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Abstract: Spain experienced a second wave of the COVID-19 pandemic in autumn 2020, which has 

been approached with different measures by regional authorities. We analyze the presence of con-

vergence in the cumulative incidence for 14 days (CI14) in provinces and self-governing cities. The 

Phillips–Sul methodology was used to study the grouping of behavior between provinces, and an 

ordered logit model was estimated to understand the forces that drive creating the different conver-

gence clubs. We reject the presence of a single pattern of behavior in the evolution of the CI14 across 

territories. Four statistically different convergence clubs and an additional province (Madrid) with 

divergent behavior are observed. Provinces with developed agricultural and industrial economic 

sectors, high mobility, and a high proportion of Central and South American immigrants had the 

highest level of CI14. We show that the transmission of the virus is not homogeneous in the Spanish 

national territory. Our results are helpful for identifying differences in determinants that could ex-

plain the pandemic’s evolution and for formulating hypotheses about the effectiveness of imple-

mented measures. 
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1. Introduction 

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) novel betacoro-

navirus [1] may cause atypical pneumonia, severe acute respiratory syndrome, and a wide 

spectrum of clinical manifestations of different severity commonly called coronavirus dis-

ease 2019 (COVID-19) [2]. The worldwide spread and expansion of SARS-CoV-2 caused 

the COVID-19 pandemic with increased crude mortality rates in most European countries 

in 2020 [3]. SARS-CoV-2 infection is transmitted mainly by inhalation of respiratory drop-

lets and aerosols emitted by a patient from the upper and lower respiratory tract or by 

direct contact with the conjunctiva of exposed individuals [4,5]. The SARS-CoV-2 trans-

mission risk scales positively with the duration of exposure and the closeness of social 

interactions, with the highest per-contact risk estimated to be in households [6]; indoor 

transmission is very high compared to outdoors [7]. 

Spain is one of the countries that has suffered most from the COVID-19 pandemic 

[8]. In mid-March 2020, the Spanish government implemented a general lockdown period 

with a stay-at-home requirement that reduced community transmission [9]. 

SARS-CoV-2 infection can be detected in presymptomatic stages, be asymptomatic 

or paucisymptomatic (presenting few symptoms, extremely mild symptoms, or not very 

expressive symptoms). In Spain, 33% of the SARS-CoV-2 infected individuals were 

asymptomatic in spring 2020 [10]. SARS-CoV-2 RNA shedding can be prolonged; viral 

RNA detection may not correlate with the shedding of viable virus and infectivity [11]. 
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Early diagnosis of infected individuals, including asymptomatic ones, is essential to en-

sure rapid and appropriate healthcare delivery and prevent further infection. Reverse 

transcriptase–polymerase chain reaction (RT–PCR) testing is the main diagnostic proce-

dure for detecting SARS-CoV-2 infection [12]; in Spain, the rapid antigen detection test 

has been used as a valid diagnostic method since 22 September 2020 [13]. 

Asymptomatic SARS-CoV-2 infections play a substantial role in viral transmission 

[14–16], and this constitutes a challenging situation for the proper identification and track-

ing of any exposed contacts. The implementation of effective prevention and control strat-

egies that target close contacts of infected individuals and the population at risk of poorer 

outcomes could help us to control the pandemic better. Quarantine for close contacts re-

duces transmission in undetected cases. Other strategies that have been implemented to 

date include physical, social distancing (avoidance or reduction of contacts, reduction of 

contact time, safety distance) and using protective elements, such as face masks [17]. Gov-

ernments are applying restrictions on gatherings of people who do not live together, es-

pecially in closed spaces due to the high transmission rate in poorly ventilated areas [7,18]. 

These restrictions are being complemented by other restrictions on mobility, both internal 

and external. 

Europe has experienced a second wave of the COVID-19 pandemic [19]. Strict social 

distancing measures have proven effective in curbing the incidence of COVID-19, but as 

restrictions were lifted, emerging second-wave scenarios [20] forced restrictive measures 

to be reimposed to prevent the collapse of the healthcare system. This second wave in 

Spain had its origins in summer 2020 when a variant of SARS-CoV-2 emerged and spread 

to other European countries [21,22], with the highest incidence among young adults [23]. 

Since the increase in infected individuals in autumn 2020 [24], Spain seems to have 

chosen a mitigation strategy [25]. The country has experienced cycles of escalation and 

de-escalation at a regional and local level with measures that weaken the economy to im-

prove health protection while awaiting the vaccination of vulnerable groups. 

Differences in population density, cultural behavior, population age structure, un-

derlying comorbidity rates, and contact rates across groups influence transmission dy-

namics within communities [26], so the transmission can be heterogeneous. Further, the 

variation in transmissibility between individuals may play a major role in spreading 

SARS-CoV-2 [26]. 

Various studies have assessed determinants of the evolution of the COVID-19 pan-

demic [27] and examined the spatial patterns and underlying risk factors [28–33]. In the 

United States of America, income inequality, the percentage of nurse practitioners, the 

percentage of the black female population [29], county-level socioeconomic factors [30] 

and other social determinants, such as age, disability, language, ethnicity, occupation and 

urban status [28] explain significant variations in COVID-19 incidence. Urban areas, as 

well as territories with a high proportion of black individuals, have a significantly higher 

number of COVID-19 cases and mortality rates [28]. 

These determinants have not been thoroughly studied in Spain, a country with much 

geographical and cultural variability. Moreover, the Spanish mitigation strategy has been 

approached with a degree of territorial heterogeneity. This study assesses the territorial 

heterogeneity of the evolution of SARS-CoV-2 infection in Spain. The aim is to understand 

the spatial determinants of infections by comparing the variables described for SARS-

COV-2 infection cases in the second wave of the pandemic in Spain. 

2. Data and Methods 

2.1. Database 

This study is a time-series analysis using information from the Escovid19data collec-

tion [34]. This daily database was the only public access repository, including provincial 

information, when the present study was conducted (January 2021); it is a collaboratively 

developed database compiling data provided by the Spanish public administrations. For 
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the present study, we used data for each Spanish province from 20 June 2020, when a 

complete data set for all provinces first became available, to 30 November 2020, before the 

adoption on 2 December 2020 of new specific measures in anticipation of the Christmas 

holiday celebrations [35]. 

2.2. Disaggregated Data from Spanish Provinces and Self-Governing Cities 

Spain is a decentralized compound national state currently divided into 19 self-gov-

erning territories: 17 self-governing regions, each comprising one or more 19th century-

implanted provinces (with a total of 50), and two self-governing cities (Ceuta and Melilla). 

The 1978 Spanish Constitution recognizes and guarantees self-government for the territo-

ries. The vast majority of the Spanish national territory has acceded to self-government 

until 1995. Other Spanish territories are directly government-run uninhabited small is-

lands along the Strait of Gibraltar and the Southern Alboran Sea off the North African 

coast and an island bordering Morocco. All self-governing regions are named comunidades 

autónomas in Spanish, except the Chartered Community of Navarre (Comunidad Foral de 

Navarra in Spanish), whose own self-government regime is based on an age-old chartered 

codified consuetudinary law system granting or acknowledging rights and freedoms, the 

Act of Confirmation of Charters of 1839 and the Compromise Act of 1841. Canarias was 

divided in 1927 into two provinces: Santa Cruz de Tenerife and Las Palmas. Since then, 

only small changes have been made in provincial organization. 

Public health competencies are the responsibility of the self-governing regions, ex-

cept for those aspects of coordination between the regions, basic national criteria, and the 

management of supra-regional alerts, which correspond to the national level (the Spanish 

Parliament and Spanish Department of Health). Public health competencies remain at the 

national level for the self-governing cities of Ceuta and Melilla. The Interterritorial Board 

of the Spanish National Health System is the permanent body for coordination, coopera-

tion, communication and information between the self-governing regions, city health de-

partments and the Spanish Department of Health, providing cohesion to the system. In 

case of special risk for public health, with the prior agreement of the Interterritorial Board 

of the Spanish National Health System, the declaration of coordinated actions in public 

health by the Spanish Department of Health obliges all the parties to comply. These coor-

dinated actions include, among others, the strengthening of epidemiological information 

systems for decision-making and health promotion and implementing disease prevention 

and control programs when the risk transcends the regional sphere [36]. 

To face the second wave of SARS-CoV-2, the Spanish government declared in Octo-

ber 2020 a new state of alarm throughout the national territory, by Royal Decree 926/2020 

[37], which was extended until May 2021 by Royal Decree 956/2020 [38]. This state of alarm 

established a nationwide curfew, except in Canarias, and delegated to the competent au-

thority of each region or city the adoption of specific measures to limit mobility and as-

sembly in the corresponding territory according to socio-epidemiological indicators. Un-

der Royal Decree 926/2020, the competent authority is the Spanish government during the 

state of alarm, and, in each territory, the delegated competent authority is the regional 

government. The delegated competent authorities are empowered to dictate, by the dele-

gation of the Spanish government, decrees, orders and subordinate instruments for estab-

lishing regulations or ad hoc decisions concerning limitations, constraints or restrictions 

of circulation, mobility and assembly. Although decision-making on public health 

measures continues to be carried out at the regional level, we have used data from the 

provinces and self-governing cities to use the most disaggregated data available. Both sin-

gle and multiprovincial regions can take measures at a lower level when they deem it 

necessary. To guarantee the required coordination in applying the measures contem-

plated in the Royal Decree 926/2020, the Interterritorial Board of the Spanish National 

Health System may adopt for these purposes, in addition to coordinated actions, as many 

agreements as it considers necessary, including when applicable, establishing reference 

indicators and risk assessment criteria [37]. 
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2.3. Variables 

To measure the evolution of the COVID-19 pandemic in the Spanish provinces and 

self-governing cities, we used the cumulative incidence for 14 days (CI14), defined as the 

total number of newly notified confirmed SARS-CoV-2 infections per 100,000 inhabitants 

in the last 14 days. Given that some Spanish provinces have less than 100,000 inhabitants, 

we have also considered the notified confirmed SARS-CoV-2 infections per 10,000 inhab-

itants in the last 14 days. The results obtained hardly vary concerning those presented 

here and are available upon request. We have decided to use CI14 because this is the rate 

employed to take health decisions. Cumulative incidence is the proportion of healthy in-

dividuals who develop the disease over a given period. The CI14 series allows an exhaus-

tive assessment of transmission speed and constitutes a powerful epidemiological tool to 

assess how the COVID-19 pandemic evolves; lower values suggest a better control of the 

pandemic. Notified confirmed SARS-CoV-2 infections included RT–PCR-positive and an-

tigen-positive cases [39–42]. Reinfections were not assessed in the period under study. 

