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a b  s t  r a  c t

Background: This  study  compares  the  severity  of SARS-CoV-2  infections  caused  by Alpha, Delta  or  Omicron
variants in periods  of co-circulation  in Spain,  and  estimates the  variant-specific  association  of vaccination
with  severe disease.
Methods:  SARS-CoV-2  infections  notified  to the national  epidemiological  surveillance  network  with  infor-
mation on genetic  variant  and  vaccination status were  considered cases  if  they  required  hospitalisation  or
controls otherwise.  Alpha  and Delta were  compared  during  June–July 2021;  and  Delta and  Omicron  dur-
ing  December  2021–January 2022.  Adjusted  odds  ratios  (aOR)  were  estimated using  logistic  regression,
comparing  variant  and vaccination status between  cases  and  controls.
Results:  We  included  5,345  Alpha  and  11,974  Delta infections  in June–July and 5,272  Delta  and  10,578
Omicron  in December–January.  Unvaccinated cases of Alpha (aOR:  0.57;  95%  CI: 0.46–0.69)  or  Omicron
(0.28;  0.21–0.36)  had  lower probability  of hospitalisation  vs. Delta. Complete vaccination reduced  hospi-
talisation,  similarly  for  Alpha  (0.16; 0.13–0.21)  and  Delta  (June–July: 0.16;  0.14–0.19;  December–January:
0.36;  0.30–0.44) but  lower  from  Omicron  (0.63;  0.53–0.75)  and individuals  aged  65+ years.
Conclusion:  Results  indicate higher intrinsic severity  of the  Delta variant, compared  with  Alpha  or Omi-
cron, with  smaller  differences among  vaccinated  individuals.  Nevertheless,  vaccination was associated
to reduced  hospitalisation  in all groups.

© 2022  The Author(s).  Published by  Elsevier  España, S.L.U. on behalf  of Sociedad  Española de
Enfermedades  Infecciosas  y  Microbiologı́a  Clı́nica. This is  an open  access article  under  the  CC  BY-NC-ND

license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Gravedad  comparativa  de  los  casos  de COVID-19  causados  por  las  variantes  Alfa,
Delta  u Ómicron  de SARS-CoV-2  y su  asociación  con  la  vacunación
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r e  s u m  e  n

Introducción:  El objetivo  es comprar  la  gravedad  de  las  infecciones  por las variantes Alfa,  Delta  y  Ómicron
del SARS-CoV-2  en  periodos  de  co-circulación  en  España, y  estimar  la asociación  entre vacunación y
gravedad en cada variante.
Métodos:  Las  infecciones  por  SARS-CoV-2  notificadas a la red  nacional  de  vigilancia epidemiológica  con
información  sobre la variante  viral y  el estado  de vacunación  se  clasificaron  como casos si habían  requerido
hospitalización, o como controles en  caso  contrario.  Alfa  y Delta se compararon durante junio-julio  de

∗ Corresponding author.
E-mail address: smonge@isciii.es (S. Monge).

f The names of the members are listed in Appendix A.

https://doi.org/10.1016/j.eimce.2022.11.021
2529-993X/© 2022 The Author(s). Published by Elsevier España, S.L.U. on behalf of Sociedad Española de Enfermedades Infecciosas y Microbiologı́a Clı́nica. This is  an open
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2021, y  Delta y  Ómicron durante  diciembre  de  2021-enero  de  2022.  Se estimaron  odds  ratios  ajustadas
(ORa)  mediante  regresión  logística,  comparando  la variante  y el estado  de  vacunación entre casos y
controles.
Resultados:  Se  incluyeron  5.345 infecciones por  variante  Alfa  y 11.974 por  Delta en  junio-julio  y 5.272
infecciones  por  Delta y  10.578  por Ómicron  en  diciembre-enero. Los casos no vacunados  por Alfa  (aOR:
0,57; IC 95%:  0,46-0,69) u Ómicron  (0,28; IC 95%:  0,21-0,36) tuvieron  menor  probabilidad  de  hospital-
ización  comparados  con Delta. La vacunación completa  se asoció a menor  hospitalización  de  forma  similar
para Alfa  (0,16; IC 95%:  0,13-0,21)  y  Delta  (junio-julio: 0,16;  IC 95%:  0,14-0,19; diciembre-enero:  0,36;  IC
95%:  0,30-0,44) pero  menor para Ómicron  (0,63; IC 95%:  0,53-0,75) y para individuos  con  65+  años.
Conclusión: Los resultados  indican  una  mayor  gravedad  intrínseca de  la  variante  Delta comparada  con
Alfa  u  Ómicron,  con menor  diferencia  entre personas  vacunadas.  La vacunación se asoció  a menor hospi-
talización  en  todos  los  grupos.

