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Tracking epidemics. A collaboration between IGTP 

and UPC…
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Context and objectives

• Research group BIOCOMSC with previous experience on modelling infectious diseases (tuberculosis, 

Chagas disease, malaria…) and multi/scale modelling in diseases (subcellular, cellular, organ scale).

• Follow up on COVID19 epidemic in China during January-February.

• Start applying developed models when COVID19 reaches Europe.

• Clara Prats leads the creation of a COVID19 team from the European Commission (DG-CONNECT, DG-

SANTE) to carry out a daily analysis and prediction of the situation in EU countries (daily reports → 
https://biocomsc.upc.edu/en/covid-19/daily-report).

• Collaboration with AQuAS team that follows up epidemic in Catalunya → analysis and prediction at 
lower scale (health regions, AGAs, hospitals), including hospitalizations, critical points and ICUs. 

Collaboration extended to other autonomous governments

• Track evolution of the epidemics as mobility increases with the goal to detect hotspots.
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An empirical model to deal with COVID19

Why an empirical model?

 February 2020 → Lack of precise knowledge about the dynamics of CODIV19: incubation period, 
infectiousness, disease duration... → SEIR models ≈ empirical fittings with many parameters.

 Lack of herd immunity or vaccine → Dynamics of the disease is not driven by susceptible population 

(not limiting) but by control measures → SEIR models are less appropriate.

Our choice: an empirical model that 

correctly describes the cumulative cases 

curve and that has only 2 parameters.
Gompertz model
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Parameters of Gompertz model: a and K

Exponential growth (µ0) Growth slows down (a) Maximum level (K)
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Gompertz model: predictions

Daily fitting Gompertz model to cumulative cases (countries and regions)

 Predictions at short term → expected cases at 1 to 5 days, depending on length 
of historical series
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Gompertz model: predictions

Daily fitting Gompertz model to cumulative cases (countries and regions)

 Predictions at short term → expected cases at 1 to 5 days, depending on length 
of historical series
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Gompertz model: Hospital coverage risk

Daily fitting Gompertz model to cumulative data

 Predictions at short term → also for ICUs, 
hospitalizations, discharges, deaths
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Why estimations of real incidence are needed to evaluate risk
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- People with mild symptoms can infect others. Uncertainty about the ability 

of people with no symptoms (20-40%) to spread the disease

- Most countries do not have the ability to detect people with mild symptoms. 

Some exceptions are South Korea and Israel.

- It is important to  estimate the people that are really activeCorrelation

between cases and deaths → Diagnostic to Death (DtD)



Estimating real incidence

Bibliographical research and new evidence

 1 % lethality on average

 0.5-0.8% lethality for low penetration 

regions

 Up to 1.2-1.5 % on average for high 

penetration regions (residences, nursing 

homes have very high lethality)

 Time from onset to death, TtD ≤ 18 days

 Correlation between cases and deaths → 
Diagnostic to Death (DtD)
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Estimating real incidence. First rescale.
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Estimating real incidence. Obtain delay
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Estimating real incidence. Now consider all delays

Now take into account delays

 1 % lethality

 Time from onset to death, TtD ≤ 18 days

 Correlation between cases and deaths → 
Diagnostic to Death (DtD)

 Diagnosis Delay DD = TtD – DtD

 DD includes delay in data recording
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Estimating real incidence
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Table from late April



Our prediction for Spain
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The results from ENE-COVID 
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Assessment of risk in Spain. A look at phase 1 
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Index 1: Spreading rate

 Basic reproduction number: 𝑅𝑅0
 Effective reproduction number: 𝑅𝑅𝑡𝑡 Estimated with SIR models

Empirical evaluation of spreading rate: ρt

𝜌𝜌𝑡𝑡 = 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡 + 1 + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡 + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡 − 1𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡 − 4 + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡 − 5 +𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡 − 6

Catalunya, 01-05-2020
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Index 1: Spreading rate and weekend effect

EU+EFTA+UK: weekend effect
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Index 1: Spreading rate

Empirical evaluation of spreading rate: ρt → ρ7

𝜌𝜌7 = 𝜌𝜌 𝑡𝑡 − 3 + 𝜌𝜌 𝑡𝑡 − 2 + 𝜌𝜌 𝑡𝑡 − 1 + 𝜌𝜌 𝑡𝑡 + 𝜌𝜌 𝑡𝑡 + 1 + 𝜌𝜌 𝑡𝑡 + 2 + 𝜌𝜌 𝑡𝑡 + 3
7
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Index 2: 14-day attack rate

 14-day cumulative incidence (14-day attack rate, A
14

) is used as an indicator of active cases 

(ECDC, Ministerio…).

Infectious pool → Contagious 
potential at spreading rate ρ
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Index 3: Effective Potential Growth (EPG)

Effective potential growth is given by:

 Spreading rate ρ (ρ7)

Active cases (A14)

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝜌𝜌7 · 𝐴𝐴14
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Following up on deconfinement: Risk diagrams
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Following up on deconfinement: How to define high risk. Red colour
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Country Population (M) Daily tests* DTL DR (%) IA14 (rep.) IA14 (est.) TCF=DTL/IA14e

USA 328 320.000 100 15* 88 590 0.17

Italy 60 60.000 100 7 26 370 0.27

Spain 47 40.000 85 8 23 290 0.29

France 67 24.000 35 5 18 360 0.10

Germany 83 67.000 80 20 15 75 1.01

UK 66.5 65.000 100 7 87 1240 0.08

Denmark 6 15.000 250 20 26 130 1.92

South Korea 51.5 15.000 30 40* 5 12 2.5

Israel 9 15.000 165 60* 4 7 23.6

DTL: Daily PCR tests performed per 100.000 people.

If there are 1000-2000 active cases per 100.000 people with DTL=100 it 
is impossible to control the epidemics by contact tracing



Following up on deconfinement: Risk diagrams. Reported vs estimated.

Germany: real situation better than reported

France: real situation worse than reported
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Following up on deconfinement: Risk diagrams. The importance of the region.

Provinces? Sanitary regions? Lower level? 30



Early detection. Dashboard for Italian provinces
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Successful identification of super-spreader
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KEY IDEAS

 Risk evaluation often requires a short-term predictive model.

 Risk evaluation requires the proper assessment of the global picture of the 

situation with the elaboration of estimations that must be validated by surveys.

 Risk evaluation needs the development of more local or case-specific analysis 

that need to be set in the proper general perspective.



Thanks for your (virtual) 
attention!
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