The Interterritorial Board agreed at the end of September to aim to achieve CI14 below 

60/100,000 inhabitants. It established that cities of more than 100,000 inhabitants that had 

a CI14 of more than 500 cases, a positivity of 10%, and an ICU bed occupancy greater than 

35% would take extraordinary measures [43]. Among others, these indicators would cat-

egorize the provinces in terms of their alert level [44]. The Council of the European Union 

established a CI14 threshold of 25 cases per 100,000 inhabitants to indicate increasing risk 

[45]. Therefore we used the main indicator employed by the Spanish and European au-

thorities (CI14). 

The explanatory variables (xi) for ordered logit methods were selected, taking into 

account the results of Turner-Musa et al. (2020) [27] and Andersen et al. (2021) [28]. These 

studies report on the determinants for the evolution of COVID-19 in the USA and consider 

data availability. Following these authors, we have chosen variables, including mobility, 

population density, economic structure, income, education, ethnicity, age, health status, 

healthcare, and seroprevalence in November 2020, global seroprevalence until November 

2020 and the test positivity rate in November 2020. The list of the considered variables is 

presented in Appendix A with the sources from which they were obtained. 

2.4. Convergence and Phillips–Sul Methodology 

The concept of convergence has a great tradition in economic literature. Many articles 

have been discussed, with per capita gross domestic product (GDP) being the most com-

monly used economic indicator. Following the seminal paper by Barro and Sala-i-Martí 

(1992) [46], we can conclude in favor of convergence between the per capita GDP of a 

group of countries whenever the dispersion of the per capita GDP values reduces across 

the sample. Consequently, if convergence exists, then the cross-section variance of the per 

capita GDP goes to 0. This type of convergence is commonly known as σ-convergence. 

We have recently observed increased this type of analysis, mostly due to the contri-

butions of Phillips and Sul (2007, 2009) [47,48] (hereafter PS), who designed a very popular 

statistic that has been extensively employed to test for convergence. Additionally, as we 

see below, this methodology also allows the researcher to analyze whether the evolution 

of the variables is becoming similar. Although these studies were initially focused on mac-

roeconomic indicators [49–51], this interest has extended to non-economic variables, in-

cluding health indicators. Examples are the papers by Duncan and Toledo (2020) [52], 

Kasman and Kasman (2020) [53], Christopoulos and Eleftheriou (2020) [54] or González-

Álvarez et al. (2020) [55], among others. 

Following PS, let us consider that Xit represents the log of the health indicator of in-

terest, the CI14 in this particular case, with i = 1, 2,…, 52 (the 50 Spanish provinces and 2 

self-governing cities) and t goes from 20 June to 30 November 2020. This variable can be 



Int. J. Environ. Res. Public Health 2021, 18, 5085 5 of 22 
 

 

decomposed as Xit = δitμt, where μt and δit are the common and the idiosyncratic compo-

nents, respectively. PS suggest testing for convergence by analyzing whether δit converges 

towards δ. To do so, they first define the relative transition component: 

ℎ�� =
���

�−1 ∑ ���
�
�=1

=
���

�−1 ∑ ���
�
�=1

 (1)

In the presence of convergence, hit should converge towards unity, while its cross-

sectional variation, Hit, is defined as follows: 

��� = �−1 �(ℎ�� − 1)2

�

�=1

��

→ 0, �� �
��

→  ∞ (2)

and should go to 0 when T goes towards infinity. Then, PS test for convergence by esti-

mating the following equation: 

���
��

��
− 2���[log(�)] = � + � log(�) + ��, � =  ��, … , � (3)

with T0 = [rT]. PS recommend using the value r = 0.3. Equation (3) is commonly known as 

the log-t regression. The null hypothesis of convergence is rejected whenever the param-

eter  is lower than 0. PS suggest estimating model (3) by methods that correct for the 

presence of autocorrelation and heteroskedasticity (HAC methods) and, later, employ the 

t-statistic to test the null hypothesis β = 0. The use of these robust methods ensures that 

this t-ratio converges towards a standard N(0,1) distribution, and, therefore, we will reject 

the null hypothesis of convergence whenever this t-statistic takes values lower than −1.65. 

PS warn of the possible presence of artificial convergence. An obvious example of 

this is the case of the consumer price index. If the base year is taken at the end of the 

sample, then these indicators would seem to converge, given that the base year takes the 

value 100 for all the cross-section units. To avoid such artificial forms of convergence, PS 

suggest taking the first observation as the base year, rescaling the data and discarding 

some initial observations to avoid the effect of the new initial observation. In the present 

case, the effective sample for the PS analysis begins on 1 September 2020. 

If we reject convergence, PS propose the following robust clustering algorithm for 

identifying clubs in a panel: 

i. Order the N provinces according to their final values; 

ii. Starting from the highest-order province, add adjacent provinces from our ordered 

list and estimate model (3). Then, select the core group by maximizing the value 

of the convergence t-statistic, subject to the restriction that it is greater than −1.65; 

iii. Continue adding one province at a time of the remaining provinces to the core 

group, and reestimate model (3) for each formation. Use the sign criterion (t-sta-

tistic >0) to decide whether a state should join the core group; 

iv. For the remaining provinces, repeat steps (ii)–(iii) iteratively and stop when clubs 

can no longer be formed. If the last group does not have a convergence pattern, 

conclude that its members diverge. 

PS recommend performing club merging tests after running the algorithm using 

Equation (3) to avoid an overestimation of the number of clubs. 

Finally, we have followed the suggestion of PS and extracted the trend components 

of the series by filtering them using the Hodrick and Prescott (1997) filter [56]. The value 

of the parameter λ has been calculated according to the results of Ravn and Uhlig (2002) 

[57], who recommend employing the rule λ = 1600 p4, with p being the number of periods 
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per quarter (365/4). To study the forces that may drive creating these clubs, we have esti-

mated the following model: 

yi = xi’  + ui (i = 1, 2,…, 52) (4)

The dependent variable yi may have various possible outcomes, each of them related 

to the number of clubs that the PS methodology has estimated. Then, yi = j, if the i-th prov-

ince is included in the j-th club, with i = 1, 2,…, 52 and j = 1, 2,…, J, with J being the number 

of estimated convergence clubs. These different J values imply a preference or ordering of 

the clubs, which should be considered in the estimation. Therefore, ordered logit methods 

should be employed with the chosen explanatory variables (xi). 

3. Results 

Our data shows that CI14 varied significantly across provinces from June to Novem-

ber 2020, identifying different behavior patterns. A brief descriptive analysis is included 

in Table 1. 

Table 1. Descriptive analysis. 

 Initial Final Max Min CV (%) 

Alacant/Alicante 1.1 358.8 394.2 1.0 91.3 

Albacete 8.8 330.3 510.1 7.0 77.2 

Almería 0.8 379.2 482.8 0.7 72.4 

Araba-Álava 9.2 370.4 545.9 8.7 66.7 

Asturias 0.8 398.0 649.7 0.1 123.5 

Ávila 19.0 241.7 783.4 1.9 88.6 

Badajoz 1.5 205.9 700.5 1.5 99.2 

Balears, Illes/Baleares, 

Islas 
5.4 185.6 335.8 4.6 72.0 

Barcelona 11.5 234.9 809.0 9.6 83.3 

Bizkaia/Vizcaya 23.5 367.2 745.5 3.1 73.7 

Burgos 9.0 759.5 1387.8 3.4 97.8 

Cáceres 5.1 260.8 508.7 2.3 87.0 

Cádiz 2.2 524.0 579.9 1.2 112.2 

Cantabria 3.6 338.0 547.4 1.9 91.9 

Castelló/Castellón 3.3 309.3 485.0 2.2 103.4 

Ceuta 0.1 218.2 838.7 0.1 116.0 

Ciudad Real 44.6 297.1 510.9 19.6 76.0 

Córdoba 0.3 296.9 776.5 0.1 104.3 

Coruña, A/Coruña, La 4.0 224.0 349.8 2.9 82.1 

Cuenca 25.0 520.6 1000.4 2.0 103.1 

Girona/Gerona 11.9 299.7 964.5 8.0 102.7 

Gipuzkoa/Guipúzcoa 3.5 569.9 1103.5 3.5 96.6 

Granada 2.1 555.3 1485.3 2.1 128.7 

Guadalajara 29.9 233.5 659.5 11.6 76.2 

Huelva 0.2 380.7 576.4 0.2 137.6 

Huesca 21.8 368.8 1429.7 21.8 80.6 

Jaén 1.7 480.3 1012.5 0.9 119.8 

León 9.6 465.9 897.0 2.2 104.0 

Lleida/Lérida 59.3 360.3 731.6 59.3 53.4 

Lugo 2.7 240.3 310.1 1.2 77.7 

Madrid 65.9 166.4 810.7 48.4 71.2 

Málaga 2.5 252.6 368.1 2.3 77.6 
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Melilla 2.3 420.9 1469.6 2.3 110.7 

Murcia 1.2 279.7 730.6 1.2 84.6 

Navarra 8.1 286.3 1270.4 8.1 84.7 

Ourense/Orense 2.3 120.9 477.2 0.3 99.3 

Palencia 24.8 607.5 1033.0 5.0 96.7 

Palmas, Las 2.2 38.5 313.5 1.7 109.6 

Pontevedra 4.9 274.2 359.3 0.6 115.0 

Rioja, La 3.5 435.2 798.3 1.6 82.5 

Salamanca 18.8 296.0 1046.6 2.4 91.4 

Santa Cruz de Tenerife 1.2 123.8 125.1 0.2 79.4 

Segovia 19.6 221.4 510.7 10.4 73.6 

Sevilla 0.7 349.2 798.6 0.2 115.8 

Soria 57.5 496.4 854.1 27.1 77.2 

Tarragona 2.2 189.0 868.8 0.4 105.4 

Teruel 6.7 416.7 1153.3 6.0 78.6 

Toledo 12.5 351.7 840.5 4.0 81.4 

València/Valencia 4.8 379.5 454.3 3.5 85.5 

Valladolid 17.3 743.1 1200.1 4.8 92.9 

Zamora 6.4 587.7 1050.8 0.6 104.0 

Zaragoza 7.3 317.3 1050.9 6.8 63.5 

This table presents some descriptive statistics of the CI14 of the Spanish provinces and self-governing cities (Ceuta and 

Melilla) for the considered sample. The columns “Initial” and “Final” present the values at the beginning and at the end 

of the sample, respectively. The columns “Max” and “Min” are the maximum and the minimum values of the series. 