© 2022  El Autor(s).  Publicado  por  Elsevier  España,  S.L.U. en  nombre  de  Sociedad Española  de
Enfermedades Infecciosas  y  Microbiologı́a Clı́nica.  Este  es un artı́culo  Open  Access  bajo  la licencia CC

BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Since SARS-CoV-2 emerged in December 2019, the virus has
evolved resulting in a  wide range of genetic variability. Variants
associated to increased transmissibility or immune escape have
rapidly expanded to become dominant worldwide. Indeed the pro-
tection conferred by  vaccination against SARS-CoV-2 infection was
found lower for Delta (B.1.617.2) and Omicron (B1.1.529) variants,
compared to the previously circulating Alpha (B.1.1.7).1–7 In  Spain,
the first case of SARS-CoV-2 variant Alpha was described in  Decem-
ber 2020, the first case of Delta in June 2021, and the first case of
Omicron in December 2021.

The severity of COVID-19 has changed through the successive
epidemic waves, likely due to increasing population immunity
(caused both by vaccination and by ongoing virus circulation), to
the shift of the epidemic to  younger age groups and possibly to  a
different intrinsic virulence of SARS-CoV-2 variants. Disentangling
the contribution of each factor is challenging.8 While Delta vari-
ant was generally (though inconsistently) associated to increased
risk of severe disease compared to the previously dominant Alpha
variant,9–11 results from South Africa,12,13 Canada,14 the US,15 the
UK,10 Denmark,11 Norway,16 Sweden17 and Navarre (Spain)18 have
pointed to a lower severity of Omicron. On the other hand, vac-
cine effectiveness (VE) against severe COVID-19 with Delta variant
was found well preserved compared to Alpha,19,20 but evidence for
severe COVID-19 with Omicron is less consistent.5–7,21–23

There are contextual factors that may  affect the estimates of
variant severity as well as the variant-specific vaccine effectiveness,
such as the intensity of previous circulation of other SARS-CoV-2
variants in the territory or  particular characteristics of the COVID-
19 vaccination rollout. Thus, results from different contexts can add
to existing evidence and confirm previous findings. The objective
of our study is to  evaluate the comparative severity, in terms of
requiring hospital admission, of COVID-19 cases caused by Alpha,
Delta or Omicron variants in  periods where they co-circulated in
Spain, as well as to  estimate the association of vaccination with the
evolution to severe disease, using nationally representative data
from Spain.

Materials and methods

We analysed data from the National Epidemiological Surveil-
lance Network (RENAVE, by its Spanish acronym). Within RENAVE,
Spanish regions notify, daily and exhaustively, every case of
SARS-CoV-2 infection, together with basic clinical and epidemi-
ological data, including the need of hospital admission due to
COVID-19 (excluding hospital admissions with COVID-19, but not
due to COVID-19). Genetic characterization by Whole Genome
Sequencing is also collected when available. Finally, information

on COVID-19 vaccination includes dates and type of every vaccine
dose. Data was  extracted on  19th April 2022.

We  selected SARS-CoV-2 infections in  people ≥12 years of age,
with known SARS-CoV-2 variant in  the RENAVE database. By sys-
tem design, a  random sample of SARS-CoV-2 positive tests are
sent for sequencing within the National Laboratory Network for
SARS-CoV-2 Sequencing (RELECOV). However, these are sampled
separately in hospital settings and from primary health care, with
pre-specified proportions. Moreover, other non-randomly selected
sequenced samples were also be performed ad hoc by  the centres,
and these were not appropriately identified in the data. As a  result,
it is not possible to assess the risk of hospitalisation in the sample
of SARS-CoV-2 infections with known variant information.

