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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 concept second wave describes
correctly current situation in the
EU+EFTA+UK set of countries as a whole,
despite there are some countries that
would not be in that situation
individually. Taking the average of the
last 7 days, we see that there are 53,200
new cases daily. It is really a very large
amount, which results from a very
worrying growth. Europe is once again
one of the most important players in the
pandemic. If we compare it with the
other three major states (India 78,400
new cases daily, USA 43,200, Brazil
26,100) we see that the EU+EFTA+UK countries are in a very complex situation.
Looking at country by country, as in the figure below, we see that growth is occurring in many countries but
France, Spain and the UK are the main players. The three countries together are diagnosing almost 32,000
new cases daily. If we look at the number of new cases per 100,000 inh., France, Spain and UK are still in the
group of countries with highest incidence but are accompanied by others such as the Czech Republic, the
Netherlands and Belgium.
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Indeed, strong action should be taken on control measures. Otherwise, some cities will be closer and closer
to the situation experienced in March or April. One piece of data can be used to assess the magnitude of the
problem: in the Ille de France (Paris) there are currently about 100 deaths per week due to Covid-19, and in
Madrid there are about 120. Control measures are urgent.
Highlights
•

•
•
•

A total of 15 countries are in the risk zone, with an EPG>100: Spain, Czech Republic, France, the
Netherlands, Belgium, Iceland, United Kingdom, Luxembourg, Denmark, Hungary, Slovakia, Austria,
Romania, Ireland and Slovenia. Three of them have an EPG higher than 300 (Spain, Czech Republic
and the Netherlands).
All of thes countries report a 14-day cumulative incidence greater than 100 cases per 100,000
inhabitants.
Spain could be consolidating the slowing down of the daily increase, with a ρ7 sligthly beneath 1,
which would situate the country on the op of the second wave’s peak.
Only Luxembourg, Denmark and Sweden show a ρ7 < 0.9.

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

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

ρ7 is the average of 7 consecutive ρ, but can still fluctuate. (2) EPG stands for Effective Growth Potential, which is the
product of reported cumulative incidence of last 14 days per 105 inhabitants by ρ7 (empiric reproduction number).
Biocom-Cov degree is an epidemiological situation scale based on the level of last week’s mean daily new cases
(https://upcommons.upc.edu/handle/2117/189661, https://upcommons.upc.edu/handle/2117/189808).
(1)
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7-day cumulative incidence trends in EU countries. Current and previous week cumulative incidences by
countries. In red, countries where situation has worsened (above the diagonal). In green, countries whose
situation has improved (below the diagonal). Axes’ scales are adapted to each set of countries.
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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:
•
•
•
•
•

1
2

Current active hospitalisations and patients in ICU per 100,000 inhabitants.
Current absolute number of active hospitalisations and patients in ICU.
Rate of occupation of curative care hospital beds by Covid-19 patients (data from Eurostat 2018 2),
only for hospitalisations.
Current rate of occupation with regards to the maximum Covid-19 occupation reached in this
pandemic.
Weekly increase in Covid-19 patients in hospitals and ICUs.

https://github.com/ec-jrc/COVID-19
https://ec.europa.eu/eurostat/databrowser/view/hlth_rs_bds/default/table?lang=en
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Situation and trends in some European regions3
Table of current situation in Czech Republic regions. Colour scale is indicated in each legend.

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

Situation and trends in other countries

ρ7 is the average of 7 consecutive ρ, but can still fluctuate. (2) EPG stands for Effective Growth Potential, which is the
product of reported cumulative incidence of last 14 days per 105 inhabitants by ρ7 (empiric reproduction number).
Biocom-Cov degree is an epidemiological situation scale based on the level of last week’s mean daily new cases
(https://upcommons.upc.edu/handle/2117/189661, https://upcommons.upc.edu/handle/2117/189808).

