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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 pandemic is not over. Globally, there 
is a significant improvement. However, it 
is not widespread.  

By the end of April, more than 800,000 
daily new cases were diagnosed. About 
350,000 new cases are still currently 
being diagnosed. There are still many 
cases, but the improvement has been 
huge. The strong decline in new daily 
cases in India has been the main driver of 
this improvement. 

By the end of April, there were about 
14,000 people dying every day in the 
world, and now around 10,000 are dying 
every day. Therefore, mortality has not 
improved as much as incidence. 

South America is still the actual challenge. 
Uruguay and Argentina have started to 
improve, after reached extremely high 
incidences. We expect that they will continue 
such improvement. However, Brazil, the 
South American giant is getting worse instead 
of improving. Since the beginning of March, 
there has been an incidence of around 30 new 
cases per day for 105 inhabitants, it is not as 
extreme as the one we have observed in 
Uruguay or Argentina, but given the size of 
the country and the complexity of its 
geography, it corresponds to more than 
60,000 daily new cases. Currently, it arrives to 
almost 71,000 cases. 

It is important to keep the improvement of 
Argentina and Uruguay, and it will be 
important that Brazil starts a similar process 
of reduction of new cases. A particularly 
worrying evolution of the pandemic is 
occurring in Colombia, where the incidence is 
currently rapidly growing. 

The effects of the pandemic are very relevant 
in many countries, as reflected in the number 
of daily deaths per million inhabitants (see 
next page), which reach really high values. Of 
particular concern are the data from Paraguay, Uruguay, Suriname and Argentina, where the number of daily 
deaths is over 90 deaths per million inhabitants. 
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Highlights 

• UK is already at the top of the incidence ratio, with a 14-day cumulative incidence of 140 cases per 
105. This incidence, in combination with an ρt above 1.2, situates the country at an EPG of 174. 

• Portugal remains in an increasing trend, with a one-day peak on last data point.  

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 Italy by region. Colour scale is indicated in each legend. 

3 https://github.com/ec-jrc/COVID-19/tree/master/data-by-region 

Table of current situation in Belgium by region. Colour scale is indicated in each legend. 
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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).
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Analysis: Structure of geographical connectivity outside big cities. Insights for 
vaccination campaigns for working-age groups (II). 

Last week we described how the vaccination campaign satisfactorily evolves in Europe and the corresponding 
new cases and the number of associated hospitalizations has been consistently dropping. We focus on the 
different structures needed to provide vaccines to elder people with a targeted approach (personal calls) and 
the challenge that represents to move to mass vaccination campaign for younger than 60 years old. 

We discussed that there are important logistic problems in the big cities in order to develop a vaccination 
campaign without crowing the work of primary care centres. Mass vaccination sites has been the proper 
response in different countries with great success.  We showed that this problem does not exist in medium-
size cities (40,000-200,000 inhab.), which represent a sweet spot on logistics. Developing the structure in 
these middle cities should be relatively easy and without cost. The size of the population is the optimum for 
the campaign. The geographical penetration of these cities that cover most of the continent made them 
perfect places for the global vaccination reach of the continent. 

However, we identified two problems for a full geographical penetration. The first one, addressed in the 
previous report, is the problem that ultra-low-density areas present for truly universal campaigns. As 
discussed, 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. In these areas, there are no proper primary care centres, or, if they are, they 
are shared across large geographical areas.  We proposed that the typical vaccination campaign of small 
vaccination campaigns might not be really useful in these geographical environments. Full vaccination of all 
cohorts with mobile resources makes more sense given the epidemiological characteristics of these areas. 

The second problem is the complexities of the vaccination campaign in very small cities (between 10,000 
and 40,000) and large towns (2,000-10,000) together with its surrounding towns and villages. This structure 
of large towns (or small) cities functioning as anchors of rural areas is quite common areas in Europe. These 
rural areas can have a relatively low density or be quite dense depending on the typical distance between 
villages and towns. These villages do not need to be particularly small, they can be locations with 500-1,000 
habitants, and they can be a relatively large number of them close to each other.  

We will use a particular region of Europe as a case example: 
the provinces in Spain which encompass the central part of 
the Pyrenees, Lleida and Huesca (a total of 650,000 
inhabitants). The area has the Pyrenees in the north and 
important planes in the south with both high density and low-
density areas without the presence of any big city in heavily 
agricultural-industrial areas. This area has been important in 
epidemiological terms because it has presented five COVID-
19 waves instead of the typical three in most countries. Figure 
1 presents the evolution of the 14-days incidence for both 
provinces. 
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Figure 1. 14-day cumulative incidence of COVID-19 in Lleida and Huesca. 