Instead, to  address the study question, we designed a
case–control study in which SARS-CoV-2 infections were classi-
fied as cases if they required hospital admission or as controls if
they did not. SARS-CoV-2 infections with unknown information
on hospitalisation were dropped. We selected only SARS-CoV-2
infections with reference date (date of symptom onset or, if miss-
ing, date of diagnosis minus 3 days) in periods of co-circulation
of different SARS-CoV-2 variants: June and July 2021 for the com-
parison between Alpha and Delta variants, and December 2021
and January 2022 for the comparison between Delta and Omicron
variants.24

At the reference date for each SARS-CoV-2 infection, we  classi-
fied  the vaccination status as: (1) non-vaccinated, if the person had
never received any vaccine-dose or (2) completely vaccinated, if the
case had received either 2 vaccine-doses (separated a minimum of
19 days for Pfizer vaccine or 21 days for Moderna and Astra Zeneca
vaccines) or 1 vaccine dose of Janssen, and with a  minimum elapsed
time since the last vaccine dose (induction period of  the vaccine
effect) of 7 days for Pfizer vaccine or 14 days for the others. Persons
completely vaccinated who  had received a  booster vaccine dose
were analysed in the same category as those completely vaccinated
without a  booster dose as main analysis. SARS-CoV-2 infections
with unknown vaccination status or  incompletely vaccinated were
dropped from the analysis.

We  first analysed the association between SARS-CoV-2 variant
and the need of hospital admission by comparing the distri-
bution of SARS-CoV-2 variants between hospitalised cases and
non-hospitalised controls. We performed this estimate sepa-
rately for non-vaccinated and completely vaccinated persons in
the study sample. We then analysed the association between
vaccination status and the need of hospital admission (cases vs.
controls) separately for each SARS-CoV-2 variant to compute
variant-specific association of vaccination status and probability
of hospital admission. We estimated the adjusted odds ratios
(aOR) and 95% confidence intervals (95% CI) by fitting logistic
regression models adjusted by sex, age (restricted cubic splines),
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Table  1
Characteristics of the sample of hospitalized cases and non-hospitalised controls. Sample for comparison of Alpha and Delta variants in June 2021 and July 2021.

Variable Cases
(Hospitalised)

Controls
(Non-hospitalised)

Alpha
(n = 521)

Delta
(n = 1,658)

Alpha
(n =  4,824)

Delta
(n =  10,316)

Age
Median (IQR*)  51  (39–76) 63 (43–81) 30 (21–44) 33 (21–53)

Sex
Woman 227 (43.6%) 707 (42.6%) 2,504 (51.9%) 5,595 (54.2%)
Man 294 (56.4%) 951 (57.4%) 2,320 (48.1%) 4,721 (45.8%)

Vaccination status
Non-vaccinated 355 (68.1%) 785 (47.3%) 3,871 (80.2%) 5,678 (55.0%)
Completely vaccinated 166 (31.9%) 873 (52.7%) 953 (19.8%) 4,638 (45.0%)

Booster** 0 (0.0%) 0  (0.0%) 0  (0.0%) 0  (0.0%)

Type  of vaccine**

Comirnaty 101 (60.8%) 587 (67.2%) 658 (69.1%) 2,988 (64.4%)
Spikevax 16  (9.6%) 64 (7.3%) 53  (5.6%) 245 (5.3%)
Vaxzevria 1 (0.6%) 26 (3.0%) 81  (8.5%) 676 (14.6%)
Vaxzevria + ARNm 0 (0.0%) 1  (0.1%) 1 (0.1%) 14 (0.3%)
Janssen 6 (3.6%) 84 (9.6%) 81  (8.5%) 442 (9.5%)
Others 42  (25.3%) 109 (12.5%) 79 (8.3%) 267 (5.8%)
Unknown 0 (0.0%) 2  (0.2%) 0  (0.0%) 6 (0.13%)

Reinfection
No  509 (97.7%) 1,641 (99.0%) 4,701 (97.5%) 10,054 (97.5%)
Possible 2 (0.4%) 1  (0.1%) 15  (0.3%) 10 (0.1%)
Probable 4 (0.8%) 4  (0.2%) 52  (1.1%) 62 (0.6%)
Confirmed 6 (1.2%) 12 (0.7%) 56  (1.2%) 190 (1.8%)

ICU  admissions
No 287 (55.1%) 984 (59.4%) – –
Yes  66  (12.7%) 255 (15.4%) – –
Unknown 168 (32.3%) 419 (25.3%) – –

Deaths
No  313 (60.1%) 948 (57.2%) 3,056 (63.4%) 6,461 (62.6%)
Yes  54  (10.4%) 261 (15.7%) 3 (0.1%) 47 (0.46%)
Unknown 154 (29.6%) 449 (27.1%) 1,765 (36.6%) 3,808 (36.9%)

Hospitalized due to COVID-19*** 466 (89.4%) 1,446 (87.2%) – –
Days  between diagnosis and hospitalization. Median (IQR)*  6 (4–9) 7  (4–9) – –

* Interquartile range (IQR).
** Proportion is over the total number of individuals completely vaccinated.

