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Abstract

We aim to estimate the incidence rates (IRs) of SARS-CoV-2 infections stratified by disease severity and comorbidities in
pediatric population and to describe the COVID-19 vaccination coverage in children with and without comorbidities. A
population-based cohort study was conducted in 6 electronic healthcare records databases from Italy, Spain, and Norway.
The study lasted from 1 January 2020 to the latest databases’ available data in each site, i.e., in Italian ARS Tuscany and
PEDIANET: December 2021, in Spanish BIFAP: February 2022; SIDIAP: June 2022, and VID: December 2021. Finally, in
Norwegian Health Registries: December 2021. Children and adolescents were included and stratified into three age categories
(<5, 5-<12, and 12—-< 18 years old). IRs (95% confidence intervals) per 100 person-years (PY) for non-severe (positive
SARS-CoV-2 test or diagnosis without hospitalization) and severe COVID-19 (hospitalization, intensive care unit admis-
sion, and death after COVID-19) are reported. The cumulative COVID-19 vaccination rollout was stratified by population
with and without comorbidities. The study population comprised 5,654,040 individuals < 18 years of age (51% females)
across the six European databases (median age: 6 years), with 1.4 to 8.5% of them having at least one at-risk comorbid-
ity for severe COVID-19. Incidence rates of severe COVID-19 were low (0-1 per 100 PY) but 3 to 4 times higher among
children and adolescents with comorbidities during Omicron BA.1-2 wave in December 2021-January 2022. Percentages
of vaccination rollout in the general population were between 13% in PEDIANET-IT and 64% in BIFAP-ICU-ES. In ARS-
IT and SIDIAP-IT, vaccination rate in children with comorbidities was slightly lower than that in the general population.
Conclusion: Severe COVID-19 was rare across databases, but up to 3 to 4 times higher in children with comorbidities during
the predominance of Omicron BA.1-2 variant in winter 2021-2022. COVID-19 vaccination coverage was slightly lower in
children with comorbidities in ARS (Tuscany) and SIDIAP (Catalonia) data sources. Our findings will inform future public
policies aimed to protect the pediatric population, both within these countries and globally.

What is known:
® Pediatric population is susceptible to SARS-CoV-2 infection.
o COVID-19 severity rates in children vary across study settings and context.

What is new:

o This study confirms the low severity rates of COVID-19 in the pediatric population based on a large cohort of children and adolescents
residing in Spain, Italy, and Norway.

o Incidence of severe COVID-19 in children and adolescents with comorbidities was up to 3 to 4 times higher than in the general pediatric
population during the SARS-CoV-2 high transmission wave of Omicron BA.1-2 variant in winter 2021-2022 in Italy and Spain.
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Introduction

Epidemiological knowledge of COVID-19 in the pediatric
population is essential to implement evidence-based clinical
and policy responses to protect children’s health. Omicron
BA.1-2 SARS-CoV-2 variant has been shown to be more
transmissible and less virulent in the adult population [1,
2] but evidence regarding COVID-19 severity outcomes of
post-Delta variants in pediatric population remains contra-
dictory [3-6]. Besides, SARS-COV-2 infection has shown to
hit more severely to the population with comorbidities, e.g.,
immunocompromised population [7]. However, this aspect
has not been fully studied at younger ages. To determine
severity rates in children with and without comorbidities
will be an essential input to design public health interven-
tions, including vaccination policies aimed to reach children
at-risk to develop severe COVID-19.

Almost six months after the first COVID-19 vaccines
were available in Europe, the European Medicines Agency
(EMA) authorized the use of COVID-19 vaccines for adoles-
cents 12 to 15 years old in May 2021 [8] and 12 to 17 years
old in July 2021 [9]. Later, EMA granted indication exten-
sions to children aged 5 to 11 years old [10, 11] and then to
those > 6 months of age [12].