The map below shows the area we are referring to. The two capitals are the city of Lleida (140,000 inhab) 
and Huesca (52,.000 inhab). Both are the typical cities we discussed in the previous report, perfectly fit for 
the local distribution of the vaccines. However, their geographical reach is not large. The northern areas of 
the provinces present very low densities and are relatively far away from these two cities. Large towns of 
around 1,000 inhab. are the core of the different areas of the Pyrenees. Only two small cities have its site in 
the Pyrenees: Jaca in the Aragon Pyrenees (in Huesca province) and Seu d’Urgell in the Catalan Pyrenees, 
both with roughly 12,000 people. 

 

Figure 2. Map of region including the main cities/towns belonging to Huesca and Lleida. 
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There are only 6 other small cities with more than 10,000 inhab .besides Jaca and Seu D’Urgell. Table 1 shows 
the list of all the small cities in the area is shown. 

Table 1. List of small cities belonging to Huesca and Lleida. 

City Inhabitants Region 
Balaguer 17,000 Lleida 
Tàrrega 17,000 Lleida 
Barbastro 17,000 Huesca 
Monzón 17,000 Huesca 
Mollerussa 15,000 Lleida 
Fraga 15,000 Huesca 
Jaca 13,000 Huesca 
Seu d’Urgell 12,000 Lleida 

 

It is remarkable the symmetry of both provinces regarding the structure of the population. There are two 
capitals of the Pyrenees and then three very small cities of 15,000-17,000 that anchor other parts of the 
territory. Each one of these cities is the core of important areas in the region and can be linked with more 
rural or industrial areas. These cities are not located at the core of the Pyrenees but in the planes close to it. 

Vaccination sites in very small cities and large towns 

We can repeat now the analysis we performed in our previous assessment regarding possible extra 
infrastructure in small cities. For a small city of around 15,000 inhab. we expect 60 % of them to be vaccinated 
in 60 days. This is basically 150 people every day. The number of special boxes NB needed for vaccination 8 
hours every day is: 

𝑁𝑁𝑁𝑁 =
150 · 10 

8 · 60
= 3 

Again, we find that a primary care centre site can take perfectly the vaccination process. Basically, these small 
cities that act as local anchors of an area can attract the surrounding areas if they are close enough. 

The real problem appears with all the small towns that can be around these very small cities. A large town of 
1,500 people will need to vaccinate precisely one tenth of the total people and the total number of boxes 
needed will be one tenth. This is 0.3. And here it resides the key problem of the vaccination process in those 
areas away from those small city centres or, if there are a lot, the presence of multiple large towns. A town 
of around 1,500 people does not have enough population level on its own to need a vaccine special site, 
but a cluster of these towns or large villages does indeed need important resources that can overload 
primary care. 

For example, in Lleida there are more than 100 large towns of roughly 500-5,000 inhabitants which have 
the typical population of 1 medium city all together. A vaccination site in each one would lead to more 
than 100 vaccination sites, easily a factor of 10 more costly than typical optimal medium city. 

A simple solution would be to provide vaccination sites to all these towns multiplying the efforts even if 
resources sit idle. However, given the relevance of these areas in the total population the expenditure could 
be large. It seems more reasonable to share resources and provide vaccination centers that free up primary 
care resources locally in as many large towns as possible. In this sense, it is not possible to reach everywhere 
but one can try to point to those areas where these extra resources are more needed. Another possibility is 
to load primary care centres with multi-tasking bringing constantly a small number of vaccines. 

We think it makes more sense to establish vaccination sites in places selected both by its geographical and 
epidemiological relevance. This is, our proposal is to analyse the relevance in epidemiological terms of the 
different areas around the small cities to guide the presence of extra vaccination sites. In other words, 
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given that it is not possible to provide vaccination sites in each town of roughly 1,000 people, to select 
those that have a more important impact in those areas and that can contribute more to the control of the 
epidemics. 

Mobility relevance for vaccinate site selection in large towns 

A clear selection of vaccination site in small towns is necessarily linked to geographic span. It is important not 
to leave any large area without a vaccination site relatively close to it. In this sense, towns of around 3,000-
5,000 can act as the first. They can sustain one vaccine box on their own and they are normally properly 
geographically located. 