*** COVID-19 cases diagnosed before de date of hospitalization.

autonomous community and calendar week. Stratified models
were implemented using interaction terms.

As sensitivity analyses: (1) we excluded, from the category of
completely vaccinated, persons who had received a  booster dose,
to analyse the association of vaccination without any possible con-
founding due to  the higher frequency of persons with a  booster
dose among the Omicron infections; (2) we considered that indi-
viduals in RENAVE with no information on hospitalisation were
non-hospitalized and included them in  the study as controls; (3)
we considered that individuals in  RENAVE with no information on
vaccination were non-vaccinated and included them in  the study
in that category; (4) we restricted the sample of cases to hospi-
talised persons with date of diagnosis previous to date of admission,
to increase the probability that the hospitalisation was due to
COVID-19 and not with COVID-19 as an incidental finding; and
(5) we adjusted all models by  previous SARS-CoV-2 infection as
reported in RENAVE, though completeness of this variable is  low
and many infections may  not have  been documented throughout
the epidemic. We used Stata statistical software, release 17 (College
Station, TX: StataCorp LLC).

Results

Comparison of Alpha and Delta variants (June and July 2021)

Of a  total 869,284 SARS-CoV-2 notified infections in June
and July 2021, 5,345 Alpha and 11,974 Delta infections were
selected (Supplementary Figure S1a). Of total infections, 17.8%
were excluded for missing data on hospitalisation and a  fur-
ther 16% for missing data on vaccination. Sequencing was more
frequent among vaccinated (16.0% in  hospitalized and 6.3% in
non-hospitalized) than among unvaccinated (7.6% in  hospitalized
and 2.5% in non-hospitalized), likely explained by the policy to
prioritise breakthrough infections for sequencing at that time.
Included and not included patients were similar in key character-
istics (Supplementary Table S1).

In the selected sample, 68% of (non-hospitalised) controls were
Delta infections, compared to  76% of (hospitalised) cases (Table 1).
Cases were more frequently male, had higher age and were more
frequently vaccinated compared to  controls, probably because the
completely vaccinated population included people of higher risk.
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Table  2
Odds ratio (OR) and 95% confidence intervals (95% CI)  for the association between: (a) SARS-CoV-2 variant Delta vs. Alpha and the odds of hospitalization, stratified by
vaccination status and (b) between and vaccination status and the  odds of hospitalization, stratified by SARS-CoV-2 variant (June and July 2021).

Age Hospitalised
cases

Non-
hospitalised
controls

Crude OR
(95% CI)

aOR (95% CI)* Hospitalised
cases

Non-
hospitalised
controls

Crude OR
(95% CI)

aOR (95% CI)*

(a) Unvaccinated (a) Vaccinated

Total

Delta 785 5,678 Ref. Ref. 873 4,638 Ref. Ref.
Alpha 355 3,871 0.66(0.58–0.76) 0.57(0.46–0.69) 166 953 0.93

(0.77–1.11)
0.56
(0.44–0.71)

12–39

Delta 332 4,887 Ref. Ref. 11  1,018 Ref. Ref.
Alpha 132 3,040 0.64(0.52–0.79) 0.50(0.37–0.69)  2 216 0.86

(0.19–3.89)
0.77
(0.17–3.58)

40–64

Delta 324 670 Ref. Ref. 177 2,372 Ref. Ref.
Alpha 184 790 0.48(0.39–0.59) 0.45(0.33–0.62) 21  396 0.71

(0.45–1.13)
0.64
(0.39–1.05)

65+

Delta 129 121 Ref. Ref. 685 1,248 Ref. Ref.
Alpha 39 41 0.89(0.54–1.48) 1.15(0.63–2.09) 143 341 0.76

(0.62–0.95)
0.57
(0.41–0.78)

Age Hospitalised
cases

Non-
hospitalised
controls

Crude OR
(95% CI)

aOR (95% CI)* Hospitalised
cases

Non-
hospitalised
controls

Crude OR
(95% CI)

aOR (95% CI)*

(b) Alpha (b)  Delta

Total

Unvaccinated 355 3,871 Ref. Ref. 785 5,678 Ref. Ref.
Vaccinated 166 953 1.90(1.55–2.31) 0.16(0.13–0.21) 873 4,638 1.36

