
PANDEMIC & DISASTER Preparedness Center (PDPC)



2

Global (vertebrate) virome via 
wastewater

• Rationale: urban
amplification of rare 
zoonotic spillovers

• 62 countries

• Easy to see the virus 
‘haystack’, need to go ‘deep’

• Challenge: from sequence to
interpretation of risk

Metagenomic “catch-all’’ techniques

Nieuwenhuijse et al, Sci Rep. 2020; 10(1):13748

Nieuwenhuijse et al, Sci Rep. 2020; 10(1):13748
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Global resistome via wastewater

• Rationale: comparative surveillance, 
effect of interventions, priorities

• Multiyear, 107 countries

• Resistome is stable over time

• Regional differences

• ARG are mobile

Metagenomic “catch-all’’ techniques

Munk et al, Nat Commun. 2022; 13: 7251 Nieuwenhuijse et al, Sci Rep. 2020; 10(1):13748

Munk et al, Nat Commun. 2022; 13: 7251
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Omicron via air travel
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• ddPCR against signature mutations

Omicron via air travel
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omicron positive
clinical sample

Marchini et al 2023, Viruses



PDPC Frontrunner projects

1. Climate change and increased risks of vector-borne virus 

outbreaks 

2. Airborne: Predicting, measuring and quantifying airborne virus 

transmission 

3. Pandemic lessons for flood disaster preparedness 

4. Towards social and urban resilience for pandemics and 

disasters 

5. Integrated early warning surveillance methods and tools 



Frontrunner INSPECT

International Network Surveillance for
Pandemic EmergenCe via Transport hubs
• Intelligent One Health system for early warning

- identify critical nodes in the complex global transport of people, animals and goods for the 
import of new disease agents 

- target these with an innovative early warning surveillance tools. The tools we envisage are 
rapidly deployable and combine the power of bioinformatics, innovative sampling and detection 
methods, network data analytics and social media data mining.



• WP1. NL as hub in the global network: map and categorize pandemic risk sources 
and routes

• WP2. Refine and evaluate targeted detection of (zoonotic) viruses and emerging 
‘sequences-of-concern’ in environmental surveillance of transport and trade hubs

• WP3. Living lab: intelligent pandemic One Health surveillance in the Port of 
Rotterdam and Schiphol airport 

Frontrunner INSPECT

International Network Surveillance for
Pandemic EmergenCe via Transport hubs



Early warning for new emerging viruses

Create/combine:

• Epidemic intelligence

• Metagenomic intelligence

• Transport network intelligence

• Environmental surveillance tools



Early warning for new emerging viruses

• Targeted techniques:
• q/dPCR for known viruses (variants)
• Virus panels

• Semi-targeted techniques:
• Target enrichment of ‘pandemic 

virus families’ (i.e. coronaviridae)
• Target enrichment of human viruses

• Non-targeted 

Develop and validate rapidly deployable sampling and analytical/bioinformatic methods for 

targeted detection and evaluation of emerging viruses and ‘sequences-of-concern’.

Chang et al 2021
Chang et al, 2021



Early warning for new emerging viruses

Metaviromics and bioinformatics

Explore approach developed for food 

testing

Chang et al 2021

Desdouits et al, 2021



Environmental DNA

Clone libraries 

Expression

phenotypic screening 

Which viruses?
enteric (norovirus/enterovirus)
respiratory (influenza)

When should viruses be tested
mutations in binding domains
mutations in antigenic domains

Which phenotypical assays
attachment to cells
antibody recognition

“Sequences of concern”



Frontrunner INSPECT

International Network Surveillance for
Pandemic EmergenCe via Transport hubs

• from surveillance to action: develop criteria (validity, timeliness, 
strength, ethics) for intelligent surveillance system to underpin public 
health actions; develop system to turn surveillance signals into 
alarms, develop response strategies.

• ethics: evaluate how ethical considerations such as anonymity, prior 
and voluntary informed consent and the data protection regulation 
(eg GDPR) interplay with the data collection and response



Frontrunner INSPECT

International Network Surveillance for
Pandemic EmergenCe via Transport hubs


