'.) Check for updates

Pharmacoepidemiology and Drug Safety WI LEY

| orRIGINAL ARTICLE CEIEED

Impact and Effectiveness of COVID-19 mRNA Vaccination
Against COVID-19 Hospitalisation in Paediatrics: A Cohort
Study Using Two Linked Data Sources in Spain

Belén Castillo-Cano®? (2 | Fabio Riefolo?3 | Felipe Villalobos®>* | Mar Martin-Pérez!?> | Davide Messina® | Roel Elbers® |
Dorieke Brink-Kwakkel® | Carlo Alberto Bissacco* | Elena Segundo* | Luis Carlos Saiz”® | Leire Leache”® | Elisa Barbieri?® |
Tiago Vaz® | Rosa Gini?> 2 | Olaf Klungel'® | Elisa Martin-Merino!-2

!Division of Pharmacoepidemiology and Pharmacovigilance, Spanish Agency of Medicines and Medical Devices (AEMPS), Madrid, Spain | ?VAccine
Monitoring Collaboration for Europe, Brussels, Belgium | 3Teamit Institute, Partnership, Barcelona Health Hub, Barcelona, Spain | *Fundaci6 Institut
Universitari per a la Recerca a Latencié Primaria de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain | SAgenzia Regionale di Sanita’ Toscana,
Florence, Italy | ®Department of Data Science and Biostatistics, University Medical Center Utrecht, Utrecht, the Netherlands | 7Unit of Innovation and
Organization, Navarre Health Service, Pamplona, Spain | 8IdiSNA, Navarra Institute for Health Research, Pamplona, Spain | °Division of Paediatric
Infectious Diseases, Department of Women's and Children's Health, University of Padova, Padua, Italy | °Division of Pharmacoepidemiology & Clinical
Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht University, Utrecht, the Netherlands

Correspondence: Elisa Martin-Merino (emartinm@aemps.es)
Received: 7 February 2025 | Revised: 23 September 2025 | Accepted: 7 October 2025
Funding: This work was supported by the European Medicines Agency under the Framework service contract nr EMA/2020/46/TDA/L5.06.

Keywords: children and adolescents | COVID-19 vaccine effectiveness | hospital COVID-19 records | paediatrics | real-word data | retrospective cohort
study

ABSTRACT

Purpose: Despite Spain's>2 million COVID-19 paediatric cases before 2024, few required hospitalisations (8900). We
aimed to estimate the effectiveness of two-dose COVID-19 vaccinations against hospitalisation ‘with’ and ‘for’ COVID-19 in
paediatrics.

Methods: All individuals aged 5-14 years between January 2021 and February 2022 in two databases in Spain (SIDIAP and
BIFAP) vaccinated against COVID-19 (two doses) were matched 1:1 to unvaccinated controls with the same age, sex, region
and comorbidities on the dates of vaccination. Individuals with previous SARS-CoV-2 infections were excluded. COVID-19
was identified as the main reason (hospitalisation ‘for’ COVID-19; SIDIAP) or as one of the reasons (hospitalisation ‘with’
COVID-19; BIFAP) for hospitalisation with a positive SARS-CoV-2 test +30days. Incidence rate differences and vaccine ef-
fectiveness (VE; 95% CI; controlled by inverse probability weights) against hospitalisations ‘for’ and ‘with’ COVID-19 were
calculated.

Results: The cohorts included 75361 (SIDIAP) and 178 589 (BIFAP) pairs. Among vaccinated individuals (99.99% with mRNA
vaccines) and controls, <5 and 15 hospitalisations ‘for’ COVID-19 were identified (SIDIAP), whereas 21 and 32 hospitalisations
‘with’” COVID-19 (BIFAP), all aged 12-14years old. Vaccination prevented 2.5 hospitalisations ‘for’ and 0.5 ‘with’ COVID-19
during the Delta period, and 0.8 hospitalisations ‘with’ COVID-19 during Omicron predominance per 10° person-days. The VE
was 94% (95% CI: 52%-99%; SIDIAP) and 53% (95% CI: 18%—74%; BIFAP).

