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Abstract

Background Spain had some of Europe’s highest incidence and mortality rates for coronavirus disease 2019 (COVID-
19). Here we describe the epidemiology and trends in hospitalizations, the number of critical patients, and deaths in
Spain in 2020 and 2021.

Methods We performed a descriptive, retrospective, nationwide study using an administrative database, the
Minimum Basic Data Set at Hospitalization, which includes 95-97% of discharge reports for patients hospitalized in
Spain in 2020 and 2021. We analyzed the number of hospitalizations, admissions to intensive care units, and deaths
and their geographic distribution across regions of Spain.

Results As of December 31, 2021, a total of 498,789 patients (1.04% of the entire Spanish population) had needed
hospitalization. At least six waves of illness were identified. Men were more prone to hospitalization than women. The
median age was 66. A total of 54,340 patients (10.9% of all hospitalizations) had been admitted to the intensive care
unit. We identified 71,437 deaths (mortality rate of 14.3% among hospitalized patients). We also observed important
differences among regions, with Madrid being the epicenter of hospitalizations and mortality.

Conclusions We analyzed Spain’s response to COVID-19 and describe here its experiences during the pandemic

in terms of hospitalizations, critical illness, and deaths. This research highlights changes over several months and
waves and the importance of factors such as vaccination, the predominant variant of the virus, and public health
interventions in the rise and fall of the outbreaks.
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Introduction

A novel coronavirus disease was first described in 2019
and named 2019-nCoV. Its denomination was later
replaced by severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2). This virus is the causative agent of
coronavirus disease 2019 (COVID-19) [1]. This disease
can range from mild symptoms to severe viral pneumo-
nia with acute respiratory failure and distress syndrome,
also known as severe acute respiratory syndrome [1, 2].
Although the World Health Organization reported cases
of pneumonia in Wuhan City, Hubei Province, China, as
early as 2019, the outbreak was finally declared a public
health emergency in January 2020 and a pandemic in
March 2020 [3].

Outbreaks of COVID-19 usually spread in regular pat-
terns, but waves of the disease vary widely among differ-
ent countries and regions within a single country. During
the first weeks of the pandemic mortality rates in Spain
and Italy rose to 15%, in contrast to countries such as
Canada and Germany, whose mortality rates were less
than 5% in the first wave [4—8]. The impact and the dis-
tribution of these waves depend on several factors, such
as public health measures, interventions, lockdowns,
and vaccination policies [9, 10]. SARS-CoV-2 variants
can also have a great effect on mortality, because they
can increase the transmissibility of the virus and clini-
cal severity of the disease or decrease the effectiveness of
public health interventions [11, 12].

Demographic data on the first weeks of the pandemic
in Spain were reported early and provided a global over-
view of COVID-19 [13]. Spain reported its first confirmed
case in January 2020. The epidemic escalated quickly and
spread across all regions of the country. A state of emer-
gency was finally declared in March 2020. Spain reported
not only one of the highest incidence rates in Europe but
also one of the highest mortality rates, accounting for
172,541 confirmed cases and 18,056 deaths by the end
of April 2020 [14], corresponding to the first wave of the
pandemic.

Describing and analyzing trends in the pandemic at
a national level can help researchers and public health
authorities obtain new insights into the pandemic. We
collected all available data from the first 2 years of the
pandemic to explore trends and the impact of the pan-
demic in Spain. Our aim was to analyze the behavior of
the pandemic throughout its first 2 years at a national
level. Here we describe the distribution of hospitaliza-
tions and admissions to intensive care units (ICUs) and
the mortality rate by region in Spain.

Methods

Study design and data collection

We performed a nationwide, population-based, epide-
miological study of all hospitalizations due to COVID-19
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from February 2020 to December 2021. We used the
Minimum Basic Data Set at Hospitalization (MBDS-H),
which is an administrative database based on hospital
discharge reports. The registry is mandatory for all pub-
lic and private hospitals and so covers 95-97% of hospi-
talizations in Spain. This database is built from hospital
discharge reports [15]. The MBDS-H includes not only
demographic information, such as age, sex, and the prov-
ince where hospitalization occurred, but also the date of
admission to the hospital, the date of discharge, mortal-
ity, and ICU admission. There are two variables of inter-
est: primary and secondary diagnosis. Data are available
on reasonable request from the statistical portal of the
Spanish National Health System [16] and are provided
without personal data that could be used to identify
patients to ensure their privacy.

Diagnoses in the data set are coded according to the
International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM) [17]. We used codes
U07.1 and B97.29 to extract the data. Because the data
are based on hospital admissions, patients who either
were discharged from the emergency room or were seen
in outpatient settings are excluded. We included data
from individuals whose primary or secondary diagno-
ses included codes U07.1 and/or B97.29 (both referring
to COVID-19, according to the ICD-10-CM) in 2020
or 2021. As of this writing, data from 2022 are not yet
available.

The Spanish National Health System updated the
national coding recommendations, aligning them with
the ICD-10-CM Guidelines for coding and reporting.
Specifically, the code U07.1 COVID-19 has been rec-
ommended by the ICD-10-CM for encoding COVID-
19 infections. Consequently, all records from April 1st,
2020, onwards should be encoded using this new code.
In Spain, considering the overwhelmed state of Spanish
hospitals, it was decided, after assessment by the Encod-
ing Technical Unit (Unidad Técnica de Codificacién), to
implement the use of this new code starting from July
2020. This ensured the consistent use of data across the
country by professional coders. This encoding change
was taken into account during the preprocessing of our
database.

