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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.
Martí Català
Pere-Joan Cardona, PhD

Clara Prats, PhD
Sergio Alonso, PhD
Enric Álvarez, PhD
Miquel Marchena, PhD
David Conesa
Daniel López, PhD

Comparative Medicine and Bioimage Centre of
Catalonia; Institute for Health Science Research
Germans Trias i Pujol

Computational Biology and Complex Systems;
Universitat Politècnica de Catalunya – BarcelonaTech

With the collaboration of: Daniel Molinuevo, Pablo Palacios, Tomás Urdiales, Aida Perramon, Inmaculada Villanueva
These reports are funded by the European Commission (DG CONNECT, LC-01485746)
PJC and MC received funding from “la Caixa” Foundation (ID 100010434), under agreement
LCF/PR/GN17/50300003; CP, DL, SA, MC, received funding from Ministerio de Ciencia,
Innovación y Universidades and FEDER, with the project PGC2018-095456-B-I00;

Disclaimer: These reports have been written by declared authors, who fully assume their
content. They are submitted daily to the European Commission, but this body does not
necessarily share their analyses, discussions and conclusions.

1

Situation and highlights
Global situation
EU+EFTA+UK countries talk about the
second wave of the pandemic. Talking
about the second wave is, in fact, an
optimistic way of speaking because it
implies that there is a decline after
reaching maximum values. This
improvement is indeed being
observed in many countries, although
there are a significant number of
countries where the decline in the
number of daily cases is not clear, yet.
In the figures we present the number
of daily new cases per 105 inhab. from
12 countries where the improvement
process presents some concerns. In
the first figure we plot the four that
show the highest values. We see, for
example, how Slovenia or Luxembourg
began processes of improvement, but
in a week or two a new process of
worsening occurred. We also see how
in some countries like Croatia or
Lithuania (second plot) the number of
daily new cases continues to grow
rapidly.
It is worrying to note that countries
with a population close to 20 million,
such as the Netherlands or Romania,
seem to have stopped improving. It is
also worrisome to see that larger
countries such as Poland, Spain or the
United Kingdom are not clearly
improving.
Fear of a third wave due to the
Christmas holidays or the arrival of
lower temperatures is reasonable.
What we may consider most
dangerous is that the onset of this
third wave is growing from an already
complex epidemiological situation
such as those observed in the
countries we have shown in the
figures.
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Maybe we need to talk about storms that can get worse and worse than waves. The prospect of the arrival
of vaccines should not reduce the work to control the pandemic.

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.

Positivity indicators, comparing the increase over the past two weeks (relative change).
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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)

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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Evolution of of active ICUs in some EU countries.
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Situation and trends in some European regions 3
Table of current situation in the Netherlands by region. Colour scale is indicated in each legend.

Table of current situation in Switzerland by region. 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 Germany by region. 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: On a theoretical analysis of massive testing with antigen tests (II).
Compulsory antigen test for a continuous subpopulation.
In last report 1, we described the proper framework to classify the different types of massive testing proposals
that have been put forward by different governments. We explained that, besides the sensitivity and
specificity of the rapid tests, the classification of the different proposals should take into account whether
the analysis of its success would need the development of an important infrastructure to do the tests or the
sociological responses of the people in front of requests/advice/possibility of taking those tests.
We explained that compulsory tests of a continuous population in a country, city or neighborhood needs the
proper infrastructure in place so that it can be carried out. In this type of massive tests, personal inclinations
are not relevant since all the people take the test and they can move or must remain at home according to
the result (e.g.: Slovakia 2). We noticed that, if the proper infrastructure is not in place, one can mistake a
compulsory scenario for a non-compulsory one if there is no way to fine or control that positive cases remain
at home.
In this assessment we focus in the situation where infrastructure is key and properly in place. We consider
that all the population in a city or region or country follows the guidelines because there is an infrastructure
in place to make them do it. Under these conditions we can state a clear-cut question. Is the expenditure in
the infrastructure worthy?
In economic terms, performing the massive testing have some economic costs. Nevertheless, thanks to these
costs the tests will avoid a certain number of infections. The question is thus clear. Does the cost of
performing the tests worth it in terms of its opportunity costs? This is, is it possible to find a way which
cheaper and more effective to reduce infections than the one obtained with the its massive test or not?
The answer of each country can be completely different depending on its ability to use the money or
resources to control the propagation of the epidemics using other tools. Some countries might find easier to
find and train more personnel to do contact tracing. Others may find the burden to train new personnel too
high. In any case, we can wonder whether a massive test is worthy or not in terms of its cost per infection
prevented. Our aim in this and the following assessment is to give back of the envelope calculations that
governments can use to know what is the real efficiency of the resources spent in those massive testing
where personal sociology plays no role (type I).
As in any process where a given infrastructure yields some results we first describe the cost –side and then
the benefit side.
Cost of massive testing
a) Fixed cost of the infrastructure
The deployment of the police in one city or region to control the movement of the population to be sure that
no one without a negative tests move is a fixed cost of the infrastructure. It is true that there is a part that
scales with how large the population under testing is. We do not include this in these costs. Here we take the
fixed part of any kind of massive testing. There is always a nucleus that must organize it, like a minimum set
of testing places and so on. We name this cost a 𝐹𝐹𝐶𝐶 (fixed cost).