Column “CV” reflects the coefficient of variation. Official or co-official provincial names are placed first for better identi-

fication. When the province has an official/co-official name in a local language, the Spanish denomination is placed after 

it. In the case of a hyphenated name, the official name includes both the local and Spanish languages. For clarity, Spanish 

names are used in the rest of the paper. 

The results confirm the heterogeneous behavior of the CI14 for the Spanish provinces. 

If we consider the initial CI14 values, most provinces show values lower than 50, the ex-

ceptions being Soria, Lérida and Madrid. The CI14 values at the end of the sample are even 

more different. A few provinces show CI14 values lower than 150: Las Palmas, Orense, and 

Santa Cruz de Tenerife, and the Madrid CI14 are close to this value. The rest exhibit much 

higher values; 38 provinces have values higher than 250, and 6 provinces show CI14 values 

higher than 500. The worst CI14 values are those of Palencia, Valladolid and Burgos, all of 

them located in the inner region of Castilla y León. The minimum and, especially, the 

maximum values also reveal a large degree of heterogeneity. The minimum values occur 

at the beginning of the sample, as expected, and their standard deviation is relatively 

small (11.13). The opposite occurs with the highest values. To appreciate their heteroge-

neity, we should note that the standard deviation is 329. The lowest maximum CI14 value 

is 125.1 (Santa Cruz de Tenerife). The rest of the maximum values exceed 300, and more 

than half of the provinces exhibit maximum values greater than 700. The worst values are 

those of Huesca, Melilla, and Granada. However, despite this heterogeneity, we should 

note that the variation coefficient of the CI14 values is relatively low, with just 17 provinces 

showing a value greater than 1, which indicates that the CI14 has not varied very much 

among the provinces; the highest value was observed in Huelva (138%). 

We aim to analyze the evolution of the Spanish provincial CI14 using the PS method-

ology. The results of its application are presented in Table 2. As we can see, the null hy-

pothesis of convergence is rejected. This result is also supported by Figures 1 and 2, show-

ing that the cross-sectional dispersion does not tend towards 0 and offering additional 

evidence of the absence of σ-convergence. Then, we reject the presence of a single pattern 

of behavior in the evolution of the CI14 across the Spanish provinces and self-governing 

cities. 
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Table 2. Testing for convergence and convergence clubs. 

Panel I. Testing for Convergence 

 Provinces PS 

 Full sample 
−0.809 

(−218.01) 

Panel II. Convergence Clubs 

Panel A. Initial Estimation Panel B. Adjacent Analysis Panel C. Final Estimation 

Initial Clubs Provinces PS Merging PS Final Clubs Provinces 

C1 

Asturias, Córdoba, 

Granada, Huelva, 

Jaén, Sevilla, Ceuta 

0.211 

(10.56) 
C1 + C2 

−0.46 

(−412.57) 
Club 1 

Asturias, Córdoba, 

Granada, Huelva, 

Jaén, Sevilla, Ceuta 

C2 

Alicante, Almería, 

Badajoz, Burgos, Cá-

diz, Cantabria, Cas-

tellón, Cuenca, Ge-

rona, Guipúzcoa, 

Huesca, León, Mur-

cia, Pontevedra, La 

Rioja, Tarragona, Te-

ruel, Valencia, Valla-

dolid, Zamora, Meli-

lla 

0.019 

(1.30) 
C2 + C3 

−0.1173 

(−8.99) 
Club 2 

Alicante, Almería, 

Badajoz, Burgos, Cá-

diz, Cantabria, Cas-

tellón, Cuenca, Ge-

rona, Guipúzcoa, 

Huesca, León, Mur-

cia, Pontevedra, La 

Rioja, Tarragona, Te-

ruel, Valencia, Valla-

dolid, Zamora, Meli-

lla 

C3 

Barcelona, Cáceres, 

La Coruña, Lérida, 

Lugo, Málaga, Nava-

rra, Orense, Palen-

cia, Santa Cruz de 

Tenerife, Zaragoza 

0.173 

(11.86) 
C3 + C4 

0.023 

(1.63) 
Club 3 

Álava, Albacete, 

Ávila, Barcelona, Cá-

ceres, La Coruña, Lé-

rida, Lugo, Málaga, 

Navarra, Orense, Pa-

lencia, Salamanca, 

Santa Cruz de Tene-

rife, Soria, Toledo, 

Vizcaya, Zaragoza 

C4 

Álava, Albacete, 

Ávila, Salamanca, 

Soria, Toledo, Viz-

caya 

0.261 

(17.40) 
C4 + C5 

0.145 

(2.58) 

 

Club 4 

Islas Baleares, Ciu-

dad Real, Guadala-

jara, Las Palmas, Se-

govia 

C5 
Islas Baleares, Las 

Palmas, Segovia 

0.613 

(2.77) 
C5 + C6 

0.445 

(14.15) 
Divergent Madrid 

C6 
Ciudad Real, Guada-

lajara 

0.327 

(23.75) 
C6 + Divergent 

−1.819 

(−40.13) 
  

Divergent Madrid      

This table presents the results of the PS methodology. Panel I includes the analysis of the null hypothesis of convergence. 

The value in parentheses is the log-t ratio, and the value above it corresponds to the estimation of the parameter β in (3). 

The null hypothesis is rejected if the log-t ratio is lower than −1.65. For the sake of clarity, Spanish names are used for all 

provinces. Panel II presents the results of applying the PS clustering algorithm. Panel A shows the initial results, Panel B 

presents the merging analyses of the adjacent clubs, while Panel C shows the final results. The “PS” column values are the 

results of the estimation of Equation (3) for the different combinations of provinces, with the values in parentheses reflect-

ing the log-ratios and the values above them to estimate the parameter β in (3). 
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Figure 1. σ-Convergence. Cross-sectional standard deviation. 

 

 

Figure 2. σ-Convergence. Coefficient of variation. 
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Figure 3. Average values of the estimated clubs. 

0

100

200

300

400

500

600

700

800

900

1000

6-20-20 7-5-20 7-20-20 8-4-20 8-19-20 9-3-20 9-18-20 10-3-20 10-18-20 11-2-20 11-17-20

Club 1 Club 2 Club 3 Club 4 Madrid



Int. J. Environ. Res. Public Health 2021, 18, 5085 11 of 22 
 

 

 
The clubs are shown in different colors: Club 1 in red, Club 2 orange, club 3 in light green, Club 4 in dark green, and the divergent behavior 

province (Madrid) in white. 

Figure 4. Geographical representation of estimated clubs in a map of Spanish provinces. 

The evolution of the average CI14 values of the estimated clubs is presented in Figure 

3, allowing us to appreciate the cross-section differences and providing some additional 

insights. The club 1 and club 2 behaviors were quite similar and exhibited the highest 

values at the end of the sample. However, they differ in their evolution during the sum-

mer months and the beginning of autumn. The club 2 CI14 average values were always 

greater up to the beginning of November. After this, club 1 attains its maximum (858) on 

11 November 2020, while the club 2 maximum was a little lower (768) and occurred 

slightly earlier (5 November). From then onwards, both of them showed a sharp drop, 

and the values at the end of the sample were similar (410 and 420). 

Club 3 is quite closely related to club 2, even exhibiting greater CI14 values up to the 

end of September. Later, club 3 moderated its growth compared to club 2 (2.2 and 2.8, 

respectively) and reached its maximum on almost the same day (6 November), with a 

lower value (643). The decreasing growth rate up to the end of the sample was greater for 

club 3 (−3.3%) than for club 2 (−2.4%) and, therefore, the value of club 3 (300) was lower 

than the value of club 2. 

The club 4 behavior was a combination of the patterns of behavior of Madrid (up to 

mid-October) and of clubs 1–3, although the evolution was smoother in club 4. Conse-

quently, it shows an almost bi-modal evolution, with peaks on 20 September (393) and 2 

November (344). 

Finally, the Madrid province diverged from the rest of the clubs (Figure 3). Madrid 

shows the greatest CI14 up to mid-September. The maximum value (810) was similar to 

the maximum values of clubs 1 and 2, but it was attained one month and a half earlier (22 

September). 
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For all the clubs, we observed that the higher the CI14 maximum in the first part of 

the study period, the lower it is during the second part. As we have seen in the territorial 

analysis, the coastal provinces (except the islands) exhibited a worse performance than 

the rest of the provinces in terms of CI14. 

We have estimated an ordered logit model to determine which forces may have gen-

erated our estimated clubs. These results are presented in Table 3. The final specification 

was obtained as follows: We have first run a forward selection procedure using ordinary 

least-squares. Later, we have estimated the ordered logit model by nonlinear maximum-

likelihood methods, removing those explanatory variables that were not significant at 5%. 

It seems sensible to mention that, even though the sample size is relatively small, the max-

imum-likelihood estimator works properly, and the nonlinear algorithm achieves conver-

gence in very few iterations. The supplementary material (Appendix A) includes a list of 

the initial variables, as well as their average values for each of the estimated convergence 

clubs. 

