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Foreword
The present report aims to provide a comprehensive picture of the pandemic situation of COVID‐19 in the
EU countries, and to be able to foresee the situation in the next coming days. We provide some figures and
tables with several indexes and indicators as well as an Analysis section that discusses a specific topic related
with the pandemic.
As for the predictions, we employ an empirical model, verified with the evolution of the number of confirmed
cases in previous countries where the epidemic is close to conclude, including all provinces of China. The
model does not pretend to interpret the causes of the evolution of the cases but to permit the evaluation of
the quality of control measures made in each state and a short-term prediction of trends. Note, however,
that the effects of the measures’ control that start on a given day are not observed until approximately 7-14
days later.
We show an individual report with 8 graphs and a summary table with the main indicators for different
countries and regions. We are adjusting the model to countries and regions with at least 4 days with more
than 100 confirmed cases and a current load over 200 cases.
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Situation and highlights
Global situation
At a time when the pandemic is worrying the
EU+EFTA+UK countries for the second time, it
is especially important to be able to make
predictions, even if they are short-term.
The incidence accumulated during 14 days of
cases per 100,000 inh. is the main parameter
that is being used to assess the epidemiological
situation.
The evolution of A14 depends on the number of
daily new cases, which depends on the
reproduction number (ρ). If ρ begins to
decrease, even though it is greater than 1, the
number of daily new cases grows slower.
Therefore, if the reproduction number starts
decreasing,
we
should
observe
an
improvement in the A14.
𝑑𝑑𝑑𝑑

We can use the

𝑑𝑑𝑑𝑑

(slope of the curve) to assess

how ρ is changing and predict the resulting
outcome. If the slope starts decreasing (i.e., ρ
increases lower), we could later observe a
decrease in ρ (

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

< 0) followed by a decrease

in A14. This is what we observe globally in all
EU+EFTA+UK countries. On 7/10/2020 (line 1)
the dρ/dt starts decreasing. This entails a
slowing down in ρ increase, until it also begins
to decrease (line 2, 11/10/2020). Finally, A14
starts decreasing accordingly (line 3,
12/10/2020).
The conclusion is slightly positive: the ρ is still
greater than 1 but it is decreasing, although
slowly, since

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

< 0. If we manage to maintain

this trend, approximately from 23/10/2020 we
should begin to observe a decrease in the
number of daily new cases. We hope that the
control measures that are being adopted in
various countries will serve to keep dρ/dt in
negative values.
Highlights
•

•

23 countries show an EPG above 100 (high risk). Among them, only Denmark, Italy, Bulgaria, Croatia,
Hungary and Austria remain with an EPG below 200. Therefore, 17 countries are at the high risk zone
(EPG>200).
14-day cumulative incidence in Czech Republic is almost to reach 700 per 100,000 inhabitants. This
value, combined with a ρ above 1.4, situates its EPG above 1,000, which is a huge value.
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•
•
•

After Czech Republic, highest 14-day cumulative incidence belong to Belgium (542), the Netherlands
(465), France (355), the UK (314), Iceland (313) and Spain (303).
Only Estonia has a ρ below 0.9. On the other extreme, Switzerland and Lichtenstein show a ρ close
to 2.
Italy also joins the list of countries with a significant increase in ρ, situating its value at around 1.6.

Situation and trends per country
Maps of current situation in EU countries. Colour scale is indicated in each legend.
•
•
•
•

Cumulative incidence: total number of reported cases per 100,000 inhabitants
A14: Cumulative incidence last 14 days per 100,000 inhabitants (active cases)
ρ7: Empiric reproduction number
EPG: Effective Potential Growth (𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐴𝐴14 · 𝜌𝜌7 )
Cumulative incidence

A14

ρ7

EPG

3

Table of current situation in EU countries. Colour scale is indicated in each legend.

Table of current situation in some EU provinces. Colour scale is indicated in each legend.