During the initial months of the pandemic, the coding
procedure involved considering the primary diagnosis
along with the first secondary diagnosis. For instance,
pneumonia due to COVID-19 was identified using codes
J12.89 (other viral pneumonia) and B97.29 (other corona-
virus as the cause of diseases classified elsewhere). How-
ever, since July 2020, the code U07.1 COVID-19 should
be used only when a positive test result for SARS-CoV-2
has been confirmed. It should not be used if the testing
is suspected, likely, or inconclusive. According to the rec-
ommendations, U07.1 should be encoded as the primary
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Table 1 Overview of the main characteristics of hospitalized
patients

Total 2020 2021 p

value
Patients 498,789 252,176 246,613 NA
Sex (male, %) 56.1 556 56.5 <0.001
Age (years) 66(28) 68(27) 65(28) <0.001
Hospital stay (days) 8(9) 11209 8(9) <0.001
ICU (patients) 54354 22949 31405 <0.001
ICU (%) 109 9.1 12.7 <0.001
ICU stay (days) 10.0(21) 10(16.7) 11(23.5) <0.001
Deaths 71437 40512 30925 <0001
Mortality rate (%) 143 16.1 12.5 <0.001

NA: not applicable. ICU: intensive care unit. Data are expressed as percentages
for categorical variables and as medians (interquartile ranges) for continuous
variables

diagnosis, while the secondary diagnosis should be used
to describe the clinical manifestations. For example,
“U07.1 COVID-19+]J12.89” should be used to describe
pneumonia due to COVID-19. Our database underwent
rigorous quality control at the Encoding Technical Unit
(Spanish Ministry of Health) before being provided to
investigators. We have taken all these aspects into con-
sideration in order to conduct our analyses effectively.

Statistical analyses

We designed our research to be a descriptive, retrospec-
tive study. In order to represent the data from the data
set, various statistical methods were employed. Firstly,
absolute values were extracted to gain a clear under-
standing of the actual numbers involved, such as the
total hospital admissions and ICU admissions. This
allowed for a comprehensive overview of the data set.
Additionally, percentages were calculated to provide
a relative perspective, enabling comparisons between
different variables. These percentages were computed
for variables such as age groups, gender distribution,
and geographic regions, shedding light on the propor-
tional representation within each category. Although no
correlational analysis was conducted, this descriptive

Table 2 Admissions, ICU admissions and mortality by age group
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statistical approach successfully facilitated the presenta-
tion and interpretation of the data set.

We performed the Anderson-Darling normality test to
check the distribution of continuous variables, such as
age, and report data as means and standard deviations
or medians and interquartile ranges. Categorical vari-
ables are reported as absolute values and percentages.
Differences between the years were assessed with the
chi-square test for categorical variables and the Mann-
Whitney U test for continuous variables. All statisti-
cal analyses were performed in R 4.2.2 (2022-10-31) on
a GNU/Linux computer. For statistical significance, we
used a p value of 0.05.

Results

Global overview

A total of 498,789 patients (1.04% of the Spanish popu-
lation) were admitted to hospitals with a diagnosis of
COVID-19 in the first 2 years of the pandemic. Table 1
shows the results by year. Men were more prone to hos-
pitalization than women in this period. The median age
was 66, but we found that patients were slightly older
in 2020 than in 2021 (68 vs. 65, respectively). Hospital
stay was longer in 2020 (median, 11.2 days) than in 2021
(median, 8 days). A total of 54,340 patients, or 10.9% of
all hospitalizations, were admitted to the ICU. We also
observed a global mortality rate of 14.3% among hospital-
ized patients, with 71,437 total deaths. The mortality rate
was higher in 2020 (16.1%) than in 2021 (12.5%). Table 2
shows ICU admissions (as a surrogate of severity) and
in-hospital mortality by different age groups. Figure 1
shows population pyramids for both hospital admissions
and mortality. Men were more represented than women
among both admissions and mortalities in almost all age
ranges, except among patients older than 90 years old.
Mortality was most frequent in patients ages 70 to 90
years old.

Evolution of the pandemic
In the period observed, we identified at least six waves of
hospitalizations (Fig. 2). It is worth noting that one third

2020 2021
Age Total ICU Admissions ICU Deaths  Mortal- Total ICU Admissions  ICU Deaths  Mor-
groups Admissions (%) ityrate  Admissions (%) tality
(%) rate
(%)
<14 1,978 177 89 6 0.3 3,475 205 59 14 04
15-44 29,618 2,279 7.7 343 12 41,106 4,400 10.7 355 09
45-64 77489 9,711 125 3,764 49 78,126 13,221 16.9 3,631 46
65-74 47,373 7,151 151 6,688 14.1 45,818 9,287 203 5,784 126
>74 95,821 3,659 3.8 29,743 31 78,098 4,292 55 21,147 27.1

ICU: intensive care unit. Data are expressed as percentages and absolute values
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Fig. 2 Time series showing the evolution of COVID-19-related hospitalizations in Spain in 2020 and 2021.The red line denotes the 7-day moving average,
whereas the gray bars denote absolute numbers of hospital admissions
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Table 3 Distribution of hospital admissions among different regions of Spain

2020 2021

Admissions Sex (male, %) Age Hospital stay (days) Admissions Sex(male, %) Age Hospital stay (days)
Andalucia 22,999 5559 68(26) 8(9) 35,648 56.22 63(28) 8(9)
Aragoén 10,117 53.72 7327) 9(9 9,075 5544 66 (29) 8(8)
Asturias 5,804 5241 76 (24)  9(9) 5,588 5553 68 (26) 7(8)
llles Balears 3,080 58.31 63(29) 8(9) 4,008 56.91 60(29) 8(10)
Islas Canarias 2,627 57.52 66 (25) 11(12) 5476 56.46 60(29 10(11.2)
Cantabria 2,558 53.28 7127) 8(7) 2,895 53.78 63(30) 7(6)
Castilla-Ledn 18,880 56.19 74 (25) 85(9 15,463 58.2 68(28) 8(9)
C.LaMancha 12313 57.7 71(24) 8(8) 7,709 56.14 69 (27) 8(9)
Catalunya 51,237 56.17 67 (26) 7(8) 47,943 57.12 65(29) 79
C.Valenciana 17,448 55.69 66 (27) 8(8) 28,531 56.76 66 (27) 7(8)
Extremadura 3,674 52.86 73(24) 9(8) 4419 554 7127) 8(8)
Galicia 6,620 54.32 72(25) 9(10) 9,775 55.81 68(28) 8(11)
C. Madrid 70,105 5544 66 (28) 7(9) 45,407 5593 63(28) 8(9)
R. Murcia 5016 553 60290 7(8) 6,206 56.69 62 (28) 7(8)
Navarra 3,329 54.73 69(27) 7(7) 2,220 55.95 65(30) 709
Euskadi 13,273 56.42 70(25) 7(8) 13,432 57.65 65(27) 7(8)
La Rioja 2,532 53.36 70(27)  8(7) 2,007 56.15 67(28) 7(8)
Ceuta 239 46.3 65(22) 9(10) 293 59.73 58(25) 11(11)
Melilla 325 54.15 60 (25) 8(8) 518 50.77 59(27) 8(8)
Total 252,176 55.59 68(28) 8(9) 246,613 56.52 65(28) 8(9)

