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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 analysis we make today of the
epidemiological situation is fortunately
very similar to what we have been
discussing since the onset of the current
process of improvement.
The number of new cases and the number
of deaths that occur daily continue to
decline. We are going in the right
direction, since the end of April the
number of new cases has been halved, yet
we are still a long way from resolving the
pandemic. We currently still have about
400,000 new cases reported daily, still a
huge number, and with more than 10,000
people dying every day, we still have a long
way to go.
Certainly, since the beginning of May the Rt
is below 1, but the speed of improvement
has stopped growing, hopefully it will not
change trend.
The death toll for each new case (Current
Case Fatality Rate) has stabilized at 1.5%. It
would be desirable that it continues going
down. This stabilization shows us that we
need to continue vaccinating the most
susceptible people to reduce serious cases
and deaths.
The challenge now remains to start an
improvement process in South America and
accelerate the vaccination process globally.
The situation in Uruguay, Argentina,
Colombia, Paraguay, ... is still very critical.
The increasingly optimal variants for the
spread are a real threat that can only be
faced with vaccination.
Highlights
•

UK shows the fourth highest EPG
among the set of countries after
Denmark (160), Latvia (155) and
Netherlands (147). This is due to
the high reproduction number that
is characterizing its current growth
(1.5). Nevertheless, the 14-day
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•

cumulative mortality does not seem to show an increase.
The general situation is quite good, with 23 countries at intermediate-low risk (EPG<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.

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

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).
(1)
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Situation of hospitalisations and ICUs in some EU countries. The analysis is done for those countries that
report a historical series with current (active) number of patients in hospitals and ICUs 1. We provide:
•
•
•
•
•

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.

Vaccination rates in some EU countries3.

1
2

3

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

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

Table of current situation in Belgium 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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Situation and trends in other countries

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).

(1)
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Analysis: Structure of geographical connectivity outside big cities. Insights for
vaccination campaigns for working-age groups (I).
The vaccination campaign evolves with good speed in Europe. New cases are dropping all around Europe and
the number of associated hospitalizations has been consistently dropping during May except for late uptick
in the UK. More importantly, the number of deaths associated with COVID19 has dropped dramatically during
the month of May. Last week, we showed the next two figures, showing the situation of different European
countries with 14 days of difference:

The drop on cases and deaths shown in the figures is clearly associated with the vaccination campaign of the
elder cohorts. The relevance of age is paramount in the vaccine process. As we have explained in these
reports, roughly 80% of the death toll associated with COVID-19 was linked to the population older than 70.
It was critical to start the vaccination campaign protecting these ages independently of the geographical
location of these population. After these age brackets associated with higher mortality, the age cohort
between 60 and 70 years old was also key to reduce the number hospital admissions due to COVID-19.
In the vaccination campaign of these age brackets, the most important factor for its success was to have a
proper information system. This information system should make the contact between the vaccine centre
and the population at risk easier. The distribution of vaccines could be done in some or all primary care
centres or in local distribution sites or first-aid post. The important thing was not the location but the
connection so that the people could go and get vaccinated. In case of problems with mobility, a nurse-team
had to move into particular houses. Precisely, nursing homes were already the focus of the first round of
vaccines that got into Europe, given the high mortality rate and the large transmission risk inside them.
Most of the population older than 60 has been vaccinated in Europe. Now it is the time to vaccinate younger
cohorts. At this point mass scale and mass calls are more important than tailor made personal contact. In this
sense, the distribution of vaccines in different geographical areas becomes the key feature of the vaccination
campaign. Different information systems can be used to organize the distribution of vaccines but, at the end
of the day, it is the geographical distribution of these vaccines in different sites that most matters.
The geographical distribution of vaccines is already important in the age cohort between 40 and 60. It will
become even more important if younger adults (18-40) are all called simultaneously to vaccinate. At this
point, the number of vaccines at each geographical site is the key feature in the vaccination campaign.
In this, and the following reports, we want to address two key issues regarding the geographical
distribution of vaccines in the working-age population.
-

