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Abstract
Background: Studies on vaccine effectiveness (VE) against COVID-19 in the pediatric 
population are outgoing. We aimed to quantify VE against SARS-CoV-2 in two pediat-
ric age groups, 5–11 and 12–17-year-old, while considering vaccine type, SARS-CoV-2 
variant, and duration of protection.
Methods: A population-based test-negative control study was undertaken in Galicia, 
Spain. Children 5–11-year-old received the Comirnaty® (Pfizer, US) vaccine, while 
those aged 12–17-year-old received the Comirnaty® (Pfizer, US) or SpikeVax® 
(ModernaTX, Inc) vaccine. Participants were categorized into unvaccinated (0 doses 
or one dose with <14 days since vaccination), partially vaccinated (only one dose with 
≥14 days, or two doses with <14 days after the second dose administration), and fully 
vaccinated (two doses with ≥14 days after the second injection). Adjusted odds ratios 
(OR) and their 95% confidence intervals (CI) were estimated using multiple logistic 

https://doi.org/10.1111/pai.14037
www.wileyonlinelibrary.com/journal/pai
https://orcid.org/0000-0002-3711-3792
https://orcid.org/0000-0002-8059-8908
https://orcid.org/0000-0002-8583-1473
https://orcid.org/0000-0002-4180-545X
https://orcid.org/0000-0002-3678-9264
https://orcid.org/0000-0002-2336-702X
mailto:
https://orcid.org/0000-0002-9023-581X
http://creativecommons.org/licenses/by/4.0/
mailto:federico.martinon.torres@sergas.es
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fpai.14037&domain=pdf&date_stamp=2023-10-24


2 of 13  |     MALLAH et al.

1  |  INTRODUC TION

The COVID-19 pandemic has presented a major challenge to inter-
national public health. According to the World Health Organization 
(WHO), as of 17 May 2023, there have been 766,440,796 confirmed 
COVID-19 cases, including 6,932,591 deaths worldwide.1 Spain reg-
istered 13,845,825 COVID-19 cases and 120,964 deaths by that 
date.1 As per the epidemiological report of the Spanish Ministry of 
Health of May 2023, seven COVID-19 pandemic waves have taken 
place in the country, the most recent wave starting on 28 March 
2022.2 While the elderly population has borne the greatest burden 
in terms of disease and deaths, the pediatric population has also 
been affected by the pandemic.3

During the surge of the Omicron SARS-CoV-2 variant, COVID-
19 cases among children spiked dramatically, coinciding with the 
relaxation of the nonpharmaceutical preventive measures in many 
countries.4 Globally, as of 17 May 2023, children aged 5–14 years 
accounted for 8.5% of COVID-19 cases.3 Although COVID-19 is 
generally less severe in children compared with adults, certain 
pre-existing conditions such as childhood obesity can exacerbate 
the disease.5,6 Worldwide, over 3000 COVID-19-related deaths in 
children aged 5–14 have been recorded.3 In Spain, since the begin-
ning of the pandemic, 1977 and 6396 COVID-19-related hospital-
izations have been reported in 7–9 and 10–19-year-old children, 
respectively.2

Vaccination against COVID-19 has become an essential tool in 
combating the pandemic. However, the universal pediatric indica-
tion for vaccination has been a subject of controversy and has been 
less widely implemented.7 Vaccination not only aims to prevent 

severe COVID-19 cases but also reduces susceptibility to infection 
and may influence virus transmissibility.8 However, evidence sug-
gests that COVID-19 vaccine effectiveness (VE) declines over time 
and that emerging SARS-CoV-2 variants may evade vaccine-induced 
immune protection. Ongoing research on COVID-19 VE in the pedi-
atric population, especially in young children aged 5–11 years, has 
shown variable findings, likely influenced by factors such as vaccine 
type, settings, baseline immunity, population genetics, and waning 
vaccine-induced immunity from early follow-up data.9,10 The hetero-
geneity among studies makes it challenging to generalize VE across 
populations.

