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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 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 tendencies. Note, however, that the 
effects of the measures’ control that start on a given day are not observed until approximately 5-7 days later. 

 The model and predictions are based on two parameters that are daily fitted to available data: 
 a: the velocity at which spreading specific rate slows down; the higher the value, the better the 

control.  
 K: the final number of expected cumulated cases, which cannot be evaluated at the initial stages 

because growth is still exponential. 

Next, we show a report with 8 graphs and a table with the short-term predictions for (1) European Union and 
its countries, (2) other countries, (3) Spain and its autonomous communities.  

We are currently 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. The predicted period of a country depends on the number 
of datapoints over this 100 cases threshold: 
 Group A: countries that have reported more than 100 cumulated cases for 10 consecutive days or 

more → 3-5 days prediction; 
 Group B: countries that have reported more than 100 cumulated cases for 7 to 9 consecutive days 

→ 2 days prediction; 
 Group C: countries that have reported more than 100 cumulated cases for 4 to 6 days → 1 day 

prediction. 

We have introduced a change in fittings, that are now weighted at some points. The whole methodology 
employed in the inform is explained in the last pages of this document.  
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Global EU+EFTA+UK trends and needs 

The number of cases in the whole 
EU+EFTA+UK country is very close to 
900,000 cases. The positive note is 
that the speed is decreasing, although 
the threshold of 20,000 new cases is 
resisting to be overcome. Even so, this 
scenario requires the hypothesis that 
there are no new outbreaks in 
European countries. The reality is that 
those countries where the active 
infected population is very high, the 
likelihood of further growth is high. 

Analysing the data is becoming 
increasingly difficult, since the criteria 
for including cases or deaths are 
different in each country. In addition, 
many states change the criteria or the number of diagnostic tests performed over time in order to improve 
the control without providing clear methodology. This may explain the sudden rise in cases from Spain, 
Belgium, Switzerland, Poland, Czech Republic, Luxembourg or Slovenia. It is also possible that the logging 
systems are running late. In any case, there is a need to create a system for collecting and managing health 
information that will help to handle future crises more robustly. Difficulties in data generation and 
management are encountered at all levels, from primary care and hospital data to global data for the whole 
country. It would take a global initiative to deal with future scenarios. As we have discussed before, mortality 
per 105 inhabitants is probably a good indicator of the extent of the epidemic. Spain, Belgium, Italy and 
France show values above 20 deaths/105inh., and the Netherlands and UK are getting close to it. 

Trends for specific countries 

Spain has reached 177,000 confirmed cases, with a high increase probably related with Easter delay on data-
recording. Italy is at level of 165,000, Germany at the 130,000, France at the 106,000 and UK at the 98,000.  

If we look at the average of the growth rate ρ for the last three days, only Ireland and the UK have values 
clearly above 1 (1.59 and 1.16, respectively). The Netherlands or Romania have values too close to 1 for 
comfort. The rest of the countries are showing a good performance right now. Through the values of the EPG 
we can see which countries are most at risk of further epidemic growth. Ireland, Belgium, United Kingdom 
and Spain have values higher than 100. Their situation is still worrying, although Spain and Belgium are 
evolving towards the right direction.  
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Situation and trends per country  

Table of current situation in EU countries, according to data published by ECDC on April 15th. Colour scale is 
relative except when indicated, this means that it is applied independently to each column, and distinguishes 
best (green) form worst (red) situations according to each of the variables. 10-day attack rate has been 
replaced by 14-day attack rate, which also affects EPG and EPG2. 

 
(1) Disclaimer: parameter ρ is very sensitive and experiments daily variations. Mean ρ is averaged per 3 consecutive days, 
but it can still vary the following days. (2) EPG stands for Effective Growth Potential. It is obtained by multiplying attack 
rate per 105 inhabitants of last 14 days (i.e. density of cases) by ρ (a value related with effective reproduction number 
and that, therefore, determines the dynamics for subsequent days). EPG2 is a similar index but attack rate of last 10 
days is multiplied by ρ2. 

Highlights for countries with highest number of reported cases 

 Short term predictions remain at similar levels than yesterday: around 3,000 for Spain, 3,000-2,000 
for Italy, around 2,000 for Germany, around 4,000 for France and at the level of 5,000 for UK.  

 UK has a ρ<1 for the first time, but probably will still turn into higher values the next days.  Spain, 
Italy, Gemany and France consolidate their ρ<1. 
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Time indicators by country 

This table summarizes a few time indicators for each country: time since 50 cases were reported, time 
interval between an attack rate of 1/105 inhabitants and an attack rate of 10/105 inhabitants, and time 
interval between attack rates of 10 to 100 per 105 inhabitants (only for countries that have overtaken this 
threshold). Data from 15th April (source: ECDC). 