1
2

https://upcommons.upc.edu/handle/2117/332747
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32261-3/fulltext
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b) Variable cost of the test
Here we include the cost of making one extra test. We must include the price of the test 𝑃𝑃 and the cost per
test of the people who must take and analyze the sample and provide the certificate 𝑄𝑄. In other words, 𝑃𝑃 +
𝑄𝑄 is the cost per test performed.
The total cost of the infrastructure for 𝑁𝑁 tests (𝐶𝐶𝐶𝐶) is thus 𝐶𝐶𝐶𝐶 = 𝐶𝐶𝐶𝐶 + 𝑁𝑁 · (𝑃𝑃 + 𝑄𝑄). Then, the total cost per

unit of test is 𝐶𝐶𝐶𝐶 =

𝐶𝐶𝐶𝐶
𝑁𝑁

+ 𝑃𝑃 + 𝑄𝑄.

However, this is not the total cost of the massive testing. As described very clearly in the ECDC report, there
will be false positive that will be quarantined. These people will stay at home during a certain number of
days, typically between 10 and 14 days. These days out of work represent a cost for the economy. If we would
know in advance who will be quarantined, we would know the cost that it is involved in this quarantine.
Similarly, a real positive will also be a cost. We must include then the cost of quarantines.
c) Quarantine costs

This is the cost the economy takes when a certain number of people 𝑀𝑀 are forced to remain home. We can
only estimate the cost of sending 𝑀𝑀 people to quarantine for 𝐷𝐷 days given that we do not know how these
people will be. One way to compute this value (which is by no means exact) is to use that wages should
roughly reflect contribution. If we take the yearly average wage of a person as 𝑊𝑊, where we have taken into
account in 𝑊𝑊 that some ratio of the population does not work and are unemployed, the cost 𝐶𝐶𝐶𝐶 of 𝑀𝑀
quarantines is:
𝐶𝐶𝐶𝐶 =

𝐷𝐷 · 𝑊𝑊 · 𝑀𝑀
365

There are other ways to compute the cost of a quarantine. For example, using the value of life concept 3. This
concept is related with how much a reduction of fatality is really worth. Spending all the resources of a society
in order to save one person is clearly not possible nor desirable. In these analyses one takes that each person
contributes roughly the same to GDP per capita output. This is, if we take a global population of a region or
area where quarantine is possible one can take that the GDP per capita of this area is contributed equally.
So, the cost would be
𝐶𝐶𝐶𝐶 = 𝑀𝑀 ·

𝐷𝐷
· 𝐺𝐺𝐺𝐺𝐺𝐺
365

It is not the purpose of this assessment to discuss if it is better to use GDP or the labor share of income (this
is, the share of GDP paid in wages, salaries and benefit, that can roughly estimate using wages and salaries
as a proxy in Europe or just using the fraction of GDP from national statistics). Our point is just to say that
one or the other, there is a cost to keep people at home for roughly two weeks. A government can properly
produce more accurate estimates of the real cost depending on how the incidence affects different age
brackets.
Benefits of massive testing
Here we now address the benefits of the massive testing in terms of how many infections are prevented.
Here, specificity and sensitivity are key. The data we have right now regarding these two key parameters

https://www.prnewswire.com/news-releases/epidemic-containment-measures-must-not-impede-economy-saystripcom-group-chairman-301004400.html
3
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are in the following table. In first two references 4,5, the number 𝑁𝑁 was rather small. Recently, however, tests
have been checked using larger number of people 6,7 . Results of these analysis are given in the table below.