(1)
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Analysis: Spanish second wave (V). Assessment on the level of epidemiological
surveillance in July. Budget and personnel (part I).
In different assessments during the last weeks, dealing with the analysis of the second wave of covid19
infection in Spain, we wondered about the different hypothesis that can explain Spain as the leading country
in new infections. We showed that Spain opened earlier than most countries in terms of active cases and
that the evolution has been worse. However, there have been some key countries (France, the Netherlands,
Belgium, Romania as key examples) that opened roughly at the same time in epidemiological terms and have
had a better evolution in the sense that the number of cases started to raise later. However, they all
eventually raise with France and the Netherlands right now having an incidence close to Spain (A14 of 253,
246 and 319 per 100,000 inh., respectively).
We also discussed the fact that Spain mask wearing is very high in public places such as supermarkets or the
streets except for bar and terraces. We explained the indications that show how keeping the distance
between family member is not considered a priority by Spaniards, and that meetings with family and friends
are considered to be low risk. This is also corroborated by partial data on contact tracing which indicates a
large majority of infections detected being produced in meetings with family, friends and co-workers.
Finally, last week, we showed that with the exception of Germany and Belgium, the level of PCR tests in Spain
was not particularly low in July. Actually, if compared with Italy, France, the Netherlands, Romania or Czech
Republic, PCR tests level was higher in Spain. If we only focus on PCR test level and PCR positivity, Spain was
partially ready to perform a degree of epidemiological surveillance higher than several UE countries.
The general picture in July and subsequent months is thus the following. Germany developed a strong system
of epidemiological surveillance thanks to a slightly later reopening in epidemiological terms. Italy was not
ready but kept the state of alarm, developing the system during late August and September. Strong public
restrictions were kept during the months of summer in Italy and there are indications that personal
responsibility measures were followed more strictly than elsewhere. Meanwhile, other countries in the UE
did not have the minimal PCR levels required to perform high epidemiological surveillance with the possible
exception of Spain and Belgium.
The questions that arise are two. Why Spain did not have a level of epidemiological surveillance strong
enough despite a reasonable number of PCR? If this surveillance was not properly done, the situation of
Spain would not be different than any other country. Then, again, why Spain was the first country with a
second wave in Europe from those that opened roughly at the same time?
We address here the first question. We start by saying that the level of PCR tests was reasonable to try to do
epidemiological surveillance but it did not have the typical numbers we see now in Germany or Italy or even
in some regions of Spain right now. As we explained last week, a level of tests which is typical of high
epidemiological surveillance is around 1,000-1,500 weekly tests per 100,000 people. This was not the case in
Spain nor Belgium. However, with positivity rates below 2% and 500 weekly tests per 100,000 people, a
proper level of diagnosis differentiation and an efficient system of tracing could produce a reasonable level
of surveillance.
On the mobility of resources
Let us crack the numbers here. With an incidence of roughly 25 weekly cases per 100,000 one would need
250 tests per 100,000 to track roughly 10 contacts, plus another 250 needed to do passive testing for those
patients with compatible symptoms. The key point in doing these numbers is the low margin for error. If, by
any reason, there was a slightly increase in the number of cases to 40 weekly case per 100,000, one would
need almost all the PCR (400) to track 10 people. This probably requires mobile teams so that a local increase
9

of PCR testing from neighboring areas is possible when a local outbreak hits. With such tight numbers,
mobility of resources and personnel is key.
Another possibility is to have very high resources of personnel who can track any increase in a hotspot and
move the required PCR to the different labs. In other words, with a very specific and detailed plan and with
large enough personnel, epidemiological surveillance was possible in Spain. If this mobility was not present
and personnel doing the contact was not there, PCR would be dedicated to diagnose people with symptom
and to track infection in low incidence areas but they would not be ready for any type of relevant outbreak.
In fact, this is the core role of epidemiological surveillance: to be able to cut the infection chains of large
spreading events at the initial stages and, if possible, prevent them altogether.
Did Spain had the personnel and plan ready? Let us start with the mobility part. There has been no news of
the ability of performing high number of tests in one region with resources form other regions. There has
been no structure in place for this mobility except in one single region: Asturias. Asturias had a very important
focal center where a massive amount of testing was done for any of the towns of cities in the Hospital
Universitario Central de Asturias (HUCA) 4. So, mobility there was a necessity. We can now look at the
evolution of incidence of Asturias compared with other Spain’s regions.