The results of the current study were presented in the 2024 International Society of Pharmacoepidemiology Annual Meeting (Abstract number 1535); August 24-28,
2024; Berlin, Germany.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2025 The Author(s). Pharmacoepidemiology and Drug Safety published by John Wiley & Sons Ltd.

Pharmacoepidemiology and Drug Safety, 2025; 34:€70239 1of12
https://doi.org/10.1002/pds.70239


https://doi.org/10.1002/pds.70239
https://doi.org/10.1002/pds.70239
https://orcid.org/0000-0001-8280-7489
https://orcid.org/0000-0002-6250-877X
mailto:
https://orcid.org/0000-0002-3576-8605
mailto:emartinm@aemps.es
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fpds.70239&domain=pdf&date_stamp=2025-10-22

Conclusions: Given the low incidence of hospitalised COVID-19, two-dose series mRNA vaccination showed moderate-high ef-

fectiveness with few averted cases. Including hospitalisation ‘with’ COVID-19 underestimated the effectiveness. If paediatric se-
vere COVID-19 remains rare, larger databases are required to understand precisely the effectiveness and impact of new vaccines.

Trial Registration: EU PAS Register number: EUPAS47725

1 | Introduction

Before 2024, around 2 million COVID-19 cases were notified
among individuals <15years old in Spain [1], with the major-
ity attributed to the Omicron variant. The infection rarely led
to severe COVID-19, accounting for 8900 cases recorded in the
Spanish paediatric population (5-19years old) [2].

Children were initially classified as a lower-priority population
for COVID-19 vaccination by the World Health Organization
(WHO) [3]. However, the emergence of more transmissible
SARS-CoV-2 variants, particularly Omicron, led to higher hos-
pitalisations among children, especially those with underly-
ing health conditions [4]. In May and July 2021, the European
Medicines Agency (EMA) recommended extending the use
of two mRNA COVID-19 vaccines, including BNT162b2 or
mRNA-1273 molecules, for children aged 12-15 and 12-17, re-
spectively [5, 6]. Later, on 25 November 2021, and 24 February
2022, the indications were expanded to include children aged
5-11 and 6-11, respectively [7, 8]. Importantly, the dosages for
those under 12 were lower than those for adults (10 vs. 30 pg for
BNT162b2 and 50 vs. 100 pg for mRNA-1273) [7, 8].

In Spain, the recommendation for COVID-19 vaccination of in-
dividuals aged 12 and older with vulnerable clinical or social
conditions was issued at the end of June 2021 [9]. Vaccination
for those aged 12 without vulnerabilities (with two adult doses
of any mRNA-based vaccine) and for children aged 5-11 (with
two paediatric doses of BNT162b2) spaced at least 8 weeks apart
began on 18 October and 7 December 2021, respectively [10, 11].

Nowadays, COVID-19 continues to be a priority for immunisa-
tion programmes [12]. In Spain, the COVID-19 vaccination of
paediatric groups is still ongoing among children with clinical
conditions that increase their risk of severe disease, their cohab-
itants, as well as those residents of disability centres, nursing
homes and other closed institutions [13].

Given the various factors that shaped our response to the pan-
demic and the ongoing challenges posed by SARS-CoV-2 muta-
tions, along with the limited understanding of post-COVID-19
conditions in children [14], it has been crucial to assess the effec-
tiveness of COVID-19 vaccines (VE). This evaluation is essential
for protecting populations and guiding regulatory decisions re-
garding vaccination campaigns.

In the framework of the ‘Covid Vaccine Effectiveness’ (CoVE)
study [15], we assessed the effectiveness of a two-dose se-
ries of the original mRNA COVID-19 vaccines in children
(5-11years) and pre-adolescents (12-14years) on prevent-
ing COVID-19 hospitalisations during the Delta and early
Omicron variants periods.

2 | Methods
2.1 | Data Sources

We report a retrospective matched cohort study with anony-
mised data from two electronic health care databases in Spain,
the Base de Datos para la Investigacion Farmacoepidemioldgica
en el Ambito Publico (BIFAP) [16] and the Sistema d'Informacio
per el Desenvolupament de la Investigacio en Atencié Primaria
(SIDIAP) [17].