We should note that we have employed the statistic proposed by Brant (1990) [58] to 

test the assumption of the proportionality of the odds ratios. As we can see, we cannot 

reject this null hypothesis and using the ordered logit model seems to be appropriate. We 

should also mention that Table 3 includes estimating the coefficients of the model (4), with 

the estimated cluster robust standard errors in parenthesis. The explanatory power of the 

estimated model is relatively high, being able to correctly classify 69% of the provinces. 

Table 3. Factors driving the clubs. 

  Marginal Effects 

Variable Estimations Club 1 Club 2 Club 3 Club 4 

Travelers 
−2.54 × 10−5 

(−5.27) 
8.94 × 10−7 5.10 × 10−6 −5.49 × 10−6 −5.08 × 10−7 

Employed 

people in agri-

cultural sector 

−0.12 

(−6.06) 
0.004 0.024 −0.026 −0.002 

Employed 

people in in-

dustrial sector 

−0.288 

(−11.96) 
0.010 0.058 −0.062 −0.006 

Central and 

South Ameri-

can immi-

grants 

1.84 

(4.87) 
−0.065 −0.370 0.397 0.037 

Life expec-

tancy at birth 

1.48 

(4.10) 
−0.052 −0.298 0.321 0.030 

Capital of the 

region 

−0.848 

(−2.55) 
0.030 0.170 −0.183 −0.017 

Cut-points      

Cut-point 1 117.45     

Cut-point 2 121.20     

Cut-point 3 124.59     

N 51     

Pseudo R2 0.34     

Correctly clas-

sified cases 
69%     

Brant statistic 7.09     

This table shows the coefficient estimates of the ordered logit model, with the t-ratios appearing in 

parenthesis. These were obtained by using cluster robust standard errors. The Brant statistic tests 

the null hypothesis of odds ratios proportionality and asymptotically follows a χ2 of (J-2)p degrees 
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of freedom, with p and J being the number of explanatory variables included in the estimated 

model and the number of outcomes considered in the dependent variable, respectively. Columns 

3–6 reflect reported marginal effects calculated at mean values for the estimated model. 

Our results show that mobility—measured by the number of travelers—the economic 

structure—especially the percentage of working people devoted to the agriculture and 

industry sectors—the health status—measured by life expectancy at birth—and the num-

ber of Central and South American immigrants are the variables included in the final spec-

ification of the estimated logit model. This final model also includes the variable CAP, 

which takes the value 1 if the province contains the region’s capital and 0 otherwise. The 

higher the mobility towards the province and the percentage of people working in the two 

above-mentioned sectors, the more probable the province is included in clubs 1 and 2, 

which have the highest levels of CI14. Similarly, the probability of being included in these 

clubs is greater for the provinces that include the region’s capital. By contrast, the better 

the health status previous to the pandemic, the more probable the province is included in 

clubs 3 and 4, the ones with the lowest CI14 values. 

To facilitate the interpretation of the impact of the explanatory variables on the prob-

ability of membership in a specific club, we have included in Table 3 the resulting mar-

ginal effects, all of them computed at the mean of all the explanatory variables. The mar-

ginal effects show the change in the probability of belonging to a specific club given a 

small change in the explanatory variables. We can see that the variables of the number of 

Central and South American immigrants and life expectancy at birth have the largest im-

pact. 

4. Discussion 

This study shows that the evolution of the COVID-19 pandemic has been quite het-

erogeneous across the Spanish provinces, revealing several patterns of behavior. This is 

in line with other observations in larger countries [28,29]. Through an ordered logit model, 

we have analyzed some variables that may influence the temporal and territorial evolu-

tion of the COVID-19 pandemic, such as mobility, economic structure, immigration, and 

life expectancy at birth. 

In terms of the number of travelers to the province, mobility is associated with de-

veloping the provincial incidence of the infection. We can also appreciate that those prov-

inces containing the capital of a region also exhibit higher incidence levels, clearly con-

nected with this mobility factor. The clubs with the highest mobility are club 4 and club 2; 

club 2, together with club 1, have the worst SARS-COV-2 evolution. However, club 4 is 

the most benevolent in terms of CI14, which may be related to the islands and transit-to-

Madrid travels. These associations should be studied more in-depth [59,60]. Internal mo-

bility restrictions proved effective in reducing SARS-CoV-2 transmission in the first wave 

[61], but they have not been evaluated territorially in Spain in the succeeding phases in a 

different way than a stay-at-home requirement. A recent study reported that reducing 

mobility positively affects reducing the growth rate of incidence [62]. Tools to assess spa-

tial mobility in real time would help in the design and implementation of more effective 

local-targeted interventions [59]. Another study has shown that a more effective way to 

reduce CI14 could be to limit the accumulation of people in specific places. A small minor-

ity of superspreader events account for many infections, and measures to restrict the max-

imum occupancy of spaces are more effective than uniformly reducing mobility [63]. Stud-

ies on SARS-CoV-2 superspreading events suggest that heterogeneity in infectivity may 

have a significant impact on transmission dynamics [64], calling for further research on 

factors that could influence interindividual heterogeneity, susceptibility, and clinical out-

come [26]. The provincial demographic structure—population density and population in 

cities lower than 50,000— could be related to the SARS-CoV-2 transmission and CI14. Club 

1 shows a population density much higher than the rest of the clubs (721) and a proportion 

of the resident population in municipalities of less than 50,000, which takes the value 4.0, 
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very different from the rest of the clubs: >12.6 (Appendix A). Further studies are necessary 

to identify and understand associations between mobility, superspreader events, demo-

graphic structure, and social interaction [65]. 

The differences observed between club 1 and the rest of the clubs suggest that prov-

inces with high agricultural employment could be more vulnerable to SARS-CoV-2 infec-

tion. The population of the industrial sector is another determining factor of high CI14. The 

highest proportion of industrial activity is related to club 2, which includes the highly 

industrialized provinces on the Mediterranean coast. The population, which works in the 

industry, would have more significant opportunities for person-to-person interaction. By 

contrast, the construction sector (Appendix A), which is more dominant in clubs 2–4, 

could probably be more protected against high SARS-CoV-2 incidence. Further, the pop-

ulation with the most extensive service sector (club 4) did not have higher CI14 than the 

rest of the clubs, so it could be assumed that this sector has adapted to SARS-CoV-2 pre-

vention measures [66]; these provinces include the islands, whose economy relies on the 

service sector. 

Among the immigrant groups considered, those from Central and South America 

have shown a correlation with the SARS-CoV-2 CI14. The percentage of Central and South 

American immigrants helps us to discriminate between CI14 clubs. However, this factor 

should be interpreted with caution. While helping us to understand the estimated model 

results, it does not imply causality. We have no evidence to determine whether ethnic 

variables help us to explain spreading this pandemic, considering that Andersen et al. 

(2021) [28] showed black individuals and non-English speakers were significant predic-

tors of COVID-19 cases. Moreover, the percentage of immigrants can be a proxy for wealth 

and economic development and social interaction [67], although there is no association 

with per capita GDP or the Human Development Index (HDI). 

Spain has one of the highest life expectancies at birth estimations in the world [68]. 

This variable, as well as the infant mortality rate, is commonly employed to reflect the 

global status of a population [69,70]. It is true that there are other options and that alter-

native measures, such as the quality-adjusted life-year (QALY), are also of great interest. 

Unfortunately, data availability obliges us to focus our study on the former variables. The 

data in Appendix A show that the slightly lower life expectancy at birth observed in club 

1 (Appendix A), following recently published results that show lower baseline life expec-

tancy estimations in Andalucía (along with most provinces in club 1) [71], could be asso-

ciated with the higher transmission of the virus. 

Seroprevalence at a particular moment—the proportion of the population with im-

munity—is related to the cumulative incidences of each province until that point in time. 

Even so, high seroprevalence levels may reduce the circulation of the virus due to the 

higher proportion of non-susceptible individuals. Seroprevalence in Spain is far from 

reaching the herd immunity threshold for COVID-19 (~82.5%), using the mathematical 

formula 1–1/R0 and assuming an R0 estimate of 5.7 [72,73]. The herd immunity threshold 

would mean that the incidence of infection will begin to decline once the proportion of 

individuals with acquired immunity to SARS-CoV-2 in the population exceeds 82.5%. It 

has been shown that in the second half of November, 7.1% of the population residing in 

Spain had anti-SARS-CoV-2 immunoglobulin G (IgG) antibodies, without significant dif-

ferences between sexes (CI95:6.7–7.6; 7.5% in women versus 6.7% in men) [74]. In the ter-

ritorial disaggregation, seroprevalences higher than 10% are found in the provinces of 

Ávila, Segovia, Soria, Palencia and Salamanca (Castilla y León), and Lérida (region of Ca-

taluña). These provinces do not correspond to any CI14 cluster, but there are differences in 

the seroprevalence values in November for each CI14 club: clubs 1 and 2 had on average 

seroprevalences lower than 6.2%, and clubs 3 and 4 greater than 7.4%; in Madrid figure 

was 12.5%. IgG antibodies are only part of the anamnestic immune response, and memory 

cells play a fundamental role in adaptive cellular immunity; development of memory B 

and T cells is critical for long-term protection [75,76]. Although the serum levels of anti-

SARS-CoV-2 IgG antibodies show a decline at months 6–8, virus-specific T and/or 
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memory B cell responses increase with time and are maintained during at least 6–8 months 

after infection [76–79]. Asymptomatic infected patients generate a weaker immune re-

sponse [80], and some COVID-19 patients experience a decline in B cell responses over a 

timescale of 3 months [81–83], so T cell responses may be more sensitive indicators for 

SARS-CoV-2 infection prevalence than seropositivity [84]. Nevertheless, the seropreva-

lence results (Appendix A) in November 2020 correspond to the immunity generated by 

infection during the analyzed previous period. Conversely, the IgG seroprevalence results 

in November 2020 underestimate the past infection of more than six months. 