(1.23–1.51)
0.16
(0.14–0.19)

12–39

Unvaccinated 132 3,040 Ref. Ref. 332 4,887 Ref. Ref.
Vaccinated 2 216 0.21(0.05–0.87) 0.12(0.03–0.51) 11 1,018 0.16

(0.09–0.29)
0.08
(0.04–0.15)

40–64

Unvaccinated 184 790 Ref. Ref. 324 670 Ref. Ref.
Vaccinated 21 396 0.23(0.14–0.36)  0.18(0.11–0.30) 177 2,372 0.15

(0.13–0.19)
0.13
(0.10–0.16)

65+

Unvaccinated 39 41 Ref. Ref. 129 121 Ref. Ref.
Vaccinated 143 341 0.44(0.27–0.71)  0.21(0.12–0.36) 685 1,248 0.51

(0.39–0.67)
0.42
(0.31–0.57)

* aOR: OR adjusted by  sex, age, autonomous community and week of co-circulation, including an interaction term with vaccination status (a)  or an interaction term with
co-circulating variants (b) for the stratified results.

Delta infections had higher median age and an age distribution
more skewed to higher ages (Supplementary Figure S2a). Complete
vaccination was more frequent among Delta infections, probably
because they occurred later into the study period (Supplementary
Figure S3a).

Among the unvaccinated, Alpha was associated to 43% lower
probability of hospitalisation compared to Delta (aOR: 0.57; 95%
CI: 0.46–0.69), except for people 65+ years where no difference
between the variants was observed (Table 2). Among the vacci-
nated, the lower hospitalisation associated with Alpha infections
compared to Delta was observed for all age groups and was  44%
lower overall (aOR: 0.56; 95% CI: 0.44–0.71). The lower severity
of Alpha in 65+ in the vaccinated (vs. no difference in the unvac-
cinated) is consistent with the slightly higher association of the
vaccine with reduced hospitalisation in 65+  against the Alpha vari-
ant (79%; aOR:0.21; 0.12–0.36), compared to the Delta variant (58%;
aOR: 0.42; 0.31–0.57).

Complete vaccination was overall associated to  84% lower hos-
pitalization, equally for Alpha and Delta, and with a  trend to a  higher
magnitude of the association in the younger age groups.

Comparison of Delta and Omicron variants (December 2021 and

January 2022)

Of  5,070,747 SARS-CoV-2 notified infections, 5,272 Delta and
10,578 Omicron infections were selected (Supplementary Figure
S1b). Of total infections, 24.5% were excluded for missing data on
hospitalisation and a further 3.4% due to missing data on  vacci-
nation among the hospitalised and 7.4% among non-hospitalised.
Availability of sequencing results was  similar between vaccinated
(5.4% in  hospitalized and 0.4% in non-hospitalized) and unvacci-
nated (4.6% in hospitalized and 0.5% in  non-hospitalized). Included
and not included patients were similar in  key characteristics
(Supplementary Table S1).

In  the selected sample, 67% were Omicron infections, both
among the (hospitalised) cases and the (non-hospitalised) con-
trols (Table 3). Cases were more frequently male and had higher
age compared to the controls, without meaningful differences
between Omicron and Delta, which showed similar age distribution
(Supplementary Figure S2b). The proportion of completely vacci-
nated was  lower among cases (both for Delta and Omicron), as
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Table  3
Characteristics of the sample of hospitalized cases and non-hospitalised controls. Sample for comparison of Delta and Omicron variants in December 2021 and January 2021.

Variable Hospitalised Non-hospitalised

Omicron
(n = 1,979)

Delta
(n =  978)

Omicron
(n = 8,599)

Delta
(n  =  4,294)

Age
Median (IQR*) 73 (59–83) 66 (57–76) 44 (30–59) 45 (35–60)

Sex
Woman 833 (42.1%) 420 (42.9%) 4,873 (56.7%) 2,266 (52.8%)
Man 1,146 (57.9%) 558 (57.1%) 3,726 (43.3%) 2,028 (47.2%)

Vaccination status
Non-vaccinated 383 (19.4%) 364 (37.2%) 1,164 (13.5%) 773 (18.0%)
Completely vaccinated 1,596 (80.7%) 614 (62.8%) 7,435 (86.5%) 3,521 (82.0%)