To the best of our knowledge, COVID-19 VE in the pediatric 
population in Spain has not been investigated. Accordingly, using 
population-based real-world data, we aimed to quantify COVID-
19 VE in the pediatric population in Galicia, a region in Northwest 

regression models. VE was calculated as (1-OR) * 100. Stratified and sensitivity analy-
ses were performed.
Results: In the fully vaccinated 5–11-year-old children, VE against the Omicron variant 
was 44.1% (95% CI: 38.2%–49.4%). In the fully vaccinated 12–17-year-old individuals, 
VE was 83.4% (95% CI: 81.2%–85.3%) against Delta and 74.8% (95% CI: 58.5%–84.9%) 
against Omicron. Comirnaty® and SpikeVax® vaccines showed a similar magnitude 
of VE against Delta [Comirnaty® VE: 81.9% (95% CI: 79.3%–84.1%) and SpikeVax® 
VE: 85.3% (95% CI: 81.9%–88.1%)]. Comirnaty® (Pfizer, US; VE: 79.7%; 95% CI: 
50.7%–92.4%) showed a slightly higher magnitude of protection against Omicron 
than SpikeVax® (ModernaTX, Inc), yet with an overlapping CI (VE: 74.3%; 95% CI: 
56.6%–84.9%). VE was maintained in all age subgroups in both pediatric populations, 
but it declined over time.
Conclusions: In Galicia, mRNA VE was moderate against SARS-CoV-2 infections in the 
5–11-year-old populations, but high in older children. VE declined over time, suggest-
ing a potential need for booster dose schedules.

K E Y W O R D S
Comirnaty® (Pfizer, US), COVID-19, Delta, mRNA vaccine, Omicron, SARS-CoV-2, Spain, 
SpikeVax® (ModernaTX, Inc), vaccine effectiveness

Key message

Studies on vaccine effectiveness (VE) against COVID-19 
are emerging, especially in younger children. This study 
showed that in settings like Spain, mRNA-based vaccines 
are highly effective against the Delta variant of SARS-
CoV-2 in children 12–17-year-old, but the effectiveness 
was moderate against the Omicron variant in 5–11-year-
old and 12–17-year-old populations. VE rapidly declined in 
both age categories, suggesting the need for booster dose 
schedules.
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Spain with a population of nearly three million people. We con-
sidered vaccine type, SARS-CoV-2 variant, and duration of pro-
tection in our analysis. We present two separate analyses: one 
among children aged 5–11-year-old, and another among children 
aged 12–17-year-old.

2  |  METHODS

2.1  |  Settings and population

This population-based retrospective study was initiated within the 
framework of a collaboration with the Galician Healthcare Service 
(Servizo Galego de Saúde, SERGAS), which was established at the 
beginning of the COVID-19 pandemic to evaluate COVID-19 VE in 
Galicia.11,12 Galicia is an autonomous community in Northwest Spain 
of 2,690,464 inhabitants, 3279,64 (12.2%) of whom are younger 
than 16 years old.13

SERGAS is a public health system that provides universal access 
to low- or no-cost healthcare. In Galicia, healthcare is organized in 
seven sanitary areas, with a total of 9818 public hospital beds dis-
tributed among 33 hospitals (data for 2022).14

In Galicia, the COVID-19 vaccination campaign started on 27 
July 2021, for individuals aged 12–17-year-old, and on 13 December 
2021, for those aged 5–11 years. mRNA-based vaccines were ad-
ministered in the pediatric population. Comirnaty® (Pfizer, US) vac-
cine was administered in 5–11-year-old children, while Comirnaty® 
(Pfizer, US) and SpikeVax® (ModernaTX, Inc; previously COVID-19 
Vaccine Moderna) were authorized for their use in the 12–17-year-
old population; however, the administration of the same type of 
vaccine was recommended during the first and the second dose in-
jection.15 In our study, we only considered children who received 
the same vaccine type in the two injections. Data were extracted 
on 7 October 2022, and our analyses englobed the period of the 
Omicron variant circulation in the 5–11-year-old population and that 
of Delta and Omicron in the 12–17-year-old population. Further de-
tails on the period of variant circulation are provided in the Outcome 
section.

2.2  |  Data source and study variables

Population data on sociodemographic characteristics (age, gender, 
and sanitary area), SARS-CoV-2 test (test date, type, and result), hos-
pitalization (admission date and diagnosis), COVID-19 vaccine admin-
istration (vaccine type and date of administration), presence of any 
comorbidity, and co-medication were extracted from specific data-
bases at SERGAS. The data were pseudonymized by the information 
technology department at SERGAS. Each individual was assigned a 
unique code to link data from different registries that correspond to 
the same individual. The research team did not have access to any 
personal data of the participants. The study was approved by the 
Ethics Committee of Galicia (protocol number: 2022-175).

2.3  |  Study design

We conducted a test-negative control study design. Individuals were 
allowed to contribute more than one negative SARS-CoV-2 test to 
the study, but only one positive SARS-CoV-2 was considered per in-
dividual. The unit of analysis in our study is the test rather than the 
individual.