However, we propose that a second metric can be its relevance in terms of mobility. Those areas which have 
a relatively low population but that have high mobility and interact with most parts of a region are nodes 
of highly relevance. We take here the concept of node centrality from mathematics. It is possible that some 
of those towns, given its socio-economic characteristics present very large mobility given its populations. 
These towns are more relevant in epidemiological terms than other places with lower large-distance 
interaction and mobility. They can be the most relevant nodes in terms of homogenization of the epidemics. 

We must mention that mobility is not necessarily linked with risk. However, mobility is often related with 
more interactions and sometimes, risky interactions. In any case, those towns with higher relative mobility 
and interaction that can act as central nodes of the areas are very good options for the selection of vaccine 
site. 

Geography with MITMA mobility data 

The Ministerio de Transportes, Movilidad y Agenda Urbana provides mobility data between mobility districts. 
Mobility districts are either small/big cities or cluster of villages or town with a close connection within it. 
The Ministry has also provided the number of trips between the different MITMA districts all along the 
epidemics. This is a treasure of information obtained from mobile phone antennas that can pinpoint districts 
with a high relative influence in the mobility structure of the area 

Lleida-Huesca is divided into 68 MITMA districts. All the cities, small and large have one district associated. 
Then other large towns and areas are added up. Here it is the list of the 68 districts and its connectivity in 
terms of average trips per day from one district to other (Table 2). In red, we have highlighted the cities with 
more than 10,000 inhab we have previously mentioned. In violet we also indicate large town-small cities in 
the 6,000-10,000 range. The relevance of these large towns is key. They have enough population to sustain 
one box dedicated to vaccination and they are able to cover most of the territory. 
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Table 2. MITMA districts of Lleida and Huesca. In red, cities with more than 10,000 inhab; in violet, large town-small 
cities in the 6,000-10,000 range 

We can observe that this is the case with this graphical representation (Figure 3). To do this graphical 
representation of the MITMA information, we take the average of the trips from district A to B and from B to 
A during February 2020 capping them at a maximum of half a million trips (anything above is set to 500,000 
trips). Anything with less than 100 trips is considered as not connected. The number of trips is represented 
by the thickness of the connection organized in 5 different levels according to its thickness. 

  

Figure 3. Connectivity between MITMA districts in Lleida and Huesca (February 2020). 
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It gives a very good representation of the geographical situation. We can observe that both the Catalan and 
Aragón Pyrenees would be lacking of geographical reach if a second important site is not stablished in the 
area. Similarly, there are important connections without the presence of major cities. We can observe how 
this network rapidly fills up if we consider all these large towns where having one site is possible. An effort 
to fill these places of 5,000-10,000 habitants with at least one box is key. 

Still, there are some areas where these large towns do not have reach. There are clearly empty nodes in the 
south part of the nodes in Lleida (35-48-42-34-60-26) or most of the Pyrenees area south the top north in 
Lleida (55-66-53-36). In Huesca, there are important connections to the areas surrounding Huesca, that 
would need also local sites (2-21-11-19-15). 

Looking at the most relevant population of these areas and its geography it makes sense to add Aitona (37), 
Les Borges Blanques (42), Artesa de Segre (36) and Tremp (66) as vaccination on the Lleida site plus Ainsa 
(24), Almudebar(3) , and Sariñena (19) on the Huesca side. They fill the gaps in the connections of most areas. 

Centrality of nodes. A search of small village and towns with high relevance. 

The above network graphs indicate total amount of trips. They naturally highlight large populations and 
interactions associated with them. This is precisely why they can be a good tool to highlight empty 
geographical areas without very small cities and only towns. This graph, however, cannot indicate if there 
are areas with relatively low population that have an important relevance in the network. We proceed now 
to generate a network where the link between each MITMA is computed from the average daily number of 
trips between the districts NT and the population of geometric mean of the population of both districts. In 
this way, the link between district A and B (LAB) is defined as: 

𝐿𝐿𝐴𝐴𝐴𝐴 =
𝑁𝑁𝑁𝑁

�𝐸𝐸𝐴𝐴 · 𝐸𝐸𝐴𝐴
 

Where PA and PB are the populations of each MITMA district. 

We proceed to compute the degree centrality (the relevance of the outgoing edges1) of each node and graph 
the size of the node according to this centrality in the network. Here below (Figure 4) is the new network 
with a completely different topology than before. 

                                                           
1 https://link.springer.com/referenceworkentry/10.1007%2F978-1-4419-9863-7_935   
https://es.mathworks.com/help/matlab/ref/graph.centrality.html  
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Figure 4. Connectivity netwotk between MITMA districts in Lleida and Huesca assuming the new metrics (February 
2020). 

