
With the financial support of  and 

 

Daily report       05-03-2021

Analysis and prediction of COVID-19 for 
EU-EFTA-UK and other countries 

Full version 

Situation report 200  Contact: clara.prats@upc.edu



 
 
 
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 

Vaccination is the light at the end of the tunnel, but 
it must be borne in mind that the transition until 
reaching a certain epidemiological calm can be very 
difficult. We will briefly discuss the epidemiological 
behavior of three of the countries that have made 
considerable progress in the vaccination process and 
look at the different situations we may encounter. 

In Chile, almost 18% of the population has been 
vaccinated with at least one dose. Despite this, the 
number of deaths and the number of cases has not 
decreased significantly. On the contrary, in the last 
ten days there has been a worsening. We find that, 
with less than 20% of the population vaccinated, it is 
necessary to keep working to prevent transmission. 

In the United Kingdom (see figure in next page), at 
least one dose has been administered to 30% of the 
population. However, the improvement process 
began much earlier thanks to non-pharmacological 
measures. There is a rapid improvement in the 
number of daily deaths and the number of new cases. 
So far, it is a good example of management right now.  

Israel (see figure in next page) is the most advanced 
country in the vaccination process. Vaccination has 
exceeded 50% of the population with a single dose 
and almost 40% fully vaccinated. Improvements in 
the number of deaths and new cases were not 
observed until vaccination reached approximately 
25% of the population. Non-pharmacological 
measures have been relaxed and there is currently a 
significant slowdown in the improvement process. 
For about 10 days, the number of daily new cases has not decreased, and the number of new deaths has 
been declining more slowly. A level of immunity leading to community protection has not yet been achieved. 
Nevertheless, a very large part of the most vulnerable population may already be protected, which may 
explain why mortality has been reduced by a factor of 3, while the number of cases has been reduced by only 
about a factor of 2. 

Vaccination brings the pandemic-economy debate back to the forefront. When we have the most vulnerable 
protected population, ¿is it reasonable to significantly decrease non-pharmacological measures? It is a 
debate where it is difficult to find solid conclusions. Restrictive measures cause very significant social and 
economic damage, but a high incidence ends up causing many people to become infected. A good practice 
is to observe the behavior of the countries that are more advanced in the vaccination process in order to 
make decisions based on real data.  
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Highlights 

• Estonia and Czech Republic remain at very high risk, with EPG above 1,500 and an A14 greater than 
1,000. 

• Growth rates of Estonia, Malta and Hungary, all of them at high incidence, reflect a rapid exponential 
growth (1.3, 1.2 and 1.4, respectively).  

• Italy is entering a sustained growth as well, with a ρ7 ≈1.2. On the contrary, Denmark has stopped a 
few days of growing dynamics, pulling this indicator to 1. 

• Lowest risk is seen in Iceland (EPG = 6), Portugal (112) and Lichtenstein (119),  
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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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Tables of current situation in EU countries. Colour scale is indicated in each legend. 

Incidence, mortality and epidemiological indexes. 

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

(1) ρ7 is the empiric reproduction number. (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).
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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 ICUs1. We provide: 

• 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 20182),

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.

1 https://github.com/ec-jrc/COVID-19 
2 https://ec.europa.eu/eurostat/databrowser/view/hlth_rs_bds/default/table?lang=en
3
 https://github.com/ec-jrc/COVID-19/tree/master/data-by-region  

Vaccination rates in some EU countries3.
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Situation and trends in some European regions3 

Table of current situation in Spain by region. Colour scale is indicated in each legend. 

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

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

Situation and trends in other countries 

(1) ρ7 is the  empiric reproduction number. (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).

Table of current situation in Belgium by region. Colour scale is indicated in each legend. 
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Analysis: The stability of the medical requirements and outcomes as a function of 
age allows a good assessment of the vaccination process. Spain as a case example. 