To be included in the analysis, the following two inclusion criteria 
were established: (1) age: the test should have been undertaken in 
an individual whose age falls within the age range of the study pop-
ulation, and (2) previous SARS-CoV-2 infection: the test should not 
have been preceded by any positive SARS-CoV-2 test result in the 
past, that is, before the start of the study. The second criterion was 
applied because the time taken for an antibody response to the vac-
cine is longer in individuals who have not been previously infected.16

We excluded from the study: (1) antigen-based SARS-CoV-2 
test results; (2) inconsistent SARS-CoV-2 test results when differ-
ent findings were available for repeated tests performed in the 
same day; (3) any SARS-CoV-2 negative test result preceded by a 
positive SARS-CoV-2 test result; (4) individuals who were vaccinated 
previous to the official launching of the vaccination campaign such 
as high-risk individuals who were prioritized during COVID-19 vac-
cination; (5) 5–11-year-old individuals who were vaccinated with 
a vaccine other than Comirnaty® (Pfizer, US), and 12–17-year-old 
individuals who had received any vaccine other than Comirnaty® 
(Pfizer, US) or SpikeVax® (ModernaTX, Inc); (6) the earlier SARS-
CoV-2 test result if more than one negative test result was reported 
within 15 days in order to avoid an overrepresentation of the neg-
ative SARS-CoV-2 test results, especially that individuals could be 
tested for SARS-CoV-2 infections for non-COVID-19 conditions 
such as when showing any respiratory disease symptom, getting ad-
mitted to emergency departments or hospitalized for a non-COVID 
condition, or being in contact with a SARS-CoV-2 positive case; (7) 
negative SARS-CoV-2 tests that occurred within 15 days before or 
after a positive test to avoid the inclusion of false-negative test re-
sults; (8) tests undertaken in subjects whose age does not fall within 
the 5–11 or 12–17-year-old age criterion; (9) tests undertaken in in-
dividuals who had received more than two vaccine doses; (10) tests 
undertaken in individuals who had received mixed vaccine combi-
nations, that is, the first and second vaccine dose was not from the 
same brand.

2.4  |  Exposure

In our study, exposure is defined as receiving at least one dose of 
COVID-19 vaccine with 14 days or more from vaccine administration. 
Exposed individuals could be categorized into partially or fully vac-
cinated groups depending on the number of received vaccine doses 
and the time passed since vaccination. Fully vaccinated individuals 
were defined as those who have completed the primary COVID-19 
immunization regimen, that is, received two doses of COVID-19 vac-
cine and have passed at least 14 days since the administration of the 
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second vaccine dose.17 Partially vaccinated subjects were defined 
as those who received only one dose of COVID-19 vaccine counting 
14 days since vaccine administration, or those who received two vac-
cine doses but have not passed more than 13 days since the adminis-
tration of the second dose. Unexposed children are those who did not 
receive any COVID-19 vaccine during the study period or those who 
received the first vaccine dose but had <14 days since vaccination.

2.5  |  Outcome

The main outcomes of the present study are as follows: (1) suscep-
tibility to SARS-CoV-2, defined by a positive SARS-CoV-2 labora-
tory test result, and (2) COVID-19-related hospitalization, defined 
as hospital admission within 30 days from SARS-CoV-2 positive 
laboratory test or within 3 days after hospitalization.18,19 Positive 
results of SARS-CoV-2 tests undertaken after 3 days of hospitaliza-
tion were considered nosocomial infections and were not included 
in the analysis.

We defined two time periods based on the dominant SARS-
CoV-2 variant circulating in Galicia, Delta, and Omicron. A variant is 
considered predominant when it is present in >90% of the detected 
SARS-CoV-2 cases.20,21 Based on data provided by the Galician 
Ministry of Public Health and on the established 90% threshold, the 
“Delta period” was set from 27 July 2021 to 16 December 2021; and 
the “Omicron period” ranged from 1 January 2022, until the date 
of data extraction (7 October 2022). Cases were assigned to Delta 
or Omicron variants based on whole genome sequencing. When se-
quencing information on the SARS-CoV-2 variant was not available, 
the dominating variant during the period of the SARS-CoV-2 test 
was attributed.

2.6  |  Statistical analysis

We conducted two different analyses for 5–11 and 12–17-year-old 
children in order to account for the difference in the risk of exposure 
during the respective age ranges. Odds ratios (OR) were estimated 
by comparing partially and fully vaccinated children to unvaccinated 
children. The ORs and their 95% confidence intervals (CIs) were es-
timated using multiple logistic regression models, which were ad-
justed for sex and age due to their biological plausibility, the sanitary 
area as a proxy of the socioeconomic level, as well as the number 
of undertaken SARS-CoV-2 tests, SARS-CoV-2 positivity rate, and 
time since vaccine administration as proxies of the evolution of the 
epidemiological situation.