However, note that we can uncover nodes that seemed not important in the previous representation that 
become relevant here. We have unveiled that node 52 is absolutely key in the mobility structure of is 
surroundings.  This node corresponds to villages and towns surrounding Mollerussa (51). The weight that this 
MITMA has on the mobility of the whole network is actually very large compared with its population of 
roughly 5,000 people. Similar nodes surrounding Mollerussa are key in the area. Nothing similar happens in 
Huesca, although there is a node that appears always in the top tier of the centrality by small margin besides 
Huesca (centrality in terms of page-rank for example2, see appendix). This is Benabarre, a clear central node 
from the structure of interactions in Huesca, although not as much as the surrounding area of Mollerussa. 
The villages and towns East of Tàrrega also seem to have a relevant place in the connectivity. 

We conclude that the towns and villages outside of Mollerussa and Tàrrega and the town of Benabarre 
probably would need extra effort in the vaccination sites. They are very important nodes besides the small 
cities that cover most parts of the central Pyrenees. 

Discussion and conclusion  

We have discussed how large towns with 5,000 to 10,000 people are the key for geographical penetration of 
the vaccination campaign. They have enough population to have one spot were vaccines can be delivered 
continuously the following months and they can cover a good deal of territory. 

However, we have uncovered that some areas with clusters of smaller towns can have a huge effect on the 
structural mobility of the region. We have found that same areas close to Mollerussa act as huge distribution 
centers of interactions when compared with the population in the district. These villages and towns are in a 
sense separated from the closest small city (Mollerussa). Requiring the population to move to the city can 

                                                           
2 https://www.sci.unich.it/~francesc/teaching/network/pagerank  
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represent a barrier for the vaccination campaign. On the other hand, due to the relevance of these clusters 
of towns, a large penetration of the vaccination campaign is needed in these areas. We propose that extra 
vaccination sites should be placed in towns that encompass this area of Mollerussa. Similarly, around Tàrrega 
and in Benabarre, special vaccination sites should also be added. 

The use of the connectivity tools to unveil the most connected towns is useful because of two reasons. 
First, they have a higher epidemiological risk because the increase in the number of social interactions 
associated to the number of displacements from and to the town. Second, the population around is use to 
go for other reasons to this town and therefore the transport of the individuals to the town for vaccination 
purposes appears to be simpler than other locations. 

The distribution of these centers cannot be done everywhere. Not all the towns of 500 people can have 8 
hours a day vaccination sites. However, we have shown that some areas are important enough in relative 
terms that some kind of large effort must be done in these areas, either with large mobile resources that 
vaccinate all the district, reinforcing fully the primary care centers or with a couple of vaccination sites that 
cover these key areas. 

As a result of this analysis we have got in contact with the main hospital that serves the Mollerussa area 
(Arnau de Vilanova, in the city of Lleida) in order to gain insight about the particular situation of the area. We 
are in ongoing discussions with doctors in the hospital about this subject that we hope will be fruitful in 
uncovering the relevance of this area for vaccination purposes. The fact that some clusters of villages and 
town are probably the best target to reduce mobility barriers and place extra vaccination sites seems clear 
in terms of mobility. 

Appendix  

Leading nodes in terms of degree centrality 

52  -'NaOMollerussa-Sidamon'  3328 

49- 'Lleida'    2501 

51- 'Mollerussa'   1731 

45- 'SMollerussa-Miralcamp'  1605 

13- 'Huesca'    1465 

39- 'ELleida-WMoll-Belllloc'  1455 

47- 'Anglesola-Vilagrassa'  1418 

16-'Monzón'    1413 

5-'Benabarrre'    1355 

63- 'Tarrega'    1206 

 

 

 

 

 

 

Leading nodes in terms of page rank centrality 

49- 'Lleida'   0.023 

5- 'Benabarrre'   0.020 

10- 'Fraga'   0.020 

52- 'NaOMollerussa-Sidamon' 0.020 

43-'NBalaguer-Camarassa' 0.019 

65- 'Torrefarrera'  0.019 

28- 'WLleida-Alcarras'  0.019 

31- 'WBalaguer-Alfarras' 0.018 

38- 'Balaguer'   0.018 

27- 'NLleida-Algerri'  0.018
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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 

55



56



57



58



59



60



61



62



63



64



65



66



67



68



69



70



71



72



73



74



75



76



77



78



79



80



81



82



 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

 

(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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8 8-14 
9 >14 

 

(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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