Figure 1: Incident cases per 100,000 inhabitants in several Spanish regions and in Spain (7-day
moving average).
It is rather interesting that the Autonomous Community of Spain with lower incidence was the one that had
integrated mobility to a maximum degree. In Catalonia and Aragón, the first focus of the second wave, this
mobility was not present in June-July.
On the personnel needed for an efficient contact tracing
Let us now address the possibility of having the proper efficiency of contact tracing. More specifically the
personnel required to interview those infected, classify them and track their quarantine. Normally, the main
hours dedicated to this process is done by nursery personnel, specially the interview and tracking and calling
contacts and requesting PCR. Another possible profile for this job is training someone with administrative
experience to take over some of the work from the infirmary duties like calling and tracking people in
https://www.lavozdeasturias.es/noticia/asturias/2020/08/04/autocovid-pleno-rendimiento-75-horas-esperapcr/00031596555415568830505.htm
4
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quarantine. However, classification of contacts and interviews is best done by someone with health-care
training. Final decision on who are the close contacts to test PCR, and who are not close contacts but present
a risk of further propagation given its social network can be done in tandem with a doctor.
Let us review briefly the numbers of personnel needed. At 15-20 hours of work per case (if the work was
done by a single person) up to 500 hours of work per week per 100,000 inhabitants are needed. This is roughly
10-15 people per 100,000 inhabitants. We can translate these number to Spain and get roughly 5,000-7,000
people tracing. The round number has always been around 10,000 people dedicated in Spain so that to have
a buffer in case the number of cases reaches local higher levels.
If we set our focus in Catalonia and Aragón, where the first large outbreaks of the summer appeared, one
would need roughly 1,000-2,000 people working on it. More specifically, we think the personnel required in
nursery should be at least 1,000, probably 1,500, plus maybe other personnel working in support with
administration duties.
On the health budget in Spain
We can now address the question on whether Spain or its key regions in this second wave (Catalonia, Aragón
at the start and now Madrid and Navarra at the focal points) had the budget of personnel.
Let us start by recalling the level of health care spending in Spain. As it is well-known, Spain expenditure as
fraction of GDP and also per person at Power Purchase Parity is roughly at average level for the European
Union. However, it falls below the other countries that we are using as comparisons (France, the
Netherlands,...), as shown in figures 2 and 3.

Figure 2: Total general government expenditure on health by country (2018), in percentage of Gross
Domestic Product (GDP). Source: Eurostat.
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Figure 3: Health expenditure by country (2017). Source: Eurostat.
Despite having less budget than key countries, outcomes from health care services in Spain are always on the
top of the UE. Spain has better outcomes not only in obesity and cardiovascular diseases, but also on cancer,
life expectancy and almost all health indicators 5. Spain is properly considered one of the countries with most
efficient health care. It gets the best results with a fraction of the euros spent.
So, it would be perfectly possible to have similar levels of efficiency in public health and detection of contacts
and their tracing. There is an important difference, however. The structure of the health care system to deal
with cancer and cardiovascular was already set. There is not such a strong for infectious diseases in Europe.
Public health budget is always a small fraction of total health expenditure. We have found this key figure
from 2014 looking at level of public health expenditures 6.

Figure 4: Share of financing for public health as percentage of current health expenditure, 2009-2014.