Sex is expressed as a percentage, whereas age and hospital stay are expressed as medians (interquartile ranges)

Admissions due to COVID-19 by region
Per 100,000 population (Spain - Year 2020)

Admissions due to COVID-19 by region
Per 100,000 population (Spain - Year 2021)

Fig. 3 Geographic distribution of hospitalizations by region, attending to the population of each region. Data are expressed as hospitalizations per

100,000 population

of all hospital admissions occurred within the first 12
weeks of the pandemic.

Distribution of the pandemic by region

The geographic distribution of the pandemic in the dif-
ferent regions of Spain can be seen in Table 3, which
shows geographic variability among regions. During the
first year of the pandemic, most hospitalizations were
in Madrid (70,105 admissions) and Catalunya (51,237
admissions). Overall, in all regions, men were more likely
than women to be hospitalized in both 2020 and 2021.
The median age was above 60 in all regions (68 globally)

in 2020, but in 2021 patients tended to be younger, with
a global median age of 65 (in only one region above 70).
Overall, sex, age, and hospital stay were consistent among
regions of Spain and between years in a given region.

The number of hospital admissions per region in
Table 3 is however expressed in absolute values and might
be misleading. In 2021 some regions, such as Andalucia
and C. Valenciana, had more admissions than in the pre-
vious year. We thus plotted the same data, attending to
the population of each region. Figure 3 shows the geo-
graphic distribution of admissions per 100,000 popula-
tion. This new distribution is more homogeneous than
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that shown in Table 3, with less pronounced differences
among regions. Nevertheless, regions such as Andalucia,
Extremadura, Murcia, Galicia, and Navarra had moder-
ately low admissions per 100,000 population compared to
regions such as Madrid and Catalunya.

We calculated the crude and the age-standardized
(adjusted) mortality rates per region using the direct
method, showed in Table 4. Figure 4 shows the geo-
graphic distribution of age-standardized mortality.

Severity of COVID-19: ICU admissions and mortality

We also assessed ICU admissions and mortality and
their distribution by region. Table 5 shows the number
of ICU admissions, the length of ICU stay, and mortal-
ity in the period studied. ICU admissions and mortality
are reported as both absolute values and ratios. These
ratios were calculated based on the number of hospi-
talized patients. Globally, there were 40,512 registered
deaths in 2020 (mortality rate of 16%) and 30,925 deaths
in 2021 (mortality rate of 12.5%). There were more ICU
admissions in 2021 than in 2020 (Fig. 5). We also found
differences among regions. In terms of mortality, Ceuta,
Castilla-La Mancha, Extremadura, and Castilla-Ledn
reported the highest ratios of deaths per hospitalized
patients (above 20%) in 2020. The global ratio decreased
in 2021, but regions such as Ceuta and Extremadura reg-
istered the highest mortality rates in Spain. It is impor-
tant to consider that when the number of events is
extremely small, the calculation method for confidence
intervals may result in a negative value for the lower

Table 4 Age-adjusted (standardized) mortality rates per region,
per 100,000 population

Crude rate Adjusted rate
(95% Cl)

Andalucia 1159 121(118.6-123.4)
Aragon 2312 189.6 (182.9-196.5)
Asturias 169.4 117 (111.5-122.8)
llles Balears 542 62.5(57.7-67.5)
Canarias 419 45.8 (42.9-48.9)
Cantabria 83 67.9 (62-74.3)
Castilla-Leén 267.8 183 (178.5-187.7)
Castilla-La Mancha 184.8 1734 (167.9-179.1)
Cataluia 1534 148.2 (145.5-150.9)
C.Valenciana 1349 127.6 (124.6-130.7)
Extremadura 164.1 139.2 (132.7-146)
Galicia 90.3 62.8 (60.3-65.4)
Madrid 2325 234.1 (230.5-237.8)
Murcia 79.8 90.9 (85.9-96.2)
Navarra 116.1 104.9 (97.6-112.6)
Euskadi 143.7 114.9 (110.9-119)
La Rioja 183.5 155.7 (143.3-168.9)
Ceuta 1384 198.1 (162.9-238.9)
Melilla 132.7 225 (184.7-271.8)

Cl: Confidence interval
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confidence limit, as observed in the case of Ceuta. This
occurrence is often attributed to the limited number of
events, specifically 28 ICU admissions. Consequently,
researchers should exercise caution and interpret these
results with care.

Discussion

The main objective of our nationwide study was to ana-
lyze two available years of data on hospitalizations, ICU
admissions, and mortality due to COVID-19 provided
by the Spanish National Health System. The COVID-19
outbreak overwhelmed the capacity of hospitals, and our
aim was to assess its impact on the Spanish population.
To the best of our knowledge, this is the first Spanish
nationwide research on this topic.

Spain was one of the epicenters of the pandemic in
Europe, with high rates of both hospitalizations and mor-
tality, especially among the elderly. Specifically, Madrid
had the highest rate of confirmed cases and hospitaliza-
tions [14, 18]. We found that in the first 2 years of the
pandemic, almost 500,000 patients in Spain needed hos-
pitalization, and more than 70,000 died. The COVID-19
pandemic overwhelmed hospital wards and ICUs and
subsequently the capacity of the health care system.