 

 

 

 

 

 

  

Countries
Days since 
the first 50 

 cases

Time interval 
between

 1 and 10 cases / 105 inh.
(days)

Time interval 
between

 10 and 100 cases / 105 inh.
(days)

Italy 52 11 16
France 48 10 20

Germany 48 12 17
Spain 47 7 12

United Kingdom 44 11 19
Norway 43 9 24

Switzerland 43 9 12
Netherlands 42 11 20

Sweden 42 10 28
Austria 41 10 14
Belgium 41 11 14
Greece 40 18  ND
Iceland 40 5 15

Denmark 38 4 30
Czech Republic 37 11  ND

Finland 36 12  ND
Portugal 36 9 15
Slovenia 36 6  ND
Ireland 35 8 18

Romania 35 15  ND
Estonia 34 5 30
Poland 34 17  ND
Bulgaria 32  ND  ND

Luxembourg 32 6 7
Slovakia 32 24  ND
Croatia 31 12  ND
Latvia 30 12  ND
Cyprus 29 12  ND

Hungary 29 20  ND
Malta 28 8  ND

Lithuania 27 9  ND
Liechtenstein 22 9 11
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Analysis: Confirmation of large effects of mobility reduction and confinement on 
the initial spread of the epidemic in Spain. 

 In our report from 13/04/2020 (Report #30) we analyzed the effect of mobility reduction and confinement 
on the initial spread of the epidemic, taking Italy as a natural experiment and using Facebook Data for Good 
and reported cases. We detected a high level of correlation between mobility at the day of the epidemic 
onset in any given Italian region and the following initial exponential spread. Italy provided us with a natural 
experiment where we could show that the regions which present a lower mobility the day the epidemy starts 
have a dramatic better evolution of the disease. We recall here that we have tested that in order to have a 
proper value of the day the epidemic starts in a given region, 
one must use the day were 100 cumulated cases were 
reported. At that point, community transmission is the 
leading factor in the propagation. We now proceed to assess 
the robustness of the results we found, using Spain as a 
natural experiment for this validation. 

In Spain, the table shows the day the epidemic started in 
each one of the Autonomous Communities (CA) except for 
Ceuta and Melilla, which are small cities located in the North 
of Africa. The table and maps we provide below show that 
the epidemic started early in Madrid but had two almost 
simultaneous focus in Catalonia and La Rioja. The reason for 
the foci in Madrid and Catalonia were to be expected given 
the huge number of connections between the north of Italy 
and the cities of Madrid and Barcelona. In Madrid, there are 
roughly 26,000 Italian residents while in Barcelona they are 
around 30,000. The travel back and forth from the North of 
Italy is, thus, high. More complicated is the spread in La Rioja, 
where we only have news reports of a possible 
superspreader in a funeral, related with the small city of 
Haro where a large focus of contagion was detected. 

 

In any case, the beginning of the epidemy in Madrid, Catalonia and La Rioja was before the national curfew 
was implemented, while in most of other CAs the epidemy started when the measures were already in place. 
One could expect that Spain is not as good as a natural experiment as Italy with as single focus, but we show 
here that there are ways to deal with the problems associated with multiple focus. Actually, Spain helps us 
to show even more robust results that with the situation in Italy. 

We recall here that the beauty of natural experiments is that you do not need to do any complex pre-
processing. In Spain this is not the case, but there is a good justification for a simple pre-process which 
actually does not affect the outcome of the analysis. La Rioja and Catalonia implemented effective local 

Region  Onset date Mobility 
reduction 

 'Andalucia'  11 March 8 
 'Aragon'  13 March 27 
 'Asturias'  14 March 41 
 'Baleares'  17 March 54 
 'Canarias'  14 March 38 
 'Cantabria'  19 March 61 
 'Castilla y Leon'  11 March 7 
 'Castilla-La Mancha'  11 March 9 
 'Catalunya'  9 March Not reliable 
 'Comunitat Valenciana'  13 March 30 
 'Extremadura'  15 March 41 
 'Galicia'  13 March 26 
 'Madrid'  5 March 1 
 'Murcia'  17 March 45 
 'Navarra'  12 March 20 
 'Euskadi'  8 March 4 
 'La Rioja'  9 March Not reliable 
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curfews in small cities before the national curfew in Haro and Igualada, respectively. This means that the 
reductions we observe in mobility and change in confinement at the regional level do not give a proper 
picture of how restrictions worked in these two regions. The data in these regions is not reliable. So, we 
disregard them. 