The vaccination process has started in all European countries. As the table at the beginning of this report 
shows, the rate of vaccination is increasing at a constant speed. The following two months will be crucial in 
the process of vaccination of high-risk individuals, namely, those older and with previous pathologies (co-
morbidity). It is also possible that next week a fourth vaccine (Janssen), recently approved by the FDA, will 
be approved by the EMA, and it will accelerate the European vaccination process. 

At this point we wonder the assessment of the effect of the vaccination in the improving of the 
epidemiological situation on the ground, beyond specific changes in each targeted group. Regarding this 
issue, there is at this moment a heated debated regarding the possibility that vaccines not only prevent from 
severe illness but also have a protective effect regarding the level of infections in the community. Given the 
lack of certainty in this area, one could think that it will be difficult to assess how the vaccine process is 
working on the ground since both effects could be present. 

In this report we show that it is perfectly possible to have a background scenario that can be very useful to 
assess and compare the effects of the vaccination process and the results on the ground. This baseline 
scenario allows us to make central estimations about the effects of the vaccination process on 
hospitalizations and deaths. We can establish them as a function of the different effectiveness of the vaccine 
and the fraction of people who reject it. In addition, the results shown in this analysis can be used to explain 
the general population what to expect as the vaccination process progresses.  

Backbone of the baseline scenario 

The key to this baseline scenario is a very important fact that we unveil in this report: the systematic stability 
of the medical effort and the medical outcome of patients as a function of age independently of the level of 
global incidence. We proceed to show, using Spain as an example, that the fraction of hospitalization, ICU’s 
use and deaths corresponding to different age brackets has remained consistently close to a fix values, at 
least in the reported data in Spain1. Such constant behavior has been observed since we have reliable data. 
To this end, we have taken into consideration data from 1st September 2020. It includes periods with low 
incidence and also weeks with very high incidence during the second and third wave. Following, in the next 
figure, we show these evolutions. 

1 Data from: https://cnecovid.isciii.es/covid19/#documentaci%C3%B3n-y-datos  
https://cnecovid.isciii.es/covid19/resources/casos_hosp_uci_def_sexo_edad_provres.csv 
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Figure 1. Evolution of the percentage of cases, hospitalizations, ICU entries and deaths of different age brackets 
with regards to the total, and the average percentage of each age bracket from the total in the bar graph on the 

right of each evolution. Data from Spain. 

We observe that the ratio of people in hospital for the different age brackets has been remarkably constant. 
The same has been observed about UCI’s needs and deaths. For example, the number of deaths of people 
+80 years old has always been around 2/3 of the total number of deaths. And this has been so all along the 
second and third waves. These number are completely consistent with those found in the literature and in 
the analysis of the best vaccination scheme. Older people have large mortality but low ICU’s occupation. Age 
brackets around 60 (50-70) years old have better outcomes but require important hospitalization efforts. For 
example, they encompass more than half of all ICUs needs. See the figure above for the complete scenario 
for the different age brackets. 

Epidemiological outcomes as a function of the vaccination level 

We consider now the effects of the vaccination process as its implementation increases. Once people in 
nursing homes and in basic services have been vaccinated, the core of the vaccination process starts with 
older people and continues with younger, tracking each of the age brackets. Given that we know the 
demographics of Spain, we associate a given level of vaccination with a particular age coverture, starting 
from older age ranges. Our scenario is not real, given that some younger people that belong to specific 
collectives are being vaccinated simultaneously (e.g., health care workers and other essential workers, 
among others). Nevertheless, graphs can easily be understood as vaccination level of age brackets and 
reinterpreted accordingly. 

We must stress that we are neglecting any effect of vaccines in reducing infection. If cases are also reduced 
in a given country, due to non-pharmacological interventions or due to a possible protective effect of the 
vaccine regarding infection, these positive effects are not included. In this case, the effects of the vaccination 
process will be larger than those shown here. We are thus comparing the scenario of non-vaccination with 
the single direct effect of vaccinating people from old to young. 