The burden in terms of hospitalization, ICU admis-
sions, death, and health care capacity varied by region.
We found great variation in hospitalizations and deaths
across regions, which highlights the different impacts on
each region, even if hospital admissions are adjusted by
population. The reasons for such differences are unclear,
and a comparison of clinical outcomes and economic
factors or sociodemographics by region is beyond the
scope of this research; however, we can raise a hypothesis
of economic disparities among regions [19]. Research-
ers studied geographic variability in the relationships
between mortality rate and social, demographic, and
health care factors in Spain during the first wave of the
pandemic [20]. The unemployment rate, population den-
sity, and population size were the main underlying fac-
tors related to geographic variation in risk of death. The
unemployment rate is an indicator of socioeconomic
status, and regions with high unemployment invest less
in education and health care. Also, population density
is associated with social distancing, which emphasizes
the importance of restrictive measures. Although the
researchers encouraged further research, their data pro-
vide critical information for mitigating the impact of
COVID-19 and future pandemics. This raises the ques-
tion of how different regions fare during public health
emergencies and can identify areas that can be improved
for future outbreaks.

Several researchers have reported that older age is asso-
ciated with hospitalization [13, 21]. Likewise, we found
that 77.4% of hospitalizations were among individuals
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Fig. 4 Age-standardized (adjusted) mortality rate per region, using the direct method

older than 50, 42.7% were among those older than 70,
and 23.4% of all hospital admissions were among patients
older than 80. Moreover, for each additional decade of
life, the risk increased by 71.5%. Although this was not
a correlational study, we found that age was probably
the major factor associated with hospitalization due to
COVID-19.

Regarding the distribution of waves over time, we can
hypothesize only about the association—not causation—
between certain events and peaks of hospitalizations in
Spain. The first wave was associated with the initial out-
break and was restrained by strict public health mea-
sures, such as confinement and lockdown. The second
wave began in the summer of 2020, when those restric-
tions ended and social distancing measures were relaxed.
This wave reached a peak in the autumn of 2020, prob-
ably because of the return to work and school. The third
peak began in December 2020, probably as a result of
holiday events and Christmas gatherings, and continued
until January 2021. The fourth wave showed a rapid fall
in hospitalizations, probably because of vaccination, and

its peak might have been associated with the Easter holi-
days. The fifth and the sixth waves (September 2021 and
December 2021, respectively) were similar to the fourth
wave in terms of hospitalizations, and they showed the
beneficial effect of vaccination. Regardless of vaccina-
tion, it seems that waves and peaks were related to social
events: holidays, gatherings, and the relaxation of public
health measures such as social distancing.

In the summer of 2020 new drugs began to be used to
treat COVID-19 in hospitalized patients, such as remde-
sivir; corticosteroids [22, 23]; and immunomodulatory
drugs such anakinra, tozilizumab, and baricitinib [24—
29]. The use of these new drugs can explain the lower
mortality in 2021 [30].

Other Spanish studies have also identified several
waves, characterized as peaks in the incidence of con-
firmed cases of COVID-19. It is worth noting an epi-
demiological study by Red Nacional de Vigilancia
Epidemiologica (RENAVE) in which data from Spain
were reported [18]. In this study, confirmed cases, hos-
pitalizations, and deaths were analyzed through May
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Table 5 Distribution of ICU admissions and mortality among different regions of Spain
2020 2021
ICU admissions  ICU (%) ICUstay Deaths Mortality ICU admissions ICU (%) ICUstay Deaths Mor-
rate (%) tality
rate
(%)
Andalucia 2314 10.06 10(17) 4,287 18.64 4,115 11.54 10 (16) 5,563 15.61
Aragoén 706 6.98 14 (19) 1,917 18.95 625 6.89 13(22) 1,150 12.67
Asturias 541 9.32 10 (15) 1,048 18.06 799 14.3 14 (24) 653 11.69
llles Balears 356 11.56 7(19) 295 9.58 649 16.19 1(10) 343 8.56
. Canarias 470 17.89 11(19) 331 12.6 1,150 21 11(19) 579 10.57
Cantabria 213 833 9(12) 294 1149 453 15.65 9(13) 192 6.63
Castilla-Ledn 1,611 853 11(16) 4,070 21.56 1,722 11.14 13 (24) 2,281 14.75
C.LaMancha 1,061 8.62 11(19) 2,602 21.13 931 12.08 12 (22) 1,193 1548
Catalunya 6,313 1232 8(14) 7,156 13.97 8527 17.79 8(12) 4,795 10
C.Valenciana 1,815 104 9(14) 2,572 14.74 2,845 9.97 11(17) 4,303 15.08
Extremadura 291 7.92 13 (16) 870 2368 370 837 135(16) 861 19.48
Galicia 470 7.1 9(13) 1,103 16.66 1,008 10.31 10 (15) 1,326 13.57
C. Madrid 4,608 6.57 11(17) 10,676 15.23 5,105 11.24 22(31) 4,999 11.01
R. Murcia 654 13.04 9(13) 474 945 901 14.52 8(15) 749 12.07
Navarra 227 6.82 17 (25) 513 1541 272 12.25 10 (18) 258 11.62
Euskadi 1,052 793 11(17) 1,842 13.88 1,522 11.33 11(18) 1,327 9.88
La Rioja 171 6.75 11(13) 366 14.45 256 12.76 15(21) 221 11.01
Ceuta 28 11.72 15 (25) 54 2259 51 1741 13(19) 61 20.82
Melilla 48 14.77 7.509) 42 12.92 104 20.08 6(11) 71 13.71
Total 22,949 9.1 10(16) 40,512 16.06 31,405 12.73 11(19) 30,925 12.54
ICU: intensive care unit. ICU and mortality rates are expressed as percentages, whereas ICU stay is expressed as a median (interquartile range)
Ratio of ICU admissions in Spain Mortality rate in Spain
Years 2020 - 2021 Years 2020 - 2021
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Fig. 5 Ratios of both admissions to the intensive care unit (ICU) and deaths among hospitalized patients

10, 2022. The researchers split the pandemic into peri-
ods and established a turning point for each wave based
on the 14-day cumulative incidence. Waves in that
research are in line with the ones in our study (i.e., their
peaks occurred simultaneously with the waves of hos-
pitalizations and deaths identified in our research). We
found that after the first outbreak of COVID-19, hos-
pitalizations increased over the first three waves of the
pandemic. After that, hospitalizations underwent a sig-
nificant decline. Early mass vaccination probably delayed

and alleviated the fourth wave, which finally occurred in
the spring of 2021.

