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Background: The advent of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccines has
been associated with a significant decline in coronavirus disease 2019 (COVID-19) hospitalizations and
deaths. However, little is known about the benefits experienced by different population groups and/or
using distinct vaccines.
Methods: The Spanish public registry was analyzed to examine associations between weekly vaccination
scale-up and the incidence of COVID-19 hospitalizations by age, sex, and vaccine modality. The study
period extended from January 2020 to June 2021.
Results: A total of 363 960 COVID-19 hospitalizations were recorded in Spain during the study period,
with three peaks in March 2020, November 2020, and January 2021. The incidence of COVID-19 hospi-
talizations per 100 000 population increased exponentially with age, on average 71.5% for each decade
older. Overall, individuals older than 60 years of age accounted for 65% of all COVID-19 hospitalizations.
The speedy vaccination rollout since the end of 2020, with prioritization of the elderly groups, resulted
in a rapid fall in COVID-19 hospitalizations starting in February 2021. The benefit was already noticed
3-4 weeks after the first dose, regardless of the vaccine modality.
Conclusions: COVID-19 hospitalizations increased exponentially with age in all three peaks of SARS-CoV-
2 infection in Spain. Early mass vaccination of people over 60 years of age prevented a fourth wave of
COVID-19 hospitalizations during the spring of 2021.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The recent global spread of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection in humans is unprecedented
in medicine(Morens and Fauci, 2020). By the end of June 2021, over
180 million cases had been reported worldwide, with nearly 4 mil-
lion deaths. In Spain, these figures were nearly 4 million confirmed
cases and over 80 000 deaths. In the absence of effective antiviral
agents against SARS-CoV-2, the advent of vaccines has been ea-
gerly awaited. The first vaccines achieved emergency approval in
December 2020, after proving significant protection against the de-
velopment of severe coronavirus disease 2019 (COVID-19) in clin-
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ical trials (Polack et al., 2020; Baden et al., 2021). Vaccine rollout
began immediately, with prioritization of the most vulnerable pop-
ulations, including the elderly and healthcare workers.

Several surges of COVID-19 have been recognized in different
countries, largely depending on the mitigation interventions man-
dated at the country level. In Spain, three large waves have been
well characterized so far, with peaks of COVID-19 hospitalizations
and deaths in March 2020 (Soriano et al., 2020; Pollan et al., 2020;
Moreno-Torres et al., 2021), November 2020 Soriano et al., 2021,
and January 2021 (Soriano et al., 2021b).

The speedy vaccination rollout since the end of 2020 in Spain,
with prioritization of the elderly groups and healthcare workers,
resulted in a rapid fall in COVID-19 hospitalizations starting in
February 2021. This study was performed to examine in detail the
impact of vaccination on nationwide COVID-19 hospitalizations.

1201-9712/© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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2. Methods

All COVID-19 hospitalizations in Spain from February 2020
to June 2021 were investigated using the national public reg-
istry, which is freely available on the Health Ministry website
(CNE, 2021). The age, sex, and calendar week of hospitalization
of all hospitalized COVID-19 patients during this 17-month pe-
riod were analyzed. Likewise, all information available for the
vaccines administered, including the calendar week and modal-
ity, as recorded on the Health Ministry website, were examined
(MS, 2021).

For the analyses, age was grouped into consecutive decades.
Calendar periods were grouped by weeks. There were four vac-
cine modalities, two using mRNA, marketed by Pfizer (Polack et al.,
2020) and Moderna (Baden et al, 2021), one using a chimp ade-
novirus as vector, marketed by AstraZeneca (Voysey et al., 2021),
and another that uses a replication-deficient human adenovirus
vector from Janssen (Sadoff et al., 2021). All but the Janssen vac-
cine are given as two doses.

2.1. Statistical analyses

Crude data were recorded in Excel files as absolute numbers
and percentages. Patients were grouped by age range in consec-
utive decades. The incidence of COVID-19 hospitalization for each
age group was expressed as the number of hospitalizations per 100
000 population in that age range. Data on the national popula-
tion and age and sex distribution were obtained from the Spanish
Statistical database (SNIS, 2021). Calendar date COVID-19 hospital-
izations were grouped by week, reported on the following Mon-
day. Exponential regression was adjusted using the least-squares
method.