The core of the analysis is the following consideration. Since we know the ratio of hospitalization (or ICU’s 
occupancy or deaths) per age brackets, and the vaccination process targets age, we can compute the 
expected reduction in hospitalization, ICU’s use and deaths as a function of the ratio of people vaccinated in 
each age bracket and the effectiveness of the vaccine. Figures 2 to 4 show the directly avoided percentage of 
hospitalizations, ICU admissions and deaths when population is vaccinated strictly from older to younger age 
ranges, assuming full vaccination coverage of each subpopulation.  
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Figure 2: Avoided hospitalizations 
depending on the level of 
vaccinated population (*from older 
to younger) for different values of 
the effectiveness. Case study: Spain. 

 

Figure 3: Avoided ICUs entries 
depending on the level of 
vaccinated population (*from older 
to younger) for different values of 
the effectiveness. Case study: Spain. 

 

Figure 4: Avoided deaths depending 
on the level of vaccinated 
population (*from older to younger) 
for different values of the 
effectiveness. Case study: Spain.  
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Figures 2 to 4 show, as a function of the level of vaccines effectiveness, the different ratios of lives saved. 
They also show similar graphs for hospitalization reduction and ICU’s occupancy reduction.   

These graphs can be use later on by policymakers to assess how the real vaccination effort is going. This is, 
one can compute the same graphs using the level of cases at any particular point in time, and compute the 
reduction observed in the number of deaths per case. Some care will be needed here since there is a delay 
between cases and hospitalizations and deaths. Furthermore, there is a delay between the second dose of 
the vaccine and its full efficacy. However, different delays between actual vaccine delivery and observable 
data can be used to track the evolution of the vaccine effort  

Two central scenarios of effectiveness 

We can now present visually the effects of the vaccination process when different age brackets are 
vaccinated, considering the central scenario that 90% of people in the age bracket are vaccinated with full 
100% effectiveness reducing deaths. This is equivalent to a full vaccination scenario with 90% effectiveness 
in reducing deaths. We must stress again that this assessment is a first approach, and that consequences of 
a decrease in the transmission or a change in the transmission pattern are not considered.  

 

Figure 5: Relative reduction in number of deaths per different levels of vaccination. Comparison of the number of 
deaths for different ages with the case of 100 deaths without vaccination. Case study: Spain. 

 

The same analysis can be done with ICU’s admissions. 

0

20

40

60

80

100

Not vaccinated >80 years old 
vaccinated

>70 years old 
vaccinated

>60 years old 
vaccinated

N
um

be
r o

f d
ea

th
s

population vaccinated

<60 60-69 70-79 >80

12



 

 

 

Figure 6: Relative reduction in the number of ICU entries per different levels of vaccination. Comparison of the number 
of ICU admissions for different ages with the case of 100 ICU admissions without vaccination. Case study: Spain. 

Finally, regarding hospitalization, the level of effectiveness is not expected to be as good as the prevention 
of deaths and ICU’s. Looking at the different vaccines, and how they faced the different variants we consider 
a central scenario of 90 % effectiveness with 90 % vaccination coverage (also the same as full implementation 
and an 80% effectiveness, the same number that the effectiveness observed, for example, in the Janssen 
vaccine against multiple variants). 

 

Figure 7:  Relative reduction in number of hospitalizations per different levels of vaccination. Comparison of the 
number of hospitalized people for different ages with the case of 100 admissions without vaccination. Case study: 

Spain. 

Conclusions 

The fact that the fraction of hospitalization and deaths depend on age is very well established. It is rather 
interesting that this fact can overcome other epidemiological dynamics, setting the fraction of medical 
interventions and outcomes as a function of age as rather constant property of the dynamics in a country 
such Spain. 