We stratified the analysis by (1) 2-year age to explore VE in each 
age group, (2) vaccine type to study the effectiveness of each vac-
cine for individuals aged 12–17-year-old, (3) SARS-CoV-2 variant in 
the population aged 12 years or above, (4) and time since the com-
pletion of the primary immunization regimen to explore the dura-
tion of protection against SARS-CoV-2 infection. For the analysis 

restricted to the Omicron variant in the 12–17-year-old population, 
only individuals who were not vaccinated before the Omicron domi-
nance period were included.

2.7  |  Robustness analysis

To assess the robustness of our results regarding the inclusion cri-
teria, a sensitivity analysis was performed by including individuals 
who had a positive SARS-CoV-2 test >90 days before the start of the 
study. Reinfections were considered if they took place 90 days after 
the primary infection.17 ORs and their 95% CIs were re-estimated as 
in the main multiple logistic regression models, but a previous SARS-
CoV-2 infection was added as a covariate.

To examine the impact of the time given for the first vaccine 
dose to become effective (14 days), the main analysis was repeated 
using 7 days from the first dose administration as an index to assign 
individuals to the partially vaccinated group.

All analyses were conducted using R software version 4.0.3.

3  |  RESULTS

3.1  |  General population characteristics

Vaccination against COVID-19 was highly accepted in our study 
population, with 68.9% of the 5–11-year-old and 84.8% of the 
12–17-year-old populations fully vaccinated 42 and 64 weeks after 
the initiation of the vaccination campaigns, respectively (Figure 1). 
Participating individuals could contribute with more than one SARS-
CoV-2 test to the study. The analysis was based on SARS-CoV-2 

F I G U R E  1 Representation of fully vaccinated coverage for the 
study population.
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tests as a unit of analysis. The flow of SARS-CoV-2 test inclusion in 
the study is represented in Figure 2. Additional information on the 
number of children who contributed with SARS-CoV-2 test results to 
the study is available in Figure S1.

3.1.1  |  5–11-year-old population

Table 1 provides a detailed description of the 5–11-year-old popu-
lation. During the Omicron circulation period, 54,221 [positive: 

F I G U R E  2 Flowchart of SARS-CoV-2 test selection for inclusion in the analysis.

 13993038, 2023, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/pai.14037 by U

niversidade de Santiago de C
om

postela, W
iley O

nline L
ibrary on [22/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 of 13  |     MALLAH et al.

26,984 (49.8%); negative: 27,237 (50.2%)] test results from children 
5–11-year-old and a mean age of 8.1 years (SD: 2.3) fulfilled the in-
clusion criteria. Twelve unvaccinated, 15 partially vaccinated, and 16 
fully vaccinated children had COVID-19-related hospitalization.

3.1.2  |  12–17-year-old population

In the 12–17-year-old population, a total of 41,264 SARS-CoV-2 test 
results with a mean age of 15.3 (SD: 1.7) years were eligible for the 
analysis. 38,205 tests (92.6%) corresponded to the Delta circulation 
period, of which 3856 (10.1%) were positive. The remaining 3059 
(7.4%) test results were undertaken during the Omicron circulation 
period, of which 1300 (42.5%) were positive.

Of the 3856 Delta infections, 455 (11.8%), 148 (3.8%), and 3253 
(84.4%) were, respectively, registered in fully vaccinated, partially 
vaccinated, and unvaccinated populations. Among the Omicron 
infections, 55 (4.2%) were observed in the fully vaccinated group, 
99 (7.6%) in the partially vaccinated and 1146 (88.2%) in the unvac-
cinated populations. Seventeen hospitalizations were registered 
during the Delta (unvaccinated: 15; vaccinated: 2). No hospital-
izations were observed when the analysis was restricted to the 
Omicron circulation period. Table 2 summarizes the main character-
istics of the 12–17-year-old population.

3.2  |  COVID-19 vaccine effectiveness in 
5–11-year-old population

In children 5–11-year-old, partial vaccination with Comirnaty® 
(Pfizer, US) against SARS-CoV-2 is associated with 30.3% (95% CI: 
26.3%–34.1%) less odds of infection with the Omicron variant of 
SARS-CoV-2 compared with unvaccinated individuals (Table  3). A 

higher overall magnitude of VE was observed in fully Comirnaty® 
(Pfizer, US) vaccinated children (VE: 44.1%, 95% CI: 38.2%–49.4%; 
p-Value <.0001) than that in partially vaccinated.