If we take them out of the analysis, we can now proceed to do the same plot we showed for the regions of 
Italy but for Spain: The figure presents the results of this tracking; each CA of Spain is a circle. The variables 
represented by axes are the following: 

o X-axis: reduction in mobility measured the day the epidemic starts in this region, assuming as 
onset date the day at which 100 cumulated cases were reached. 

o Y-axis: number of cumulative cases 10 days after the onset of the epidemic. 

 

 

 

 

 

 

 

 

 

 

 

The result we find is again impressive. The effects of the reduction of mobility are again very large. 30% 
reduction in mobility shows a drop from 2000% increase down to 1000%. More important, this is the same 
ratio than in Italy. Reduction of mobility of 30% reduces the growth rate by half. We must notice that the 
initial growth rate is however different in Spanish regions than in Italian, being larger in the former.  

There is, however, a robustness test that we can do in Spain which was not possible in Italy. As explained in 
previous reports, the drop in mobility was extremely fast in Spain. In two days, it reached levels that Italy 
took more than a week to achieve. It is thus possible to make small variations in the definition of initial of the 
epidemic and change the values of the reduction of mobility in the X-axis. This is, we can check the robustness 
of our results doing the following: if instead of defining the beginning of the epidemic with 100 cumulative 
cases, we can reproduce the same graph considering the beginning of the epidemic 250 cumulative cases, 
we can test whether the effects are dependent on small changes in our definitions even in the most extreme 
and unfavorable case. Notice that, if we were to change slightly the definition of the onset of the epidemic 
in Italy, we will necessarily observe small changes in the graph. In Spain, however, thanks to the sharp 
reduction of mobility in a couple of days, we must observe large changes. The figure below shows how the 
points move strongly to the right in the x-axis, except for the regions that were focuses, and we still find 
exactly the same high correlation (where onset = 250 cumulative cases). The large effect of mobility at the 
onset of an epidemy is extremely robust. 

 

7



 

Let us discuss briefly the possible effects of temperature, humidity and pollution. In Spain, the differences 
between communities regarding temperature are not going to be as clear as in Italy. In Italy, the gradient of 
the infection was clearly North-South with a clear tendency to get warmer in the South. This is not the case 
in Spain, where the changes in temperature and humidity are going to be more disperse given the three 
possible main focus. They happened in communities which can present very different climate patterns. We 
are preparing a full assessment on this issue to test that this was indeed the case. 

Finally, in Spain, at later stages of the epidemy there are significative differences in the level of mobility in 
the regions that were focuses. If we study the evolution of the epidemic in a second more advance stage, 
there is relevant information we can get from reported data. We use 1000 cumulative cases as a good 
surrogate of the disease being in a second stage where homogenization of contacts has already happened. If 
we report the mobility of each CA at the day this second stage is reached we observed that, that day, the 
curfew was not still in effect in Catalonia and Madrid. Therefore, if we take them out of consideration, we 
obtain the figure below, in the right (in these figures, onset = 1000 cases). 

 

We find that there is still a strong correlation. However, we find a much higher dispersion in the data. This 
means that fluctuations due to different temperature, humidity or pollution can be behind these strong 
fluctuations. According to a recent analysis this is indeed the case for Spain. We will proceed to analyze the 
effect of temperature and other atmospheric phenomena in future reports. 
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Long-term predictions 

These plots show long-term predictions of: new cases’ peaks, final incidence value and approximate date 
when 90% of total final incidence will be reached. In all three cases we are dealing with the evaluation of 
global dynamics, which requires small changes in methodology: all data points be used instead of last 15 and 
with equal weight distribution among them. Blue dashed line indicates current timepoint. See details in 
Report from 11th April 2020.  

UE-EFTA-UK countries  

 

Evolution and convergence of predicted K for EU+EFTA+UK countries: 
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Italian regions  

 

Spanish regions  
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Situation and tendencies in Italian and Spanish regions 

Warning: 10-day attack rate has been replaced by 14-day attack rate, which also affects EPG and EPG2. 

Italy. Data from 16/04/2020 

 

Spain. Data from 15/04/2020  

 
(1) Disclaimer: parameter ρ is very sensitive and experiments daily variations. Mean ρ is averaged per 3 consecutive days, 
but it can still vary the following days.  (2) EPG stands for Effective Growth Potential. It is obtained by multiplying attack 
rate per 105 inhabitants of last 10 days (i.e. density of cases) by ρ (a value related with effective reproduction number 
and that, therefore, determines the dynamics for subsequent days). EPG2 is a similar index but attack rate of last 10 
days is multiplied by ρ2. 
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Maps of Italian and Spanish regions  

Cumulated incidence and spreading rate (ρ) in Europe, Italian regions and Spanish autonomous communities.  
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Legend: Countries’ reports details 

      

 

 

 

 

 

 

  

Confirmed cases: 
data (blue), 
model fitted 

(dashed line), 
predictions (red 
points and table) 