In this study, we aimed to estimate the incidence rates
of non-severe and severe COVID-19 in children and ado-
lescents with and without high-risk comorbidities in Spain,
Italy, and Norway. Additionally, we described the COVID-
19 vaccination coverage in these two populations.

Materials and methods
Study design, study population, and data sources

A population-based dynamic cohort study was conducted in
six European electronic healthcare record databases. Chil-
dren and adolescents < 18 years of age on January 1, 2020,
entered the cohort. Follow-up ended at the first COVID-19
diagnosis (outcome), death, disenrollment, or the last avail-
able data (see Table 1). Missing age and sex information
were a reason for exclusion, as well as having less than one
year of look-back information prior to the start of follow-up,
except when born during this period.

The data sources used were as follows: for Italy, the Agen-
zia Regionale di Sanita della Toscana database (ARS-IT) and
Pedianet database (PEDIANET-IT) (including adolescents
only until 14 years of age) and, for Spain, the Catalonian Sis-
tema d'Informacid per al Desenvolupament de la Investigacid
en Atencié Primaria database (SIDIAP-ES), the Valencian
Health System Integrated Database (VID-ES), and the Span-
ish Pharmacoepidemiological Research Database for Public
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Health System database (BIFAP-ES) [13]. For Norway, sev-
eral linked nationwide registries were used (NHR-NO): the
Norwegian Surveillance System for Communicable Diseases
(MSIS) registry including information about COVID-19 test,
the National Patient Register (NPR) (secondary care con-
tacts), the Norway Control and Payment of Health Reimburse-
ment (KUHR) (primary care contacts), the National Prescrip-
tion and Immunisation Registry, the Cause of Death Registry,
and Statistics Norway covering sociodemographic informa-
tion. BIFAP-ES contained medical records from primary care
settings that were linked to hospital discharge diagnoses for
a subset of the dataset. This hospital-linked subpopulation
[BIFAP-ICU] is part of the primary care population [BIFAP-
PC]. Further details are shown in Table 1. These databases
were part of the COVID-19 Vaccine Monitoring (CVM)
Study, a project funded by the EMA (EMA/2018/23/PE).
The study protocol is available on the HMA-EMA Catalog
of RWD studies under the registry no. 42467 [14].

Variables and covariates

COVID-19 cases were identified through diagnosis codes,
disease registries, and positive SARS-CoV-2 PCR or antigen
tests. IT-ARS, ES-SIDIAP, and ES-VID identified COVID-
19 cases using codes of the International Classification
of Diseases (ICD) 9-clinical modification (CM) (518.91,
480.41, 043.31, 043.21, and 043.11), ICD10 (U10, U07.1,
U07.2, B97.2, and B34.2), and ICD10-CM (U10, U07.1,
U07.2, B97.2, and J12.82). ARS-IT and BIFAP-ES used a
disease registry as well, while PEDIANET-IT used positive
SARS-CoV-2 PCRs. NHR-NO used information from MSIS
registry to obtain information on SARS-CoV-2 positive tests.
Two COVID-19 severity levels were defined. Non-severe
disease was defined as COVID-19 confirmed diagnosis or
positive SARS-CoV-2 infection without hospitalization.
Severe disease was defined as a combination of (i) hospi-
talization related to COVID-19 14 days after diagnosis,
diagnostic code retrieved in hospital, or patient registry indi-
cating hospitalization; (ii) intensive care unit (ICU) admis-
sion related to COVID-19 after 14 days of diagnosis; and
(iii) death within 56 days after COVID-19 diagnosis. All
COVID-19 vaccines approved by EMA until January 2022
were captured in the databases. Manufacturers, doses, and
calendar months of administration were collected for every
vaccination episode. When no information about the vaccine
manufacturer was available, it was processed as unknown.
Individuals at increased risk of developing severe
COVID-19 were identified according to the presence of at
least one of the following comorbidities during the look-
back period until the start of follow-up (one year), except
for newborns: cancer, chronic respiratory diseases, diabetes
types I and II, cardiovascular and chronic kidney disease,
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immunodeficiencies, obesity, and sickle cell disease. These
conditions were identified by a combination of diagnosis
codes and evidence of use of certain drugs [14].

