic infections 
• Privacy laws 
• Prediction is difficult 

 



Priority research questions EID after 
disease emergence  
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 
 

 
 



Priority research questions EID before 
disease emergence  
Clinic/public health 
1. Which discoveries will be 

relevant?  
2. What to prepare for?  
3. Who are at risk?  
4. How to predict emergence, 

virulence and spread?  
5. Is intervention/prevention 

needed?   

Basic 
1. What are drivers of 

emergence 
2. Is this a pathogen? 
3. Can health risks be 

predicted from genomics, 
structure, in vitro studies? 

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

5. how can disease 
emergence be influenced?  

 
 

 
 
 



Priority research questions EID during 
disease emergence  

Clinic/public health 
Basic 
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COMPARE: developing an enabling system 
and tools for collaborative preparedness and 
outbreak research 
• 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 



for sample processing 
and sequencing 

Analytical 
workflows 

for generating 
actionable 
information 

Harmonized 
standards 

for sample  
and data collection 

RA Models & 
risk-based 
strategies 

Data and information platform 

What to sample? 
Where? 
When? 
How? Humans, livestock, wildlife,  

food, environmental samples  



for sample processing 
and sequencing 

Analytical 
workflows 

for generating 
actionable 
information 

Harmonized 
standards 

for sample  
and data collection 

RA Models & 
risk-based 
strategies 

Data and information platform 

How to sequence? 
Pathogen targeted 

Metagenomic, Deep sequencing 
Viruses, bacteria, parasites 

QUALITY ASSURANCE Clinical, tissue, food, 
environmental samples 



for sample processing 
and sequencing 

Analytical 
workflows 

for generating 
actionable 
information 

Harmonized 
standards 

for sample  
and data collection 

RA Models & 
risk-based 
strategies 

Data and information platform 

How to analyze? 
What does the analysis mean? 
How do I use it ? 

Clinical, public health, research 
Human, veterinary 
Ecology, food 
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From comparable data to actionable information 
Different users need different Analytical 
workflows 

Analytical 
workflows 

for generating 
actionable 
information 

Frontline diagnostics in human and 
veterinary clinical microbiology 
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Detection and analysis of foodborne 
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The COMPARE platform  

Analytical 
workflows 

for generating 
actionable 
information 

for sample 
processing and 
sequencing 

Harmonized 
standards 

for sample  
and data collection 

RA Models & 
risk-based 
strategies 

Data and information platform 

(research) question 
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  Clarke et al  2010; Verhoef et al  2011; Kroneman et al  2013; de Graaf et al  2016 
 

Dominant Variant 
(GII.4) 

GGI 
~20% 

More varied 
Food  

GGII 
~80% 

Seasonal 
HCAI  

Norovirus 



Effects of mutations: 
  
Escape mutants (drift)  
 No protective immunity 

 
Differences in host cell binding  
> New host range 

Siebenga et al., 2008; Allen et al., 2008; Parra et al., 2012; Tan et al., 2003 
Lindesmith et al., 2008; Bok et al., 2009; Siebenga et al. 2010 

Noroviruses persist in the population through 
evolution 
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A newly recognized problem: chronically infected patients 

GII.4 Den Haag 2006b 
GII.4 Apeldoorn 2007 

GII.4 New Orleans 2009 

GII.4 Sydney 2012 

Van Beek et al., submitted 



Van Beek et al., in preparation 

Evolution of drift variants in chronic shedders 

RNA isolation  
Random priming 
MiSeq paired 
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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 

• Potential for introduction of novel viruses into the 
population (mixed genomes)  
 
 

De Graaf et al., in press 
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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.  
 
 

 
Marine mammals as a reservoir for norovirus? 
 

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

 Production of VLPs (plasmid-based 
transfections) for serology 
 

 Antibodies in 25% of animals 

De Graaf et al., in press 
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Maximum likelihood tree 
-RdRp- 
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Norovirus gene introduction via sea food? 
 