2.1.1. Estimates for COVID-19 hospitalizations in 2021 in the absence
of vaccines

In order to determine the impact of the vaccines, the expected
hospitalizations during 2021 were estimated, extrapolating data
from the second wave, when hospital beds were always available
(in contrast with the first wave) and the vaccines had still not
been marketed. Estimates were made for the distinct age groups.
As shown in the Supplementary Material (Figure S1 and Table
S1), the proportions of each age group as part of the total from the
second wave were very stable and reliable, and accordingly the pe-
riod from the week reported on October 12 to the week reported
on January 4 was chosen as the ‘reference window’. These propor-
tions were considered as the established hospitalization incidence
rates for each age group.

When the effect of the vaccines on COVID-19 hospitalizations
began to be recognized, estimates for hospitalization incidence for
each age group were assessed weekly, applying the established
proportions. The age groups that had been less vaccinated were
considered as controls, and curves of ‘hospitalizations in the ab-
sence of vaccines’ were estimated applying the established propor-
tions for matched ages. In this way, the real COVID-19 hospital-
ization incidence was compared with estimated hospitalizations in
the absence of vaccines.

The following three reference age groups were used: (1) For
the weeks reported from 11-Jan-2021 to 08-Feb-2021, the reference
age group was 50-59 years, since that age group had a very low
vaccination coverage during that period (<2%). (2) For the weeks
reported from 15-Feb-2021 to 12-Apr-2021, the reference age group
was 70-79 years, since although the first vaccinations for this age
group had been given in nursing homes, the rest of the population
within this age range living in their own homes had to wait until
the full completion of the 80-89 years age group vaccinations be-
fore receiving theirs. Less than 5% of this age group had received
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one dose during this period. (3) For the weeks reported from 19-
Apr-2021 to 21-Jun-2021, the reference age group was the com-
bination of 30-39 years and 40-49 years. These two age groups
were combined to have greater statistical significance, because the
hospitalization numbers were low. The vaccination coverage with
one dose in these age groups reached 15% by mid-June. By then,
the 80-89 years age group had reached 100% coverage, the 70-79
years group had reached 98%, the 60-69 years group had reached
92%, and the 50-59 years group had reached 76%. Therefore, vac-
cine coverage of 15% was an acceptable threshold to be considered
as low impacted by vaccination.

2.1.2. Estimates for early vaccinations by age

From January 4 to March 29, 2021, the Spanish Health Min-
istry released information about the total population that had re-
ceived at least one dose and those that had completed the two-
dose vaccination schedule, as distributed by the vaccine vendor.
From March 31, the percentages of vaccinated people were also re-
ported by age group. In the study analyses, the missing age distri-
bution of vaccination during the initial rollout was estimated using
the following criteria:

e Mathematical conditions:

o The estimated curves for each age group should meet
smoothly with the data first reported on March 31.
Every week, the number of ‘people with at least one dose’
and ‘people with full vaccination’ in all age groups should
match with the total number of vaccines administered in
Spain.

o The number of ‘people with at least one dose’ and ‘peo-
ple with full vaccination’ every week should be equal to or
greater than the previous week for each age group.

o The number of ‘people with full vaccination’ in a certain
week should not be larger than the number of ‘people
with at least one dose’ from 3 weeks before for the Mod-
erna/Pfizer vaccines.

The age groups 80+, 70-79, and 16-17 years were considered
to have been vaccinated only with the Pfizer/Moderna vaccines.
The age groups 60-69, 50-59, 25-49, and 18-24 years
were considered to have received AstraZeneca as well as
Pfizer/Moderna after early March.

A small proportion of individuals in the age groups 60-69,
50-59, 25-49, and 18-24 years were considered to have re-
ceived the first dose with AstraZeneca and the second with
Pfizer/Moderna.

The age group 60-69 years only received the AstraZeneca vac-
cine starting in May. This restriction was removed 2 months
later.

The age group 70-79 years initially received a large number of
doses (roughly 100 000), which is explained by the easy ac-
cess to the elderly living in skilled nursing homes. Thereafter,
the pace of vaccination slowed down because the elderly living
in their own homes had to be contacted individually by their
general practitioners.