In fully vaccinated children, Comirnaty® (Pfizer, US) VE reached 
its peak in the first 6 weeks after 14 days from the second dose ad-
ministration (VE: 62.7%; 95% CI: 58.1%–66.8%), and then, it started 
waning after that period (>6 and ≤9 weeks VE: 48.3%; 95% CI: 
40.5%–55.0%; >9 and ≤12 weeks VE: 45.0%; 95% CI: 35.7%–53.0%; 
>12 and ≤15 weeks VE: 47.2%; 95% CI: 37.9%–55.1%; and >15 weeks 
VE: 18.0%; 95% CI: 4.8%–29.4%; Table 3).

Stratifying the analysis by 2-year age showed that Comirnaty® 
(Pfizer, US) VE against Omicron was maintained in all age catego-
ries, but was more pronounced in fully vaccinated children of 5–6 
(VE: 57.8%; 95% CI: 51.1%–63.7%) and 7–8 (VE: 54.7%; 95% CI: 
46.6%–61.6%) years of age than in older fully vaccinated children 
(9–10 years VE: 30.7%; 95% CI: 18.5%–41.1%; Table 4). No signifi-
cant association between vaccination and Omicron infection was in 
observed 5–11-year-old, probably due to sample size limitations in 
this age category (Table 4).

3.3  |  COVID-19 vaccine effectiveness in 
12–17-year-old population

In children 12–17-year-old, partial vaccination with mRNA-based 
vaccines is associated with 62.4% (95% CI: 54.5%–69.1%) and 
73.0% (95% CI: 59.2%–82.3%) less odds of infection with Delta and 
Omicron variants of SARS-CoV-2, respectively (Table  3). In fully 
vaccinated individuals, the protection increased up to 82.9% (95% 
CI: 80.7%–84.9%) against Delta infections and to 74.8% (95% CI: 
58.5%–84.9%) against Omicron.

VE against Delta infections was the highest in the first 6 weeks 
from completing the two doses of the primary vaccination regimen 

TA B L E  1 Characteristics of the 5–11-year-old study population stratified by vaccination status and SARS-CoV-2 test result.

Characteristic Unvaccinated Partially vaccinated Fully vaccinated

SARS-CoV-2 test result
SARS-CoV-2 
Positive N (%)

SARS-CoV-2 
Negative N (%)

SARS-CoV-2 
Positive N (%)

SARS-CoV-2 
Negative N (%)

SARS-CoV-2 
Positive N (%)

SARS-CoV-2 
Negative N (%)

Overall 10,711 (54.2) 9045 (45.8) 13,235 (48.7) 13,957 (51.3) 3038 (41.8) 4235 (58.2)

Sex

Male 5525 (53.5) 4797 (46.5) 6918 (48.8) 7270 (51.2) 1539 (40.8) 2232 (59.2)

Female 5186 (55.0) 4248 (45.0) 6317 (48.6) 6687 (51.4) 1499 (42.8) 2003 (57.2)

Age (years)

5 2918 (51.9) 2704 (48.1) 1458 (37.9) 2390 (62.1) 219 (27.3) 583 (72.7)

6 2474 (55.8) 1956 (44.2) 1787 (42.8) 2385 (57.2) 393 (34.8) 735 (65.2)

7 2053 (54.7) 1701 (45.3) 2399 (49.2) 2480 (50.8) 442 (36.3) 775 (63.7)

8 1674 (55.0) 1367 (45.0) 2778 (52.0) 2566 (48.0) 593 (45.0) 725 (55.0)

9 757 (55.0) 620 (45.0) 3735 (54.1) 3174 (45.9) 835 (47.8) 913 (52.2)

10 479 (56.0) 377 (44.0) 820 (52.2) 752 (47.8) 508 (53.4) 444 (46.6)

11 356 (52.7) 320 (47.3) 258 (55.1) 210 (44.9) 48 (44.4) 60 (55.6)

Age (years) mean (SD) 7 (2) 7 (2) 8 (2) 8 (2) 9 (2) 8 (2)
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(VE: 91.0%; 95% CI: 87.7%–93.5%) and then it started to wan after 
that period, reaching 66.7% (95% CI: 54.4%–75.9%) in the period of 
>12-week postprimary vaccination regimen completion (Table 3). As 
for VE against Omicron, it was substantial during the first 6 weeks 
14 days after the second dose administration (VE: 84.7%, 95% CI: 
71.3%–92.1%) and then it declined after that period to 58.1% (95% 
CI: 26.5%–76.4%; Table 3).

Stratifying VE against Delta infections by 2-year-age showed 
that substantial VE was maintained in all groups (fully vacci-
nated, 12–13 years VE: 85.4%, 95% CI: 81.0%–88.9%; 14–15 years 
VE: 83.6%; 95% CI: 79.2%–87.1%; 16–17 years VE: 86.5%; 95% 
CI: 82.9%–89.4%; Table  4). Due to sample size limitations in the 

Omicron strata, VE against this variant was not stratified by age 
within 12–17-year-old population.

