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Today

1028 cm

13.7 billion years

CERN mission
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4th - 5th

BCE

End of 

19th

century

Begining of 

20th

century

1960s

What is the matter made of ?
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…and the remaining 95% of the 
Universe NOT made of visible matter…



Accelerators
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Detectors
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Computing
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Now to the topic …
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Science-driven approach:
for emerging risks

Specific technological hazards General standard hazards

Risk-based approach
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Source: Forbes.com Employers Get High Marks For Keeping Workers Safe During Covid: Survey©CERN

https://imageio.forbes.com/specials-images/imageserve/6044e787b0565c09768f1715/Young-people-with-face-masks-back-at-work-or-school-in-office-after-lockdown-/960x0.jpg?format=jpg&width=960
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Pre-print 

(medrxiv)

In the top 5% 

of all research 

outputs scored 

by Altmetric



Timeline of the pandemic 2020
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Jan 2020

Declaration to 

WHO of new 

coronavirus 

outbreak 

Feb

New disease: 

COVID-19 

Mar

Pandemic 

declared 

Apr

1 Million 

cases
New outbreak 

after 1st wave 

in China

Sept

Start of 2nd

wave in Europe

May

Gradual re-start 

on CERN-site

Dec 2020

Daily new cases 

still very high…

June

Nov

Peak of 2nd wave 

Update of the modes 

of transmission by 

WHO

Oct

Prepare for a safe re-start; rules 

and regulations were evolving

Lockdown

1st large purchase 

in April 2020

Dedicated 

instructions for 

ventilation 
July

Closed public 
spaces

companies

Host States

Public 
transport

Closed 
spaces

Full endorsement 

by WHO 
https://youtu.be/XJC1f7F

4qtc

Full endorsement 

by CDC and 

ECDC

Mask mandates: Importance of 

ventilation :

Science-driven proposal

Aug

Directorate decision

• Literature review

• Expertise (physics)

• Feasibility

• Impact (+ / -)

• Communication plan

• Transparency in the 

rationale

https://youtu.be/XJC1f7F4qtc
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Host States

Full endorsement 

by WHO 
https://youtu.be/XJC1f7F

4qtc

Full endorsement 

by CDC and 

ECDC

Mask mandates: Importance of 

ventilation :

Science-driven proposal

Aug

Directorate decision

• Literature review

• Expertise (physics)

• Feasibility

• Impact (+ / -)

• Communication plan

• Transparency in the 

rationale

Closed public 
spaces

companies Public 
transport

Closed 
spaces

Quantitative approach enabling 

flexibility, tailored measures & targeted investment

https://youtu.be/XJC1f7F4qtc


Source: UConn Today Source: Andrew Small (Wordpress.com)

Source: chemistryworld.com

Source: TIME.com

Cigarette smoke analogy Air pollution analogy 

Airborne transmission ?

• “the virus spreads mainly between people who are in close contact with each other (..) when infectious particles that pass 

through the air are inhaled at short range”

• “the virus can also spread in poorly ventilated and/or crowded indoor settings, where people tend to spend longer 

periods of time”
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‘Short-range’

d < 2 m

‘Long-range’

d > 2 m (or independent of d)

Expiratory jet Background concentration

What is CAiMIRA ?

▪ A model for assessing the risk of secondary on-site 

transmission, via the airborne route, of respiratory 

pathogens in indoor settings, using different pharma and 

non-pharma measures.

https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-how-is-it-transmitted

Chen W. et al. (2020) Short-range airborne route dominates 

exposure of respiratory infection during close contact. 

https://today.uconn.edu/2017/11/dont-vape-health-away/
https://asmall1863.wordpress.com/2015/11/03/the-smoke-filled-room-is-dead-long-live-the-smoke-filled-room/
https://www.chemistryworld.com/news/car-exhaust-fumes-could-be-used-to-clean-up-the-recovery-of-metals/4011028.article
https://time.com/4155365/china-red-alert-smog/
https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-how-is-it-transmitted
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3.

4.

1.

Emission 
rate 

Exposure

Cumulative
(absorbed) dose

5.

Probability of infection 
(i.e. transmission / risk profile)

2.

Removal rate

Start

Model architecture:

5-tier methodology
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3.

4.

1.

Emission 
rate 

Exposure

Cumulative
(absorbed) dose

5.

Probability of infection 
(i.e. transmission / risk profile)

2.

Removal rate

Stochastic model:

• Large variability

• Monte-Carlo simulations 

• Model: probability 

distributions (inputs and 

outputs)

• Results: show mean, 

median, IQR, 5th per, 

95th per, etc.

Important advice 

• Virus-laden aerosols 

are NOT just aerosols 

Each class can be treated 

independently:

• Flexibility 

• update
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What for ?
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Risk score: absolute values Risk assessment: tailored measures

Example
Probability of 
infection (%):

HEPA

½ day

FFP2

Compensatory measures:

…. 2553 – 2 .....

Black or White ?



What for ?
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relaxing measures

Increase risk of 

transmission
reinforcing 

measures

decrease risk of 

transmission

Knowledge and communication

By opening 

windows and 

prescribing masks

*No close-proximity interactions

*

PCR positive =100 to 100 billion RNA copies / mL (!!)

Not yes / no answer ; no zero risk 



What for ?
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Knowledge and communication

Notion of exposure 

time & risk *

*dose intensity neglected 

(something to be looked at)

Courtesy of L. Aleixo

Communication is 

key in science-driven 

policy !