Statistical analysis

Descriptive characteristics of the population are presented
as number (percentage), person-time (PT), or median [inter-
quartile range (IQR)]. The cohort was stratified in age bands
as <5 years, 5—< 12 years, and 12—< 18 years of age. Inci-
dence rates (IRs) of non-severe and severe COVID-19 cases
in both the general and the population with comorbidities
were calculated by dividing the number of cases (numera-
tor) by the PT of follow-up (denominator). Confidence inter-
vals were obtained by the exact method [15]. All persons
were censored 1 to 6 days after the vaccination day. The
vaccination rollout (1st dose) per calendar month is pre-
sented as cumulative percentages in the study population
5—< 18-year-old.

Data management and quality assessment

Data sources converted their local data into the ConceP-
TION Common Data Model (CDM) [16]. Converted data
was quality-checked for completeness, plausibility, and
accuracy (https://github.com/UMC-Utrecht-RWE). A com-
mon analysis R-script was centrally developed, and it is pub-
licly available at https://github.com/VAC4EU/CVM/blob/
Release_covid_children/p_steps/step_05_12_T2.2_COVID_
repeated_events.R. Data providers transferred the aggre-
gated output to the Digital Research Environment (DRE)®,
a secure web repository for post-processing steps such as
data pooling.

Results

The total study population comprised 5,654,040 children
and adolescents < 18 years of age; 51% were females. The
median age was 9 years across data sources, except in
PEDIANET-IT (6 years). Table 1 shows database char-
acteristics and attrition of the source population. Demo-
graphic characteristics at the start of follow-up are pre-
sented in Table 2.

The population with at least one comorbidity comprised
420,834 children and adolescents (7.4%). The prevalence
of the population with comorbidities varied between 4.7%
to 8.5% of the general pediatric population, except for
PEDIANET-IT (1.4%). In ARS-IT, BIFAP-ES, and SID-
IAP-ES, the median age of those with comorbidities was
lower than the median age of the general population. The
most frequent comorbidities were chronic respiratory dis-
eases, including asthma.

@ Springer

Incidence rates of COVID-19

Figure 1 and Fig. 2 show monthly IRs of non-severe and
severe COVID-19 in the general population and children
and adolescents with comorbidities, monthly IRs with con-
fidence intervals are presented in supplementary tables 1
to 4. In Italian databases (ARS-IT and PEDIANET-IT),
the highest monthly rates of non-severe COVID-19 in the
general population were reported in December 2021 for all
age bands (18.0 to 48.7 per 100 PY). The highest rates of
severe COVID-19 in children <5 years of age in the gen-
eral population ranged from 0.05 in ARS-IT in February
2021 to 0.26 per 100 PY in PEDIANET-IT in December
2021, while in children with comorbidities the highest rates
were reached in December 2021 (0.14 and 28/100 PY in
ARS-IT and PEDIANET-IT, respectively). In population
5-< 12 years old with comorbidities, rates were higher than
in the general population (0.14 and 3.5/100 PY for ARS-IT
in February 2021 and for PEDIANET-IT in December 2021,
respectively). In adolescents with comorbidities, the highest
IR of severe COVID-19 in ARS-IT was reached in August
2021 at 0.4/100 PY and in PEDIANET-IT in November
2020 at 11/100 PY. PEDIANET-IT numbers are affected
by the reduced sample size (see 95% confidence intervals in
supplementary Table 4).