The most important public health measure during
the pandemic was vaccination. Vaccination had begun
in the European Union by January 2021. Its effects, in
terms of admission and mortality, were not evident until
April 2021. Beginning in December 2020, vaccines were
administered to the entire Spanish population, and they
proved significant protection against severe COVID-19.
The first peaks before vaccination occurred in March
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2020, November 2020, and January 2021. Beginning
in the spring of 2021, the use of vaccines resulted in a
decrease in hospitalizations, probably because their pro-
tection was based on achieving a mild clinical presenta-
tion of COVID-19. They had a great impact in terms of
hospital admissions and mortality. The effect of vacci-
nation on the fourth wave was studied elsewhere [21].
Moreover, we demonstrated that this impact was steady
in the fifth and sixth waves. It is of interest to mention a
study by Barandalla et al. [21], who developed simulated
curves of hospitalizations in the absence of vaccines and
then compared those curves with the real incidence. By
showing the decrease in incidence, they demonstrated
the beneficial impact of the vaccination rollout on
hospitalizations.

Several noteworthy caveats should be mentioned. For
one thing, several variants of the SARS-CoV-2 virus were
identified throughout the pandemic. The changes in
SARS-CoV-2 variants can also explain the beginning of
certain waves. In the summer of 2020 the alpha variant
(B.1.1.7) was described [12], and this variant spread rap-
idly in several European countries. It had greater trans-
missibility, virulence, and lethality than previous variants
and could have been responsible for the second and third
waves. Alpha was replaced by delta (B.1.617.2) in Spain
in the summer of 2021 and could have been one of the
causes of the peak of the fifth wave. Nevertheless, there is
no evidence that delta or other new variants had a nega-
tive impact on hospitalizations after the summer of 2021,
as clinical presentations were often mild [31] and vacci-
nation against these two variants was effective [32, 33].

Herd immunity is another caveat. An interesting Span-
ish study (Estudio Nacional de sero-Epidemiologia de la
Infeccién por SARS-CoV-2 en Espana, or ENE-COVID)
analyzed seroprevalence after the first wave [34]. Only 5%
of the entire Spanish population had antibodies against
SARS-CoV-2, but measurements varied across different
regions. Madrid, Castilla-La Mancha, and Castilla-Leén
(central regions) had seroprevalence above 10% com-
pared to approximately 1% in regions such as Galicia and
C. Valenciana (peripheral regions along the coast). Herd
immunity was not achieved in Spain after the first wave,
which clearly rendered vaccination a key factor in achiev-
ing protection against SARS-CoV-2.

ENE-COVID not only demonstrated that there were
several epicenters during the pandemic, such as Madrid,
but also highlighted the proportion of symptomatic indi-
viduals who were not diagnosed by a proper polymerase
chain reaction test. Concerning testing policy, a recent
publication by Zhang et al. [35] demonstrated that mass
testing was associated with a 25% decrease in hospital-
izations due to COVID-19. The city of Liverpool (United
Kingdom) was selected for a pilot study. The intervention
involved testing asymptomatic individuals to identify
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infected people to protect vulnerable individuals, quar-
antine contacts, and ultimately improve public health.
This intervention reduced COVID-19-related admissions
because promoting effective isolation of confirmed indi-
viduals and their contacts resulted in reduced onward
transmission. The study estimated a 32% reduction in
admissions compared to the expected admissions with
no intervention. ENE-COVID demonstrated that under-
diagnosis was common during the first weeks of the pan-
demic. Testing policy and their impact on the COVID-19
pandemic in Spain before vaccines were available were
also studied by several researchers [30, 36]. The first three
waves were analyzed, and several differences were found
between the first wave (with its more restrictive testing
policy) and the second and third ones (with their less
restrictive policies). These researchers demonstrated not
only an increase in the number of confirmed cases in the
general population but also decreases in the number of
severe cases requiring treatment in the ICU and in mor-
tality rates during the second and third waves compared
to the first wave. In the summer of 2020 a less restric-
tive testing policy began to be effectively implemented
in Spain, ensuring the detection of cases with mild
symptoms and even asymptomatic individuals. These
interventions contributed to addressing the outbreaks,
as pointed out by another study that demonstrated that
underreporting cases of COVID-19 can lead to poor
outcomes [37]. The more cases are reported, the more
able experts are to trace confirmed cases and to main-
tain quarantine. Thus, nonpharmaceutical interventions
such as restrictive testing policies, confinement, masks,
restricted mobility, and social distancing can also have a
great impact on COVID-19.

Limitations: the reliability of administrative data

The main limitation of our study was our use of an
administrative database. Although electronic health
records help researchers collect data and make them
available for research, some clinical data are not read-
ily available. Information about vaccination or drugs
were not recorded, so we could not assess the effect of
vaccination or certain treatments. This issue is inherent
to the MBDS-H because of the nature of its coding pro-
cess. Also, we only had access to data from 2020 to 2021,
because data from 2022 had not yet been processed. This
limitation causes a delay in reporting epidemiological
data such as ours. Another limitation our of study has to
do with the reliability of the data. Although it is based on
discharge reports, the MBDS-H was primarily designed
as an administrative data set focused on economical
management rather than clinical relevance [38-40].
Diagnoses are recorded and coded, but data regarding
diagnostic procedures, treatments, and outcomes are not
registered. Moreover, the validity of the collected data
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relies on the accuracy of the medical discharge reports
and the recording of the variables. It is worth noting that
diagnoses may have been provisional or redundant, and
some of them may have been excluded if administrative
personnel could not find an appropriate code in the ICD-
10-CM. The administrative personnel may not have had
any medical training. On the whole, we can state that the
reliability of such databases may be not guaranteed [41].
However, although a certain amount of misclassification
is expected, reliability can be improved with strategies
such as examining secondary diagnoses [42]. In contrast,
some have argued that the MBDS-H provides sufficiently
valid information and can be a useful tool in epidemio-
logical and clinical studies [43, 44].