BIFAP is a not-for-profit research programme funded by the
Spanish Agency of Medicines and Medical Devices (AEMPS)
that includes primary care data linked to hospital registries.
Started in 2001, BIFAP has been progressively and increas-
ingly collecting health data, with annual updates, from sev-
eral regions located in central and northern Spain. It includes
patients’ records of diagnoses through the International
Classification of Diseases (ICD-9, ICD-10) and SNOMED-CT
code systems linked with information entered by the physi-
cians in free text, primary care prescriptions and dispensing
data, vaccinations, lab test results, clinical tests/procedures
and lifestyle data such as body mass index (BMI) or smoking
status.

SIDIAP is a primary care database set up by the Institute of
Research in Primary Care (Institut Universitari D'Investigacié
en Atencié Primaria Jordi Gol [IDIAP Jordi Gol]) and the Catalan
Institute of Health (Institut Catala de la Salut). It includes in-
formation collected since 1 January 2006, during routine vis-
its across 328 primary care centres from the Catalan Health
Institute in Catalonia (a region located in eastern Spain), with
the participation of 3414 general practitioners (GPs). SIDIAP
has pseudonymised records for 5.7 million people (75% of the
Catalan population), representative of the Catalan population.
SIDIAP data comprise the clinical and referral events registered
by primary healthcare professionals and administrative staff in
electronic health records, comprehensive demographic informa-
tion, community pharmacy invoicing data, specialist referrals,
primary care laboratory test results and vaccines. SIDIAP can
also be linked to the hospital discharges. Health professionals
gather this information using ICD-10, ATC codes and structured
forms. SIDIAP is listed in the Catalogue of Real-World Data
sources and studies by EMA [18].

Both data sources provided information on COVID-19 vaccina-
tions (e.g., product types and vaccination dates), COVID-19 out-
comes (e.g., SARS-CoV-2 test results, diagnoses), hospitalisation
records and covariates of interest. The data were validated in
previous projects (EUPAS 37273, EUPAS 40404, EUPAS 42467).
Full details of the conducted COVID-19 VE study are available
in the public protocol (EUPAS 47725) [15].
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Summary

« Hospitalisations for COVID-19 were rare in paediatrics
in Spain during Delta/Omicron periods of the pandemic.

« Vaccination averted <2.5 hospitalisations for
COVID/10° person-days.

+ Including COVID-19 recorded as one reason for hos-
pital admission may not reflect severe infections and
underestimate the effectiveness calculations.

2.2 | Study Population

The study population consisted of all paediatric individuals aged
5-14years registered in BIFAP or SIDIAP during the study period.
The study focused on the period ranging from the beginning of
the vaccination campaign in January 2021 (to capture individuals
who, due to their higher risk of severe COVID-19 disease, were
vaccinated before the initiation of routine vaccination for the pae-
diatric population) to the latest data available from the data sources
(December 2021 for SIDIAP and February 2022 for BIFAP)—en-
compassing the periods of the Delta and Omicron variants.

Eligible individuals within this population had at least 2years
of prior healthcare data available, which served to identify
covariates.

All individuals were defined as not vaccinated (and thus served
as a potential control) until the date of the receipt of their first
COVID-19 vaccine dose. Individuals were considered to have
completed a two-dose series of COVID-19 vaccinations when
there was a record of a second COVID-19 vaccine dose (Time 0)
occurring at least 19 days after the first dose. The date on which
each vaccinated individual received their second dose of the
COVID-19 vaccine was defined as Time 0. This same date was
assigned as time O for their matched control, selected from among
unvaccinated individuals as detailed in the Matching section.

2.3 | Studied Vaccines

The study aimed to assess all COVID-19 vaccines available during
the study period, meaning those originally authorised in the EU:
the BNT162b2 Pfizer vaccine, the mRNA-1273 Moderna vaccine—
both of which include mRNA molecules carrying instructions
for producing a protein from the original strain of SARS-CoV-2
[19, 20] and the ChAdOx1-S/nCoV-19 [recombinant] vaccine man-
ufactured by AstraZeneca [21], a replication-deficient adenoviral
vector vaccine against COVID-19. Records of ChAdOx1-S/nCoV-
19 administration in the study population were very rare (N=5)
and could not be analysed separately. This vaccine was not autho-
rised for use in children or adolescents in Spain, making any re-
corded administration likely anecdotal or due to a recording error.