De Graaf et al., in press 

 
 HPNV has a 100% homology to norovirus 

sequence isolated from oysters in Ireland in 
2012 
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H5N8 pilot project 
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Bouwstra et al., 2015 
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Jonges et al., 2011, 2014 

< PB2 D701N  

PB2 E627K 
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H5N8 pilots 
• What is the added value of deep sequence data over consensus 

sequences (SNPs) (epidemiology)? 
• How fast are SNPs generated in various species, how well can we 

detect them? 
• How is this (and conclusions) influenced by platforms, chemistry, 

workflows? 
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Different platforms different data: 
Coverage 

SAMEA3493153 (BritishDuck) Segment 4 HA 

APHA  
Illumina RNA seq 
Newbler Mapping 

Mean coverage: 
4,626  

EMC 454  
PCR amplification 
Newbler Mapping 

Mean coverage:  
1,292 

FLI 
Illumina shot gun 
Newbler Mapping 
 

Mean coverage: 
25,572 
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H5N8 NGS  
- 454 amplicons - Different data different conclusions? 
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A survey of tools for variant analysis of next-generation genome sequencing data 
 

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

11 packages 

17 packages 

29 packages 

74 packages 

40 packages 

13 pipeline 
packages 

How to choose?  
Is it important to choose? 
Who compares? 
How to keep up to date? 
What can be automated? 
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WP9 Information sharing platform 

Sources Processes Portals and environments 

Building on the EU ESFRI Elixir, 
EMBL and DTU infrastructures 
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Development of virome data analysis apps 
Version 1: clinical diagnostic feed-back 

Viruses 
Abundance 
Co-infections 
Comparison with RT-
PCR 
 
Scrolling options 
• age distribution 
• Seasonality 
• phylogeny  

D. Nieuwenhuijse, unpublished 



Kono, SL 

Freetown, SL 

Sinje, Liberia 

Core capacity is broadly applicable 
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Mateneh Ebola Treatment Centre 
Makeni Sierra Leone 

36 

Ian Goodfellow 
Univ of Cambridge 
Sequencing 
Tent 

Diagnostic  
Lab 

1 of 6 DfID-funded  treatment 
centres 
 
Part of network of diagnostic labs 
set up by EML, DML, PHE, many 
other groups 
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Sequencing Tent 
Ian Goodfellow My Phan 
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Rapid NGS of all Ebola cases to track source of new infections 

Orange: cases 
from Liberia 

Movement to 
Guinea from 
Sierra Leone 



We could do things on the fly if capitalizing on 
existing networks 

STOP TB FOOD-BORNE BACTERIA 

OIO, FAO, WHO 
networks 

Polio, Measles, 
Flu, TB, HIV, 

VHF, malaria, 
Dengue, 

Salmonella, AMR, 
Zika 

……. 
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Conclusions 
• The merging of public health and research activities calls for 

new models for research collaboration during EID outbreaks 
• COMPARE seeks to develop tools, infrastructure, and 

datasharing hubs to support this increasing 
• Bottleneck at level of bioinformatics, therefore key focus 
• Open source and access solutions, user defined  
• In the coming years, we will be seeking partners for pilot 

projects 
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Satellite Symposium « Emerging Zoonoses » 
Erasmus MC / Institut Pasteur 

 
Saturday 22nd October 2016  

13h15 – 14h45   Hall A . Floor 1 

Introduction and outline of PREDEMICS and 
ANTIGONE projects 

Sylvie van der Werf 
 
Thijs Kuiken 

Institut Pasteur 
 
Erasmus MC 

Zoonotic Hepatits E virus infections in Europe Helene Norder Goeteborgs Universitet 

The newly emerged reassortant viruses of the 
influenza H5 A/Goose/Guandong/1/96 
lineage 

Mathilde Richard Erasmus MC 

The drivers of Ebola spatial spread in West 
Africa 

Philippe Lemey Rega Institute,  
KU Leuven 

Pathogenesis of MERS in human patients Christian Drosten University of Bonn 

General Discussion and Summary Sylvie van der Werf 
Thijs Kuiken 

Institut Pasteur 
Erasmus MC 
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