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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
The number of new daily cases is a good
indicator to identify complex situations, it reacts
faster to epidemic growth than incidences A14.
Observing the evolution of this indicator in the
set of EU+EFTA+UK countries we observe with
concern how since December 26 its value is
increasing very rapidly. It is still more worrying
that this growth starts from a quite high value.
It should be noted that the graph on the right
reflects the average behavior of about 528
million people, so it is a very solid reflection of
what is happening. The causes of this increase
can be multiple. On the one hand, its origin
may trace back to a high level of social
relations during Christmas holidays. On the
other hand, the arrival of cold weather and
also the expansion of virus variants with
higher and more efficient transmission can
be also behind these increases.
New daily cases per 105 inhab.
Ireland
Czech_Republic
Slovenia
United Kingdom
Sweden
Portugal
Lithuania
Liechtenstein
Slovakia
Latvia
Estonia
Malta
Netherlands
Cyprus
Switzerland
EU+EFTA+UK
Spain
Denmark
Italy
France
Poland
Croatia
Germany
Austria
Romania
Luxembourg
Hungary
Belgium
Norway
Bulgaria
Greece
Iceland
Finland

127
121
98
88
74
73
68
59
54
53
47
45
43
42
42
40
40
31
28
27
25
24
24
24
24
24
21
17
15
11
7
5
5

We must set these possibilities in the context of what they tell us about
Ireland, which has been an excellent example of pandemic control over the
autumn. Ireland is currently the country where growth is fastest. New
variant and relaxation can be both playing a role. If this is the case, it is
likely that this new variant will be extended to other countries, so control
and surveillance measures need to be stepped up. If the new variant is
more contagious, the only way to deal with it is to further reduce contacts
between people and increase detection and quarantines.
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It is therefore necessary to start with the communication of these ideas to the public. Different countries can
be in a similar situation than Ireland in a matter of weeks or a few months. Right now, we need to be aware
of what is happening in Denmark, where the presence of the variant was already detected in the first weeks
of December, and currently the epidemiological situation is improving. Tracking the evolution of Denmark is
now absolutely key to guide us in the short-term evolution of the epidemics in Europe.
In the table we can see the number of new daily cases from each of the EU+EFTA+UK countries. Above 40,
we find countries with an A14 greater than 500. Above 80, A14 above 1000. The time until the effect of vaccines
can be observed might feel like an eternity.
Highlights
•
•

The situation of Ireland is extremely worrying, with an EPG close to 3,000. This is the result of a high
incidence (A14 of 1,120 cases per 105 inh.) and a huge empiric reproduction rate (ρt close to 3).
Czech Republic (1760), United Kingdom (1260) and Slovenia (1451) are situated at extremely high
risk (EPG>1000). Only Greece, Finland and Iceland remain at the safe zone, with an EPG below 100.

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
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Tables of current situation in EU countries. Colour scale is indicated in each legend.
Incidence, mortality and epidemiological indexes.

Positivity indicators, comparing the increase among two last weeks (relative change).
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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)

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
5

Evolution of of active ICUs in some EU countries.
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Situation and trends in some European regions 3
Table of current situation in the Netherlands by region. Colour scale is indicated in each legend.

