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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 predictions for the next days. We also include a brief 
analysis of the global situation, as well as the highlights for European countries. On Fridays, we prepare a full 
analysis of a specific topic. 

As for the predictions, we employ a validated empirical model based on the Gompertz growth. 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 7 graphs and a summary table with the main indicators for different 
countries and regions. Only reliable predictions that accomplish with the quality criteria are included. 
Methodological details are given in the Methods section, at the end of the report. 
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Situation and highlights 

Global situation 

The pandemic as a whole is far from being 
controlled, we still have about 43,000 new 
cases a day. Surprisingly, about a quarter of 
these cases are diagnosed in the United 
States of America (USA). We certainly do not 
know how many cases we actually have in 
many other large countries like Nigeria, but 
the situation in the USA is worrying from a 
global perspective.  

We observe the same with the mortality of 
USA. There are 7,300 daily deaths recorded 
in the world, almost 25% are reported in the 
USA. The consequences of the pandemic in 
the USA are important, about 1,700 deaths a 
day is a value that we should see with 
concern.  

If we look at the behavior of the current 
Case Fatality Rate (cCFR), we find that it 
does not have an excessively large value. 
However, it is still higher than in many 
European countries. Unfortunately, for the 
past two months the cCFR has not been 
declining.  

Another important issue is that the USA has 
had serious issues in advancing its 
vaccination campaigns.  

We have adjusted the function 

∆𝑉𝑉
∆𝑡𝑡

= 𝜇𝜇 (𝑉𝑉𝑚𝑚 + 𝑎𝑎 𝑡𝑡 − 𝑉𝑉) 

to the evolution of the ratio of the 
population vaccinated (see analysis section 
and previous report1). We have found the 

following constants for the best fit (see 
figure in the next page): 

µ 0.034 days-1 

Vm 48.0 Population fully 
vaccinated (%) 

a 0.103 
Population fully 
vaccinated (%) 
days-1 

1 https://biocomsc.upc.edu/en/shared 
/20211001_report_290.pdf  
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We note that the value of Vm is quite low. This indicates that a part of the US population did not initially have 
too much interest in vaccination. The value of a also shows us that the administration is making a significant 
effort to promote the vaccination of citizens. Still, 65% of the population are fully vaccinated. There is still a 
long way to go before vaccination levels rise significantly. The model we use predicts a level close to 68% at 
the end of the month, a value still low. 

Highlights 

• Lithuania (A14 of 876 per 105), Romania (756), Estonia (746) and Latvia (735) have surpassed the UK’s
incidence, because of the high level of circulation of the virus (high incidence and increasing trend,
ρt>1.1) . Their risk indexes (EPG) are between 850 and 1,000, while that of the UK is below 700.

• The high empiric reproduction number in Croatia could be affected by a change in the reporting
pattern due to a holiday or to an update in data. This is also the case in Luxembourg.

• The situation in Czech Republic is worsening. Still with an intermediate incidence (85 cases per 105),
the ρt has been above 1.1 for a few weeks.

• ICU occupation is increasing in Estonia (+15 % weekly), Bulgaria (+10 %), Slovenia (+8 %) and
Luxembourg (+5 %).

• The five countries with a vaccination coverage above 70 % are Portugal (85 %), Spain (78 %), Denmark
(75 %), Ireland (74 %) and Belgium (73 %).
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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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Analysis: On the dynamics of the vaccination curves in European countries (II). The 
effect of the COVID-19 certificate in France. 

Introduction  

Last week we analysed the dynamics of vaccination curves in European countries2. We distinguished two 
phases in such dynamics, the first one (phase 1) being limited by vaccines availability, and the second one 
(phase 2) being driven by both the capacity of distributing and administering doses (sub-phase A) and the 
population’s interest to be vaccinated (sub-phase B). Figure 1 summarizes these phases and sub-phases, 
which are observed in most of European countries.   

 
Figure 1. Percentage of population between 45 and 49 years old vaccinated in Catalonia (Spain). Different phases of 

the dynamics are indicated. 

We proposed a mathematical model that was able to correctly fit phase 2 in most of European countries: the 
model of restricted growth. We also proposed a modification of this model to account for a linear increase 
in the saturation level (generalized restricted growth). We demonstrated its soundness and explained how 
can it be used for describing and understanding the observed dynamics We recall its formulation in the 
appendix, at the end of this report.  

In most European countries, the prioritisation of vaccines started with oldest and most susceptible 
population and continued with successive younger age ranges. This is the reason why mathematical models 
describing the vaccination curves should be fitted by age ranges, if possible. Actually, it is feasible that 
different age ranges show different vaccination dynamics depending on the doses’ availability during the 
period at which the particular campaign occurred as well as the risk perception and willingness of each age 
group in front of vaccination. 