The geographical relevance of empty spots in medium-size cities and low-density regions for
vaccination
The relevance of digital divide in urban centres for vaccination
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We want to focus this and the next report on the first issue. We notice first that there is a no doubt for the
need of important logistics in large cities (population above 500,000 inhab). In areas with high density,
normally related with the presence of a big city or a cluster of them, the development of large vaccination
sites is almost a necessity so as to unlink the vaccination process from the work in the primary care centres.
A large space to take in the population, together with the logistics of personnel and, as importantly, an
informatics system to match requests with machines. No one doubts the relevance and the necessity of these
sites. For this reason, we focus on areas with lower density but with medium-large cities nearby or countryside without connections to any large cities. More specifically, we will call medium-large cities those with
200,000-500,000 inhabitants, medium cities those with
40,000-200,000 inhab and large towns or small cities
those in the 4,000-40,000 inhab.
Medium-large cities function relatively similar to large
cities in the vaccination approach. They have enough
population to require at least one important
vaccination site. We focus on medium cities and small
cities and its relevance on the vaccination campaign.
More precisely, we will focus on those medium and
small cities that are not close to a high-density area but
are the centres of rural counties and areas where small
villages have an important link with this capital.
Demographic basics and vaccination in medium cities
We first take a look at the typical capital of provinces
(level 3 political division) in three countries and their
populations: Spain, France, and Germany, with
increasing population densities of 94, 119, 240
inhab/km2, respectively. Here we find the list of
Province capitals in Spain. As we can see, the minimum
population is around 40,000 inhabitants.
For France, we just show a small subset of
departments 1 (see the next page). The list shows that
all departments have cities around 40.000 inhabitants.
Similar lists can be obtained for Germany or other
countries in Europe.
As a matter of example, at the beginning of 2020 there
were 81 large cities (100,000 and more inhabitants), 40
bigger than 200,000 and 621 medium-sized cities
(20,000 to 99,999 inhabitants) in Germany that are
distributed among the federal states 2, as shown in the
next page as well.

1
2

The full list can be obtained here https://www.citypopulation.de/en/france/admin/
https://de.zxc.wiki/wiki/Liste_der_Gro%C3%9F-_und_Mittelst%C3%A4dte_in_Deutschland
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Country
North Rhine-Westphalia
Baden-Württemberg
Lower Saxony
Bavaria
Hesse
Brandenburg
Saxony
Saxony-Anhalt
Rhineland-Palatinate
Schleswig-Holstein
Thuringia
Saarland
Mecklenburg-Western
Pomerania
Bremen
Berlin
Hamburg
Germany

Wholesale
urban
30
9
8
8
5
1
3
2
5
2
2
1
1

Mediumsized cities
179
95
84
67
54
26
22
22
17
20
19
8
8

Total
209
104
92
75
59
27
25
24
22
22
21
9
9

2
1
1
81

0
0
0
621

2
1
1
702

Similar calculations can be done for Spain, where there were 63
large cities (100,000 and more inhabitants), and 353 mediumsized cities (between 20,000 and 100,000) 3 and France, with 42
large cities (100,000 and more inhabitants), and 426 mediumsized cities (between 20,000 and 100,000) 4.

3
4

https://www.ine.es/jaxiT3/Datos.htm?t=2851
https://en.wikipedia.org/wiki/List_of_communes_in_France_with_over_20,000_inhabitants
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Country
Germany
France
Spain

Large cities
(more than 100,000)
81
42
63

Medium-sized cities
(between 20,000 and 100,000)
621
426
353

It is straightforward to see that, to cover most of European geographical area, vaccination sites are key in
medium cities. Cities between 40,000 and 200,000 inhab are the key ingredients of full geographical reach in
Spain, France and Germany. Actually, it is rather straightforward to see that this should not represent any
particular problem. It should be relatively easy to put the first large vaccination centres in the largest city of
the area. As long we are in the range of 40,000-200,000 inhab, the number of vaccines needed is large enough
to require this vaccination centre.
To check this, we show here the
working population in different
European countries.
Population between 20 and 64 years
old has an average of 59%. In the map
one can see the differences in each
region, reaching maximums of 2%. If
we take that into account, normally,
the cohort of 60-70 years old was
vaccinated as a pack, we have that the
relevant population for us is those
between 16 and 60 years old. The
population between 20 and 64 is very
similar to the population between 16
and 60. This is typically 60% of the
population as a proper order of
magnitude. In a city of 100,000 inhab,
this corresponds to 60,000 people in
need of vaccination. For slightly
smaller cities we are talking about
30,000 people.