Conclusions

Here we offered a picture of SARS-CoV-2-related hospi-
talizations in Spain in the first 2 years of the pandemic.
Our aim was to describe trends and the distribution of
the pandemic in Spain and to determine the impact of the
pandemic on the Spanish health care system and popula-
tion. We identified at least six waves over the 2 years. We
also found differences between the years in terms of the
number of hospitalizations, ICU admissions, and deaths.
We proposed explanations for the rise and fall in hospi-
talizations, such as public health measures or social dis-
tancing, but we are aware that certain factors may have
played an important role in the waxing and waning of
each wave, such as vaccination rates or the predominant
variant of the virus. Vaccination was probably the most
important public health intervention to mitigate the pan-
demic, as it gave individuals protection against severe
COVID-19. The distributions of both hospital admissions
and mortality showed great differences across regions of
Spain, probably because of underlying socioeconomic
factors.

Acknowledgements
Not applicable.

Authors’ contributions

Dr. Garcia-Carretero designed and conceived the study, preprocessed the
data, analyzed and interpreted the data, and wrote the first draft of the
manuscript. Dr. Vazquez-Gomez made substantial contributions to the
interpretation of the results, critically reviewed the first draft of the manuscript,
and made valuable suggestions. Drs. Gil-Prieto and Gil-de-Miguel supervised
the project and critically reviewed and edited the final draft of the manuscript.
All authors read and approved the final manuscript.

Funding
The authors received no financial support for this research or the authorship
or publication of this article.

Data Availability

According to the terms of a contract signed with the Spanish Ministry of
Health, which provided the data, the authors cannot provide the data set

to any other researcher. Furthermore, the data must be destroyed at the
conclusion of the research. Data can be obtained at https://www.sanidad.gob.
es/estadEstudios/portada/home.htm.

Page 10 of 11

Declarations

Ethics approval and Consent to Participate

Our retrospective study was approved by the Research and Ethics Committee
of Mostoles University Hospital. All procedures involving human participants
were conducted in accordance with the ethical standards of the responsible
institutional and/or National Research Committee and with the tenets of the
1964 Helsinki Declaration and its later amendments and comparable ethical
standards. The authors obtained consent to publish from their institution and
its Research and Ethics Committee. The informed consent was waived by the
Research and Ethics Committee of our institution because of the retrospective
nature of the study and the analysis used anonymous clinical data.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 April 2023 / Accepted: 10 July 2023
Published online: 18 July 2023

References

1. Coronaviridae Study Group of the International Committee on Taxonomy of
Viruses. The species severe acute respiratory syndrome-related coronavi-
rus: classifying 2019-nCoV and naming it SARS-CoV-2. Nat Microbiol. 2020
Apr;5(4):536-44.

2. Lovato A, de Filippis C. Clinical presentation of COVID-19: a systematic
review focusing on Upper Airway symptoms. Ear Nose Throat J. 2020
Nov;99(9):569-76.

3. World Health Organization. WHO Director-General's opening remarks at
the media briefing on COVID-19-11 March 2020 [Internet]. Available from:
https://www.who.int/director-general/speeches/detail/who-director-gen-
eral-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020.

4. Dowd JB, Andriano L, Brazel DM, Rotondi V, Block P, Ding X, et al. Demo-
graphic science aids in understanding the spread and fatality rates of COVID-
19. Proc Natl Acad Sci U S A. 2020 May;5(18):9696-8.

5. Ghio D, Acosta E, Fisman D, Noymer A, Stilianakis NI, Assche SBV. Population
Health and COVID-19 in Canada: a demographic comparative perspective.
Can Stud Popul. 2021;48(2-3):131-7.

6. Assche SBVY, Ghio D. A demographic adjustment to improve measurement
of COVID-19 severity at the developing stage of the pandemic [Internet].
medRxiv; 2020 [cited 2022 Jun 9]. p. 2020.03.23.20040998. Available from:
https://www.medrxiv.org/content/https://doi.org/10.1101/2020.03.23.20040
998v1.

7. Aburto JM, Scholey J, Kashnitsky |, Zhang L, Rahal C, Missov Tl, et al. Quantify-
ing impacts of the COVID-19 pandemic through life-expectancy losses: a
population-level study of 29 countries. Int J Epidemiol. 2022 Feb;18(1):63-74.

8. Kashnitsky I, Aburto JM. COVID-19 in unequally ageing european regions.
World Dev. 2020 Dec;1:136:105170.

9. Tracking SARS-. CoV-2 variants [Internet]. [cited 2022 Jun 9]. Available from:
https://www.who.int/activities/tracking-SARS-CoV-2-variants.

10.  ThakurV, Bhola S, Thakur P, Patel SKS, Kulshrestha S, Ratho RK et al. Waves and
variants of SARS-CoV-2: understanding the causes and effect of the COVID-19
catastrophe. Infection. 2022 Apr 1;50(2):309-25.

11. Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher E et al. Covid-19
Vaccine Effectiveness against the Omicron (B.1.1.529) Variant. New England
Journal of Medicine. 2022 Apr 21;386(16):1532-46.

12.  Hodcroft EB, Zuber M, Nadeau S, Vaughan TG, Crawford KHD, Althaus CL et al.
Spread of a SARS-CoV-2 variant through Europe in the summer of 2020. Nat
2021 Jul;595(7869):707-12.