In this report we use this model to specifically address the vaccination dynamics in France, a country where 
the implementation of COVID-19 certificate for some leisure activities, in July, changed the vaccination 
dynamics substantially. In particular, we assess the vaccination coverage that would have been achieved with 
the dynamics before the certificate implementation, and compare it with current vaccination coverage. Given 
that data of vaccination by age ranges are available, we will use these data for a more precise analysis of 
vaccination in this country.  

                                                            
2 https://biocomsc.upc.edu/en/shared/20211001_report_290.pdf  
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Vaccination dynamics in France 

Phase 2 in France is of special interest. In fact, we could talk about 3 phases. Figure 2 shows the number of 
French people between 40 and 49 years old vaccinated, from 1st January 2021 to 15th September 2021.  

 

Figure 2. Evolution of the number of vaccinated people in France in the 40-49 age range. 

In this figure we see that France shows a sudden change in the dynamics after 12 July, when president Macron 
announced the implementation of COVID-19 certificate for leisure and other activities (phase 3 in Figure 2). 
From this moment on, the vaccination accelerated again until high vaccination percentages were achieved, 
when the demand started decreasing again. Both phases 2 and 3 show the periods A (rapid growth) and B 
(slow growth to saturation) that are observed in Figure 1 for the case of Catalonia. 

Data and predictions 

Vaccination data from France were downloaded from Ministère des solidarités et de la santé3 on 22nd 
September. We used data from 27th December 2020 to 15th September 2021 for predicting the vaccination 
coverage on 30th September under different conditions. We accessed the official data again on 8th October 
in order to obtain the final percentage that was achieved on 30th September and compare it with predictions.  

Results 

Figures 3A to 3L show the vaccination dynamics in France by age ranges. We have fitted the restricted growth 
model to phases 2 and 3, independently. In each figure we show the percentage expected to be reached on 
30th September if the dynamics pre-12th July (so, without Macron’s announcement with regards to COVID-19 
certificate) had been maintained. We also show the expected coverage to be reached in 30th September if 
the dynamics is maintained. As shown, the percentages reached after the change in dynamics are very high. 
Table 1 gathers the summary of these percentages, which are depicted also in Figure 4.  

 

 

 

 

                                                            
3 https://solidarites-sante.gouv.fr/grands-dossiers/vaccin-covid-19/article/le-tableau-de-bord-de-la-vaccination 
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Table 1. Expected vaccination coverage in each age range for 30th September if the dynamics previous to the COVID-19 
certificate announcement (12th July) had been maintained, together with the expected coverage to be achieved with 

current dynamics. 

Age interval 
Expected percentage 

without COVID-19 
passport (%) 

Expected percentage 
with COVID-19 

passport (%) 
12-17 28 72 
18-24 59 89 
25-29 58 86 
30-39 59 84 
40-49 67 89 
50-59 75 91 
60-64 80 91 
65-69 82 89 
70-74 91 97 
75-79 92 97 
>80 82 86 

As seen in Table 1 and in the following figures, the increase in vaccinated people after Macron’s 
announcement is seen in all age ranges. This increase is especially important for younger cohorts, and gets 
smoother for older people. This suggests that the implementation of COVID-19 certificate for accessing 
certain activities has been a key element. 

The coverage predicted by the model for 30th with current dynamic can be compared with the real 
vaccinations reported by France for this date. Table 2 shows both the predicted and the observed number of 
first doses administered by age group. We also show the percentage of error in each of the ranges, which is 
very low (< 0.5 %).  

Table 2. Expected (predicted) and observed number of first doses administered until 30th September in France. Last 
column shows the error, in percentage.  

Age 
interval 

Expected 
number 

Observed 
number 

Error (%) 

12-17 3622845 3635057 0,34 
18-24 4805526 4793272 0,25 
25-29 3199261 3203127 0,12 
30-39 6949400 6917072 0,47 
40-49 7497763 7487190 0,14 
50-59 7966325 7957431 0,11 
60-64 3715583 3712250 0,09 
65-69 3496225 3495768 0,01 
70-74 3393375 3393218 0,005 
75-79 2148677 2149177 0,02 
>80 3576581 3582280 0,16 
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Figures 3D, 3E, 3F. Percentages of vaccination in France, with the expected coverage as of 30th 
September. 
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Figures 3G, 3H, 3I. Percentages of vaccination in France, with the expected coverage as of 30th 
September. 
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Figures 3J, 3K, 3L. Percentages of vaccination in France, with the expected coverage as of 30th 
September. 