Table 1. Antigen tests performance in different studies
Mertens et al4

Liotti et al5

Bulilete et al6

Alemany et al7

Type

Respi-Strip

Standard FCovid-19

Panbio

Panbio

N

328

359

1362

1406

Specificity

0.995 (0.972-0.999)

0.984 (0.960-0.996)

0.998 (0.994-0.999)

0.989 (0.975-0.996)

Sensitivity

0.576 (0.487-0.661)

0.471 (0.373-0.572)

0.714 (0.632-0.787)

0.917 (0.898-0.934)

Accuracy

0.826 (0.781-0.866)

0.834 (0.793-0.873)

0.969 (0.959-0.978)

0.940 (0.927-0.952)

We will focus on PANBIO antigen test 8, which was used in the two studies with higher 𝑁𝑁6,7. The indicates the
following data: sensitivity 93.3% and specificity 99.4%.

Let us briefly review what sensitivity and specificity mean. Sensitivity is the probability that a real positive
case will obtain a positive test result. Specificity is the probability that a person without infection (negative)
will get indeed a negative result. These two parameters are specific to each test.
According to the epidemics situation (particularly the incidence) at a given time and region, we can obtain
the 𝑃𝑃𝑃𝑃𝑃𝑃 (positive predictive value) and the 𝑁𝑁𝑁𝑁𝑁𝑁 (negative predictive value). 𝑃𝑃𝑃𝑃𝑃𝑃 is a measurement of the
ratio of people with a positive result and who are really positive, that can be defined as:
𝑃𝑃𝑃𝑃𝑃𝑃 =

𝑠𝑠𝑠𝑠 · 𝑖𝑖𝑖𝑖𝑖𝑖
(1 − 𝑠𝑠𝑠𝑠) · (1 − 𝑖𝑖𝑖𝑖𝑖𝑖) + 𝑠𝑠𝑠𝑠 · 𝑖𝑖𝑖𝑖𝑖𝑖

where 𝑖𝑖𝑖𝑖𝑖𝑖 is the ratio of people who are indeed positive when the massive testing is done, 𝑠𝑠𝑠𝑠 is the specificity
and 𝑠𝑠𝑒𝑒 is the sensitivity.
𝑁𝑁𝑁𝑁𝑁𝑁 is a measure of the ratio of people with a negative result who are really negative:
𝑁𝑁𝑁𝑁𝑁𝑁 =

𝑠𝑠𝑠𝑠 · (1 − 𝑖𝑖𝑖𝑖𝑖𝑖)
(1
𝑠𝑠𝑠𝑠 · − 𝑖𝑖𝑖𝑖𝑖𝑖) + (1 − 𝑠𝑠𝑠𝑠) · 𝑖𝑖𝑖𝑖𝑖𝑖

In the figure below (Figure 1) we can see how both the 𝑵𝑵𝑵𝑵𝑵𝑵 and 𝑷𝑷𝑷𝑷𝑷𝑷 change as a function of the incidence.
We also zoom in the range of incidences below 5%, given that even an incidence larger than 3% with SarsCoV-2 leads to a general collapse of hospitalization services.

https://doi.org/10.3389/fmed.2020.00225
https://doi.org/10.1016/j.cmi.2020.09.030
6
https://doi.org/10.1101/2020.11.13.20231316
7
https://doi.org/10.1101/2020.10.30.20223198
8
https://www.globalpointofcare.abbott/es/product-details/panbio-covid-19-ag-antigen-test.html
4
5
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Figure 1. Positive predicted value and negative predicted value as function of real incidence. Three sets of
specificity and sensitivity are used: [4] https://doi.org/10.1101/2020.11.13.20231316, [5]
https://doi.org/10.1101/2020.10.30.20223198, [6] https://www.globalpointofcare.abbott/es/productdetails/panbio-covid-19-ag-antigen-test.html (nominal). Right: zoom in the realistic <5% incidence

