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ABSTRACT

The Sentinel Schools Network of Catalonia project was designed to monitor and
evaluate the scenarios related to COVID-19 public health emergency in Catalonia’s
school population, gathering evidence to inform health and education protocols to
control of SARS-CoV-2 infection in schools, and as part of this plan, monitoring the
vaccine acceptability, compliance of public health measures and the impact of the
pandemic in adolescents’ psychological wellbeing. In additional, was implemented a
pilot study to monitoring influenza-like illness through syndromic surveillance for

children aged 6-11 years.

This doctoral tesis aimed to estimate occurrence of SARS-CoV-2 identifying their
determinants among students and school staff during different phases of the pandemic,
monitoring vaccination rates, investigate the key reasons and determinants associated
with COVID-19 vaccine hesitancy among the students and parents and evaluate the
impact of the pandemic on the adolescents psychological wellbeing, describing coping
strategies adopted to manage the health crisis and their association with self-perceived

mental health.

We performed a cross-sectional and longitudinal studies. We collected data about
sociodemographic and epidemiologic characteristic, contact patterns, knowledge,
actituds and behaviors regarding COVID-19, vaccine acceptance and mental health
aspects through a self-applied questionnaire and we perform antibody and antigen
rapid tests for SARS-CoV-2 detection using blood and nasal samples. Were included
4,533 students and 1,158 school staff from 23 schools. We describe the results
stratified by age group and sex and adjusted by aged and school. Univariate and
multivariate logistic regression models, logistic mixed models, a Latent Class Analysis

and a Deletion Substitution Addition, a machine learning algorithm were performed.

The initial crude SARS-CoV-2 seroprevalence was 14.8% and 22% and active
infection prevalence was 0.7% and 1.1% for students and staff respectively. The
incidence was 2.73 per 100 person-month. Socioeconomic, self-reported knowledge,
risk perceptions and contact pattern variables were positively associated with SARS-
CoV-2 infections. Close contact was a risk factor while highest socioeconomic status

level and compliance with sanitary measures was protective. The vaccination rate
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against COVID-19 reached 70.8% in students under 16 years and 95.8% in students
over 16 years at the end of the study project. The acceptability among unvaccinated
students was 40.9% and 20.8% in October and January, respectively. The key reason
to vaccine hesitancy were concern about side effects, insufficient research, rapid
development, necessity for more information, previous infection, risk perception and
use of alternative therapies as homeopathy. The impact of COVID-19 in mental health
was higher in girls than boys, 36.9% and 17.8%, respectively, and the main emotions
reported were worried and boredom. Positive coping strategies was associated with
less adverse mental health among girls, whereas unhealthy habits were associated with
worsening of mental health for both girls and boys. In the pilot study were registered
189 school absence, 62 of them (32.8%) related to health reasons. Subgroups of
influenza-like illness were founded such as a significantly and positively association

with school absences.

The major contribution of this study was to provide evidence about the transmission
dynamic of SARS-CoV-2 and evaluate the sanitary protocols implemented avoid
spread in schools. This evidence was useful to keep the schools open safely. In the
same way monitoring vaccine hesitancy among adolescents, children and their parents
has been important to understand how act different multilevel determinants. This study
also demonstrated the negative impact of the pandemic on adolescents and especially
on girls, and this monitoring are useful to improve development of healthy coping
strategies during health crises like COVID-19, including new perspective as gender in
future interventions. Finally, the findings of the syndromic pilot study could help us to
understand reasons to school absences, offering an opportunity for quick action, or

simply for monitoring school health situation.

Key words: SARS-CoV-2, COVID-19, epidemiological studies, longitudinal
studies, cross-sectional studies, school, pandemic, public health surveillance,

adolescent health, child health, psychological well-being, vaccination hesitancy.
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RESUMEN

El proyecto Red de Escuelas Centinela de Catalufia fue disefiado para monitorear y
evaluar los escenarios relacionados con la emergencia de salud publica COVID-19 en
la poblacion escolar de Catalufia, recopilando evidencia para informar los protocolos
de salud y educacion para el control de la infeccion por SARS-CoV-2 en las escuelas.
Como actividades, se monitore0 la aceptabilidad de la vacuna, el cumplimiento de las
medidas de salud publica y el impacto de la pandemia en el bienestar psicoldgico de
los adolescentes. Ademas, se implementd un estudio piloto para monitorear
enfermedades similares a la influenza mediante vigilancia sindromica en nifios de 6 a

11 afios.