(o}

3. Results

The official population of Spain by mid-2020 was 47.5 million
people, with 51% being female. Table 1 reports the age and sex
distribution. Interestingly, persons older than 60 years of age rep-
resent 25.6% of the country’s population. Up to June 21, 2021, a
total of 363 960 COVID-19 hospitalizations had been recorded in
Spain. Individuals older than 60 years of age accounted for 64.7%
of all COVID-19 hospitalizations; those above 80 years accounted
for 26.8%. Overall, more males than females were hospitalized with
COVID-19, but below 40 years of age, females were more fre-
quently hospitalized than males.
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Table 1
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Population of Spain and the distribution by age and sex, and the cumulative number of COVID-19 hospitalizations during

the study period (January 2020 to June 2021).

Age (years)  Population, n

COVID-19 hospitalizations, n (n per 100 000 population)

Total Male Female Total Male Female
0-9 4307 135 2214 419 2 092 716 2307 (54) 1251 (56) 1056 (50)
10-19 4912 519 2 530 201 2 382 318 2695 (55) 1292 (51) 1403 (59)
20-29 4 944 640 2 516 099 2 428 541 9256 (187) 3981 (158) 5275 (217)
30-39 6 230 403 3123 693 3106 710 19 045 (306) 9290 (297) 9755 (314)
40-49 7 891 737 3992 962 3 898 775 37 937 (481) 22 764 (570) 15 173 (389)
50-59 7 033 306 3480 573 3552 733 57 494 (817) 34 933 (1004) 22 561 (635)
60-69 5 336 986 2 563 879 2 773 107 65 763 (1232) 40 161 (1566) 25 602 (923)
70-79 3 960 045 1794 301 2 165 744 72 177 (1823) 41 791 (2329) 30 386 (1403)
80+ 2 834 024 1 039 463 1794 561 97 286 (3433) 44 748 (4305) 52 538 (2928)
Total 47 450 795 23255590 24195205 363 960 (767) 200 211 (861) 163 749 (677)

50%

45%

40%

35%

30%

25%

20%

15%

10%

Percentage of hospitalization incidence attributed to each age decade

5%

y = 0,005378e0,539661x
R%=0,994424

Age decade (0: 0-9, 1: 10-19, 2: 20-29...)

Figure 1. Incidence of COVID-19 hospitalization by age in Spain. Real numbers (continuous line) versus estimated numbers in the exponential model (dotted line).

Figure 1 shows the COVID-19 hospitalization incidence for each
age range. Regardless of sex, older age was by far the major de-
terminant of COVID-19 hospitalization. The adjusted risk increased
exponentially on average 71.5% for each decade older above 20
years old.

Figure 2 shows the weekly change in new COVID-19 hospital-
izations during the study period, grouped by age range. Three dif-
ferent waves of COVID-19 hospitalizations were observed. The first
with a peak in March 2020, after the nationwide lockdown with
mandatory home confinement starting on March 14. The second
wave occurred in late October 2020, following the summer holi-
days and return to work, schools, and universities. The third wave
was seen in January 2021, after Christmas gatherings. In each of
the waves, over 200 COVID-19 hospitalizations per 100 000 people
were observed.

Starting in February 2021 there was a rapid decline in COVID-19
hospitalizations with a small rebound in April, after the Easter hol-
idays (Figure 3). Of note, there was no evidence of a fourth wave of
COVID-19. However, COVID-19 hospitalizations in this mild spring
surge mostly occurred in people younger than 80 years of age.
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SARS-CoV-2 vaccination in Spain began at the end of 2020. Two
main groups were prioritized: the elderly living in nursing homes
and healthcare workers. Figure 4 records the scaling up of vacci-
nation by age group. The Pfizer and Moderna vaccines were the
only available vaccines at that time. The recommended schedule
was two doses given 3-4 weeks apart. Starting in March 2021, the
AstraZeneca vaccine was also prescribed, given in two doses 10-
12 weeks apart. The Janssen vaccine was only introduced in May
2021.

The administration of at least one dose of SARS-CoV-2 vaccine
was recorded for 55% of the population in Spain up to June 21,
2021. The complete vaccination schedule with two doses (for all
but Janssen) was recorded for 34% of the population. The distribu-
tion of vaccines administered was as follows: Pfizer 67%, Moderna
9%, AstraZeneca 20%, and Janssen 4%. No differential impact of the
distinct vaccines on COVID-19 hospitalization rates were identified,
considering age ranges or sex (data not shown).

