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Overview



Daniel Bernoulli (1700 – 1782)
- math model of smallpox 
- (1760-1766)

Mathematical epidemiology
- understanding of disease transmision
- forecasting scenarios
- trade-off between

accuracy, transparancy and flexibility 

Background

(Keeling & Rohani, 2008)

Becker (1989) Held et al. (2019)

data driven

validation

Stats

Maths



Data-driven
Evidence-based
Past pandemics
• A(H1N1)pdm2009
• Ebola in West-Africa
• Zika
SARS-CoV-2 pandemic
• data sharing has greatly improved
• outstanding challenges
Pathogen X
• identification of data needs

Data for BE included (not limited to):



Data Science Cycle
Data Science Institute @UHasselt
• infectious disease epidemiology

as a specific case 



Data needs: SARS-CoV-2
Invasion 
(outbreaks)

Exponential 
growth

The dance Control Endemicity

Models Branching 
processes

Renewal 
equation

Mathematical 
models (SIR, etc)

Next generation 
approaches
(modified) herd 
immunity

Heterogeneity in 
susceptibility

Data Well documented 
data on 
transmission 
chains

Incidence data
(related to 
diagnostic testing 
strategies) with 
identification of 
a/symptomatic 
incidence

Surveillance data 
including(a)symp 
incidence, 
hospitalisation, 
genomic data
Serological data 
Mobility & social 
contact data

Risk-group 
specific data
Vaccination data 
(coverage, VEx)
Serological data

Surveillance data 
as well as cohort-
specific studies 
monitoring 
immunity

Management & 
policy

Characterisation 
of the disease 
and its 
transmission 
routes

Data on burden 
(hospitalisation, 
mortality, …)

Data on 
perception, 
adherence, 
mental health 

Early-warning 
indicators –
sewage data,
syndromic 
surveillance

Multi-pathogen 
data



Data needs
Need for baseline data
• example: contact data

Need for realtime data
• example: serial intervals

Need for (rapid) cohort data
• example: immunological profiles

Need for population-based data
• example: serological data

Need for cost-effectiveness analysis of 
data streams
• example: genomic data

Need for specific protocols for infectious 
disease studies
• example: vaccine studies

…



Data challenges
Governance
• fragmented data landscape
• different regulatory frameworks for sharing public health data
• several issues with re-using privately held data (mobile phone data)
Open data
• open data as much as possible
• according to FAIR principles
(partial sollutions)
• synthetic data
• increased trust and pre-agreement on data access conditions



Example CoMix

(Hoang et al., Epi, 2019)

(Willem et al., 2020)

(Verelst et al, 2021)

(Loedy et al, 2021)

ß POLYMOD
• FP6 Framework
• ERC TransMID

CoMix à
• EpiPose Consortium
• ECDC



Mathematical modelling

Mathematical models
- Data assimilation/integration

Ecosystem
- Meta-population model
- Individual-based model
- Stochastic model (= reference model) 
à next generation approach
à contact process models (specific populations)

Model 
develop-

ment

Fit model 
to data

Fore-
casting 

Internal
and

external
validation



The reference model

Stochastic compartimentel model (Abrams et al., 2021)

à integration of different data sources
surveillance data, VE estimates, etc

- Calibration to 
- hospital admissions
- hospital load 
- early serology

- Further calibration to growth rates
- cases
- genomic suveillance

- Forecasts based on CoMix data



The reference model



Infodemic
Faulty & misinformation: (non-)intential? Elements:

- uncertainty
- lack of scientific foundation
- lack of nuance
- mix of (in)correct arguments
- science advances
- speed trumps perfection
- …



Infodemic



Paradigm shift?

Rapid 
Science

Time pressure

Context

Assumptions

'early evidence'

Uncertainty 

...

Example: role of children

‘Slow’ 
Science

More details

Country comparisons

Generalisability

...

Example: behaviour

Preparedness

International community

Interdisciplinary research

Peace-time efforts

...

Example: demography & 
disease transmission



Discussion
Better data
• realtime data
• well-designed surveys
• serosurveillance
• genomic surveillance
• …
Open Science as much as possible
• misintepretation is not the argument
Peacetime research 
• (inter)national collaborations should be set up in peacetime

Methodology
• learning from the past
• heterogeneity is key
• validation is key
• optimizing NPIs 
• …



References

Sources:

info: 
www.simid.be
www.uhasselt.be/dsi

socrates:
www.socialcontactdata.org

blog:
covid-en-
wetenschap.github.io

Citizen science 
projects:

Large Corona Study

Infectieradar

http://www.simid.be/
http://www.uhasselt.be/dsi
http://www.socialcontactdata.org/
https://covid-en-wetenschap.github.io/


COLLABORATORS & FUNDERS