The global seroprevalence—the percentage of people in the population with IgG an-

tibodies against the SARS-CoV-2 virus at any time since the beginning of the study—en-

ables us to better estimate the infection rate since the beginning of the pandemic, consid-

ering that long-term immunity remains uncertain [85]. The Spanish global seroprevalence 

in November was 9.9% (95% CI: 9.4–10.4) [74]. A marked geographical variability in global 

seroprevalence was observed: only Las Palmas, Santa Cruz de Tenerife, La Coruña, Pon-

tevedra, Lugo, Valencia, Huelva and Córdoba present accumulated prevalences below or 

close to 5%; the central provinces around Madrid show more than 15% (Cuenca, Soria and 

Madrid more than 18%). Above or around 10% is the entire central nucleus of the country. 

This does not correspond to the CI14 patterns, but club 1 and club 2 had seroprevalences 

lower than 8.7%, and club 3 and club 4 greater than 11.1%; the Madrid global seropreva-

lence was 18.6%. Furthermore, this global seroprevalence could correspond to the under-

detected first wave incidence, whose territorial differences have not been assessed in this 

article. SARS-CoV-2-reactive T cells are associated with protection from symptomatic 

SARS-CoV-2 infections, as reported in a prospective cohort study [86], and it has been 

suggested that seropositivity could be associated with protection from infection [84,87]. 

Coronavirus protective immunity could be short-lived, and it has been suggested that it 

provides no long-term protection from reinfections; reinfections occurred most frequently 

at 12 months after infection [88]. 

Among the variables relating to detection systems for SARS-COV-2 infection, we 

have considered the test positivity rate (TPR), whose data from 24–30 November 2020 

were accessible [89]. As the groups had a worse evolution at the end of the period (club 1 

and club 2), TPR was higher (>10.8), suggesting that the diagnostic capacity could not 

detect the full burden of infection and that more testing should probably be done. High 

TPRs also suggest high CI14 due to high transmission in the community. Low TPRs not 

only shows a good control; it can be influenced by an excessive consideration of close 

contacts without real risk or by screening or studies in populations with low prevalences. 

The better clubs (club 3 and club 4) had a TPR > 7.5, above recommendations for getting 

transmission under control. 

Madrid and club 4, which had the lowest CI14 at 24–30 November 2020, also had the 

lowest TPR (7.5–7.6). This assessment was a specific one and, therefore, is not representa-

tive of the entire series. In Madrid, the transmission was difficult to control at the pan-

demic’s peak on 22 September when it had a TPR of 23.0%, higher than the other clubs 

[90]. 

Other variables that may influence the SARS-CoV-2 CI14 evolution are the underdi-

agnosis and delay in notification of some regions, the number of tests carried out per 

100,000 inhabitants, the average test positivity rate in close contacts, and the average num-

ber of close contacts in confirmed cases. 

To the best of our knowledge, the present study is one of the first studies to demon-

strate the existence of different patterns of the COVID-19 pandemic evolution in Spain. 

These results could help identify specific differences between geographical areas that 

could be potential factors in planning for better outcomes. Such differences may be related 

to the population’s socio-epidemiological characteristics. The restriction measures 

adopted different health policies, etc. This could help us to formulate various hypotheses 

and assess the efficacy of specific measures and policies [91]. 
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Decision-making in good time and at the territorially disaggregated level allows de-

cisions to be more easily adapted to the epidemiological situation and risk in specific ge-

ographical areas and to limit and circumscribe the effects on the economy of specific re-

striction measures aimed at reducing social interaction between non-cohabiting people, 

such as restrictions on economic and commercial activity, and territorial mobility. Dis-

aggregation in decision-making seems to be a necessary solution given the foreseeable 

persistence of SARS-CoV-2 transmission in the coming months until complete vaccine 

coverage reduces transmission and the number of infected people. 

The evolution of the pandemic depends on citizens’ behavior in terms of social inter-

action. Public authorities have controlled mobility to limit social interaction [59]. Lock-

down interventions increase transmission risk within families and households, whereas 

the timely isolation of infected individuals reduces risk across all types of contacts [6]. The 

high incidence rates of SARS-CoV-2 infection observed during autumn 2020 led to a state 

of an alarm first in Madrid in October (Royal Decree 900/2020 [92]), applied in Madrid’s 

descending epidemic phase, and approximately two weeks later in the whole country 

(Royal Decree 926/2020 [37]). Since then, many regions and cities have maintained high 

mobility restrictions and economic and commercial activity limitations, with significant 

differences in the adopted measures. Other variables in terms of security measures could 

be related to cultural factors within the population’s variability not yet analyzed in Spain 

[93]. 

The main strength of our study is that we employ time-series techniques, which are 

quite useful for providing time-consistent results. Furthermore, the database includes all 

notified confirmed SARS-CoV-2 cases in Spain during the study period. This study has 

focused on the evolution of SARS-CoV-2 infection, but information on other important 

variables has not been used, for example, the patient´s health status, clinical severity, mor-

tality, case-fatality rates, infection fatality rates or other sociodemographic characteristics. 

The most serious limitation of this paper is the quality of the data, an aspect that should 

be improved in the future by the Spanish authorities and that would lead to more robust 

research. We should also recall that our results do not offer evidence of causality, a ques-

tion that is left to future research. 

In this regard, we consider that further research is needed to explain the determinants 

of the differences between geographical areas and pandemic behavior in the future. We 

aim to study various factors that could contribute to different patterns across Spain, in-

cluding health policies, results from vaccination programs, and restriction measures. It is 

crucial to consider the nature of the measures implemented in different regions and cities 

to correctly interpret changes in the pandemic’s impact. This could also help us to identify 

the most effective measures. 

5. Conclusions 

This study shows that the transmission of the SARS-CoV-2 virus is not homogeneous 

in the Spanish national territory. We performed an exploratory analysis comparing geo-

graphical areas to form hypotheses regarding specific factors associated with poorer con-

trol of the pandemic, taking into account the population characteristics, health policies, 

and the measures adopted. 

Our results show that mobility, economic structure, migration and overall provincial 

health status are strongly associated with COVID-19 outcomes. However, we recognize 

that additional studies are necessary to study in detail the causality of the variables that 

we have included in our model. 
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Appendix A 

Table A1. Explanatory variables considered. 

Definition Unit Source Club 1 Club 2 Club 3 Club 4 

Number of trav-

elers to the 

province (aver-

age value of the 

period July–No-

vember 2020) 

Travelers INE [94] 58,902 71,343 52,818 77,932 

Population den-

sity, 2020 

Inhabitants per 

km2 
INE [94] 721 111 135 115 

Population in 

cities lower than 

50,000, 2020 

% INE [94] 4.0 14.6 15.2 12.6 

Employed peo-

ple in the agri-

cultural sector, 

2020, Q4 

% INE [94] 9.4 6.9 6.0 4.9 

Employed peo-

ple in the indus-

trial sector, 2020, 

Q4 

% INE [94] 11.3 17.2 15.6 11.8 

Employed peo-

ple in the con-

struction sector, 

2020, Q4 

% INE [94] 5.5 7.1 7.2 7.5 

Employed peo-

ple in the service 

sector, 2020, Q4 

% INE [94] 73.8 68.8 71.3 75.8 

Per capita GDP, 

2018 
€ INE [94] 19,843 24,416 24,989 22,458 

Human Devel-

opment Index 

(HDI), 2014 

- [95] 0.8 0.8 0.8 0.8 

Maghreb popu-

lation over total, 

2020 

% INE [94] 1.8 2.5 1.7 1.9 
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African popula-

tion over total, 

2020 

% INE [94] 2.1 3.1 2.2 2.4 

Central and 

South American 

population over 

total, 2020 

% INE [94] 1.0 2.3 2.6 3.2 

Population 

greater than 65, 

2019 

% INE [94] 18.4 21.4 22.8 18.1 

Population be-

tween 16 and 30, 

2019 

% INE [94] 16.3 14.7 14.3 16.1 

Average life of 

the population, 

2019 

Years of age INE [94] 42.8 44.8 45.7 43.1 

Life expectancy 

at birth (LEB), 

estimation of the 

average age that 

population born 

in 2019 will be 

when they die 

Years of age INE [94] 82.1 83.4 83.8 83.7 

Infant mortality 

rate (IMR), 

probability of 

deaths of resi-

dent children 

under one year 

of age per 1000 

live births, 2019 

10−3 INE [94] 3.6 2.5 2.5 3.5 

Number of phy-

sicians per 

100,000, 2019 

Physicians per 

100,000 inhabit-

ants 

INE [94] 499 510 584 504 

Number of 

nurses per 

100,000, 2019 

Nurses per 

100,000 inhabit-

ants 

INE [94] 33 25 41 54 

IgG seropreva-

lence at the sec-

ond half of No-

vember 2020 

(2nd COVID-19 

wave) 

% 
ENE-COVID 

[74] 
–5.5 6.2 8.3 7.4 

IgG global sero-

prevalence until 

November 2020 

% 
ENE-COVID 

[74] 
7.3 8.7 11.1 11.4 

Positivity test 

rate (PTR), 24–

30 November 

2020 

% [89] 10.8 10.9 8.1 7.5 
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INE, Spanish National Statistics Institute (Instituto Nacional de Estadística in Spanish); ENE-COVID, national seroepidemi-

ological study of SARS-CoV-2 infection in Spain. 

References 

1. Coronaviridae Study Group of the International Committee on Taxonomy of Viruses. The species Severe acute respiratory syn-

drome-related coronavirus: Classifying 2019-nCoV and naming it SARS-CoV-2. Nat. Microbiol. 2020, 5, 536–544, 

doi:10.1038/s41564-020-0695-z. 

2. Simmonds, P.; Williams, S.; Harvala, H. Understanding the outcomes of COVID-19—does the current model of an acute respir-

atory infection really fit? J. Gen. Virol. 2020, jgv001545, doi:10.1099/jgv.0.001545. 

3. Villani, L.; McKee, M.; Cascini, F.; Ricciardi, W.; Boccia, S. Comparison of Deaths Rates for COVID-19 across Europe During the 

First Wave of the COVID-19 Pandemic. Front. Public Health 2020, 8, 620416, doi:10.3389/fpubh.2020.620416. 