According to European expectation, vaccination wants to be completed in roughly 3 months, or maybe in a
shorter period of time. Let us use the 60 days benchmark as a guide in our analysis. This means that a typical
city needs to vaccinate roughly 500 people per day. The typical time to explain the vaccine and vaccinate
takes at most 10 minutes per person since the waiting time of 15 minutes for anaphylactic shock or other
allergic reactions can be done in a separate area. This is roughly 5,000 minutes needed per day. For a site
working 8 hours every single day (or 12 hours except weekend) would need the following number NB of
boxes:
𝑁𝑁𝑁𝑁 =

5000
= 10
8 · 60
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10 vaccination boxes is a sweet spot with very low-logistics requirement: there is no need for large place.
Actually, it can be done in any public space of almost any site. It does not need a large number of extra
resources. The concentration in one site of the vaccine logistics makes it quite easy to set up. Keeping vials
in good storage is also straightforward. The number of days with Pfizer stored in normal freezers is around
one week, although recently the FDA gave permission to have it one month in normal fridges 5. So, keeping
and moving around 3,000 doses per week is also very easy. Each vial of a vaccine contains typically 5 doses.
This is roughly 600 vials. Again, the perfect number to keep in one or two fridges.
All in all, we observe that there are no major logistics hurdles to establish vaccine centres in small cities.
Compared with big cities, small cities have large advantages. We summarize our simple analysis stating that
geographical reach is not a problem in the vaccination campaigns in cities of 40,000-200,000 inhab. The
logistics surrounding it are optimal. We move now to large towns that are the core structure of a lot of rural
areas and very low-density areas without the presence of large towns. We start with the later.
Demographic basics and vaccination of very low-density areas
We focus now on areas
where even population
centres higher than 4,000
people are not common. One
could naïve think that this
kind
of
geographical
structure is only observed in
other parts of the world, like
Siberia or Sahara and not in
the pretty dense Europe.
Actually, one of the very
interesting facts of European
demography and geography
is the presence of important
areas in Europe with no large
town within 100 km.
The following map from
Eurostat easily identifies
these regions as those having
less than 1 person per 5 km2.
As it can be seen, large areas
of Spain and a good part of Scotland have ultra-low densities. Similarly, the area near the border between
Norway and Sweden present similarly very low density. Finally, mountain regions like the Alps and the
Carpathians. A zoom-in in any of these areas would show large geographical areas without any important
urban centre.

https://www.fda.gov/news-events/press-announcements/fda-brief-fda-authorizes-longer-time-refrigerator-storagethawed-pfizer-biontech-covid-19-vaccine
5
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We show for examples two areas of 100 by 100 km (10,000 km2) in Spain and Sweden with no town with a
larger population than 4,000 habitants. In Sweden, Vilhelmina is small town of 3.000 inhab whose are of
influence covers more than 10.000 km2. Similarly, in Spain, Molina de Aragón, a town of around 2,000 is the
centre of a similar ultra-low density region of around 10,000 km2.