 

 

Figure 4. Summary of the expected vaccination coverage as of 30th September in France per each age range. We show 
the expected percentage if the pre-12 July dynamic had been maintained, together with the expected percentage with 

the current dynamics. 
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Conclusions 

We have studied the dynamics in France by age ranges. The announcement of Macron with regards to the 
implementation of COVID-19 certificate to access some activities (12 July) resulted on an acceleration of the 
vaccination rate and expected coverages. Therefore, we can affirm that the COVID-19 certificate is useful not 
only to reduce the outbreaks in high risk environments, but also to stimulate vaccination and facilitate the 
achievement of high coverages. 

Appendix: Mathematical models 

As we have shown in the previous report, a mathematical model of restricted growth4, as well as a 
modification of this model that we denote generalized restricted growth, correctly describe the phase 2 
(and, eventually, 3) of the observed curves.  

The model employed use a growth process: 

 

where 𝑉𝑉 can be either the number of 
individuals that are vaccinated, the percentage of population vaccinated or the number of doses distributed; 
𝜇𝜇 determines the rate at which the increase occurs in period A; and 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚  is the asymptotic maximum value 
to which the curve approaches. The maximum value 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚  is not a constant but a function can increase linearly 
with time, where 𝑉𝑉𝑚𝑚 would be the initial 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚and 𝑎𝑎 the slope at which this maximum value increases: 

 

Therefore, the complete model is given by the following equation: 

 

 

If we consider that 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑉𝑉 is the number of persons that want to receive a vaccine but that they could not 
do so yet, we can assume that a certain fraction 𝜇𝜇 of this colective will receive a dose every day. Then, 
𝜇𝜇(𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑉𝑉) will be the number of individuals that will receive the vaccine that day. This gives rise to the 
restricted growth model (Eq. 1).  

If we carry out an active promotion of the vaccination, we can reach an increase in the number of people 
that wants to be vaccinated (𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚). A gradual increase in this number gives rise to the generalized restricted 
growth (Eq. 3). Under certain conditions, like Macron’s announcement in July, this change can be substantial. 
Then, we must use a succession of curves with different parameters.   

 

 

 

 

 

 

 

                                                            
4 S. Gamito. “Growth models and their use in ecological modelling: an application to a fish population” 
Ecological Modelling 113: 83-94 (1998).  https://doi.org/10.1016/S0304-3800(98)00136-7  

∆𝑉𝑉
∆𝑡𝑡

= 𝜇𝜇(𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑉𝑉) (1) 

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚(𝑡𝑡) = 𝑉𝑉𝑚𝑚 + 𝑎𝑎𝑡𝑡 (2) 

∆𝑉𝑉
∆𝑡𝑡

= 𝜇𝜇(𝑉𝑉𝑚𝑚 + 𝑎𝑎𝑡𝑡 − 𝑉𝑉) (3) 
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Evolution of active ICUs in some EU countries 
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(1) Analysis and prediction of COVID-19 
for EU+EFTA+UK 

21



22



23



24



25



26



27



28



29



30



31



32



33



34



35



36



37



38



39



40



41



42



43



44



45



46



47



48



49



50



51



52



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(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)5 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 14-day cumulative deaths divided by the number of 14-day cumulative 
confirmed cases of 21 days before, to account for the average 21-day delay between diagnosis and 
death. 

 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 after applying a 7-day moving average 
to the new cases dataset, so that fluctuations (e.g., weekend effect) are smoothed. Updated 
methodology to account for weekend effect is discussed and explained in reports #1526 and #1547. 

(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 
1 0-0.1 
2 0.1-0.5 
3 0.5-1.25 
4 1.25-2 
5 2-3 
6 3-5 
7 5-8 

                                                            
5 https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases 
6 https://upcommons.upc.edu/handle/2117/331959  
7 https://upcommons.upc.edu/handle/2117/332347  
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8 8-14 
9 >14 

 

(4) Fitting a mathematical model to data 

Previous studies have shown that Gompertz model8 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−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 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 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.  

The model and its results on predictions in European countries during the first wave has been published in 
Plos Computational Biology9. 

(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. Updated methodology to account for weekend effect is explained in report #15510. 

(6) Estimating non-diagnosed cases 

                                                            
8 Madden LV. Quantification of disease progression. Protection Ecology 1980; 2: 159-176. 
9 Català et al, 2020, Plos Comput Biol 16(12): e1008431, https://doi.org/10.1371/journal.pcbi.1008431  
10 https://upcommons.upc.edu/handle/2117/332350  
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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-
survivors11 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.  

Full methodology and results have been published in Plos One12. 

 

 
 
 
 
 
 

                                                            
11 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 
12 Català et al, PLoS ONE 16(1): e0243701, 2021. https://doi.org/10.1371/journal.pone.0243701  
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