2.4 | Matching

From the study participants (see Figure 1), every individual
who received a two-dose series of COVID-19 vaccinations
was matched (1:1) to a randomly selected individual (with

replacement, meaning the same person could serve as a con-
trol for multiple vaccinated individuals) who had not been vac-
cinated on or before the dates the vaccinated person received
their first and second doses (+7days). Matched individuals
were required to have the same age, sex, geographical region
and clinical conditions (e.g., diagnosis of immunodeficiency,
malignant tumour, organ transplants, severe renal disease,
Down syndrome and prior SARS-CoV-2 infection) as the vac-
cinated person on the dates of vaccination. Participants with
a prior SARS-CoV-2 infection record were excluded from the
analysis to avoid confounding the vaccine's effect. The script
for the matching process can be found at the following link:
https://github.com/VAC4EU/CoVE-Public/blob/main/src/15_
execute_matching.R.

2.5 | Covariates

The selection criteria for clinical conditions, medication use (in-
cluding influenza vaccination and other medications) and visits
to primary care physicians were based on a presumed higher
probability of incurring COVID-19 or severe outcomes. These
data, collected up to 2years before 2021, were utilised as po-
tential confounders in the inverse probability weighted (IPW)
analysis (Table 1). Further details can be found in the public
repository https://github.com/VAC4EU/CoVE-Public, as men-
tioned in the Data Availability section.

2.6 | Follow-Up Period and Case Definition

The follow-up period for the matched pairs started at Time 0
until the earliest occurrence date of a positive SARS-CoV-2
test within 30 days of a COVID-19 episode recorded in the hos-
pital registries, the last database data extraction, or moving
out from the data source. The follow-ups for both matched
subjects were also censored when the control received the
first dose.

A COVID-19 episode could be recorded as the primary or sec-
ondary reason for hospital admission.

In SIDIAP, COVID-19 recorded as the primary reason for ad-
mission was captured and considered hospitalisations ‘for’
COVID-19 in the current study.

In BIFAP, there was no information on whether the diagno-
sis was the primary or secondary reason for admission; thus,
all episodes of COVID-19 recorded in hospital registries were
identified and considered hospitalisations ‘with’ COVID-19
(that do not necessarily indicate severe COVID-19) in the cur-
rent study.

2.7 | Statistical Analyses

Characteristics are presented as mean (standard deviation [SD])
or overall proportion for each cohort. The proportion of patients
with a positive SARS-CoV-2 test who had a recorded hospital-
isation within 30days was estimated. Incidence rates (IRs; 95%
confidence intervals [CIs]) and IR differences (IRDs; 95% CI) of
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Two Spanish databases
Patients available from December 2020 to December 2021 (SIDIAP)
or February 2022 (BIFAP)

I

Study population
Individual aged 5-14 years with 22 years of baseline information

I

Children and Pre-adolescents
with full primary vaccination
N=272,624
(99.57% homologous scheme)

1:1 matched to children and pre-adolescents
without vaccinations at date of 1st and 2nd doses

Full primary vaccinations

— Unvaccinated controls

34,629 children (34,520 in BIFAP and 109 in SIDIAP)
219,321 pre-adolescents (144,069 in BIFAP and 75,252 in SIDIAP)

v

Follow-up censoring reasons:
vaccination of control, deaths, end

of study period

pra—

v

= 68 COVID-19 episodes recorded as the primary or secondary reason for hospital
admission with a positive SARS-CoV-2 test within 30 days

FIGURE1 | Paediatric vaccinated and control cohorts ascertainment and follow-up to COVID-19.

hospitalisation ‘for’ and ‘with’ COVID-19 have been calculated
in SIDIAP and BIFAP, respectively.