4. Tang, S.; Mao, Y.; Jones, R.M.; Tan, Q.; Ji, J.S.; Li, N.; Shen, J.; Lv, Y.; Pan, L.; Ding, P.; et al. Aerosol transmission of SARS-CoV-

2? Evidence, prevention and control. Environ. Int. 2020, 144, 106039, doi:10.1016/j.envint.2020.106039. 

5. Harbourt, D.E.; Haddow, A.D.; Piper, A.E.; Bloomfield, H.; Kearney, B.J.; Fetterer, D.; Gibson, K.; Minogue, T. Modeling the 

stability of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on skin, currency, and clothing. PLoS neglected trop-

ical diseases. 2020, 14, e0008831, doi:10.1371/journal.pntd.0008831. 

6. Sun, K.; Wang, W.; Gao, L.; Wang, Y.; Luo, K.; Ren, L.; Zhan, Z.; Chen, X.; Zhao, S.; Huang, Y.; et al. Transmission heterogenei-

ties, kinetics, and controllability of SARS-CoV-2. Science 2021, 371, eabe2424, doi:10.1126/science.abe2424. 

7. Bulfone, T.C.; Malekinejad, M.; Rutherford, G.W.; Razani, N. Outdoor Transmission of SARS-CoV-2 and Other Respiratory 

Viruses: A Systematic Review. J. Infect. Dis. 2021, 223, 550–561, doi:10.1093/infdis/jiaa742. 

8. Pifarré, I.; Arolas, H.; Acosta, E.; López-Casasnovas, G.; Lo, A.; Nicodemo, C.; Riffe, T.; Myrskylä, M. Years of life lost to COVID-

19 in 81 countries. Sci. Rep. 2021, 11, 3504, doi:10.1038/s41598-021-83040-3. 

9. Spanish Royal Decree 463/2020, of 14 March 2020, Declaring the State of Alarm for the Management of the Health Crisis Situa-

tion Caused by COVID-19. Official State Gazette, 14 March 2020, no. 67, pp. 25390–25400. Available online: 

https://boe.es/boe/dias/2020/03/14/pdfs/BOE-A-2020-3692.pdf (accessed on 27 January 2021). 

10. Pollán, M.; Pérez-Gómez, B.; Pastor-Barriuso, R.; Oteo, J.; Hernán, M.A.; Pérez-Olmeda, M.; Sanmartín, J.L.; Fernández-García, 

A.; Cruz, I.; Fernández de Larrea, N.; et al. Prevalence of SARS-CoV-2 in Spain (ENE-COVID): A nationwide, population-based 

seroepidemiological study. Lancet 2020, 396, 535–544, doi:10.1016/S0140-673631483-5. 

11. Fontana, L.M.; Villamagna, A.H.; Sikka, M.K.; McGregor, J.C. Understanding viral shedding of severe acute respiratory coro-

navirus virus 2 (SARS-CoV-2): Review of current literature. Infect. Control. Hosp. Epidemiol. 2020, 1–10, doi:10.1017/ice.2020.1273. 

12. Yu, C.Y.; Chan, K.G.; Yean, C.Y.; Ang, G.Y. Nucleic Acid-Based Diagnostic Tests for the Detection SARS-CoV-2: An Update. 

Diagnostics 2021, 11, 53, doi:10.3390/diagnostics11010053. 

13. Interterritorial Board of the Spanish National Health System Public Health Commission. The Public Health Commission Ap-

proves the Inclusion of Antigenic Tests as a Rapid Diagnostic and Screening Tool for COVID-19 (Press Note). 22 September 

2020. Available online: https://www.mscbs.gob.es/gabinete/notasPrensa.do?id=5057 (accessed on 27 January 2021). 

14. Emery, J.C.; Russell, T.W.; Liu, Y.; Hellewell, J.; Pearson, C.A.; CMMID COVID-19 Working Group; Knight, G.M.; Eggo, R.M.; 

Kucharski, A.J.; Funk, S.; et al. The contribution of asymptomatic SARS-CoV-2 infections to transmission on the Diamond Prin-

cess cruise ship. eLife 2020, 9, e58699, doi:10.7554/eLife.58699. 

15. Buitrago-Garcia, D.; Egli-Gany, D.; Counotte, M.J.; Hossmann, S.; Imeri, H.; Ipekci, A.M.; Salanti, G.; Low, N. Occurrence and 

transmission potential of asymptomatic and presymptomatic SARS-CoV-2 infections: A living systematic review and meta-

analysis. PLoS Med. 2020, 17, e1003346, doi:10.1371/journal.pmed.1003346. 

16. Wang, R.; Chen, J.; Hozumi, Y.; Yin, C.; Wei, G.W. Decoding Asymptomatic COVID-19 Infection and Transmission. J. Phys. 

Chem. Lett. 2020, 11, 10007–10015, doi:10.1021/acs.jpclett.0c02765. 

17. European Centre for Disease Prevention and Control. Guidelines for Non-Pharmaceutical Interventions to Reduce the Impact 

of COVID-19 in the EU/EEA and the UK. 24 September 2020. Stockholm. Available online: https://www.ecdc.europa.eu/sites/de-

fault/files/documents/covid-19-guidelines-non-pharmaceutical-interventions-september-2020.pdf (accessed on 27 January 

2021). 

18. Azuma, K.; Yanagi, U.; Kagi, N.; Kim, H.; Ogata, M.; Hayashi, M. Environmental factors involved in SARS-CoV-2 transmission: 

Effect and role of indoor environmental quality in the strategy for COVID-19 infection control. Environ. Health Prev. Med. 2020, 

25, 66, doi:10.1186/s12199-020-00904-2. 

19. Nørgaard, S.K.; Vestergaard, L.S.; Nielsen, J.; Richter, L.; Schmid, D.; Bustos, N.; Braye, T.; Athanasiadou, M.; Lytras, T.; Den-

issov, G.; et al. Real-time monitoring shows substantial excess all-cause mortality during second wave of COVID-19 in Europe, 

October to December 2020. Eurosurveillance 2021, 26, 2002023, doi:10.2807/1560-7917.ES.2021.26.1.2002023. 

20. Aleta, A.; Martín-Corral, D.; Pastore, Y.; Piontti, A.; Ajelli, M.; Litvinova, M.; Chinazzi, M.; Dean, N.E.; Halloran, M.E.; Longini, 

I.M., Jr.; et al. Modelling the impact of testing, contact tracing and household quarantine on second waves of COVID-19. Nat. 

Hum. Behav. 2020, 4, 964–971, doi:10.1038/s41562-020-0931-9. 

21. Hodcroft, E.B.; Zuber, M.; Nadeau, S.; Crawford, K.; Bloom, J.D.; Veesler, D.; Vaughan, T.G.; Comas, I.; Candelas, F.G.; Stadler, 

T.; et al. Emergence and spread of a SARS-CoV-2 variant through Europe in the summer of 2020. medRxiv 2020, 

doi:10.1101/2020.10.25.20219063. 



Int. J. Environ. Res. Public Health 2021, 18, 5085 20 of 22 
 

 

22. Gómez-Carballa, A.; Bello, X.; Pardo-Seco, J.; Pérez del Molino, M.L.; Martinón-Torres, F.; Salas, A. Phylogeography of SARS-

CoV-2 pandemic in Spain: A story of multiple introductions, micro-geographic stratification, founder effects, and super-spread-

ers. Zool. Res. 2020, 41, 605–620, doi:10.24272/j.issn.2095-8137.2020.217. 

23. Aleta, A.; Moreno, Y. Age differential analysis of COVID-19 second wave in Europe reveals highest incidence among young 

adults. medRxiv 2020, doi:10.1101/2020.11.11.20230177. 

24. WHO Coronavirus Disease (COVID-19) Dashboard. Available online: https://covid19.who.int/region/euro/country/es (accessed 

on 27 January 2021). 

25. Lu, G.; Razum, O.; Jahn, A.; Zhang, Y.; Sutton, B.; Sridhar, D.; Ariyoshi, K.; von Seidlein, L.; Müller, O. COVID-19 in Germany 

and China: Mitigation versus elimination strategy. Glob. Health Act. 2021, 14, 1875601, doi:10.1080/16549716.2021.1875601. 

26. Randolph, H.E.; Barreiro, L.B. Herd Immunity: Understanding COVID-19. Immunity 2020, 52, 737–741, doi:10.1016/j.im-

muni.2020.04.012. 

27. Turner-Musa, J.; Ajayi, O.; Kemp, L. Examining Social Determinants of Health, Stigma, and COVID-19 Disparities. Healthcare 

2020, 8, 168, doi:10.3390/healthcare8020168. 

28. Andersen, L.M.; Harden, S.R.; Sugg, M.M.; Runkle, J.D.; Lundquist, T.E. Analyzing the spatial determinants of local Covid-19 

transmission in the United States. Sci. Total Environ. 2021, 754, 142396, doi:10.1016/j.scitotenv.2020.142396. 

29. Mollalo, A.; Vahedi, B.; Rivera, K.M. GIS-based spatial modeling of COVID-19 incidence rate in the continental United States. 

Sci. Total Environ. 2020, 728, 138884, doi:10.1016/j.scitotenv.2020.138884. 

30. Baum, C.F.; Henry, M. Socioeconomic Factors influencing the Spatial Spread of COVID-19 in the United States. Boston College 

Working Papers in Economics. Boston College Department of Economics: 2020, 1009. Available online: 

https://ideas.repec.org/p/boc/bocoec/1009.html (accessed on 27 January 2021). 

31. Chin, T.; Kahn, R.; Li, R.; Chen, J.T.; Krieger, N.; Buckee, C.O.; Balsari, S.; Kiang, M.V. U.S. county-level characteristics to inform 

equitable COVID-19 response. medRxiv 2020, doi:10.1101/2020.04.08.20058248. 

32. Snyder, B.F.; Parks, V. Spatial variation in socio-ecological vulnerability to Covid-19 in the contiguous United States. Health 

Place 2020, 66, 102471, doi:10.1016/j.healthplace.2020.102471. 