In the Spanish general population, the highest monthly
IRs (per 100 PY) of non-severe COVID-19 in children of
all ages reached 143 in BIFAP-ES in January 2022, 43.3 in
VID-ES (January 2021), and 50.8 in SIDIAP-ES (Decem-
ber 2021). The highest rates of severe COVID-19 disease in
children < 5-year-old in the general population were 1.3/100
PY in BIFAP-ES in January 2022, 0.08 in VID-ES (August
2021), and 0.18 in SIDIAP-ES (July 2021). In children with
comorbidities, IRs were higher than in the general popula-
tion (in January 2022 in BIFAP-ES 2.9/100 PY, in January
2021 in VID-ES 0.24/100 PY, and in July 2021 in SIDIAP-
ES 0.44/100 PY). The highest rates of severe COVID-19
in children 5—< 12 years decreased to 0.76 in BIFAP-ES in
January 2022, 0.03 in VID-ES (December 2021), and 0.67
in SIDIAP-ES in July 2021. In children 5—-< 12 years with
comorbidities, the incidence of severe COVID-19 was higher
than in the general population with rates of 1.1/100 PY in
January 2022 in BIFAP-ES, 0.18/100 PY in VID-ES in Janu-
ary 2021, and 0.31/100 PY in SIDIAP-ES in December 2021.
The highest incidence of severe COVID-19 in the general ado-
lescent population was reached in January 2022 in BIFAP-ES
(0.33/100 PY), in August 2021 in VID-ES (0.10/100 PY), and
in December 2021 in SIDIAP-ES (0.28/100 PY). In adoles-
cents with comorbidities, the highest rate for BIFAP_PC-ES
was in January 2021: 0.33/100 PY, for BIFAP_ICU-ES was
in November 2021: 0.43/100 PY, for VID-ES was in August
2021: 0.21/100 PY. Finally, in SIDIAP-ES, the highest esti-
mate was 0.48/100 PY in July 2021.
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In Norway, the highest IR of non-severe COVID-19 dis-
ease was reached in December 2021: 28.6/100 PY in chil-
dren 0— < 5-year-old, 63.8/100 PY in children 5—< 12 years
old, and 40/100 PY in adolescents. Rates of severe COVID-
19 were almost zero across all age categories. For the pedi-
atric population with comorbidities, IRs were zero, except
for few cases detected in November 2021 (0.04/100 PY).

COVID-19 vaccination

Almost no vaccinated individuals were observed in chil-
dren < 5-year-old (~0%) during the observation period.
Figure 3 depicts cumulative COVID-19 vaccination uptake
(1st dose, all brands) over calendar months, both in the gen-
eral population and in the population with comorbidities.
In 5- < 18-year-old general population subjects, the vac-
cination cumulative percentage was higher in Spain than in
Norway and Italy (56.1% in BIFAP-PC-ES, 64% in BIFAP-
ICU-ES, 56% in VID-ES, 54% in SIDIAP-ES, vs 38% in
NHR-NO, and 41.8% in ARS-IT, 13% in PEDIANET-IT).
Among children with comorbidities, vaccination uptake
was: 81% in BIFAP-PC-ES, 100% in BIFAP-ICU-ES, 62%
in VID-ES, 56% in SIDIAP-ES, 42% in NHR-NO, 39%
ARS-IT, and 13% in PEDIANET-IT. Most children (>79%)
received the Pfizer/BioNTech vaccine across all countries.

Discussion

In this study, incidence rates of non-severe and severe pedi-
atric COVID-19 were low but reached the highest level dur-
ing Omicron BA.1-2 peak in December 2021 and January
2022. In children with comorbidities, incidence rates were
higher across all databases and subpopulations in com-
parison to the rates in the general pediatric population. We
report incidence rates of severe COVID-19 as a composite
outcome of hospitalization, ICU admission, or death after
COVID-19, rates might therefore be higher than individ-
ual hospitalization and mortality rates reported elsewhere,
although comparable. Previous studies in Italian children
5—<12-year-old and adolescents 12— < 18-year-old showed
a cumulative hospitalization rate of 0.034 and 0.038/100 per-
sons, respectively [17]. In Spanish population, COVID-19
mortality rates were reported as 0.18 and 0.37/100,000 per-
sons in children < 9-year-old and in adolescents 10-19 year-
old, respectively [18]. Our results shows low rates of severe
COVID-19 during the study period, with incidence peaks
following Omicron BA.1-2 waves. This finding is aligned
with morbidity and mortality rates reported in 2020 and
2021 in Canada, France, Germany and Italy in children
0-14 years of age [19]. Adolescents > 15-year-old seem
more susceptible to Omicron BA.1-2 variant than pre-Omi-
cron ones [2]. In general, low severity rates of COVID-19