We used IPW Cox proportional hazards regression to derive
the average hazard ratio (HR; 95% CI) of COVID-19-related
outcomes in vaccinated versus unvaccinated controls. The
adjusted VE (%) was estimated as 1 minus the adjusted HR
multiplied by 100 (corresponding CI calculated as 1%-95%)
for each data source overall and by (i) vaccine brands and
scheme, (ii) time after vaccination, (iii) age categories (5-11
and 12-14years old) and (iv) dominant SARS-CoV-2 variants
(defined as the variant reaching 50% of the total sequenced
specimens at Time 0). Two specific SARS-CoV-2 variant pe-
riods were established: Delta (starting from 04/07/2021) and
Omicron (starting from 03/01/2022) based on active surveil-
lance data [22]. A sensitivity analysis was conducted, focusing
on individuals who had previously been tested for SARS-
CoV-2 infection. This approach was used to balance testing
availability among compared individuals and to control for
surveillance bias.

Finally, the underestimation of VE in the BIFAP dataset was
assessed by applying the proportion of hospitalisation ‘with’
COVID-19 that was confirmed as hospitalisation ‘for’ COVID-19,
based on a previous study during the same timeframe in BIFAP
[23]. In that study, a manual review of additional information re-
corded in clinical histories revealed that 63% of non-vaccinated

individuals aged 12-18years were hospitalised ‘for’ COVID-19,
while only 24% of vaccinated individuals were hospitalised ‘for’
COVID-19 [23].

3 | Results
3.1 | Study Population

178 589 Subjects (34520 children and 144069 pre-adolescents)
with a two-dose series of COVID-19 vaccination (majority with
mRNA vaccines and only 5 with the studied adenovirus vac-
cine) without prior COVID-19 were matched to unvaccinated
individuals in BIFAP and 75361 subjects (109 children and
75252 pre-adolescents), with mRNA vaccinations, in SIDIAP.
Heterologous vaccination was rare (0.3%). Characteristics of the
population are displayed in Table 1. The most administered vac-
cine was BNT162b2 (> 90%) in September 2021 (59% and 66% of
total vaccinations in each database).

3.2 | Hospitalisation With and For COVID-19

In BIFAP, there were 21 hospitalisations ‘with’ COVID-19
among vaccinated individuals and 32 among controls, out of
12651 and 9703 individuals with a positive SARS-COV-2 test,
respectively.
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In SIDIAP, there were fewer than five hospitalisations ‘for’
COVID-19 among vaccinated individuals and 15 among con-
trols out of 1546 and 2784 individuals with a positive SARS-
COV-2 test, respectively.

Thus, overall, SARS-CoV-2 infections led to hospitalisation
in rare cases: 0.25% of infections among vaccinated individ-
uals and controls (see Table 2). All hospitalisation cases were
among pre-adolescents, with the majority occurring during the
Omicron variant period.

3.3 | Impact and Vaccine Effectiveness
of the Two-Dose Series Vaccination

During the study period, among controls aged 5-14years, the
incidence of hospitalisations ‘with’ COVID-19 was 1.7 cases
per million person-days in BIFAP and hospitalisation ‘for’
COVID-19 was 2.7 in SIDIAP. We estimated that vaccination
prevented 0.6 hospitalisations ‘with’ COVID-19 (BIFAP) and 2.5
‘for’ COVID-19 (SIDIAP) per million person-days.

About relative reduction, the VE was 53% (95% CI: 18%-74%)
against hospitalisation ‘with’ COVID-19 (BIFAP) and 94% (95%
CI: 52%-99%) against hospitalisation ‘for’ COVID-19 (SIDIAP).
In BIFAP, a statistically significant VE (i.e., 50%; 95% CI: 5%-
74%) against hospitalisation ‘with’ COVID-19 was observed only
from January to February 2022, which accounted for most cases
(see Table 2).

The low number of cases collected did not allow for an estima-
tion of waning immunity.

Sensitivity analysis indicated higher incidences of hospitalisa-
tion among individuals who were tested for SARS-CoV-2 before
the beginning of the study, as well as a slight overestimation of
the VE by 1%-4% in the main analysis. Only the SIDIAP data
confirmed a statistically significant VE against hospitalisation
‘for’ COVID-19 in the sensitivity analysis (90%; 95% CI: 23%—
99%), which was similar to the main analysis; however, the lim-
ited number of hospitalisations (< 5 among vaccinated children)
led to imprecise estimations (see Table 2).