13.  Casas-Rojo JM, Antén-Santos JM, Milldn-Nufez-Cortés J, Lumbreras-Bermejo
C, Ramos-Rincon JM, Roy-Vallejo E, et al. Clinical characteristics of patients
hospitalized with COVID-19 in Spain: results from the SEMI-COVID-19 Regis-
try. Rev Clin Esp (Barc). 2020 Nov;220(8):480-94.

14.  Pastor-Barriuso R, Pérez-Gomez B, Herndn MA, Pérez-Olmeda M, Yotti R, Oteo-
Iglesias J, et al. Infection fatality risk for SARS-CoV-2 in community dwelling


https://www.sanidad.gob.es/estadEstudios/portada/home.htm
https://www.sanidad.gob.es/estadEstudios/portada/home.htm
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.medrxiv.org/content/
https://doi.org/10.1101/2020.03.23.20040998v1
https://doi.org/10.1101/2020.03.23.20040998v1
https://www.who.int/activities/tracking-SARS-CoV-2-variants

Garcia-Carretero et al. BMC Infectious Diseases

20.

22.

23.

24.

25.

26.

27.

28.

(2023) 23:476

population of Spain: nationwide seroepidemiological study. BMJ. 2020
Nov;27:371:m4509.

Espana. Real Decreto 69/2015, de 6 de febrero, por el que se regula el Regis-
tro de Actividad de Atencion Sanitaria Especializada. BOE; 2015.

Ministerio de Sanidad Consumo y Bienestar Social. Portal Estadistico. Area de
Inteligencia de Gestion [Internet]. [cited 2019 Jul 6]. Available from: https://
pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/comun/ArbolNo-
dos.aspx?idNodo=23525.

Ministerio de Sanidad Consumo y Bienestar Social. eCIEMaps - CIE-10-ES
Diagnosticos [Internet]. [cited 2019 Jul 6]. Available from: https://eciemaps.
mschs.gob.es/ecieMaps/browser/index_10_mc.html.

Informe no 128 Situacién de COVID. -19 en Espana a 10 de mayo de 2022.pdf
[Internet]. [cited 2022 Jun 9]. Available from: https://www.isciii.es/QueHac-
emos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/
Documents/INFORMES/Informes%20COVID-19/INFORMES%20COVID-19%20
2022/Informe%20n%C2%BA%20128%20Situaci%C3%B3n%20de%20
COVID-19%20en%20Espa%C3%B1a%20a%2010%20de%20may0%20de%20
2022.pdf.

Palomino JC, Rodriguez JG, Sebastian R. The COVID-19 shock on the labour
market: poverty and inequality effects across Spanish regions. Regional Stud-
ies. 2022 Sep 23;0(0):1-15.

Dahal S, Mizumoto K, Rothenberg R, Chowell G. Investigating spatial vari-
ability in COVID-19 pandemic severity across 19 geographic areas, Spain,
2020 [Internet]. medRxiv; 2020 [cited 2023 Apr 1]. p. 2020.04.14.20065524.
Available from: https://www.medrxiv.org/content/https://doi.org/10.1101/20
20.04.14.20065524v3.

Barandalla |, Alvarez C, Barreiro P, de Mendoza C, Gonzalez-Crespo R, Soriano
V. Impact of scaling up SARS-CoV-2 vaccination on COVID-19 hospitalizations
in Spain. Int J Infect Dis 2021 Nov 1;112:81-8.

Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell L et al. Dexametha-
sone in Hospitalized Patients with Covid-19. The New England journal of
medicine. 2021 Feb;384(8):693-704.

WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working
Group, Sterne JAC, Murthy S, Diaz JV, Slutsky AS, Villar J, et al. Associa-

tion between Administration of systemic Corticosteroids and Mortality
among critically ill patients with COVID-19: a Meta-analysis. JAMA. 2020
Oct;6(13):1330-41.

Kyriazopoulou E, Huet T, Cavalli G, Gori A, Kyprianou M, Pickkers P et al.

Effect of anakinra on mortality in patients with COVID-19: a systematic
review and patient-level meta-analysis. The Lancet Rheumatology. 2021 Oct
1;3(10):2690-7.

Wolfe CR, Tomashek KM, Patterson TF, Gomez CA, Marconi VC, Jain MK et

al. Baricitinib versus dexamethasone for adults hospitalised with COVID-19
(ACTT-4): a randomised, double-blind, double placebo-controlled trial.

The Lancet Respiratory Medicine [Internet]. 2022 May 23 [cited 2022 Jun
91;0(0). Available from: https://www.thelancet.com/journals/lanres/article/
PIIS22132600(22)00088-1/fulltext.

Kalil AC, Patterson TF, Mehta AK, Tomashek KM, Wolfe CR, GhazaryanV et al.
Baricitinib plus Remdesivir for hospitalized adults with Covid-19. New Engl J
Med 2021 Mar 4;384(9):795-807.

Marconi VC, Ramanan AV, de Bono S, Kartman CE, Krishnan V, Liao R et al.
Efficacy and safety of baricitinib for the treatment of hospitalised adults

with COVID-19 (COV-BARRIER): a randomised, double-blind, parallel-group,
placebo-controlled phase 3 trial. The Lancet Respiratory Medicine. 2021 Dec
1,9(12):1407-18.

Salama C, Han J, Yau L, Reiss WG, Kramer B, Neidhart JD et al. Tocilizumab in
Patients hospitalized with Covid-19 pneumonia. New Engl J Med 2021 Jan
7,384(1):20-30.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 11 of 11

Rosas 10, Bréau N, Waters M, Go RC, Hunter BD, Bhagani S et al. Tocilizumab
in Hospitalized patients with severe Covid-19 pneumonia. New Engl J Med
2021 Apr 22,384(16):1503-16.

Taboada M, Gonzalez M, Alvarez A, Eiras M, Costa J, Alvarez J, et al. First,
second and third wave of COVID-19. What have we changed in the ICU
management of these patients? J Infect. 2021 Jun;82(6):e14-5.
Hacisuleyman E, Hale C, Saito Y, Blachere NE, Bergh M, Conlon EG, et al. Vac-
cine breakthrough infections with SARS-CoV-2 variants. N Engl J Med. 2021
Jun;10(23):2212-8.