@ Springer

among children may be related to factors such as variances
in receptor and proteinase expression (ACE2, CD147, glu-
cose-related protein (GRP78), and TMPRSS?2) [20], stronger
innate and adaptive immunity, more frequent concurrent
infections, coronaviruses pre-existing immunity, differences
in microbiota, higher levels of melatonin, and lower SARS-
CoV-2 intensity of exposure [21].

Underlying medical conditions, such as chronic respira-
tory disease, immunodeficiencies, obesity, and others, have
been described as risk factors for developing severe COVID-
19 in children [22-25]. We report between 4.7% and 8.5%
of children with at least one high risk comorbidity. Similar
to previous publications [25], chronic respiratory diseases,
including asthma, were the most prevalent comorbidities.
Our findings confirm that SARS-CoV-2 infection in children
with comorbidities resulted in higher rates of severe disease
than in the general pediatric population in Spain and Italy.
Furthermore, during the Omicron BA.1-2 wave in winter
2021-2022, severity rates in children with comorbidities
tripled the rates in children aged 5— < 12 years and younger,
and rose up to 4 times in adolescents with comorbidities. In
general, severe cases of COVID-19 in Norway were rare,
confirming previous findings [3].

Vaccination uptake was extensive among children
5—< 18-year-old (around 51% at the end of the series), exclud-
ing PEDIANET-IT (13%). In all data sources but in ARS-IT
(Tuscany) and SIDIAP-ES (Catalonia), vaccine coverage was
slightly higher in the general population than in children with
comorbidities. This finding could denote different prioritiza-
tion policies and strategies to reach children with pre-existing
risk factors to develop severe COVID-19 by national and local
authorities. Moreover, it has also been shown higher vaccine
hesitancy figures in parents of children with comorbidities, e.g.,
transplant recipients [26-28]. In general, our results empha-
size the need to design and implement policies and strategies
to protect children with comorbidities against severe COVID-
19. Furthermore and given the results obtained in the Norwe-
gian database, this study also highlights the need for research
across different geographic regions with diverse responses to
the COVID-19 pandemic in terms of children protection.

The accuracy of data sources to detect SARS-CoV-2 infec-
tion as they are mostly based on diagnoses and registries of
PCR/antigen tests is a main strength of this study. There are,
however, limitations to be acknowledged. First, ICU admis-
sions could not be estimated for each data source, and hospi-
talization after COVID-19 was estimated using primary and
secondary diagnosis. Therefore, there may be some misclassi-
fication, but review of records showed that secondary diagno-
ses of COVID-19 were related to the cause of hospitalization.
Second, comorbidities were identified during the look-back
period. Potential new comorbidities appearing after the start
of follow-up were not captured, which may lead to some mis-
classification of the population. Finally, incidence rates were
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not stratified by vaccination status. We avoided this analysis
due to missing clinical information to properly adjust vari-
ables among vaccinated and non-vaccinated children.

Conclusions

This study included over 5.6 million children in six data
sources in Italy, Spain, and Norway. Rates of severe COVID-
19 were low in all data sources but up to 3 to 4 times higher
in children with comorbidities, mainly during the predomi-
nance of the Omicron BA.1-2 SARS-CoV-2 variant in
winter 2021-2022. COVID-19 vaccination coverage was
slightly lower in children with comorbidities in ARS-IT
(Tuscany) and SIDIAP-ES (Catalonia) data sources. Our
findings will inform future vaccination efforts and public
policies aimed to protect the pediatric population, both in
these countries and globally.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00431-024-05864-1.
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