If we apply the misclassification rate of hospitalisations ‘for’
COVID-19 observed in a previous study [23] to the number of
hospitalisations ‘with’ COVID-19 found in BIFAP (all cases
among pre-adolescents), the confirmed hospitalisations ‘for’
COVID-19 in our study would yield a total of five among vac-
cinated individuals and 20 among controls, resulting in IRs of
0.03 and 0.12 per 100000 person-days, respectively. Therefore,
among individuals aged 12 and older, the corrected IRD would
be 0.09 per 100000 person-days and the corrected unadjusted
VE would be 75%. In contrast, the observed crude VE for pre-
adolescents was 34% (with a 95% CI of —14% to 62%), indicating
an underestimation of 41%.

4 | Discussion

The vaccination with a two-dose series of original COVID-19
mRNA vaccines (primarily BNT162b2) among children and

pre-adolescents showed some protection against hospitalisa-
tion ‘with’ and ‘for’ COVID-19 when compared to matched
unvaccinated individuals in Spain during the Delta variant
period and the initial weeks of the Omicron variant. However,
hospitalisation was a rare outcome in that population and
the vaccine effectiveness (VE) that we could estimate was
imprecise.

The VE value against hospitalisation for COVID-19, observed
in the SIDIAP database, was consistent with the >90% rates
reported in Spain before and during October 2021 [24]. Using
hospitalisations ‘with’ COVID-19 in the BIFAP database, vac-
cination was found insufficient in preventing cases, with a
VE of only 53%. The low VE observed aligns with estimates
from Spanish national sources in November 2021, which re-
ported a VE of 49% [24], however, it may be underestimated
due to the broad definition of the outcome used in this data-
base. Hospitalisation ‘with’ COVID-19 may indicate incidental
diagnoses, differing from the ‘for’ COVID-19 category, which
identifies cases where COVID-19 was the primary reason for
hospitalisation (as captured in SIDIAP). After making correc-
tions, the VE was found to be similar to the effectiveness re-
ported in other non-randomised studies (VE: 70.8%; 95% CI:
38.5%-86.1%) [25], which supports a moderate level of certainty
in the evidence.

It has been reported that the effectiveness of COVID-19 vac-
cines against hospitalisation is greater than their effectiveness
against infection [25-27]. However, this finding comes with un-
certainties due to the lower number of hospitalisations among
the youngest. The high efficacy of BNT162b2 against SARS-
CoV-2 infections found in randomised controlled trials during
the Delta period was not replicated in observational studies [25].
Also, the reduction of the effect could be due to the evolving
virus and its epidemiology and/or the precision and sensitivity
of COVID-19 cases notified/recorded during the pandemic [28].

The benefit-risk evaluation of vaccination among children and
pre-adolescents has been complex and widely debated. Despite
the numerous clinical studies addressing the safety, tolerability
[29-31] and effectiveness [6-8, 32, 33] of approved COVID-19
vaccines in children, vaccine uptake among those under 18 in
the European Union/European Economic Area population re-
mained below 25% [34]. The lower incidence of severe infection
in the paediatric population (estimated to be 15-18 times lower
than in adults in the current CoVE study [35, 36]) was a signifi-
cant factor in that debate.

Furthermore, we observed that the rate of infections in un-
vaccinated children and pre-adolescents during the Omicron
period was three to five times higher than during the Delta
variant period, which led to more than a fourfold increase in
hospitalisations.

In our current study, the two-dose vaccination series showed
effectiveness against COVID-19 hospitalisations. However, the
absolute reduction in cases was relatively low in two distinct epi-
demiological contexts: low contagious rates combined with high
hospitalisations during the Delta period and higher contagious
rates with lower hospitalisations during the Omicron period,
where hospitalisations were already rare.
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We present several metrics aimed at improving the understand-
ing and communication of vaccine value to the population, that
is, the absolute and relative effectiveness, as recommended
elsewhere [37]. If SARS-CoV-2 virulence among youths were to
increase in the future, new studies would be necessary to inves-
tigate the virus' pattern regarding age, season and its endemic
nature [38] as well as to assess whether the benefits of vaccina-
tion continue to outweigh the risks. Our work provides import-
ant insights to support decision-making for pre-adolescents in
this context.