Veneti L, Valcarcel Salamanca B, Seppalé E, Starrfelt J, Storm ML, Bragstad K,
et al. No difference in risk of hospitalization between reported cases of the
SARS-CoV-2 Delta variant and alpha variant in Norway. Int J Infect Dis. 2022
Feb;1:115:178-84.

Seppéld E, Veneti L, Starrfelt J, Danielsen AS, Bragstad K, Hungnes O et al. Vac-
cine effectiveness against infection with the Delta (B.1.617.2) variant, Norway,
April to August 2021. Euro Surveill. 2021 Sep 2;26(35):2100793.

Polldn M, Pérez-Gdmez B, Pastor-Barriuso R, Oteo J, Herndn MA, Pérez-
Olmeda M, et al. Prevalence of SARS-CoV-2 in Spain (ENE-COVID): a
nationwide, population-based seroepidemiological study. The Lancet. 2020
Aug;22(10250):535-44.

Zhang X, Barr B, Green M, Hughes D, Ashton M, Charalampopoulos D,

et al. Impact of community asymptomatic rapid antigen testing on
covid-19 related hospital admissions: synthetic control study. BMJ. 2022
Nov;23:379:e071374.

SorianoV, de Mendoza C, Gémez-Gallego F, Corral O, Barreiro P. Third wave of
COVID-19 in Madrid, Spain. Int J Infect Dis. 2021 Jun;107:212-4.

Morifia D, Ferndndez-Fontelo A, Cabafia A, Arratia A, Avalos G, Puig P. Cumu-
lated burden of COVID-19 in Spain from a Bayesian perspective. European
Journal of Public Health. 2021 Aug 1;31(4):917-20.

Howe JL, Adams KT, Hettinger AZ, Ratwani RM. Electronic Health Record
Usability Issues and potential contribution to patient harm. JAMA. 2018
Mar;319(12):1276-8.

Erickson SM, Rockwern B, Koltov M, McLean RM. Putting Patients First

by Reducing Administrative Tasks in Health Care: A Position Paper of

the American College of Physicians. Annals of internal medicine. 2017
May;166(9):659-61.

Sinsky C, Tutty M, Colligan L. Allocation of Physician Time in Ambulatory
practice. Annals of internal medicine. 2017 May;166(9):683-4.

Calle JE, Saturno PJ, Parra P, Rodenas J, Perez MJ, Eustaquio FS, et al. Quality
of the information contained in the minimum basic data set: results from an
evaluation in eight hospitals. Eur J Epidemiol. 2000;16(11):1073-80.
Redondo-Gonzalez O, Tenias-Burillo JM. A multifactorial regression analysis
of the features of community-acquired rotavirus requiring hospitalization in
Spain as represented in the Minimum Basic Data Set. Epidemiol Infect. 2016
Sep;144(12):2509-16.

Fernandez-Navarro P, Lopez-Abente G, Salido-Campos C, Sanz-Anquela JM.
The Minimum Basic Data Set (MBDS) as a tool for cancer epidemiological
surveillance. Eur J Intern Med 2016 Oct;34:94-7.

Hernandez Medrano |, Guillan M, Masjuan J, Alonso Canovas A, Gogorcena
MA. Reliability of the minimum basic dataset for diagnoses of cerebrovascu-
lar disease. Neurologia (Barcelona, Spain). 2017 Mar;32(2):74-80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=23525
https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=23525
https://pestadistico.inteligenciadegestion.mscbs.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=23525
https://eciemaps.mscbs.gob.es/ecieMaps/browser/index_10_mc.html
https://eciemaps.mscbs.gob.es/ecieMaps/browser/index_10_mc.html
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/INFORMES%20COVID-19%202022/Informe%20n%C2%BA%20128%20Situaci%C3%B3n%20de%20COVID-19%20en%20Espa%C3%B1a%20a%2010%20de%20mayo%20de%202022.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/INFORMES%20COVID-19%202022/Informe%20n%C2%BA%20128%20Situaci%C3%B3n%20de%20COVID-19%20en%20Espa%C3%B1a%20a%2010%20de%20mayo%20de%202022.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/INFORMES%20COVID-19%202022/Informe%20n%C2%BA%20128%20Situaci%C3%B3n%20de%20COVID-19%20en%20Espa%C3%B1a%20a%2010%20de%20mayo%20de%202022.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/INFORMES%20COVID-19%202022/Informe%20n%C2%BA%20128%20Situaci%C3%B3n%20de%20COVID-19%20en%20Espa%C3%B1a%20a%2010%20de%20mayo%20de%202022.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/INFORMES%20COVID-19%202022/Informe%20n%C2%BA%20128%20Situaci%C3%B3n%20de%20COVID-19%20en%20Espa%C3%B1a%20a%2010%20de%20mayo%20de%202022.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%20COVID-19/INFORMES%20COVID-19%202022/Informe%20n%C2%BA%20128%20Situaci%C3%B3n%20de%20COVID-19%20en%20Espa%C3%B1a%20a%2010%20de%20mayo%20de%202022.pdf
https://www.medrxiv.org/content/
https://doi.org/10.1101/2020.04.14.20065524v3
https://doi.org/10.1101/2020.04.14.20065524v3
https://www.thelancet.com/journals/lanres/article/PIIS2213-
https://www.thelancet.com/journals/lanres/article/PIIS2213-

	﻿Hospitalization burden and epidemiology of the COVID-19 pandemic in Spain (2020–2021)
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and data collection
	﻿Statistical analyses

	﻿Results
	﻿Global overview
	﻿Evolution of the pandemic
	﻿Distribution of the pandemic by region
	﻿Severity of COVID-19: ICU admissions and mortality

	﻿Discussion
	﻿Limitations: the reliability of administrative data

	﻿Conclusions
	﻿References