Of the 16,520 tests that corresponded to fully vaccinated 
12–17-year-old children, 12,149 and 4371 had received Comirnaty® 
(Pfizer, US) and SpikeVax® (ModernaTX, Inc) vaccines, respectively. 
Both vaccines showed high effectiveness with a similar magnitude 
of protection against the Delta variant [Comirnaty® (Pfizer, US) VE: 
81.9%; 95% CI: 79.3%–84.2% and SpikeVax® (ModernaTX, Inc) VE: 
85.3%; 95% CI: 81.9%–88.1%]. Likewise, substantial protection was 
observed against Omicron infections among fully vaccinated individ-
uals with Comirnaty® (Pfizer, US) or SpikeVax® (ModernaTX, Inc) 
vaccines; nonetheless, the former showed a slightly higher magnitude 

TA B L E  4 COVID-19 vaccine effectiveness (VE) against Delta and Omicron SARS-CoV-2 infections stratified by age in years within the 
5–11 and 12–17-year-old study populations, respectively.

Age (years)

SARS-CoV-2 test result

Crude OR (95% CI) Adjusted ORa (95% CI) VE (95% CI) p-ValuePositive N (%) Negative N (%)

Omicron

5–6

Not vaccinated 5392 (53.6) 4660 (46.4) 1 1

Partially vaccinated 3245 (40.5) 4775 (59.5) 0.59 (0.55; 0.62) 0.74 (0.67; 0.80) 26.5% (19.8%; 32.5%) <.0001

Fully vaccinated 612 (31.7) 1318 (68.3) 0.40 (0.36; 0.44) 0.42 (0.36; 0.49) 57.8% (51.1%; 63.7%) <.0001

7–8

Not vaccinated 3727 (54.8) 3068 (45.2) 1 1

Partially vaccinated 5177 (50.6) 5046 (49.4) 0.84 (0.79; 0.90) 0.81 (0.74; 0.89) 19.2% (11.2%; 26.5%) <.0001

Fully vaccinated 1035 (40.8) 1500 (59.2) 0.57 (0.52; 0.62) 0.45 (0.38; 0.53) 54.7% (46.6%; 61.6%) <.0001

9–10

No vaccinated 1236 (55.4) 997 (44.6) 1 1

Partially vaccinated 4555 (53.7) 3926 (46.3) 0.94 (0.85; 1.03) 0.81 (0.73; 0.90) 19.1% (9.8%; 27.4%) .0001

Fully vaccinated 1343 (49.7) 1357 (50.3) 0.80 (0.71; 0.89) 0.69 (0.59; 0.81) 30.7% (18.5%; 41.1%) <.0001

11

Not vaccinated 356 (52.7) 320 (47.3) 1 1

Partially vaccinated 258 (55.1) 210 (44.9) 1.10 (0.87; 1.40) 0.94 (0.68; 1.30) 5.5% (−29.8%; 31.5%) .7272

Fully vaccinated 48 (44.4) 60 (55.6) 0.72 (0.48; 1.08) 0.62 (0.34; 1.10) 38.5% (−10.4%; 66.4%) .1093

Delta

12–13

Not vaccinated 821 (17.2) 3954 (82.8) 1 1

Partially vaccinated 16 (1.3) 1171 (98.7) 0.07 (0.04; 0.10) 0.18 (0.10; 0.31) 81.6% (69.4%; 89.6%) <.0001

Fully vaccinated 72 (2.1) 3394 (97.9) 0.10 (0.08; 0.13) 0.15 (0.11; 0.19) 85.4% (81.0%; 88.9%) <.0001

14–15

Not vaccinated 997 (18.3) 4449 (81.7) 1 1

Partially vaccinated 24 (2.3) 998 (97.7) 0.11 (0.07; 0.16) 0.37 (0.23; 0.57) 63.1% (43.0%; 77.1%) <.0001

Fully vaccinated 107 (2.4) 4433 (97.6) 0.11 (0.09; 0.13) 0.16 (0.13; 0.21) 83.6% (79.2%; 87.1%) <.0001

16–17

Not vaccinated 1410 (18.7) 6120 (81.3) 1 1

Partially vaccinated 106 (6.2) 1614 (93.8) 0.29 (0.23; 0.35) 0.55 (0.43; 0.69) 45.3% (31.0%; 56.9%) <.0001

Fully vaccinated 106 (1.8) 5862 (98.2) 0.08 (0.06; 0.10) 0.14 (0.11; 0.17) 86.5% (82.9%; 89.4%) <.0001

Abbreviations: CI, confidence interval; OR, odds ratio.
aAdjusted for sex, healthcare area, time in vaccination status (days) and the number of tests realized on the present date, and SARS-CoV-2 positivity 
rate.
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of protection against Omicron than SpikeVax® (ModernaTX, Inc), 
yet with an overlapped CI [Comirnaty® (Pfizer, US) VE: 79.7%; 95% 
CI: 50.7%–92.4% and SpikeVax® (ModernaTX, Inc) VE: 74.3%; 95% 
CI: 56.6%–84.9%] (Table 5).