Booster** 757 (47.4%) 115 (18.7%) 1,480 (19.9%) 208 (5.9%)

Type  of vaccine**

Comirnaty 1,133 (71.0%) 357 (58.1%) 4,983 (67.0%) 2,137 (60.7%)
Spikevax 202 (12.7%) 60 (9.8%) 972 (13.1%) 295 (8.4%)
Vaxzevria 145 (9.1%) 128 (20.9%) 675 (9.1%) 594 (16.9%)
Vaxzevria + ARNm 4  (0.3%) 2 (0.3%) 40 (0.5%) 31 (0.9%)
Janssen 39  (2.4%) 28 (4.6%) 150 (2.0%) 139 (4.0%)
Others 38  (2.4%) 34 (5.5%) 466 (6.3%) 293 (8.3%)
Unknown 35  (2.2%) 5 (0.8%) 149 (2.0%) 32 (0.9%)

Reinfection
No  1,921 (97.1%) 965 (98.7%) 8,353 (97.1%) 4,242 (98.8%)
Possible 12  (0.6%) 3 (0.3%) 11  (0.1%) 4  (0.1%)
Probable 14  (0.7%) 2 (0.2%) 54  (0.6%) 13 (0.3%)
Confirmed 32  (1.6%) 8 (0.8%) 181 (2.1%) 35 (0.8%)

ICU admissions
No 1,069 (54.0%) 488 (49.9%) – –
Yes  214 (10.8%) 236 (24.1%) – –
Unknown 696 (35.2%) 254 (26.0%) – –

Deaths
No  640 (32.3%) 288 (29.5%) 3,332 (38.8%) 1,632 (38.0%)
Yes  313 (15.8%) 187 (19.1%) 80 (0.9%) 41 (1.0%)
Unknown 1,026 (51.8%) 503 (51.4%) 5,187 (60.3%) 2,621 (61.0%)

Hospitalized due to COVID-19*** 1,632 (82.5%) 879 (89.9%) – –
Days  between diagnosis and hospitalization. Median (IQR*)  3  (2–6) 3 (2–7) – –

* Interquartile range (IQR).
** Proportion is over the total number of individuals completely vaccinated.

*** COVID-19 cases diagnosed before de date of hospitalization.

expected due to the protection of vaccination. Complete vaccina-
tion and vaccination with a  booster dose was more frequent among
Omicron infections, probably because they occurred later into the
study period (Supplementary Figure S3b).

Among the unvaccinated, Omicron was associated to a 72%
lower risk of hospitalisation compared to  Delta (aOR: 0.28;
0.21–0.36), with a  smaller difference among people 65+  (Table 4).
The difference in severity between Omicron and Delta was smaller
among the vaccinated, decreasing to 51% (aOR: 0.49; 95% CI:
0.41–0.58) overall, without significant differences between age
groups.

Complete vaccination was associated to  lower risk of hospi-
tal admission, with a  higher magnitude for Delta (64% lower, OR:
0.36; 95% CI: 0.30–0.44) compared to Omicron (37% lower, OR:
0.63; 95% CI: 0.53–0.75). Like in  the first study period, there was
a trend to a higher association of the vaccine with lower hospital-
isation in the younger age groups. Interestingly, the effect of the
vaccine against Delta infection was lower in  this period (December
2021–January 2022), as compared to the previous one (June–July
2021), compatible with a waning protection with time since
vaccination.

Results from sensitivity analyses

Results were very similar in  sensitivity analyses for both study
periods, except when considering persons with missing vaccination

status as unvaccinated when assessing the association between
vaccination and hospitalisation in  June–July 2021 (effect of the
vaccine in the sensitivity analysis vs. main analysis of 71% vs.
84% in Alpha infections and 70%  vs. 84% in Delta infections)
(Supplementary Table S2). The decrease in the association could be
due to a  certain proportion of vaccinated people among the missing
data. In December 2021–January 2022 no difference was  observed,
possibly due to higher completeness of vaccination data, and to
people without information corresponding more likely to  people
not vaccinated (as seen in Figure S1). In December 2021–January
2022, slightly higher association of the vaccine with lower hos-
pitalisation by the Omicron variant was found when assuming
that individuals with missing data on hospitalisation were non-
hospitalised (48% vs. 37% in  the main analysis), with no differences
otherwise (Supplementary Table S3).