ρ7 is the average of 7 consecutive ρ, but can still fluctuate. (2) EPG stands for Effective Growth Potential, which is the
product of reported cumulative incidence of last 14 days per 105 inhabitants by ρ7 (empiric reproduction number).
Biocom-Cov degree is an epidemiological situation scale based on the level of last week’s mean daily new cases
(https://upcommons.upc.edu/handle/2117/189661, https://upcommons.upc.edu/handle/2117/189808).
(1)
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Situation of hospitalisations and ICUs in some EU countries. The analysis is done for those countries that
report a historical series with current (active) number of patients in hospitals and ICUs 1. We provide:
•
•
•
•
•

1
2

Current active hospitalisations and patients in ICU per 100,000 inhabitants.
Current absolute number of active hospitalisations and patients in ICU.
Rate of occupation of curative care hospital beds by Covid-19 patients (data from Eurostat 2018 2),
only for hospitalisations.
Current rate of occupation with regards to the maximum Covid-19 occupation reached in this
pandemic.
Weekly increase in Covid-19 patients in hospitals and ICUs.

https://github.com/ec-jrc/COVID-19
https://ec.europa.eu/eurostat/databrowser/view/hlth_rs_bds/default/table?lang=en
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Situation and trends in some European regions 3
Table of current situation in Spain regions. Colour scale is indicated in each legend.

Maps of current situation in EU countries. Colour scale is indicated in each legend(*).

(*)

3

Cumulative incidence

A14

ρ7

EPG

La Rioja has not updated data.

https://github.com/ec-jrc/COVID-19/tree/master/data-by-region
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Table of current situation in Italy regions. Colour scale is indicated in each legend.

Table of current situation in Sweden regions. Colour scale is indicated in each legend.

7

Table of current situation in Belgium regions. Colour scale is indicated in each legend.

Situation and trends in other countries

ρ7 is the average of 7 consecutive ρ, but can still fluctuate. (2) EPG stands for Effective Growth Potential, which is the
product of reported cumulative incidence of last 14 days per 105 inhabitants by ρ7 (empiric reproduction number).
Biocom-Cov degree is an epidemiological situation scale based on the level of last week’s mean daily new cases
(https://upcommons.upc.edu/handle/2117/189661, https://upcommons.upc.edu/handle/2117/189808).

(1)
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Analysis: Re-opening schools in times of pandemics (IV). On the estimation of the
number of confined groups in Catalan schools.
The beginning of the school year has been polemic in some countries because of the possibility that schools
might behave as engines or catalyst of the propagation of the pandemic. We think it is important to study
specific regions in order to show if there is data pointing in that direction. In this assessment we have
examined the data obtained in Catalonia (Spain). One of the specific measures in that region consists of 10day self-quarantines of all class mates once a positive case is diagnosed, which is accompanied by a screening
of the whole group. Let us advance up front the conclusions: the data we have points to a propagation inside
the school not larger than the propagation outside the school. More specifically, the number of groups in
quarantine scales with the incidence as predicted by our estimations.
In the following assessment we will check how robust our results are with the help of numerical simulations
to obtain the propagation inside the groups that better fits the observed infections inside the groups. We
have data from all the groups of students which have gone into quarantine and information of the number
of cases measured. With this information and numerical simulations, we will be able to gain important
insights on the propagation of COVID19 in schools.
Let us now address the first part using estimations of predicted quarantines versus actual reported values.
Estimations of the number of groups in quarantine
We consider the particular incidence over 14 days as control parameter. Such parameter was almost constant
in Catalonia during the last weeks till the beginning of October, when a sharp increase started. Given the
incidence in the neighborhood of a particular school one can assume that the school will have the same
incidence than outside, therefore, the probability to find a scholar with covid19 is the same that for the rest
of the population:
𝑃𝑃𝑘𝑘 =

𝐴𝐴14
100,000

and the first approach for the calculation of the incidence inside a particular group of N students is:
𝑃𝑃𝑁𝑁 = 𝑁𝑁𝑃𝑃𝑘𝑘 = 𝑁𝑁 ·

𝐴𝐴14
100,000

For example, for an incidence of 200 the probability to find a person with covid19 in a group of 20 people is
PN= 0.04. Therefore, the 4% of the groups of 20 people have at least a student with covid19.
The average of new cases per day is approximately:
𝑃𝑃𝑔𝑔 =

𝑁𝑁𝑃𝑃𝑘𝑘
𝑁𝑁𝐴𝐴14
=
14
14 ⋅ 100,000

Thus, if we have 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡 = 72,000 groups in Catalonia with around 𝑁𝑁 = 20 students each, the total number of
groups with a scholar with covid19 is around:
𝑁𝑁𝑔𝑔𝑐𝑐 = 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑃𝑃𝑔𝑔 =

𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑁𝑁 ⋅ 𝐴𝐴14
14 ⋅ 100,000

Such calculation considers the school a place to count students, they propagate the virus in the society and
they are basically counted in the school. If the school is part of the society then one has to consider the
transmission inside the school. We will address that later.
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Days of quarantine
If there are daily 𝑁𝑁𝑔𝑔𝑐𝑐 new groups having a kid with covid19, we can estimate that in 𝑇𝑇𝑞𝑞 days we have
𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑇𝑇𝑞𝑞 ⋅ 𝑁𝑁𝑔𝑔𝑐𝑐 =

𝑇𝑇𝑞𝑞 ⋅ 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑁𝑁 ⋅ 𝐴𝐴14
14 ⋅ 100,000

groups with student covid19. If they are all detected, we have 𝑁𝑁𝑁𝑁𝑁𝑁 groups in quarantine. After 𝑇𝑇𝑞𝑞 days of
quarantine, the first leave quarantine. The number of groups in quarantine obviously depends on the specific
number of days in quarantine employed. Obviously, if quarantine are 14 days long, there are 1.4 times more
groups in quarantine that in the case of quarantines of 10 days.
Bidomain model
If the school is part of the society, we can consider a situation where a student infected with a characteristic
value for the probability of infection (𝑅𝑅) spends 70% of the time outside of the school where it propagates
the epidemic with 𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 (the same as the rest of the society), and a 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 inside of the school. The accumulated
value for the probability of infection is
𝑅𝑅 = 0.7 ⋅ 𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 + 0.3 ⋅ 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖

where (0.7 ⋅ 𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 ) is the average number of people infected by the student outside of the school and (0.3 ⋅
𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 ) is the average number of students infected inside of the school. We can generalize and vary the time
relation between school and outside the school assuming a fraction of time inside the school η:
𝑅𝑅 = (1 − 𝜂𝜂) ⋅ 𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 + 𝜂𝜂 ⋅ 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖

If we consider that the parameter 𝑅𝑅 indicates the number of secondary cases from the same index case, the
product (1 − 𝜂𝜂) ⋅ 𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 denotes the number of secondary cases generated outside the school by a student
and the product 𝜂𝜂 ⋅ 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 denotes the number of secondary cases generated inside the school.

Crystal box approach

We assume that the probability of contagion is homogeneously distributed during the 24 hours of the day. If
we take the kids during the 30% of the time and introduce alone in a crystal box inside the school
(corresponding to a fraction of time 𝜂𝜂 = 0.3 with 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 = 0), no infection will occur during the 30% of the
time. Therefore, the probability of contagion for the whole 24 hours is renormalized by a factor (1 − 𝜂𝜂) =
0.7. If we perform PCR to the kids, we find only 70% of the total cases assumed in the previous section:
𝑄𝑄

𝑁𝑁𝑔𝑔 = (1 − 𝜂𝜂)𝑁𝑁𝑁𝑁𝑁𝑁 =

(1 − 𝜂𝜂) ⋅ 𝑇𝑇𝑞𝑞 ⋅ 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑁𝑁 ⋅ 𝐴𝐴14
14 ⋅ 100.000

This will be the number of confined groups in ideal conditions, no propagation of the epidemic inside the
school and 100% of detection (discussed in the next section). Actually, it can be even reduced if some of the
students are already immune, because the number 𝑁𝑁 of susceptible students is smaller.

However, in a normal situation there are infections also during the school time (30% of the total time of the
scholars) and 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 is different than 0. Nevertheledd, the students infected inside the school does not increase
the number of groups of students with covid19 because there was already at least a student inside who
infected him/her.
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Probability of detection of students with covid19
A pediatric positive case can be diagnosed because he/she shows symptoms, usually mild, because he/she is
a close contact of a positive or because of a mass screening. Overall, we can assume that around 𝜉𝜉 = 70% of
cases are diagnosed.
Then, the number of groups going to a quarantine can be estimated with
𝑄𝑄𝑄𝑄

𝑁𝑁𝑔𝑔

𝑄𝑄

= 𝜉𝜉𝑁𝑁𝑔𝑔 =

𝜉𝜉(1 − 𝜂𝜂) ⋅ 𝑇𝑇𝑞𝑞 ⋅ 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑁𝑁 ⋅ 𝐴𝐴14
14 ⋅ 100.000

Because not all the infected kids are detected in this case (ξ<1), the increase in the propagation inside of the
group (𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 > 0) will cause an increase in the number of infected students and therefore in the probability
of detection.
Results for confined groups in Catalonia
We compare the estimations with the actual number of confined groups of the 72,000 groups in the 5,131
schools in Catalonia. The estimations depend on the incidence in a linear way, see next table for characteristic
values of the incidence.
Table 1: Estimation of the total number of groups with a kid infected, number of groups with a kid infected
and detected, and percentage of groups in quarantine, for different values of the incidence.
𝑸𝑸