Fitted a value 
using points 
prior to each 

date 

Reported 
and 

predicted  
new cases 

Reported 
deaths 

Estimated 
cases using 

death rate (see 
Methods) 

Fitted K value 
using points 
prior to each 

date 

Evolution of ρ, a 
parameter related 
with Reproduction 

number (see 
Methods) 

Deaths / 
cumulated 

reported cases 
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Data obtained from  https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases  

https://github.com/pcm-dpc/COVID-19/tree/master/dati-andamento-nazionale (Italy) 

 

(1) Analysis and prediction of COVID-19 
for EU+EFTA+UK 
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Data obtained from https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases  

 

(2) Analysis and prediction of COVID-19 
for other countries 
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Data obtained from https://github.com/datadista/datasets/tree/master/COVID%2019 and 
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov-

China/situacionActual.htm   

 

(3) Analysis and prediction of COVID-19 
for Spain and its autonomous 

communities 
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Methods 

(1) Data source 

Data are daily obtained from World Health Organization (WHO) surveillance reports1, from European Centre 
for Disease Prevention and Control (ECDC)2 and from Ministerio de Sanidad3. These reports are converted 
into text files that can be processed for subsequent analysis. 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 EU individual countries and for the UE as a whole: 

 Number of cumulated confirmed cases, in blue dots 
 Number of reported new cases 
 Number of cumulated deaths  

Then, two indicators are calculated and plotted, too: 

 Number of cumulated deaths divided by the number of cumulated 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): 

𝜌𝜌(𝑡𝑡 − 1) =
𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 1) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 2)

𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 5) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 6) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡 − 7) 

where Nnew(t) is the number of new confirmed cases at day t.  

(3) Classification of countries according to their status in the epidemic cycle 

The evolution of confirmed cases shows a biphasic behaviour:  

(I) an initial period where most of the cases are imported; 
(II) a subsequent period where most of new cases occur because of local transmission.  

Once in the stage II, mathematical models can be used to track evolutions and predict tendencies. Focusing 
on countries that are on stage II, we classify them in three groups: 

• Group A: countries that have reported more than 100 cumulated cases for 10 consecutive days or 
more; 

• Group B: countries that have reported more than 100 cumulated cases for 7 to 9 consecutive days; 
• Group C: countries that have reported more than 100 cumulated cases for 4 to 6 days. 

 

                                                           
1 https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports 
2 https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases 
3 https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov-China/situacionActual.htm 
https://github.com/datadista/datasets/tree/master/COVID%2019 
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(4) Fitting a mathematical model to data 

Previous studies have shown that Gompertz model4 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 that is characterized by an initial 
exponential growth but a progressive decrease in spreading velocity provided that appropriate control 
measures are applied.   

Gompertz model is described by the equation:  

𝑁𝑁(𝑡𝑡) = 𝐾𝐾 𝑒𝑒−𝑙𝑙𝑛𝑛 � 𝐾𝐾𝑁𝑁0
�· 𝑛𝑛− 𝑎𝑎·(𝑡𝑡−𝑡𝑡0)

 

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 cumulated cases of the UE and of countries in stage II 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. Fitted curves are 
incorporated to plots of cumulative reported cases with a dashed line. Once a new fitting is done, two plots 
are added to the country report: 

 Evolution of fitted a with its error bars, i.e., values obtained on the fitting each day that the analysis 
has been carried out;  

 Evolution of fitted K with its error bars, i.e., values obtained on the fitting each day that the analysis 
has been carried out; if lower error bar indicates a value that is lower than current number of cases, 
the error bar is truncated. 

These plots illustrate the increase in fittings’ confidence, as fitted values progressively stabilize around a 
certain value and error bars get smaller when the number of datapoints increases. In fact, in the case of 
countries, they are discarded and set as “Not enough data” if a>0.2 day-1, if K>106 or if the error in K 
overpasses 106. 

It is worth to mention that the simplicity of this model and the lack of previous assumptions about the Covid-
19 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. The 
predictions increase their reliability with the number of datapoints used in the fitting. Therefore, we consider 
three levels of prediction, depending on the country: 

                                                           
4 Madden LV. Quantification of disease progression. Protection Ecology 1980; 2: 159-176. 
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• Group A: prediction of expected cumulated cases for the following 3-5 days5; 
• Group B: prediction of expected cumulated cases for the following 2 days; 
• Group C: prediction of expected cumulated cases for the following day. 

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 bars, and also gathered 
in the attached table. 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-survivors6 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 
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.  

 

                                                           
5 At this moment we are testing predictions at 4 days for countries with more than 100 cumulated cases for 13-15 
consecutive days, and 5 days for 16 or more days.  
6 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 
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