Vilhelmina area in Sweden

Molina de Aragón area in Spain

The problem in those areas is that there are no important population centres. Vaccine centres have no
purpose. In these large areas, primary care centres in the main villages can be the centres of distribution of
the vaccine campaigns. However, the areas mentioned do not have enough population to sustain full primacy
care centres in all villages. A very simple numerical analysis can be illustrative. In area where the distance
between villages is around 10-20 km and the population of the villages is around 50-200 people, a primary
care-centre would need, at minimum, a doctor for each 100 people. As a comparison, the number of
physicians in most Europe is around 1 per 200-300 people. One would need around 4 towns to have a full
doctor, not even mentioning other specialized doctors or hospital access which are normally far away from
these areas.
13

Precisely, this lack of permanent structure can make sustained vaccine distribution a complex issue to solve
form a logistic point of view. Either the population has to move systematically to the closer primary care
centre far away or other type of solutions for full distribution must be found.
Another important hurdle is the distribution of vaccines per se even in those primary care centres. Constant
trips providing a very small number of vials do not quite makes sense. Bringing one vial a day to guarantee a
uniform spatial distribution, again, does not quite make logistical sense.
A more interesting proposal is to provide vaccine for a whole month and stablish active calls to the primary
centre or a mobile procedure to reach those areas. Rather than a small and constant drip of vaccination, it
can make more sense to bring the vaccines to the small towns where all the people can be vaccinated at
once. This also makes a lot of sense from an epidemiological perspective. Cases in isolated areas are generally
imported first from major centres. Once it reaches a village, the knowledge of a case is well-known and the
social interactions are easily stopped. In this kind of social environment, it is more sensible to bring all the
vaccine at once for villages with very small populations or to the closest primary care centre.
In this sense there are several countries already pushing forward the use of vaccination buses for rural areas
like in Minnesota in USA 6, or in the United Kingdom 7 and in Canada 8. This seems to be a good option for the
massive vaccination in the rural areas discussed above.
Conclusion
We have shown that the distribution of vaccine is optimal in medium cities given its logistics. Large cities
present important known problems of logistics, given the large scale needed and they are well-known and
have been addressed by health-care authorities. Vaccination of people above 60 required this kind of
structure. We have also shown that there are important areas of Europe where another important problem
arises. Regions with ultra-low densities in Spain, Sweden, Scotland, Croatia, Romania, Bulgaria and the Alps
require a tailor-made distribution process given that even primary-care centres do not penetrate all the
different geographical areas.
We have left out one key topic on purpose. Large parts of European geographical structure are made of large
towns of around 2000-20,000 people which are the capital of a small county or district not very far from a
small city but at a non-negligible distance. They influence important areas full of smaller villages and sit right
at the middle of all the problems we are explaining here. These large villages have enough population to
sustain primary care centres as the core of the vaccination process, but large vaccination sites make no sense.
However, they can involve important areas with multiple villages that might not be as disconnected from
other centres in epidemiological terms. Next week, we will analyse possible vaccination strategies for these
intermediate population using the example of Lleida and Huesca, provinces in North-East of Spain which have
had five epidemiological waves instead of the typical three in most of the continent.

https://www.health.state.mn.us/diseases/coronavirus/vaccine/bus.html
https://www.bbc.com/news/av/uk-56056556
8
https://globalnews.ca/news/7928877/quebec-mobile-covid-19-vaccin-o-bus/
6
7
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Evolution of active ICUs in some EU countries
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Methods
(1) Data source
Data are daily obtained from European Centre for Disease Prevention and Control (ECDC) 9 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):
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. Updated
methodology to account for weekend effect is discussed and explained in reports #152 10 and
#154 11.

(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

0
1
2
3
4
5
6

https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
https://upcommons.upc.edu/handle/2117/331959
11
https://upcommons.upc.edu/handle/2117/332347
9

10
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7
8
9

5-8
8-14
>14

(4) Fitting a mathematical model to data
Previous studies have shown that Gompertz model 12 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.
The model and its results on predictions in European countries during the first wave has been published in
Plos Computational Biology 13.

(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 #155 14.

(6) Estimating non-diagnosed cases

Madden LV. Quantification of disease progression. Protection Ecology 1980; 2: 159-176.
Català et al, 2020, Plos Comput Biol 16(12): e1008431, https://doi.org/10.1371/journal.pcbi.1008431
14
https://upcommons.upc.edu/handle/2117/332350
12
13

92

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 nonsurvivors 15 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 One16.

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
16
Català et al, PLoS ONE 16(1): e0243701, 2021. https://doi.org/10.1371/journal.pone.0243701
15
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