33. Maiti, A.; Zhang, Q.; Sannigrahi, S.; Pramanik, S.; Chakraborti, S.; Cerda, A.; Pilla, F. Exploring spatiotemporal effects of the 

driving factors on COVID-19 incidences in the contiguous United States. Sustain. Cities Soc. 2021, 68, 102784, 

doi:10.1016/j.scs.2021.102784. 

34. Congosto, M.; Arias, M.H. montera34/escovid19data, collection of COVID-19 data by provinces in Spain. GitHub 2020, 

doi:10.5281/zenodo.4536588, Available online: https://github.com/montera34/escovid19data (accessed on 9 December 2020). 

35. Interterritorial Board of the Spanish National Health System. Agreement Providing for Public Health Measures Against COVID-

19 for the Celebration of the Christmas Holidays. 2 December 2020. Available online: https://www.mscbs.gob.es/gabi-

netePrensa/notaPrensa/pdf/02.12031220103636499.pdf (accessed on 27 January 2021). 

36. Spanish Act 16/2003, of 28 May 2003, on Cohesion and Quality of the National Health System. Official State Gazette, 29 May 

2003, no. 128, pp. 20567–20588. Law with Amendments until 10 June 2020. Available online: https://www.boe.es/bus-

car/pdf/2003/BOE-A-2003-10715-consolidado.pdf (accessed on 27 January 2021). 

37. Spanish Royal Decree 926/2020, of 25 October 2020, which Declares the State of Alarm to Contain the Spread of Infections caused 

by SARSCoV-2. Official State Gazette, 25 October 2020, no. 282, pp. 91912–91919. Available online: 

https://www.boe.es/boe/dias/2020/10/25/pdfs/BOE-A-2020-12898.pdf (accessed on 27 January 2021). 

38. Spanish Royal Decree 956/2020, of 3 November 2020, which Extends the State of Alarm Declared by Royal Decree 926/2020, of 

25 October, by which the State of Alarm is Declared to Contain the Spread of Infections caused by SARS-CoV-2. Official State 

Gazette, 4 November 2020, no. 291, pp. 95841-95845. Available online: https://www.boe.es/boe/dias/2020/11/04/pdfs/BOE-A-

2020-13494.pdf (accessed on 27 January 2021). 

39. European Centre for Disease Prevention and Control. COVID-19 Testing Strategies and Objectives, 15 September 2020. ECDC: 

Stockholm, 2020. Available online: https://www.ecdc.europa.eu/sites/default/files/documents/TestingStrategy_Objective-Sept-

2020.pdf (accessed on 27 January 2021). 

40. European Commission. Commission Recommendation of 28.10.2020 on COVID-19 Testing Strategies, Including the Use of 

Rapid Antigen Tests. Brussels, 2020. Available online: https://ec.europa.eu/health/sites/health/files/preparedness_re-

sponse/docs/covid19_testingstrategies_recommendation_en.pdf (accessed on 27 January 2021). 

41. European Commission. Commission Recommendation of 18.11.2020 on the Use of Rapid Antigen Tests for the Diagnosis of 

SARS-CoV-2 Infection. Brussels, 2020. Available online: https://ec.europa.eu/health/sites/health/files/preparedness_re-

sponse/docs/sarscov2_rapidantigentests_recommendation_en.pdf (accessed on 27 January 2021). 

42. European Centre for Disease Prevention and Control. Options for the Use of Rapid Antigen Tests for COVID-19 in the EU/EEA 

and the UK, ECDC Technical Guidance. ECDC: Stockholm, 19 November 2020. Available online: https://www.ecdc.eu-

ropa.eu/sites/default/files/documents/Options-use-of-rapid-antigen-tests-for-COVID-19.pdf (accessed on 27 January 2021). 

43. Interterritorial Board of the Spanish National Health System. Resolution of 30 September 2020 publishing Agreement of the 

Interterritorial Board of the Spanish National Health System on the Declaration of Coordinated Actionsin Public Health to 

Respond to Situations of Special Risk due to Uncontrolled Transmission of SARS-CoV-2 Infections. Official State Gazette, 1 

October 2020, no. 260, pp. 83224-83232. Available online: https://www.boe.es/boe/dias/2020/10/01/pdfs/BOE-A-2020-11590.pdf 

(accessed on 27 January 2021). 



Int. J. Environ. Res. Public Health 2021, 18, 5085 21 of 22 
 

 

44. Interterritorial Board of the Spanish National Health System. Coordinated Response Actions to Control the Transmission of 

COVID-19. 22 October 2020. Available online: https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasAc-

tual/nCov/documentos/Actuaciones_respuesta_COVID-19_ENG.pdf (accessed on 27 January 2021). 

45. Council of the European Union. Draft Council Recommendation on a Coordinated Approach to the restriction of Free Move-

ment in Response to the COVID-19 Pandemic. Adopted by EU Member States on 13 October. 12 October 2020. Available online: 

https://data.consilium.europa.eu/doc/document/ST-11689-2020-REV-1/en/pdf (accessed on 27 January 2021). 

46. Barro, R.J.; Sala-i-Martin, X. Convergence. J. Politic. Econ. 1992, 100, 223–251, doi:10.1086/261816. 

47. Phillips, P.C.; Sul, D. Transition modeling and econometric convergence tests. Econometrica 2007, 75, 1771–1855, 

doi:10.1111/j.1468-0262.2007.00811.x. 

48. Phillips, P.C.; Sul, D. Economic transition and growth. J. Appl. Econ. 2009, 24, 1153–1185, doi:10.1002/jae.1080. 

49. Panopoulou, E.; Pantelidis, T. Convergence in per capita health expenditures and health outcomes in the OECD countries. Appl. 

Econ. 2012, 44, 3909–3920, doi:10.1080/00036846.2011.583222. 

50. Panopoulou, E.; Pantelidis, T. Cross-state disparities in us health care expenditures. Health Econ. 2013, 22, 451–465, 

doi:10.1002/hec.2816. 

51. Clemente, J.; Lázaro-Alquézar, A.; Montañés, A. Does the Great Recession contribute to the convergence of health care expend-

itures in the US States? Int. J. Environ. Res. Public Health 2020, 17, 554, doi:10.3390/ijerph17020554. 

52. Duncan, R.; Toledo, P. Inequality in body mass indices across countries: Evidence from convergence tests. Econ. Hum. Biol. 2019, 

33, 40–57, doi:10.1016/j.ehb.2018.10.003. 

53. Kasman, S.; Kasman, A. Convergence in obesity and overweight rates across OECD countries: Evidence from the stochastic and 

club convergence tests. Empirical Econ. 2020, 1–34, doi:10.1007/s00181-020-01895-3. 

54. Christopoulos, K.; Eleftheriou, K. Premature mortality in the US: A convergence study. Soc. Sci. Med. 2020, 258, 113141, 

doi:10.1016/j.socscimed.2020.113141. 

55. González-Álvarez, M.A.; Lázaro-Alquézar, A.; Simón-Fernández, M.B. Global Trends in Child Obesity: Are Figures Conver-

ging? Int. J. Environ. Res. Public Health 2020, 17, 9252, doi:10.3390/ijerph17249252. 

56. Hodrick, R.J.; Prescott, E.C. Postwar US business cycles: An empirical investigation. J. Money Credit Banking 1997, 29, 1–16, 

doi:10.2307/2953682. 

57. Ravn, M.O.; Uhlig, H. On adjusting the Hodrick-Prescott filter for the frequency of observations. Review of economics and 

statistics. 2002, 84, 371–376, doi:10.1162/003465302317411604. 

58. Brant, R. Assessing proportionality in the proportional odds model for ordinal logistic regression. Biometrics 1990, 46, 1171–

1178. 

59. Gibbs, H.; Nightingale, E.; Liu, Y.; Cheshire, J.; Danon, L.; Smeeth, L.; Pearson, C.A. B.; Grundy, C.; LSHTM CMMID COVID-

19 working group, Kucharski, A.J.; Eggo, R.M. Human movement can inform the spatial scale of interventions against COVID-

19 transmission. medRxiv 2020, doi:10.1101/2020.10.26.20219550. 

60. Gösgens, M.; Hendriks, T.; Boon, M.; Steenbakkers, W.; Heesterbeek, H.; van der Hofstad, R.; Litvak, N. Trade-offs between 

mobility restrictions and transmission of SARS-CoV-2. J. Royal Soc. Interf. 2021, 18, 20200936, doi:10.1098/rsif.2020.0936. 

61. Liu, Y.; Morgenstern, C.; Kelly, J.; Lowe, R.; CMMID COVID-19 Working Group; Jit, M. The impact of non-pharmaceutical 

interventions on SARS-CoV-2 transmission across 130 countries and territories. BMC Med. 2021, 19, 40, doi:10.1186/s12916-020-

01872-8. 

62. Fan, C.; Lee, S.; Yang, Y.; Oztekin, B.; Li, Q.; Mostafavi, A. Effects of population co-location reduction on cross-county transmis-

sion risk of COVID-19 in the United States. Appl. Network Sci. 2021, 6, 14, doi:10.1007/s41109-021-00361-y. 

63. Chang, S.; Pierson, E.; Koh, P.W.; Gerardin, J.; Redbird, B.; Grusky, D.; Leskovec, J. Mobility network models of COVID-19 

explain inequities and inform reopening. Nature 2021, 589, 82–87, doi:10.1038/s41586-020-2923-3. 

64. Liu, Y.; Eggo, R.M.; Kucharski, A.J. Secondary attack rate and superspreading events for SARS-CoV-2. Lancet 2020, 395, e47, 

doi:10.1016/S0140-673630462-1. 

65. Loo, B.; Tsoi, K.H.; Wong, P.; Lai, P.C. Identification of superspreading environment under COVID-19 through human mobility 

data. Sci. Rep. 2021, 11, 4699, doi:10.1038/s41598-021-84089-w. 