5
6

https://ec.europa.eu/health/sites/health/files/state/docs/2018_healthatglance_rep_en.pdf
https://www.euro.who.int/__data/assets/pdf_file/0009/383544/hp-series-50-eng.pdf
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It is clear that the budget on public health is only a small fraction of total health expenditure, 2-3%, and
infectious diseases is only a fraction of it. Number across countries are not that different in absolute terms
but can be very different in relative terms when one itemized factor is analyzed. The expenditure on public
health encompasses all type of programs, from public campaigns to change habits, to surveillance of health
care practices to infectious diseases. Comparing budget becomes absolutely impossible since the money can
be redirected or not between the different units depending on the type of country, or even region.
In this sense, the WHO book on the Organization and Financing of Public Health Services in Europe 7 is very
enlightening. It contains different chapters which describe the complex web of institutions that play a role in
public health in different countries. Different countries, different web of institutions and units. Any of them
might (or might not) take active measures to prevent the spreading of the disease depending on complex
regulatory frameworks associated with national legislation.
We also find this piece of data enlightening. Next figure shows the amount of euros spent in Spain in the
different Autonomus Communities in Public Health, thanks to a brilliant work of Diario Farma 8 .

Figure 5: Annual investment on Public Health per capita (left columns) and as a percentage of health
expenditure (right columns) per Autonomous Community and country, in 2018 and 2010.

For example, in Aragón, the total level of expenditure in public health is 38 million euros. If we correct for
PPP and population, this would represent a budget in Netherlands of roughly 800 million. Similar to the
budget we have found for the national level in the Netherlands 9. Again, this does not indicate that public
health budgets are the same, since there is the local structure of Public Health in the Netherlands, and the
national and local level of public Health in Spain.

https://www.euro.who.int/__data/assets/pdf_file/0009/383544/hp-series-50-eng.pdf
https://www.diariofarma.com/2020/04/15/menos-que-un-cafe-al-mes-por-persona-142-euros-es-lo-que-seinvierte-en-espana-en-salud-publica
9
https://www.ncbi.nlm.nih.gov/books/NBK507329/
7
8
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The data point out, in any case, that people are more important than budgets in this case. This is a key point.
Given that the budget of public health and infectious disease is everywhere in Europe a small fraction of
total expenditures, the key question is not the budget per se, but the ability and feasibility to direct
personnel and budget from other parts of the budget to fight this pandemic. This is a very important insight.
Fighting the pandemic is not as much a question of a non-existent structures but a question on what is the
ability to redirect resources. A country like Spain, who is already highly efficient did not have this ability.
In next report we will further analyze one of the key stones of epidemiological surveillance: nursing
personnel.
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Legend: Countries’ reports details
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Methods
(1) Data source
Data are daily obtained from European Centre for Disease Prevention and Control (ECDC) 10 and country
official sources (when indicated). Daily data comprise, among others: total confirmed cases, total confirmed
new cases, total deaths, total new deaths. It must be considered that the report is always providing data from
previous day. In the document we use the date at which the datapoint is assumed to belong, i.e., report from
15/03/2020 is giving data from 14/03/2020, the latter being used in the subsequent analysis.

(2) Data processing and plotting
Data are initially processed with Matlab in order to update timeseries, i.e., last datapoints are added to
historical sequences. These timeseries are plotted for individual countries and for the UE+EFTA+UK as a
whole:
 Number of cumulative confirmed cases
 Number of reported new cases
 Number of cumulative deaths
Then, two indicators are calculated and plotted, too:
 Case fatality rate: number of cumulative deaths divided by the number of cumulative confirmed
cases, and reported as a percentage; it is an indirect indicator of the diagnostic level.
 ρ: this variable is related with the reproduction number, i.e., with the number of new infections
caused by a single case. It is evaluated as follows for the day before last report (t-1):
𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 1) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 2)
𝜌𝜌(𝑡𝑡 − 1) =
𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 5) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 6) + 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡 − 7)
where Nnew(t) is the number of new confirmed cases at day t. Then, we calculate a 7-day moving
average (ρ7) so that noise is reduced and trends become clearer.