4  |  DISCUSSION

This population-based study in Galicia, Spain, demonstrated that 
vaccination with Comirnaty® (Pfizer, US) against SARS-CoV-2 offers 
moderate protection (VE = 44.1%) against susceptibility to infection 
with the Omicron variant in children 5–11-year-old. Additionally, the 
study revealed significant protection against Delta (VE = 82.9%) and 
Omicron (VE = 74.8%) infections in the pediatric population aged 
12–17-year-old who had received two doses of the mRNA vaccines, 
either Comirnaty® (Pfizer, US) or SpikeVax® (ModernaTX, Inc).

The findings of this study are aligned with two meta-analy-
ses of VE against Omicron infections in 5–11-year-old population, 
which reported pooled VE estimates of 41.6%,9 and 45.18%,10 after 
two doses of the COVID-19 vaccine. The study also revealed that 
the highest magnitude of VE against Omicron infection (62.7%) in 
children aged 5–11 years was observed in the first 6 weeks after 
full vaccination, with a subsequent decline in VE. This observation 
was consistent with the meta-analysis conducted by Piechotta and 
colleagues, which concluded that all studies included in their me-
ta-analysis reported at least a 15% decline in VE since the first time 
point estimate.9

Regarding the VE against Omicron in children aged 12–17-year-
old, the findings of this study are in line with the pooled VE from 

the meta-analysis by Li et al. (73%).10 Similarly, Sabu and colleagues 
reported a higher VE against Delta compared with Omicron in their 
meta-analysis.22 The VE estimate of 82.9% against the Delta variant 
in this study aligns with a previous meta-analysis (85%).23 Notably, 
a decline in VE against Delta and Omicron was observed in our 
study, highlighting the expected waning immunity in mRNA-based 
vaccines, as outlined in several studies on the duration of VE.24,25 
These findings underscore the need for a booster dose schedule to 
maintain effectiveness against SARS-CoV-2.

Due to the rarity of COVID-19 hospitalization in the pediatric 
age group, the study observed a very small number of children (5–11 
or 12–17 years) admitted for COVID-19, making it unfeasible to esti-
mate VE against hospitalization. Thus, larger studies are warranted 
to evaluate this outcome.

To control for bias from the effect of past infections on the im-
munity response, the analysis included infection-naïve test results 
exclusively. However, a sensitivity analysis was conducted by in-
cluding positive SARS-CoV-2 test results that occurred more than 
90 days before the study initiation. The sensitivity analysis yielded 
similar findings, indicating that attrition bias due to the exclusion of 
previously infected individuals is unlikely to have occurred.

The main analysis considered a time window of 14 days after the 
administration of the first vaccine dose to classify a test as partially 
vaccinated. However, given the suggestion that a primary cellular 
immune response may start as early as Day 7 after the first vac-
cine dose administration,26 a sensitivity analysis using a 7-day time 
window was conducted. Re-estimating VE using this new classifica-
tion did not significantly alter the finding against Delta infections 
in children aged 12 years and above (82.9% vs. 81.8%). However, a 

TA B L E  5 COVID-19 vaccine effectiveness (VE) against SARS-CoV-2 infections in the 12–17-year-old study population stratified by SARS-
CoV-2 variants and vaccine type.

SARS-CoV-2 test result

Crude OR (95% CI) Adjusted ORa (95% CI) VE (95% CI) p-ValuePositive N (%) Negative N (%)

Delta

Comirnaty® (Pfizer, US)

No vaccinated 3253 (18.2) 14,631 (81.8) 1 1

Fully vaccinated 348 (2.9) 11,769 (97.1) 0.13 (0.12; 0.15) 0.18 (0.16; 0.21) 81.9% (79.3%; 84.2%) <.0001

SpikeVax® (ModernaTX, Inc)

No vaccinated 3253 (18.2) 14,631 (81.8) 1 1

Fully vaccinated 107 (2.5) 4118 (97.5) 0.12 (0.10; 0.14) 0.15 (0.12; 0.18) 85.3% (81.9%; 88.1%) <.0001

Omicron

Comirnaty® (Pfizer, US)