66. Robina-Ramírez, R.; Medina-Merodio, J.A.; Moreno-Luna, L.; Jiménez-Naranjo, H.V.; Sánchez-Oro, M. Safety and Health 

Measures for COVID-19 Transition Period in the Hotel Industry in Spain. Int. J. Environ. Res. Public Health 2021, 18, 718, 

doi:10.3390/ijerph18020718. 

67. Rodríguez-Pose, A.; von Berlepsch, V. Does Population Diversity Matter for Economic Development in the Very Long Term? 

Historic Migration, Diversity and County Wealth in the US. Eur. J. Population. Rev. Eur. Demograph. 2018, 35, 873–911, 

doi:10.1007/s10680-018-9507-z. 

68. Foreman, K.J.; Marquez, N.; Dolgert, A.; Fukutaki, K.; Fullman, N.; McGaughey, M.; Pletcher, M.A.; Smith, A.E.; Tang, K.; Yuan, 

C.W.; et al. Forecasting life expectancy, years of life lost, and all-cause and cause-specific mortality for 250 causes of death: 

Reference and alternative scenarios for 2016-40 for 195 countries and territories. Lancet 2018, 392, 2052–2090, doi:10.1016/S0140-

673631694-5. 

69. Nixon, J.; Ulmann, P. The relationship between health care expenditure and health outcomes. Eur. J. Health Econ. 2006, 7, 7–18, 

doi:10.1007/s10198-005-0336-8. 

70. Tapia Granados, J.A.; Ionides, E.L. Population health and the economy: Mortality and the Great Recession in Europe. Health 

Econ. 2017, 26, e219–e235, doi:10.1002/hec.3495. 



Int. J. Environ. Res. Public Health 2021, 18, 5085 22 of 22 
 

 

71. Trias-Llimós, S.; Riffe, T.; Bilal, U. Monitoring life expectancy levels during the COVID-19 pandemic: Example of the unequal 

impact of the first wave on Spanish regions. PloS One 2020, 15, e0241952, doi:10.1371/journal.pone.0241952. 

72. Vignesh, R.; Shankar, E.M.; Velu, V.; Thyagarajan, S.P. Is Herd Immunity Against SARS-CoV-2 a Silver Lining? Front. Immunol. 

2020, 11, 586781, doi:10.3389/fimmu.2020.586781. 

73. Ke, R.; Romero-Severson, E.; Sanche, S.; Hengartner, N. Estimating the reproductive number R0 of SARS-CoV-2 in the United 

States and eight European countries and implications for vaccination. J. Theoretical Biol. 2021, 110621, 

doi:10.1016/j.jtbi.2021.110621. 

74. Carlos III Health Institute. National Seroepidemiological Study of SARS-CoV-2 Infection in Spain (ENE-COVID study), Fourth 

Round. 15 December 2020. Available online: https://www.mscbs.gob.es/gabinetePrensa/no-

taPrensa/pdf/15.12151220163348113.pdf (accessed on 27 January 2021). 

75. Fiocchi, A.; Jensen-Jarolim, E. SARS-COV-2, can you be over it? Arguments for the Immune passport. World Allergy Organ. J. 

2021, 100514, doi:10.1016/j.waojou.2021.100514. 

76. Sherina, N.; Piralla, A.; Du, L.; Wan, H.; Kumagai-Braesh, M.; Andréll, J.; Braesch-Andersen, S.; Cassaniti, I.; Percivalle, E.; 

Sarasini, A.; et al. Persistence of SARS-CoV-2 specific B- and T-cell responses in convalescent COVID-19 patients 6-8 months 

after the infection. Med (N Y). 2021, 2, 281–295, doi:10.1016/j.medj.2021.02.001. 

77. Dan, J.M.; Mateus, J.; Kato, Y.; Hastie, K.M.; Yu, E.D.; Faliti, C.E.; Grifoni, A.; Ramirez, S.I.; Haupt, S.; Frazier, A.; et al. Immu-

nological memory to SARS-CoV-2 assessed for up to 8 months after infection. Science 2021, 371, eabf4063, doi:10.1126/sci-

ence.abf4063. 

78. Gaebler, C.; Wang, Z.; Lorenzi, J.; Muecksch, F.; Finkin, S.; Tokuyama, M.; Cho, A.; Jankovic, M.; Schaefer-Babajew, D.; Oliveira, 

T.Y.; et al. Evolution of antibody immunity to SARS-CoV-2. Nature 2021, 591, 639–644, doi:10.1038/s41586-021-03207-w. 

79. Wajnberg, A.; Amanat, F.; Firpo, A.; Altman, D.R.; Bailey, M.J.; Mansour, M.; McMahon, M.; Meade, P.; Mendu, D.R.; Muellers, 

K.; et al. Robust neutralizing antibodies to SARS-CoV-2 infection persist for months. Science 2020, 370, 1227–1230, 

doi:10.1126/science.abd7728. 

80. Long, Q.X.; Tang, X.J.; Shi, Q.L.; Li, Q.; Deng, H.J.; Yuan, J.; Hu, J.L.; Xu, W.; Zhang, Y.; Lv, F.J.; et al. Clinical and immunological 

assessment of asymptomatic SARS-CoV-2 infections. Nat. Med. 2020, 26, 1200–1204, doi:10.1038/s41591-020-0965-6. 

81. Cañete, P.F.; Vinuesa, C.G. COVID-19 Makes B Cells Forget, but T Cells Remember. Cell 2020, 183, 13–15, 

doi:10.1016/j.cell.2020.09.013. 

82. Seow, J.; Graham, C.; Merrick, B.; Acors, S.; Pickering, S.; Steel, K.; Hemmings, O.; O’Byrne, A.; Kouphou, N.; Galao, R.P.; et al. 

Longitudinal observation and decline of neutralizing antibody responses in the three months following SARS-CoV-2 infection 

in humans. Nat. Microbiol. 2020, 5, 1598–1607, doi:10.1038/s41564-020-00813-8. 

83. Chen, Y.; Zuiani, A.; Fischinger, S.; Mullur, J.; Atyeo, C.; Travers, M.; Lelis, F.; Pullen, K.M.; Martin, H.; Tong, P.; et al. Quick 

COVID-19 Healers Sustain Anti-SARS-CoV-2 Antibody Production. Cell 2020, 183, 1496–1507.e16, doi:10.1016/j.cell.2020.10.051. 

84. Miyasaka, M. COVID-19 and immunity: Quo vadis? Int. Immunol. 2021, dxab008, doi:10.1093/intimm/dxab008. 

85. Lavine, J.S.; Bjornstad, O.N.; Antia, R. Immunological characteristics govern the transition of COVID-19 to endemicity. Science 

2021, 741–745, doi:10.1126/science.abe6522. 

86. Wyllie, D.; Mulchandani, R.; Jones, H.E.; Taylor-Phillips, S.; Brooks, T.; Charlett, A.; Ades, A.E.; EDSAB-HOME investigators, 

Makin, A.; Oliver, I.; Moore, P.; et al. SARS-CoV-2 responsive T cell numbers are associated with protection from COVID-19: A 

prospective cohort study in keyworkers. medRxiv 2020, doi:10.1101/2020.11.02.20222778. 

87. Harvey, R.A.; Rassen, J.A.; Kabelac, C.A.; Turenne, W.; Leonard, S.; Klesh, R.; Meyer, W.A., 3rd; Kaufman, H.W.; Anderson, S.; 

Cohen, O.; et al. Association of SARS-CoV-2 Seropositive Antibody Test with Risk of Future Infection. JAMA Int. Med. 2021, 

doi:10.1001/jamainternmed.2021.0366. 

88. Edridge, A.; Kaczorowska, J.; Hoste, A.; Bakker, M.; Klein, M.; Loens, K.; Jebbink, M.F.; Matser, A.; Kinsella, C.M.; Rueda, P.; et 

al. Seasonal coronavirus protective immunity is short-lasting. Nat. Med. 2020, 26, 1691–1693, doi:10.1038/s41591-020-1083-1. 

89. Spanish Directorate-General of Public Health, Spanish Department of Health. Main Monitoring Indicators for COVID-19 for 17-

30 November 2020. 3 December 2020. Available online: https://www.mscbs.gob.es/profesion-

ales/saludPublica/ccayes/alertasActual/nCov/documentos/informe_covid_es_publico_2020-11-30.pdf. 

90. Health Alerts and Emergencies Coordination Center, Spanish Directorate-General of Public Health, Spanish Department of 

Health. Epidemiological update on COVID-19 no. 212. 22 September 2020. Available online: https://www.mscbs.gob.es/profe-

sionales/saludPublica/ccayes/alertasActual/nCov/documentos/Actualizacion_212_COVID-19.pdf. 

91. Haug, N.; Geyrhofer, L.; Londei, A.; Dervic, E.; Desvars-Larrive, A.; Loreto, V.; Pinior, B.; Thurner, S.; Klimek, P. Ranking the 

effectiveness of worldwide COVID-19 government interventions. Nat. Hum. Behav. 2020, 4, 1303–1312, doi:10.1038/s41562-020-

01009-0. 

92. Spanish Royal Decree 900/2020, of 9 October 2020, declaring the State of Alarm to Respond to Situations of Special Risk due to 

Uncontrolled Transmission of SARS-CoV-2 Infections. Official State Gazette, 9 October 2020, no. 268, pp. 86909-86915. Available 

online: https://www.boe.es/boe/dias/2020/10/09/pdfs/BOE-A-2020-12109.pdf (accessed on 27 January 2021). 

93. Gokmen, Y.; Baskici, C.; Ercil, Y. The impact of national culture on the increase of COVID-19: A cross-country analysis of Euro-

pean countries. Int. J. Intercult. Relations 2021, 81, 1–8, doi:10.1016/j.ijintrel.2020.12.006. 

94. Spanish National Statistics Institute (INE). Available online: https://www.ine.es/ (accessed on 27 January 2021). 

95. Montañés, A.; Olmos, L.; Reyes, M. Has the Great Recession affected the convergence process? The case of Spanish provinces. 

Econ. Model. 2018, 68, 360–371, doi:10.1016/j.econmod.2017.08.006. 