Table of current situation in Switzerland by region. Colour scale is indicated in each legend.
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https://github.com/ec-jrc/COVID-19/tree/master/data-by-region
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Table of current situation in Germany by region. 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: On the study of spatially distributed SIR models (IV). Intermediate social
distance and formation of bubbles.
In the previous reports 1, we have discussed the generation of a simple model of epidemic propagation with
global and localized social interactions. We have shown that making averages of the stochastic evolution is
important to determine properly the key time scales. We also indicated that a social-distance grid can be a
good representation of social connections/interactions.
In the last reports, we focused on two different types of social connections. The first one was a global
interaction social system where everybody can get in touch or interact with any other. This is a false
description of reality. However, it helped to describe our model together with its visualization. We had a
limited situation that can be clearly associated with very strong multi-level interactions.
More important was our focus on partially formed bubble interaction. This is, we analysed the evolution in a
system where every single member of society forms a perfect bubble with other 3 people but where these
bubbles interact with each other. This is a system with no perfect isolated bubble but with properly formed
bubbles with continuous interactions. In this framework, a person interacts with its four-person bubble, but
other members of the surrounding interact with other people, but each one in a bubble. We think this is a
reasonable description of a society where strong confinement measures are taken but compulsory
confinement at home is not required.
We described how propagation in this situation is extremely difficult. Lower values of R0 make propagation
impossible but even for large R0 the propagation soon goes down to Rt around 1 as the epidemics can only
advance as a front. In this framework, it is clear that strong confinement measures that allow for some social
interaction like food shopping, sport, short-visits should work to contain the epidemics.
We focus, in this and subsequent reports, on what happens in a more realistic scenario where there are
social-distance measures but not very strict measures. This is, people roughly follow a bubble, preventing
interactions with people that are not known but do have a probability to interact in certain settings. In other
words, we ask ourselves what the behaviour of the epidemics is depending on how many interactions
people have with people away from the inner circle but not with people very far away from it. In the limit
when interactions can be produced far away from short-distance contacts, we must recover the limit we
discussed in the previous assessment.
Let us insist on why we think this analysis is so important. First, public health measures in all countries
always address first the possibility of large infection chains in public spaces where a person that you do not
know can infect you. We are talking about large gatherings in discos, parties, restaurants, stadiums... The
second useful measure is to prevent gatherings of more than 10 people anywhere. This reduces a lot the
long-range interactions of people. Second, these measures are very common right now in multiple European
states. Finally, we propose to analyse precisely this situation where punctual long-distance interactions are
not possible. With these restrictions, people can interact with a very close-group (family) or with a larger
group of family and friends or with a larger one family/friends/work with different levels of connectivity with
those that, in principle, close to you in terms of social distance.
We propose to model this kind of interaction structure with two different approaches. One, where all
individuals behave roughly the same, and another where each individual behaves differently. We address in

https://upcommons.upc.edu/handle/2117/334981 , https://upcommons.upc.edu/handle/2117/334961 ,
https://upcommons.upc.edu/handle/2117/335074
1
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this assessment the situation where everyone behaves similarly with a given range of interaction set up by
the measures.
Intermediate-range interactions
As we have explained, we discussed the cases of global interactions where everybody interacts with
everybody with the same probability of infection, this corresponds to the global case shown in the last panel
of Figure 1. There, the probability is small since the interactions are with a lot of individuals. On the other
extreme are the diffusion interactions discussed in the previous report and shown in the first panel of Figure
1. The probability of infection is large, however, restricted only to the closest neighbours corresponding to
the individuals with the higher social interactions.
Both limits are theoretically interesting but they are typically far away from the reality of an epidemic. To
parametrize how different measures relax bubble confinement and set us away from both limit conditions,
we define a Gaussian interaction among individuals which is regulated by the parameter σ which determines
the thickness of the peak in Figure 1, see the expression of a Gaussian function:
1 −|𝑥𝑥−𝑥𝑥20 |2
𝑃𝑃(𝑥𝑥) =
𝑒𝑒 2𝜎𝜎
2𝜋𝜋𝜋𝜋

The larger the parameter σ, which determines the range of the social interactions, the smaller the
probability of infection with the other individuals. This relation must be introduced in order to keep
constant the total probability of infection. Such reduction can be generally justified because the time
employed with each contact has to be smaller if there are a lot of contacts and therefore the probability of a
particular infection decreases.

Figure 1: Probability of infection from an individual situated in the centre of a one-dimensional grid to the rest of
individuals. Left panel corresponds to the diffusion limit where only first neighbours may be infected. Gaussian
probabilities for different values of the social interactions σ are shown in the next four panels. Global limit is shown in
the last panel corresponding to a constant probability of contagion. We employ the same R=1 in all the panels.
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Note that we are employing R=1 in all the panels in Figure 1. We can increase this probability of infection
basically with the multiplication by R of the functions depicted in Figure 1. Furthermore, we note that one
has also to renormalize the functions shown in Figure 1 to remove the self-interactions, which is small in the
case of large social-distance interactions but large in the case of short-distance interactions, we have
conveniently renormalized the functions to account for such artefact.
The probabilities shown in Figure 1 are one dimensional to keep the normalizations equal to one also in the
figure. Note that we are going to use two-dimensional simulations and consider a two-dimensional Gaussian
function as it is shown in the previous equation. In figure 2 we show a graphical explanation of the social
distance. Close to an individual are the relatives, and next to the friends or job colleagues, next, maybe
neighbours which the individual meets occasionally. Each of such individuals has a different and growing
social distance from the index individual.