Figure 5 shows the COVID-19 hospitalizations by age group
since the introduction of the vaccines, considering real numbers
and estimates if no vaccines had existed, derived from data ob-
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Figure 2. Incidence of COVID-19 hospitalizations (per 100 000 population) by age group and calendar week.
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Figure 6. Decline in the incidence of COVID-19 hospitalizations alongside vaccine scaling up for distinct age groups.

tained during the ‘reference window’ (fall 2020) described above,
when no vaccines were available. This figure shows the benefit
of the vaccines, with declines in hospitalizations, largely reflecting
their benefit on the oldest population.

The strong inverse relationship between vaccination rollout and
COVID-19 hospitalizations was initially noticed in the oldest groups
of people who were vaccinated earlier. When declines in COVID-
19 hospitalizations in distinct age groups were examined along-
side vaccinations in the same age group, a significant correlation
was found, with a 3-4-week delay on average after the first dose
(Figure 6). Indeed, the second dose only added a slight benefit on
hospitalizations.

4. Discussion

Since the end of 2019, SARS-CoV-2 infection has spread world-
wide transforming human lives and societies. The first wave of
COVID-19 erupted abruptly in Europe in March 2020, with Spain
being one of the epicenters (Dur-e-Ahmad and Imran, 2020)
Liu et al, 2021). The high mortality rates among the elderly
in skilled nursing homes and the collapse of hospitals occurred
within a few weeks (Soriano and Barreiro, 2020). Home confine-
ment and lockdown of most activities were implemented over 6
weeks. In the present analysis of nationwide COVID-19 hospital-
izations, the surge in March 2020 should be interpreted as an un-
derestimation of the real number of severe cases, since access to
diagnostic tests was poor and a large proportion of older peo-
ple did not die in hospitals but in their skilled nursing homes
(Candel et al., 2021). The relaxation of social distancing measures
during the summer was followed by a new surge in October 2020,
alongside a partial return to work and the reopening of schools
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and universities. Finally, a third wave of COVID-19 hospitalizations
occurred after the Christmas period, most likely reflecting family
gatherings (Guallar et al., 2020; Thompson et al., 2021).

It is noteworthy that older age was the major determinant of
hospitalization. Above 20 years old, for each decade older there
was an exponential increased risk of hospitalization of 71.5%, more
clearly manifested during the second and third waves. On average,
individuals over 80 years of age represented 27% of hospital ad-
missions. In contrast, persons younger than 40 years of age and
children represented only 9% of hospitalizations. Of note, the inci-
dence of hospitalization in the younger population was higher for
females than males; although among those older than 40 years old,
the hospitalization rate was higher for males. This finding is most
likely due to the fact that almost all infected pregnant women
were recommended to stay in hospital for close monitoring until
resolution (Cruz et al., 2021).

The introduction of vaccines at the end of 2020 had a signif-
icant impact on COVID-19 hospitalizations. The effect of the pri-
oritization of vaccination of the elderly in skilled nursing homes
and of healthcare workers started to be noticed in February 2021.
Subsequently, the steady vaccination of the oldest persons living in
their own homes and essential workers consolidated the decline in
COVID-19 hospitalizations. Accordingly, new COVID-19 hospitaliza-
tions diminished and these mostly occurred in younger patients
who had not been vaccinated.

From the last week of March 2021, people over 80 years of age
were no longer the most frequently hospitalized. This was also the
case for those above 70 years old starting in mid-May. From early
June 2021, COVID-19 hospitalization numbers were low, with the
residual population younger than 50 years old and not yet vacci-
nated being the most represented.



