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A brief recap of last year’s ASCID presentation

An eco-system of models

A first qualitative evaluation of the reference model

Further evaluation of the pandemic response

Overview



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

Mathematical models
understanding of transmission dynamics
forecasting – ‘prognosis’ – what-if scenarios

A recap …



A recap …

(Keeling & Rohani, 2008)



A recap …



Implementing Non-Pharmaceutical 
Interventions was needed:
- relatively high IFR
- pre & a-symptomatic transmission
- basic reproduction number (Wuhan): 

R0=3-3.4
- Feb-March 2020: large seeding due to 

international travel (spring break)
- lockdown March 2020: advice against 

closing schools

A recap …



An ecosystem of models

Statistical models
- see e.g. Faes et al. (2021)

Mathematical models
- Meta-population model (Coletti et al. 2021)
- Individual-based model (Willem et al. 2021)
- Stochastic model (Abrams et al. 2021)

= Belgian reference model 
- Next generation approach (Franco et al. 2021)
- Contact process models: 

schools (Torneri et al. 2021)

Model 
develop-

ment

Fit model 
to data

Fore-
casting 

Internal
and

external
validation



Age-specific features
- burden
- transmission

Burden - mortality:
- IFR - Molenberghs et al., 2022
- excess mortality

Transmission – mixing patterns:
- POLYMOD & sequel (2006, 2011)
- CoMIX 

Key player: ‘age’



Mixing patterns

(Hoang et al., Epi, 2019)

(Willem et al., 2020)

(Verelst et al, 2021)

(Loedy et al, 2021)

 POLYMOD
• FP6 Framework
• ERC TransMID

CoMix 
• EpiPose Consortium
• ECDC



Reference Model
Stochastic compartimentel model (Abrams et al., 2021)

 integration of different data sources
- Calibration to 

- hospital admissions
- hospital load 
- early serology

- Further calibration to growth rates
- cases
- genomic suveillance

- Forecasts based on CoMix data



Modelling SARS-CoV-2: a first evaluation

Scenario’s, no predictions

Spring 2020: lockdown:
- succesful exit strategy until July 2020
- prognosis: second wave

Autumn and Winter 2020-2021:
- a (too) large second wave with high tail
- a succesful management of the festive season



Modelling SARS-CoV-2: a first evaluation

Spring 2021
- the alpha wave – higher burden - press conference

Summer 2021
- projections with large uncertainty
- increasing vaccination coverage
- penetration of the delta variant



Modelling SARS-CoV-2: a first evaluation

Autumn 2021
- fourth wave with regional differences ~ vaccination
- initial slower growth because of prudent behaviour
- acceleration because of perfect storm: release of measures & delta

Winter and Spring 2021-2022
- omicron: bad and good news



Modelling SARS-CoV-2: where are we now?



The Next Generation Approach



The Next Generation Approach



Contact process models

Epidemic dynamics

Infectives are assumed to spread the 
infection according to a nonhomogeneous 
Poisson Process of rate:

𝑟𝑟(𝑡𝑡)=𝜆𝜆(𝑡𝑡)𝜔𝜔(𝑡𝑡)

InfectiousnessContact rate

Key assumption: Infectiousness described by viral load



Contact process models
We compare three control measures based on contact tracing:

- Monitoring ("IAS"): traced individuals are monitored and 
quarantined/isolated when showing symptoms

- Testing ("IBS"): traced individuals are tested and quarantined/isolated if 
testing positive. 

- Testing + Antivirals ("IBTBS"): traced individuals are tested. If positive 
they are quarantined/isolated and an antiviral drug is administered to 
them. 



Contact process models

A control measure based on testing (green and blue) reduce final size (left panel) and
peak incidence (right panel) compare to a monitoring strategy. In addition, the use of
antiviral (blue) as prophylaxis compound is computed to have a big impact in controlling
local outbreaks.



Contact process models
Limitations:
- The model is based on a homogenous population
- We inform the antiviral effect using a study for Remdesivir in a murine 

model
- Not accounting for difficulties in administering Remdesivir 
- Longitudinal data on the effect of antiviral on the viral load will be 

informative, especially when the drug is administered in the early phase of 
infection



School simulator



Data science cycle

Data Science Cycle 
(Bron: Data Science Institute, UHasselt)



Data collection & analysis

Becker (1989) Held et al. (2019)

• Difficulties
• interdepencies
• incomplete data

• Observational studies 
• biases
• association not causation
• …

• Scientific principles
• conjecture versus refutation
• Bradford Hill criteria – confidence
 Robert Koch & microbiology



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

Multi- & interdisciplinary research is key
Peacetime research 
• (inter)national collaborations should be forched in peacetime
examples
• demography and newly emerging pathogens ~ nursing home 

populations
• behavioural epidemiology ~  chronic conditions and acute infections

Better data
• realtime data
• well-designed surveys
• serosurveillance
• genomic surveillance
• …

Open Science



Lessons learned
Faulty & misinformation: (non-)intential?

Societal choices

Outdated information



Lessons learned
Faulty & misinformation: (non-)intential?

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



Paradigma 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



Research themes
- further evaluation and perspectives of the management of SARS-CoV-2 
- further development of an eco-system of models
- AI & pandemic preparedness (e.g. Reymond et al. 2022)
- …
Education and science communication
Need for consortia/baseline capacity
Pathogen ‘X’ (see e.g. MPX)

Further perspectives



Perspectives for debate:
- Clinical versus epidemiological perspectives
- Individual versus population perspective
- Activism versus science
- ‘Freedom’
- …
Knowing history would be a good starting point …

Further debate



Bradford Hill (1965)

Bradford Hill (1965):

All scientific work is incomplete – whether it be 
observation or experimental. All scientific work is liable 
to be upset or modified by advancing knowledge. That 
does not confer upon us a freedom to ignore the 
knowledge we already have, or to postpone the action 
that it appears to demand at a given time.
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