As seen in Figure 1C (bottom, left), a 𝑃𝑃𝑃𝑃𝑃𝑃 over 50% would be obtained for incidences above 0.64 % which is,
indeed, a high value. This could correspond to 14-day cumulative incidences above 1,000 cases per 100,000
inh. It is true that, right now, the detection of cases is not fully 100%, so the real incidence is larger than the
one measured by PCR tests (Gold standard). In some countries, it could be as large as twice the real one if we
look at the number of fatalities per case. Therefore, if real incidence is significantly higher than the reported
one, 𝑃𝑃𝑃𝑃𝑃𝑃 would be underestimated as well.

Let us now provide some key tables that will be useful in order to stablish the benefit of testing. We will use
the nominal sensitivity and specificity provided by the PANBIO company8. We will use the rough
approximation that, on average, 5 people have to be isolated for each positive case. The real number is
probably between 5 and 10 if contacts are properly reported. Finally, we hypothesise that, for each person
detected as true positive, we prevent two new infections. Here, we are using that R is probably around 3
or 4 under normal conditions without masking and social distancing, but now a good fraction of the
population practice these measures, at least partially. In fact, in this second wave it has been very difficult to
observe sustained R=3 values and the exponential growth associated with it. R between 1.2 and 2 have been
more common. We take R=2 as the middle ground between 1 and 3.
13

Next tables summarize the results of performing a massive screening with antigenic tests among different
population sizes, given the sensitivity and specificity provided by the manufacturer. We will start with the
baseline given by the absence of epidemic, in order to assess the magnitude of false positives (Table 2).
Table 2. Baseline of false positives and resulting confined population in absence of Covid-19.
Population

True positive
detected

Potential
contagions
prevented

False negatives

10,000

0

0

0

100,000

0

0

0

1,000,000

0

0

0

10,000,000

0

0

0

False positives
60
[44–76]
600
[552–648]
6,000
[5848–6152]
60,000
[59521–60479]

Confined
contacts
300
[266–334]
3,000
[2894–3106]
30,000
[29665–30335]
300,000
[298942–
301058]

As seen in Table 2, when the massive testing is aimed at big populations, the number of confined contacts
because of a false positive is not marginal at all. Nevertheless, if the testing strategy succeeds, it would be
better than indiscriminate confinements.
Next, we evaluate the results of non-directed mass screenings in different epidemiological situations. We will
use as indicative for the situation the 7-day cumulative incidence (A7), which is widely used in countries for
policy making decisions. Given that the time window for detection with antigenic tests is mostly located on
the first 5 days after the symptoms’ onset and 1 or 2 days before that onset, we expect the tests to potentially
detect this incidence. Tables 3 to 7 explore a range of 7-day cumulative incidences from 25 to 1,000 cases
per 100,000 inhabitants. For each of the cases, tables provided the true positives, the potential contagions
prevented, the false negatives, the false positives and the confined contacts (both form true and false
positives).
Table 3. Potential results of a mass screening using PANBIO test, with a 7-day cumulative incidence of 25 cases per
100,000 inh.
Population
10,000
100,000
1,000,000
10,000,000

2
[0–6]
23
[13–33]
233
[203–264]

Potential
contagions
prevented
5
[0–9]
47
[33–60]
467
[424–509]

2333
[2237–2428]

4665
[4531–4799]

True positive
detected

False negatives

2
[0–5]
17
[8–25]

60
[44–76]
600
[551–648]
5999
[5847–6150]

167
[142–193]

59985
[59506–60464]

0
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False positives

Confined
contacts
312
[277–346]
3116
[3008–3224]
31159
[30818–31500]
311588
[310510–
312665]

Table 4. Potential results of a mass screening using PANBIO test, with a 7-day cumulative incidence of 125 cases per
100,000 inh.
Population
10,000
100,000
1,000,000
10,000,000