(3) Classification of countries according to their epidemic level: the scale Biocom-Cov
Countries are assigned a degree in the discrete Biocom-Cov scale, which aims to facilitate a simple way of
assessing the situation of the country. It is based on the level of daily new cases per 100,000 inhabitants as
follows:
Pandemic degree

Daily new incident
cases per 105 inh.
0
0-0.1
0.1-0.5
0.5-1.25
1.25-2
2-3
3-5
5-8
8-14
>14

0
1
2
3
4
5
6
7
8
9

10

https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
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(4) Fitting a mathematical model to data
Previous studies have shown that Gompertz model 11 correctly describes the Covid-19 epidemic in all analysed
countries. It is an empirical model that starts with an exponential growth but that gradually decreases its
specific growth rate. Therefore, it is adequate for describing an epidemic wave that is characterized by an
initial exponential growth but a progressive decrease in spreading velocity provided that appropriate control
measures are applied. Once in the tail, predictions work but the meaning of parameters is lost.
Gompertz model is described by the equation:
𝑁𝑁(𝑡𝑡) = 𝐾𝐾 𝑒𝑒

−𝑙𝑙𝑙𝑙�

𝐾𝐾
�· 𝑒𝑒 − 𝑎𝑎·(𝑡𝑡−𝑡𝑡0)
𝑁𝑁0

where N(t) is the cumulated number of confirmed cases at t (in days), and N0 is the number of cumulated
cases the day at day t0. The model has two parameters:
 a is the velocity at which specific spreading rate is slowing down;
 K is the expected final number of cumulated cases at the end of the epidemic.
This model is fitted to reported cumulative cases of the UE and of countries that accomplish two criteria: 4
or more consecutive days with more than 100 cumulated cases, and at least one datapoint over 200 cases.
Day t0 is chosen as that one at which N(t) overpasses 100 cases. If more than 15 datapoints that accomplish
the stated criteria are available, only the last 15 points are used. The fitting is done using Matlab’s Curve
Fitting package with Nonlinear Least Squares method, which also provides confidence intervals of fitted
parameters (a and K) and the R2 of the fitting. At the initial stages the dynamics is exponential and K cannot
be correctly evaluated. In fact, at this stage the most relevant parameter is a.
It is worth to mention that the simplicity of this model and the lack of previous assumptions about the Covid19 behaviour make it appropriate for universal use, i.e., it can be fitted to any country independently of its
socioeconomic context and control strategy. Then, the model is capable of quantifying the observed
dynamics in an objective and standard manner and predicting short-term tendencies.

(5) Using the model for predicting short-term tendencies
The model is finally used for a short-term prediction of the evolution of the cumulated number of cases (3-5
days). The confidence interval of predictions is assessed with the Matlab function predint, with a 99%
confidence level. These predictions are shown in the plots as red dots with corresponding error bar. For series
longer than 9 timepoints, last 3 points are weighted in the fitting so that changes in tendencies are well
captured by the model.

(6) Estimating non-diagnosed cases
Lethality of Covid-19 has been estimated at around 1 % for Republic of Korea and the Diamond Princess
cruise. Besides, median duration of viral shedding after Covid-19 onset has been estimated at 18.5 days for
non-survivors 12 in a retrospective study in Wuhan. These data allow for an estimation of total number of
cases, considering that the number of deaths at certain moment should be about 1 % of total cases 18.5 days
before. This is valid for estimating cases of countries at stage II, since in stage I the deaths would be mostly

Madden LV. Quantification of disease progression. Protection Ecology 1980; 2: 159-176.
Zhou et al., 2020. Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study. The Lancet; March 9, doi: 10.1016/S0140-6736(20)30566-3
11
12
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due to the incidence at the country from which they were imported. We establish a threshold of 50 reported
cases before starting this estimation.
Reported deaths are passed through a moving average filter of 5 points in order to smooth tendencies. Then,
the corresponding number of cases is found assuming the 1 % lethality. Finally, these cases are distributed
between 18 and 19 days before each one.
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