Figure 2. Sketch of the organization of the social interactions in a two-dimensional grid.

Method of the simulations with social interactions
It is important to explain now what is the structure of contacts and infections in our model. We begin with
almost 100,000 susceptible individuals and with a small number of infected ones. There is a small probability
of infection of each individual which is given by a probability of infection. For example, if R0= 1.5, then each
infected individual can infect an average 1.5 individuals from the initial 100,000. However, the probability of
contagion depends on the social proximity between the two individuals.
For each temporal step, we locate each of the infected individuals. For each infected one, we go through the
whole grid and calculate the probability of infection (bigger if they are close in the social plane) for all the
rest of the individuals using the expression of the Gaussian function shown in the equation. For each couple,
we choose a random number and compare it with the probability of infection to check if they may be infected.
The new individual will be infected if it was not previously infected (recovered) or if it is already infected, see
a sketch of the algorithm in Figure 3.

12

Figure 3. Sketch of the algorithm employed for each temporal step during the numerical simulation for the
consideration of the social interactions in a two-dimensional grid.

Resulting dynamics with intermediate social interactions
We conclude this assessment by showing the characteristic evolution (graphical) for different interaction
ranges. We include the Gaussian probability of infection in our simulator and show the evolution of the
simple generic model discussed in the previous reports with such interactions. The obtained patterns are
diverse and depend on the particular value of the length of the social interactions, given by the parameter σ.
See different examples with three different values of the parameter σ in Figure 4.
•

For small values of σ (smaller than 4), the patterns of the evolution are close to the observed
behaviour in the diffusion limit and only interactions with socially close individuals happen and the
epidemic propagates in a wave-like shape, as discussed in the previous report.

•

For large values of the σ (larger than 10), the evolution of the epidemic after a shot transient is similar
to a global probability of infections discussed in previous reports.

•

For intermediate values of σ (larger than 4 and smaller than 10), the evolution is a mix of both
previously discussed cases.

The differences of the three cases become evident in Figure 4. We will analyse in more detail these
differences in the next assessment. We will show that the evolution of the cumulate cases resulting in the
three simulations are qualitatively different although they share the same value of the parameter R0=1.5.
While for large σ corresponding a large number of contacts the number of cases increases rapidly and the
herd immunity is achieved fast with an exponential explosion, the growth in the case of only close social
interactions corresponding to small σ is much slower and it is good represented by linear growth.
In the next assessment, we will analyse in more detail these results and how they might change when
different people have different behaviour.
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Figure 4: Four snapshots showing the evolution of three realizations of the stochastic equations of the SIR
model with spatial Gaussian interaction for N =316x316 individuals distributed in a square grid with R0=1.5
and different values of σ 2, 5 and 20. Red grid points and green grid points represent infected individuals
and recovered individuals respectively. Snapshots correspond to time steps: 10, 20, 30 and 40.
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Legend: Countries’ reports details

Reported
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(blue) and deaths
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predictions (red)

Predictions and
indicators
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predictions.

Evolution of
empiric
reproduction
number ρ7

Case fatality
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Risk
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Risk diagram of
last 15 days
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(2) Analysis and prediction of COVID-19
for other countries
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Methods
(1) Data source
Data are daily obtained from European Centre for Disease Prevention and Control (ECDC) 2 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

2

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 3 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

−𝑙𝑙𝑙𝑙�

𝐾𝐾
�· 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 4 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

Madden LV. Quantification of disease progression. Protection Ecology 1980; 2: 159-176.
Zhou et al., 2020. Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study. The Lancet; March 9, doi: 10.1016/S0140-6736(20)30566-3
3
4
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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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