The utility of our findings is also methodological. Regarding
outcome definitions and study size, we quantified the underes-
timation of VE when including outcomes with low predictive
value, such as COVID-19 being potentially recorded as a second-
ary diagnosis upon hospital admission. This misrepresentation
can significantly distort the interpretation of the benefit-risk
balance. Also, we highlight the importance of having a suffi-
cient study size to adequately address questions about vaccine
effects in the paediatric population, especially those related to
rare outcomes or specific vulnerable groups. In such studies, ef-
forts should be made to ensure comparability between exposure
arms to avoid limitations related to participant numbers.

Finally, future evaluations of VE should rely on a clear aware-
ness of potential confounders in each epidemiological scenario.
These parameters are crucial for utilising study findings as evi-
dence in vaccination decision-making.

The current analysis did not include booster doses, which were
not recommended for children and adolescents during the study
period. However, booster doses have the potential to restore
protection against severe Omicron infections, with reported ef-
ficacy of 55% (95% CI: 50%-60%) for children [25]. Moreover, the
diminishing effectiveness over time after 4 months [39] is crucial
information for decision-making regarding the frequency and
time of doses required.

4.1 | Limitations and Strengths

Some limitations should be mentioned. First, effectiveness
against hospitalisations ‘with’ COVID-19 might not always ac-
curately reflect severe infections as aforementioned. Second,
the limited number of hospitalisations with/for COVID-19
hampered the analysis of both, the duration of the effectiveness
and the effectiveness across clinical subgroups. This issue is
common and highlighted by 4226 screened references investi-
gating child populations, which allowed to estimate the global
VE (resulted in 70.8%; 95% CI: 35.5%-86.1%) against COVID-
19-related hospitalisations but did not provide insights into its
duration [25]. Additionally, aligned with that extensive review
of studies [25] with no or rare death events reported, we did
not find any deaths during the 56days following a positive
SARS-CoV-2 test among children and pre-adolescents. So, VE
against fatal COVID-19 could not be performed. Finally, we
collected up to 42 covariates, which were incorporated into
the statistical models to minimise both measured and, indi-
rectly, unmeasured confounding. However, we cannot rule
out a potential healthy vaccinee effect, as the reference group
consisted of unvaccinated individuals. This factor might lead

to an overestimation of VE if the control group delayed vacci-
nation when feeling unwell.

Despite these limitations, the designed matching criteria
have been maximised to reach an excellent balance of co-
medications and comorbidities among the compared groups.
Additional evaluation of the algorithms utilised to identify
the studied outcomes [23] allowed us to correctly interpret
the different estimates observed, highlighting the relevance
of quality and validation studies in research with electronic
health records.

5 | Conclusions

The 2-dose vaccination series with the mRNA vaccine
BNT162b2 in pre-adolescents has shown moderate to high
effectiveness, with only a few COVID-19 hospitalisations
averted due to the low incidence of severe cases. When eval-
uating the benefits of preventing severe COVID-19 against
the risks of adverse events from the updated vaccines, it is
crucial to consider both absolute and relative metrics. This
approach provides a clearer understanding of the vaccine's
overall value. If hospitalisations for COVID-19 continue to
be rare among paediatric populations, large-scale studies will
be necessary to assess the impact of new vaccines and guide
decision-making more precisely and timely.

5.1 | Plain Language Summary (PLS)

Real-world data and evidence on children are needed to assess
the effect of the vaccines as clinical trials may not be represen-
tative of this specific sub-population. In Spain, COVID-19 vac-
cination continues for children at high risk of complications.
We estimated the effectiveness of two-dose mRNA COVID-19
vaccinations against hospitalisation for COVID-19 in children
aged 5-14years between January 2021 and February 2022. We
utilised the information recorded in two public primary care
databases linked to hospital registries from different regions in
Spain to identify vaccinated children and compared them with
unvaccinated children of the same age, sex, region and dis-
eases. We observed very few hospitalisations for COVID-19, all
aged 12-14years. For this reason, even though the vaccination
showed high effectiveness (94%), few cases (<2.5) were averted
per million children vaccinated per day. We also confirmed that
the effectiveness was reduced (53%) when including all patients
with COVID-19 as a primary or secondary admission reason.
Due to the rarity of this event in the young population, even
larger studies are required to understand more precisely the
number of cases prevented with new COVID-19 vaccines in this
age group.
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