Discussion

Our results suggest that unvaccinated persons infected with the
Alpha or  Omicron SARS-CoV-2 variants had lower probability of
hospitalisation compared with the Delta variant. We also found that
the probability of hospitalisation was lower in  completely vacci-
nated cases compared with non-vaccinated cases for every variant.

Our results are consistent with previous studies addressing
the intrinsic severity of the different SARS-CoV-2 variants. Pre-
vious studies have estimated a  risk of hospitalisation between
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Table  4
Odds ratio (OR) and 95% confidence intervals (95% CI) for the association between: (a)  SARS-CoV-2 variant Omicron vs. Delta and the odds of hospitalization, stratified by
vaccination status and (b) between and vaccination status and the  odds of hospitalization, stratified by SARS-CoV-2 variant (December 2021 and January 2022).

Age Hospitalised
cases

Non-
hospitalised
controls

Crude OR
(95% CI)

aOR (95% CI)* Hospitalised
cases

Non-
hospitalised
controls

Crude OR
(95% CI)

aOR (95% CI)*

(a) Unvaccinated (a)  Vaccinated

Total

Delta 364 773 Ref. Ref. 614 3,521 Ref. Ref.
Omicron 383 1,164 0.70(0.59–0.83)  0.28(0.22–0.36) 1,596 7,435 1.23

(1.11–1.36)
0.49
(0.41–0.58)

12–39

Delta 35  369 Ref. Ref. 19  1,136 Ref. Ref.
Omicron 46  591 0.82(0.52–1.30) 0.19(0.10–0.37) 96  2,945 1.95

(1.19–3.20)
0.58
(0.33–1.05)

40–64

Delta 172 292 Ref. Ref. 213 1,742 Ref. Ref.
Omicron 126 400 0.53(0.41–0.70)  0.18(0.13–0.27) 400 2,994 1.09

(0.92–1.30)
0.46
(0.35–0.61)

65+

Delta 157 112 Ref. Ref. 382 643 Ref. Ref.
Omicron 211 173 0.87(0.64–1.19) 0.50(0.34–0.75) 1,100 1,496 1.24

(1.07–1.44)
0.65
(0.49–0.85)

Age Hospitalised
cases

Non-
hospitalised
controls

Crude OR
(95% CI)

aOR (95% CI)* Hospitalised
cases

Non-
hospitalised
controls

Crude OR
(95% CI)

aOR (95% CI)*

(b) Omicron (b) Delta

Total

Unvaccinated 383 1,164 Ref. Ref. 364 773 Ref. Ref.
Vaccinated 1,596 7,435 0.65(0.57–0.74) 0.63(0.53–0.75) 614 3,521 0.37

(0.31–0.43)
0.36
(0.30–0.44)

12–39

Unvaccinated 46 591 Ref. Ref. 35  369 Ref. Ref.
Vaccinated 96 2,945 0.42(0.29–0.60) 0.55(0.35–0.85) 19  1,136 0.18

(0.10–0.31)
0.18
(0.10–0.34)

40–64

Unvaccinated 126 400  Ref. Ref. 172 292 Ref. Ref.
Vaccinated 400 2,994 0.42(0.34–0.53) 0.60(0.46–0.80)  213 1,742 0.21

(0.16–0.26)
0.24
(0.18–0.33)

65+

Unvaccinated 211 173 Ref. Ref. 157 112 Ref. Ref.
Vaccinated 1,100 1,496 0.60(0.49–0.75) 0.71(0.55–0.92) 382 643 0.42

(0.32–0.56)
0.55
(0.40–0.76)

* aOR: OR adjusted by  sex, age, autonomous community and week of co-circulation, including an interaction term with vaccination status (a)  or an interaction term with
co-circulating variants (b) for the stratified results.