12
[4–19]
117
[95–138]
1166
[1099–1234]

Potential
contagions
prevented
23
[13–33]
233
[203–264]
2333
[2237–2428]

11663
[11450–11875]

23325
[23025–23624]

True positive
detected

False negatives

False positives

1
[0–3]
8
[2–14]
84
[65–102]

60
[44–76]
599
[551–648]
5993
[5841–6144]

837
[780–895]

59925
[59446–60404]

Confined
contacts
358
[321–395]
3579
[3464–3695]
35794
[35429–36158]
357938
[356786–
359089]

Table 5. Potential results of a mass screening using PANBIO test, with a 7-day cumulative incidence of 250 cases per
100,000 inh.
Population
10,000
100,000
1,000,000
10,000,000

23
[13–33]
233
[203–264]
2333
[2237–2428]

Potential
contagions
prevented
47
[33–60]
467
[424–509]
4665
[4531–4799]

23325
[23025–23624]

46650
[46227–47073]

True positive
detected

False negatives

False positives

2
[0–5]
17
[8–25]
167
[142–193]

60
[44–75]
599
[550–647]
5985
[5833–6137]

1675
[1594–1756]

59850
[59371–60329]

Confined
contacts
416
[376–455]
4159
[4034–4283]
41588
[41196–41979]
415875
[414637–
417113]

Table 6. Potential results of a mass screening using PANBIO test, with a 7-day cumulative incidence of 500 cases per
100,000 inh.
Population
10,000
100,000
1,000,000
10,000,000

47
[33–60]
467
[424–509]
4665
[4531–4799]

Potential
contagions
prevented
93
[74–113]
933
[873–993]
9330
[9141–9519]

46650
[46227–47073]

93300
[92704–93896]

True positive
detected

False negatives

False positives

3
[0–7]
33
[22–45]
335
[299–371]

60
[44–75]
597
[549–645]
5970
[5818–6121]

3350
[3236–3464]

59700
[59222–60178]
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Confined
contacts
532
[487–576]
5318
[5178–5457]
53175
[52735–53615]
531750
[530359–
533141]

Table 7. Potential results of a mass screening using PANBIO test, with a 7-day cumulative incidence of 1000 cases per
100,000 inh.
Population
10,000
100,000
1,000,000
10,000,000

True positive
detected
93
[74–113]
933
[873–993]
9330
[9141–9519]
93300
[92704–93896]

Potential
contagions
prevented
187
[160–214]
1866
[1782–1950]
18660
[18394–18926]
186600
[185761–
187439]

False negatives

False positives

7
[1–12]
67
[50–83]
670
[619–721]

59
[44–75]
594
[546–642]
5940
[5789–6091]

6700
[6539–6861]

59400
[58923–59877]

Confined
contacts
764
[711–816]
7635
[7470–7800]
76350
[75829–76871]
763500
[761853–
765146]

Tables 3 to 7 show the benefits of such campaigns in terms of true positive detected and potential
contagions prevented. Any positive detected and isolated, together with the quarantine of its contacts, is
good news from the epidemiological perspective. In addition, the percentage of false negatives is low,
which is also positive from the epidemiological perspective. Besides, from these tables we can obtain how
many people are needed to quarantine for each positive detected, either true or false. We see that the
number of contacts isolated because of a false positive is greater than the number of contacts isolated
because of a true positive in those situations with a low or an intermediate-high incidence. In fact, we
would be close to the 50-50 proportion with a 7-day cumulative incidence above 500 cases per 100,000
inhabitants. Nevertheless, and as above-mentioned, if the testing strategy succeeds it would be better than
indiscriminate confinements.
We have a clear structure now to perform our back of the envelope calculations of the cost of infection
prevention depending on the incidence. We leave the topic for our next report.
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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 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 after applying a 7-day moving average
to the new cases dataset, so that fluctuations (e.g., weekend effect) are smoothed.

(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

9

https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
73

(4) Fitting a mathematical model to data
Previous studies have shown that Gompertz model 10 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

𝐾𝐾
−𝑙𝑙𝑙𝑙� �· 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 11 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
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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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