Communication

=

Transparency

=

Trust

=

↑ Compliance 
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What for ?
Guidance for specific settings



Model Accuracy
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Peer-reviewed

Long-range

Two-stage jet model

Wei J. et al (2022), Exposure and respiratory infection 

risk via the short-range airborne route, Building and 

Environment, 219, 10.1016/j.buildenv.2022.109166

Window opening 

Benchmark using CO2 + natural vent

Benchmark using recorded outbreaks

Short-range



Arbitrary ex (classroom)
• Full day at school (1h lunch break, 2 playground breaks)
• No ventilation
• No masks 'Background' (long-

range) concentration
Dose

Courtesy of WHO – ARIA WG



Arbitrary ex (classroom)
• Full day at school (1h lunch break, 2 playground breaks)
• No ventilation
• No masks
• Close-proximity interactions: infected student is 1) listening 

and 2) speaking.

'Background' 
(long-range) 
concentration

'Expiratory jet' (short-
range) concentration

Total
Dose

Courtesy of WHO – ARIA WG



Demo 
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Demo 
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Just out of the pipeline…



Partnership with 
WHO - ARIA 
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Airborne Risk Indoor Assessment - ARIA 

18 world-
renowned 

external experts 

Luca Fontana, Alice Simniceanu, WHO
Courtesy of WHO – ARIA WG



Partnership with 
WHO - ARIA 
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Airborne Risk Indoor Assessment - ARIA 

9 from the healthcare field

virology, infectious diseases, infection 
prevention and control, epidemiology 
and biostatistics, public health

9 from the engineering field

engineering, physics, modeling, 
architecture, aerosol science, indoor 
air quality

CERN

ARIA Working Group

1. Define a standardized model, to quantify SARS-CoV-2 
airborne risk transmission (inhalation) in different indoor 
settings including residential, public and health care 
settings.

2. Provide a standardized methodology to define 
recommended indoor ventilation rate threshold values for 
different applications to drive policy and regulatory 
intervention related to indoor air quality and infectious 
diseases transmitted through the airborne route,

________________________________________________________

3. Guide the development of an online, user-friendly tool to 
enable the general public and building managers to 
assess SARS-CoV-2 airborne risk transmission in 
residential, public and health care settings to inform risk 
reduction measures.

Luca Fontana, Alice Simniceanu, WHO

Several 

tools exist / 

presented. 

Take the best 

out of all



Use of IAQ monitors
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CO2 sensors:

• Use exhaled CO2 as surrogate to exhaled viruses. 

• CO2 concentrations provides an indirect notion of the risk

• High CO2 concentrations or slow decay = insufficient air exchange

• Most effective in areas where the ventilation conditions are unknown / difficult to monitor (e.g. natural ventilation)
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Y

k
Exp fit of the data 

points and get λ

Air exchange rate

ACH

M. Gameiro, Implementing New and Classical CO2 Tracer Gas Methods for the Assessment of 

Ventilation Indicators in Residential Buildings, 2018 ASHRAE Winter Conference, Chicago IL 

Purchased several

C02 sensors at CERN

Aranet©
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Experiments (of course)

950

450

CO2 [ppm]

Time of the day

Factor 6 to 22, 
compared to reducing 

emissions 

λ [ACH]

Use of IAQ monitors

Courtesy of L. Aleixo
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Data analysis 

(λ)

Update the ACH

parameter 

(windows open 

or closed) in the 

model

Update the emissions

parameter (people 

leaving or entering) in 

the model
(illustration only)

Real-time risk indictor

Real-time risk indictor



21-Nov-22
A. Henriques et al.                                                                                                

CAiMIRA | TAPAS Network
39

Real-time risk indictor

Dissertation for MSc in Connected Environments at the 

Centre for Advanced Spatial Analysis, Bartlett Faculty of the 

Built Environment, UCL. 

Extending COVID Risk Assessment Models with Ambient 

Sensors 

by Wing Hong OR

Supervisor: Dr. Martin de Jode  

OR, Wing Hong. (2022). Extending COVID Risk 

Assessment Models with Ambient Sensors [Zenodo]. 

https://doi.org/10.5281/zenodo.7344404

https://doi.org/10.5281/zenodo.7344404


Citations
CAiMIRA tool:
https://doi.org/10.5281/zenodo.6520431
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Dissemination

Visit http://kt.cern/medtech

Contact us at KT.MedicalApplications@cern.ch

CAiMIRA git 

repository

COLLABORATION

Alessandro Raimondo – KT officer 

Publication:
https://doi.org/10.1098/rsfs
.2021.0076

https://doi.org/10.5281/zenodo.6520431
http://kt.cern/medtech
mailto:KT.MedicalApplications@cern.ch
https://gitlab.cern.ch/cara/caimira/
https://doi.org/10.1098/rsfs.2021.0076
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Dissemination

1. Set-up a webserver (e.g. in on of your institutes)

2. Deploy the web app -> README

3. Share the link to the network

…computation might get heavy. Slightly more 

resources needed on the server-side, compared to 

typical web apps. https://caimira.devinemarsa.com/

James Devine

Model developer

Engineer 

CERN

CAiMIRA-dev@cern.ch

https://gitlab.cern.ch/cara/caimira/-/blob/master/README.md
https://caimira.devinemarsa.com/
mailto:CAiMIRA-dev@cern.ch


Fundamental Research To Society 
Knowledge Transfer (examples)
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Medipix – color x-ray 
(MARS Bioimaging )

Proton / Hadron therapy

R&D and detectors for medical diagnostics (PET-CT, MRI)

WWW
Computing Grid – image processing for 
humanitarian missions

Courtesy of A. Raimondo et al., CERN Knowledge Transfer Group

Agent-based modelling



Thank you for your attention