No vaccinated 1146 (43.9) 1466 (56.1) 1 1

Fully vaccinated 8 (25.0) 24 (75.0) 0.43 (0.18; 0.91) 0.21 (0.08; 0.49) 79.7% (50.7%; 92.4%) .0007

SpikeVax® (ModernaTX, Inc)

No vaccinated 1146 (43.9) 1466 (56.1) 1 1

Fully vaccinated 47 (32.2) 99 (67.8) 0.61 (0.42; 0.86) 0.26 (0.15; 0.43) 74.3% (56.6%; 84.9%) <.0001

Abbreviations: CI, confidence interval; OR, odds ratio.
aAdjusted for sex, age, healthcare area, time in vaccination status (days) and the number of tests realized on the present date, and SARS-CoV-2 
positivity rate.
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slightly higher VE estimate was observed against Omicron in both 
the 5–11-year-old (44.1% vs. 51.7%) and 12–17-year-old (74.8% vs. 
84.5%) populations.

It should be noted that the VE against SARS-CoV-2 infections, 
but not against hospitalization, in this study could be overestimated 
for two main reasons. First, in Spain, like in many other countries, 
SARS-CoV-2 rapid tests are available at pharmacies without a med-
ical prescription and at low cost. Consequently, SARS-CoV-2 in-
fections detected in nonlaboratory settings may not be reported, 
leading to a lower number of registered infections in public health 
databases. Second, young children often have mild symptoms or are 
asymptomatic, making them less likely to be tested for SARS-CoV-2 
and resulting in underreported cases. However, the underreporting 
of SARS-CoV-2 infections is unlikely to significantly affect the num-
ber of registered COVID-19-related hospitalizations since all hos-
pitalizations in the study setting are automatically registered upon 
patient admission.

In a fast-evolving pandemic, especially with the appearance of 
new variants of SARS-CoV-2, the findings on VE may not be gener-
alizable. Additionally, other factors such as the socioeconomic level 
or the implementation of nonpharmaceutical measures in the study 
location might affect VE estimates. However, the findings of this 
study are valuable for meta-analysis on VE against SARS-CoV-2, par-
ticularly because: (1) the analysis relied on population-based data, 
(2) undertook a comprehensive analysis by age subgroup (2-year-age 
categories), SARS-CoV-2 variant, vaccine type and duration of pro-
tection, and (3) provide estimates on VE in two pediatric populations 
from Europe. Previous meta-analyses highlighted the need for stud-
ies undertaken in different geographic regions and for findings on 
the effectiveness of different vaccine types.

COVID-19 disproportionately affects older adults and individ-
uals with underlying comorbidities, irrespective of age. Current 
Strategic Advisory Group of Experts (SAGE) on Immunization rec-
ommendations for COVID-19 vaccine booster administration estab-
lish the highest priority group in older adults; younger adults with 
significant comorbidities (e.g., diabetes and heart disease); people 
with immunocompromising conditions (e.g., people living with HIV 
and transplant recipients), including children aged 6 months and 
older; pregnant women; and frontline health workers.27 Healthy 
children and adolescents aged 6 months to 17 years belong to the 
low-priority group despite the safety and effectiveness of COVID-
19 vaccines in this age group. The decision to vaccinate this age 
group should be based on the disease burden, cost-effectiveness, 
and other health or programmatic priorities and opportunity costs.27 
A similar approach has been adopted by several supranational and 
national recommending bodies.28,29 Our data reassure the effective-
ness of COVID-19 vaccination in healthy children and also confirm 
the current limited burden of the disease as well as the limited dura-
tion of the VE, impacting any cost-effectiveness analysis of further 
doses in this group. For these reasons, other traditional essential 
vaccines like rotavirus, pneumococcal conjugate, or measles vac-
cines should be prioritized over COVID-19 vaccines in the healthy 
child population.

5  |  CONCLUSIONS

In our settings, Pfizer's mRNA vaccine [Comirnaty® (Pfizer, US)] 
demonstrated moderate effectiveness against the Omicron variant 
of SARS-CoV-2 in the 5–11-year-old population. Vaccination with 
Pfizer's or Modern's mRNA vaccines resulted in higher VE against 
Omicron and Delta in older children. However, a significant decline 
in effectiveness after 6 weeks was observed over time in both the 
pediatric populations aged 5–11 and 12 years and above, indicating 
the eventual need for a booster dose schedule.

It is worth noting that SARS-CoV-2 infections have a limited 
impact on healthy children, as evidenced by the small number of 
COVID-19-related hospitalizations. Therefore, our findings are 
crucial for relevant public health authorities when making deci-
sions regarding universal vaccination against COVID-19 in healthy 
children.
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