𝑸𝑸𝑸𝑸

%

𝑨𝑨𝟏𝟏𝟏𝟏
50

𝑵𝑵𝒈𝒈

360

𝑵𝑵𝒈𝒈

252

0.3%

75

540

378

0.5%

100

720

504

0.7%

125

900

630

0.9%

150

1080

756

1%

175

1260

882

1.2%

200

1440

1008

1.4%

225

1620

1134

1.6%

250

1800

1260

1.75%

275

1980

1386

1.9%

300

2160

1512

2.1%

The same values can be estimated for the real incidence in Catalonia during the last four weeks, which are
shown in the next table.
Table 2: Estimation of the total number of groups with a kid infected, number of groups with a kid infected
and detected, for values of the incidence obtained in Catalonia during the last four weeks.
𝑸𝑸

𝑸𝑸𝑸𝑸

𝑨𝑨𝟏𝟏𝟏𝟏

181

𝑵𝑵𝒈𝒈

1303

𝑵𝑵𝒈𝒈

188

1353

947

201

1447

1013

264

1901

1330

11

912

These estimations can be compared with the current values of confined groups in Catalonia for the last two
weeks, as shown in the table below.
Table 3. Number of groups confined in Catalonia during the last weeks. Data from 4
Date

Oct.
3.

Oct.
5.

Oct.
6.

Oct.
7.

Oct.
8.

Oct.
9.

Oct.
10.

Oct.
13.

Oct.
14.

Oct.
15.

Oct.
16

Number of
confined
groups

1302

1228

1230

1165

1241

1330

1417

1453

1531

1607

1664

14-day
cumulative
incidence

208

214

224

233

252

272

278

297

300

--

--

Estimated
confined
groups

1048

1078

1129

1174

1270

1370

1401

1497

1512

--

--

Quarantined groups look similar to the predicted values with the actual incidence in Catalonia, between 250
and 300. The predictions successfully reproduce qualitatively the number of confined groups. A better
comparison can be seen in the Figure 1 where the number of confined groups is compared with our
estimations.

Figure 1: Evolution of the number of confined groups in schools in Catalonia compared with the
estimations based on the incidence.

Conclusions
If the groups are isolated inside the school (bubble groups), the number of total number of confined groups
is closely related with the local incidence. We obtain a good agreement of our estimations with the actual
data obtained from the local government of Catalonia. Our estimations depend basically on two parameters:
•

4

Fraction of time in the school (𝜂𝜂), which we estimate as 0.3. It is larger than the time spent in a school
in Catalonia, since 40 hours per week (assuming the students stay for lunch) correspond to 0.24.

http://ensenyament.gencat.cat/ca/actualitat/escolasegura/tracacovid/informes-diaris-covid19/
12

However, assuming no infections during the night, it may arrive to 0.35. Actually, shared dormitories
between brothers and sisters are quite dangerous and therefore we found a good compromise the
0.3.
•

Fraction of detected infected students (𝜉𝜉), which in the case of the whole populations was estimated
to be around the 70-80% 5, and, therefore, we have employed the value 0.7 for our estimations

https://www.redaccionmedica.com/secciones/ministerio-sanidad/covid-19-sanidad-desvela-los-indicadores-quecifran-la-deteccion-en-el-70--4788
5
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Legend: Countries’ reports details
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together with
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indicators
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cases in a
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observed cases
and
predictions.

Evolution of
empiric
reproduction
number ρ7

Case fatality
rate

Risk
diagram

Risk diagram of
last 15 days
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Methods
(1) Data source
Data are daily obtained from European Centre for Disease Prevention and Control (ECDC) 6 and country official
sources (when indicated). Daily data comprise, among others: total confirmed cases, total confirmed new
cases, total deaths, total new deaths. It must be considered that the report is always providing data from
previous day. In the document we use the date at which the datapoint is assumed to belong, i.e., report from
15/03/2020 is giving data from 14/03/2020, the latter being used in the subsequent analysis.