I. Barandalla, C. Alvarez, P. Barreiro et al.

It is noteworthy that overall protection from COVID-19 hospi-
talizations increased to nearly 91% for those who were vaccinated,
in line with data from pre-registration vaccine trials regarding se-
vere COVID-19 (Polack et al., 2020; Baden et al., 2021; MS, 2021).
Furthermore, the clinical protection from COVID-19 hospitalization
was seen after the first vaccine dose in all age groups, includ-
ing the oldest ones in whom immune responses could hypothet-
ically be impaired. The study results are in line with preliminary
evidence from registrational clinical trials (Connors et al., 2021)
and challenge the recognition of a low humoral response after
the first dose, suggesting that protection derived from cellular im-
mune responses might be more important than previously thought
(Stankov et al.,, 2021). On the other hand, the study results sup-
port recent evidence suggesting that people who have already had
a SARS-CoV-2 infection may safely skip the second vaccine dose
(Wang et al.,, 2021). This information is important because it could
help to stretch scarce vaccine supplies in some countries.

No difference in vaccine protection could be attributed to the
distinct vaccines, although the numbers for the Janssen vaccine
were low and the follow-up was too short to draw definitive con-
clusions. The Pfizer vaccine was the most frequently prescribed
COVID-19 vaccine by far up to June 2021 in Spain.

Some authors have argued that massive SARS-CoV-2 vaccina-
tion in the midst of a pandemic might be the wrong intervention,
favoring the selection of vaccine-escape mutants. We did not find
any evidence in favor of such a threat. Although vaccine break-
through infections due to new variants have been well demon-
strated, they have often been clinically mild and have generally not
required hospitalization (Hacisuleyman et al., 2021). In Spain, up
to June 30, the more transmissible SARS-CoV-2 variants alpha to
delta have consecutively replaced the original SARS-CoV-2 strain
(Alcoba-Florez et al., 2021; Campoy et al., 2021). However, vac-
cine protection remains clinically evident based on the low rate of
COVID-19 hospitalizations. The study data are in agreement with
most studies that have examined the protective efficacy of current
vaccines over the new variants. All have uniformly highlighted that
changes in neutralization activity do not seem to translate into
complete vaccine failure with symptomatic illness (Wang et al.,
2021; Kustin et al., 2021).

Several caveats and potential limitations of this study should be
acknowledged, especially with respect to the conclusion that the
lack of a fourth wave of COVID-19 hospitalizations in Spain was
largely the result of the prior mass vaccine rollout in the most vul-
nerable populations by Easter. There are at least three other possi-
ble reasons that could explain this benefit: (1) the growing and al-
ready large subset of people infected and with immunity by then;
(2) the acquisition of knowledge on social distancing and other
protective measures that were uniformly implemented; and (3) the
evolving and changing criteria for hospitalization of infected per-
sons, with prioritization of disease management at home when
possible. Each of these points is addressed separately below.

First, the population already infected and with natural immu-
nity by Easter was low. Since there was an unexpected surge of
cases (fifth wave) in July 2021 driven by the highly transmissible
SARS-CoV-2 delta variant (Seppdla et al., 2021), it is clear that herd
immunity has not been achieved in Spain. Moreover, it was possi-
ble to estimate the proportion of protection during the fourth wave
that resulted from vaccination. By far the vast majority of hospital-
izations in elderly people during the fourth and the largest fifth
wave mostly occurred in the remaining subset of non-vaccinated
individuals.

Second, a hard lockdown was only enforced during the first
wave in March-April 2020. Social distancing measures of vari-
able intensity were implemented intermittently during subsequent
months, but there was no further enforced home confinement.
Recommendations included wearing face masks indoors, restric-
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tions on gatherings, curfews, etc. Therefore, the low plateau of
new diagnoses of severe cases (those requiring hospitalization) af-
ter Easter (corresponding to the fourth wave) largely resulted from
the beneficial impact of massive vaccination coverage for the most
vulnerable oldest population.

Third, the criteria for admission to hospital wards during the
pandemic have evolved as a result of improved knowledge, allow-
ing people with no acute severe signs/symptoms and who have
no predictors of a poorer outcome (older age, obesity, male sex,
etc.) to avoid hospitalization. However, hospital room capacity has
increased since the first wave, when many severely ill patients
could not be hospitalized because the health system became over-
whelmed. Overall, our interpretation is that hospitalization criteria
did not greatly affect the study results.

In summary, nationwide records of COVID-19 hospitalizations in
Spain indicate that the mass vaccination of people over 60 years
of age prevented a fourth wave of COVID-19 hospitalization after
Easter time. The protective effect on COVID-19 hospitalizations was
noticed shortly after the first dose of the current marketed vac-
cines.
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