0

20

40

60

80

100

Not vaccinated >80 years old 
vaccinated

>70 years old 
vaccinated

>60 years old 
vaccinated

>50 years old 
vaccinated

>40 years old 
vaccinated

N
um

be
r o

f i
cu

 a
dm

iss
io

ns

population vaccinated

<40 40-49 50-59 60-69 70-79 >80

0

20

40

60

80

100

Not vaccinated >80 years old 
vaccinated

>70 years old 
vaccinated

>60 years old 
vaccinated

>50 years old 
vaccinated

>40 years old 
vaccinated

N
um

be
r o

f h
os

pi
ta

liz
at

io
ns

population vaccinated

<40 40-49 50-59 60-69 70-79 >80

13



 

 

Thanks to this fact we can provide a baseline scenario of the effects of the vaccine as its implementation 
advances. The graphs in this assessment provide the policy-maker a very good rule of thumb to explore the 
expected effect on the health system. In addition, figures 5 to 7 can be used to explain the general 
population what to expect as the vaccination process progresses.  

It is possible to give approximate numbers for the improvement in the global epidemics in Spain as the 
vaccination process continues. There are roughly 3M people older than 80 in Spain, this means 6M doses are 
required to completely cover this subpopulation. At the present rate of delivery this is highly likely to happen 
before the end of April (around 4.5M doses have been already injected to old and younger cohorts). This 
means that the relative reduction of mortality in relation to a non-vaccination scenario is going to be around 
60% at least if the vaccine works as expected. Even if the effectiveness is not as high as in our scenarios, the 
number of vaccines distributed by the end of April in Spain is probably going to be higher making this 60% 
reduction a good benchmark.  

The stated goal of the Health Ministry was to deliver a total of 20M doses by the end of spring2. The number 
of doses needed to cover all the population above 70 years old in Spain is roughly 14M. The target is thus 
feasible, and even if only partial coverage of this bracket of the population is achieved, the effects will be 
noticed. If Spain were to manage the distribution of these 14M doses in the older population, the expected 
relative reduction of deaths is 80%, always in relation to a non-vaccination scenario. Even if only a fraction of 
the bracket between 70 and 80 years old is vaccinated, the effects can be important. All in all, it is highly 
probable that at the beginning of May a reduction of 60% in mortality in Spain should be observed in 
relation to a non-vaccination scenario.  

Finally, we think it can be very important for the ECDC and the European Commission to obtain and process 
similar data for all European countries. It is important to know the corresponding fractions of hospitalization 
and ICU’s requirements per age-bracket observed in different countries: this information is key for the 
ECDC to properly track the vaccination process outcome not only in Spain, but all Europe. 

 

 

  

                                                            
2 https://elpais.com/sociedad/2020-12-04/el-gobierno-anuncia-20-millones-de-vacunas-para-primavera-a-una-
ciudadania-recelosa.html  
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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 
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(2) Analysis and prediction of COVID-19 
for other countries 
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(4)Analysis and prediction of COVID-19 for 
Spain and its regions 
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Methods 

(1) Data source 

Data are daily obtained from European Centre for Disease Prevention and Control (ECDC)3 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 #1524 and #1545. 

(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 

                                                            
3 https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases 
4 https://upcommons.upc.edu/handle/2117/331959  
5 https://upcommons.upc.edu/handle/2117/332347  
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(4) Fitting a mathematical model to data 

Previous studies have shown that Gompertz model6 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 Biology7. 

(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 #1558. 

(6) Estimating non-diagnosed cases 

                                                            
6 Madden LV. Quantification of disease progression. Protection Ecology 1980; 2: 159-176. 
7 Català et al, 2020, Plos Comput Biol 16(12): e1008431, https://doi.org/10.1371/journal.pcbi.1008431  
8 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-
survivors9 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 One10. 

 

 
 
 
 
 
 

                                                            
9 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 
10 Català et al, PLoS ONE 16(1): e0243701, 2021. https://doi.org/10.1371/journal.pone.0243701  
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