(2) Data processing and plotting
Data are initially processed with Matlab in order to update timeseries, i.e., last datapoints are added to
historical sequences. These timeseries are plotted for individual countries and for the UE+EFTA+UK as a
whole:
 Number of cumulative confirmed cases
 Number of reported new cases
 Number of cumulative deaths
Then, two indicators are calculated and plotted, too:
 Case fatality rate: number of cumulative deaths divided by the number of cumulative confirmed
cases, and reported as a percentage; it is an indirect indicator of the diagnostic level.
 ρ: this variable is related with the reproduction number, i.e., with the number of new infections
caused by a single case. It is evaluated as follows for the day before last report (t-1):
𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 1) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 2)
𝜌𝜌(𝑡𝑡 − 1) =
𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 5) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 6) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 7)
where Nnew(t) is the number of new confirmed cases at day t after applying a 7-day moving average
to the new cases dataset, so that fluctuations (e.g., weekend effect) are smoothed.

(3) Classification of countries according to their epidemic level: the scale Biocom-Cov
Countries are assigned a degree in the discrete Biocom-Cov scale, which aims to facilitate a simple way of
assessing the situation of the country. It is based on the level of daily new cases per 100,000 inhabitants as
follows:
Pandemic degree

Daily new incident
cases per 105 inh.
0
0-0.1
0.1-0.5
0.5-1.25
1.25-2
2-3
3-5
5-8
8-14
>14

0
1
2
3
4
5
6
7
8
9

6

https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
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(4) Fitting a mathematical model to data
Previous studies have shown that Gompertz model 7 correctly describes the Covid-19 epidemic in all analysed
countries. It is an empirical model that starts with an exponential growth but that gradually decreases its
specific growth rate. Therefore, it is adequate for describing an epidemic wave that is characterized by an
initial exponential growth but a progressive decrease in spreading velocity provided that appropriate control
measures are applied. Once in the tail, predictions work but the meaning of parameters is lost.
Gompertz model is described by the equation:
𝑁𝑁(𝑡𝑡) = 𝐾𝐾 𝑒𝑒

𝐾𝐾
−𝑙𝑙𝑙𝑙� �· 𝑒𝑒 − 𝑎𝑎·(𝑡𝑡−𝑡𝑡0 )
𝑁𝑁0

where N(t) is the cumulated number of confirmed cases at t (in days), and N0 is the number of cumulated
cases the day at day t0. The model has two parameters:
 a is the velocity at which specific spreading rate is slowing down;
 K is the expected final number of cumulated cases at the end of the epidemic.
This model is fitted to reported cumulative cases of the UE and of countries that accomplish two criteria: 4
or more consecutive days with more than 100 cumulated cases, and at least one datapoint over 200 cases.
Day t0 is chosen as that one at which N(t) overpasses 100 cases. If more than 15 datapoints that accomplish
the stated criteria are available, only the last 15 points are used. The fitting is done using Matlab’s Curve
Fitting package with Nonlinear Least Squares method, which also provides confidence intervals of fitted
parameters (a and K) and the R2 of the fitting. At the initial stages the dynamics is exponential and K cannot
be correctly evaluated. In fact, at this stage the most relevant parameter is a.
It is worth to mention that the simplicity of this model and the lack of previous assumptions about the Covid19 behaviour make it appropriate for universal use, i.e., it can be fitted to any country independently of its
socioeconomic context and control strategy. Then, the model is capable of quantifying the observed
dynamics in an objective and standard manner and predicting short-term tendencies.

(5) Using the model for predicting short-term tendencies
The model is finally used for a short-term prediction of the evolution of the cumulated number of cases (3-5
days). The confidence interval of predictions is assessed with the Matlab function predint, with a 99%
confidence level. These predictions are shown in the plots as red dots with corresponding error bar. For series
longer than 9 timepoints, last 3 points are weighted in the fitting so that changes in tendencies are well
captured by the model.

(6) Estimating non-diagnosed cases
Lethality of Covid-19 has been estimated at around 1 % for Republic of Korea and the Diamond Princess
cruise. Besides, median duration of viral shedding after Covid-19 onset has been estimated at 18.5 days for
non-survivors 8 in a retrospective study in Wuhan. These data allow for an estimation of total number of
cases, considering that the number of deaths at certain moment should be about 1 % of total cases 18.5 days
before. This is valid for estimating cases of countries at stage II, since in stage I the deaths would be mostly
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due to the incidence at the country from which they were imported. We establish a threshold of 50 reported
cases before starting this estimation.
Reported deaths are passed through a moving average filter of 5 points in order to smooth tendencies. Then,
the corresponding number of cases is found assuming the 1 % lethality. Finally, these cases are distributed
between 18 and 19 days before each one.
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