1.85 and 3.0 times higher for Delta compared with Alpha.9–11

A recent study in Navarre (Spain), did not find this difference,
but it had wide confidence intervals for this comparison and did
not focus on unvaccinated populations.18 For Omicron, first esti-
mates in South Africa showed a  risk of hospitalisations 80% lower
than for Delta.13 Estimates from Sweden found an approximate
40% lower risk for Omicron in  the unvaccinated and about 71%
in the vaccinated.17 However, both studies compared consecutive
waves of the pandemic, rather than infectious occurring simulta-
neously, being subject to limitations due to secular changes in the
context (see limitations). Using contemporary Delta and Omicron
infections, studies in Scotland, England, Navarre (Spain), Norway,
Canada and the US, have found a  lower risk of hospitalisation for
Omicron ranging 40–73%.14,16,18,25–27 Using European-level data,
ECDC has estimated that Omicron infection was  less likely to be
reported with admission to hospital compared to  infection with
Delta (aOR 0.41; 95% CI: 0.37–0.46).28 All these estimates are  in
the range of the ones in our study. Also, similarly to  our results, in
Denmark, the lower risk of hospitalisation with Omicron was more
pronounced among the unvaccinated (43% lower) than among peo-

ple with two doses of vaccine (29% lower)29; and in  England,27 the
effect in  the unvaccinated (70% reduction) was higher than in the
full sample (57% reduction), likely because the vaccines masks the
severity for Delta infection more than for Omicron. In England, like
in  our study, the difference in  severity was attenuated with age.27

There is  overall a  considerable variability in  the magnitude of the
difference in  severity between Delta and Omicron, possibly related
to the different contexts.8

The association of complete vaccination and reduced hospital-
isation was  similar for Alpha and Delta. This is consistent with
findings of preserved vaccine effectiveness against severe disease
for Delta variant.20,30,31 In contrast, association between vaccina-
tion and reduced hospitalisation was  lower for Omicron, despite the
fact that Omicron infections included a higher proportion of people
with a  booster vaccine dose. Excluding these latter from the analy-
sis yielded identical results. This may  be explained by the reduced
preventive potential in a  less severe variant, and is  consistent with
previous studies. In the UK, effectiveness in preventing hospitali-
sation between 2 and 24 weeks of complete vaccination was 67%
for Omicron (45–79%) and 90% for Delta (87–91%), decreasing to
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51% (19–70%) and 85% (82–87%), respectively, after 25+ weeks.32

In Norway and the US, full vaccination with two or  three doses was
associated with an overall reduced risk of hospitalisation of 66%
and 65%, respectively, for Omicron and 93% and 85% for Delta16,31;
in contrast no difference was seen in  risk reduction in  Denmark.29

Estimates of the effect of the vaccine in  our  data were around half
the one in these studies, although the relative difference between
Omicron and Delta was more similar (around half effectiveness for
Omicron than for Delta in our study).

Our study has some limitations. First, the proportion of
sequenced infections in national surveillance was  low, and was
higher in SARS-CoV-2 infections requiring hospitalisation. The
case–control approach avoids this bias, but assumes that sequenc-
ing was performed similarly regarding the underlying variant or  the
vaccination status within each of the two groups, hospitalised and
non-hospitalised. The higher proportion of vaccinated cases that
were sequenced and thus included in the study during the first
study period makes these results less robust than in the second
study period. Also, if sequencing was performed with higher prob-
ability in patients with a  new variant (for example, following results
of a specific PCR), this could also have affected our results. Second,
although surveillance data should only collect hospitalisations due
to COVID-19, we cannot exclude that an unknown proportion of
hospitalisations with a positive result in the COVID-19 admission
screening but due to  other illness were also included. Third, deaths
were not included as severe cases together with hospitalisation, as
information on the cause of death in surveillance data was not con-
sidered sufficiently reliable. Fourth, some relevant variables such
as socioeconomic status or comorbidities were not available in  the
study, with possible residual confounding. Finally, secular changes
need to be taken into account, such as the higher level of overall
immunity (both due to  previous infection, even if not documented,
or due to vaccination) with time. This would show a  lower severity
of infections that occurred later in  time, irrespective of the infect-
ing variant. This is  particularly so if a variant is more likely to  elude
immunity and therefore affect more people with previous infection
resulting in less severe forms, as is the case with Omicron.8 Also,
incomplete ascertainment of infections due to changing testing rec-
ommendations and the increase in the use of self-tests, as has been
the case in Spain in January 2022, could affect estimates of sever-
ity. In our study, only calendar weeks where infections by both
variants were notified were included (as opposed to studies that
compare different time periods), and the analysis was adjusted by
week of infection, likely reducing these potential biases. In  a  sensi-
tivity analysis we also adjusted by  previous documented infection,
with no change in results.

In conclusion, our  results provide further evidence of a  lower
virulence of Omicron and Alpha variants and support vaccination as
a key intervention to prevent severe COVID-19, even in  the current
Omicron-dominant epidemic.
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