Esta tesis doctoral tuvo como objetivo estimar la ocurrencia de SARS-CoV-2
identificando sus determinantes entre los estudiantes y personal durante las diferentes
fases de la pandemia, monitorear las tasas de vacunacion entre los participantes del
estudio, investigar las razones clave y los determinantes asociados con las dudas sobre
la vacuna COVID-19 y evaluar el impacto en el bienestar psicolégico de los
adolescentes por identidad de género, describiendo las estrategias de afrontamiento
adoptadas para gestionar la crisis de salud y su asociacion con la salud mental

autopercibida.

Se realizd un estudio transversal y longitudinal. Recopilamos datos sobre
caracteristicas sociodemograficas y epidemioldgicas, contactos, conocimientos,
actitudes y comportamientos respecto al COVID-19, aceptacion de la vacuna y
aspectos de salud mental a través de un cuestionario autoaplicado y realizamos pruebas
rapidas de anticuerpos y antigenos para la deteccion del SARS-CoV-2 mediante
muestras de sangre y nasales. Se incluyeron 4.533 estudiantes y 1.158 personal escolar
de 23 escuelas. Describimos los resultados estratificados por grupo de edad y sexo y
ajustados por edad y centro educativo. Se utilizaron modelos de regresion logistica
univariados y multivariados, modelos logisticos mixtos, un analisis de clases latentes

y una adicion por eliminacion y sustitucion, un algoritmo de machine learning.

La seroprevalencia bruta inicial del SARS-CoV-2 fue del 14% y 22% vy la prevalencia
de la infeccion activa fue del 0,7% y 1,1% para los estudiantes y el personal,
respectivamente. La incidencia general fue de 2,73 por 100 personas. Las variables

socioecondémicas, de conocimiento, percepcion y contactos de riesgo se asociaron
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positivamente con las infecciones por SARS-CoV-2. El contacto estrecho fue un factor
de riesgo, mientras que el nivel socioeconémico mas alto y el cumplimiento de las
medidas sanitarias fueron protectores. La tasa de vacunacion contra la COVID-19
alcanzd el 71% en estudiantes menores de 16 afios y 96% en estudiantes mayores de
16 afios. La aceptabilidad entre los estudiantes no vacunados fue del 41% y 21% en
octubre y enero, respectivamente. La preocupacion por los efectos secundarios, el
rpido desarrollo, necesidad de méas informacién, infeccion previa, percepcion de
riesgo y el uso de terapias alternativas como la homeopatia impactaron mas sobre la
decision de vacunarse. La COVID-19 impactd mas en la salud mental de las nifias en
relacion con los nifios, 37% y 18%, respectivamente. Las principales emociones
reportadas fueron la preocupacién y el aburrimiento. Las estrategias de afrontamiento
positivas se asociaron con una mejor salud mental entre las nifias, mientras habitos
poco saludables se asociaron con su empeoramiento tanto para las nifias como para los
nifios. En el estudio piloto se registraron 189 ausencias escolares, 62 de ellas (33%)
relacionadas con motivos de salud. Se encontraron subgrupos de enfermedades
similares a la influenza, con una asociacién significativa y positiva con las ausencias

escolares.

El mayor aporte de este estudio fue reunir evidencia sobre la dinamica de transmision
del SARS-CoV-2 y sobre la eficacia de los protocolos sanitarios implementados en las
escuelas. Estas evidencias fueron utiles para garantizar el funcionamiento seguro de
las escuelas. Monitorear la reticencia a las vacunas entre adolescentes, nifios y sus
padres ha sido importante para comprender como actdan los diferentes determinantes
multinivel. Este estudio también demostré el impacto negativo de la pandemia en los
adolescentes y especialmente en las nifias, y este seguimiento es util para mejorar el
desarrollo de estrategias de afrontamiento saludables durante crisis de salud como la
COVID-19, incluyendo una nueva perspectiva de género en futuras intervenciones.
Finalmente, los hallazgos del estudio piloto se pueden aplicar para comprender las
razones de las ausencias escolares, ofreciendo una oportunidad para una accion rapida

0 simplemente para monitorear la situacion de salud escolar.

Palabras clave: SARS-CoV-2, COVID-19, estudios epidemioldgicos, estudios
epidemioldgicos, estudios transversales, escuela, pandemia, vigilancia en salud
publica, salud del adolescente, salud infantil, bienestar psicologico, Vacilacion a la

Vacunacion.
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SUMMARY
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This study was developed within the framework of the COVID-19 Sentinel Schools
Network of Catalonia® (CSSNC) project, as a part of the Coronavirus Disease 2019
(COVID-19) monitoring and evaluation plan from the Health Department of
Catalonia, that was designed to monitor and evaluate the epidemiology of COVID-19
in Catalonia, gathering evidence to inform the development of health protocols and
public health interventions to prevent and control of Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) infection in schools.

The SARS-CoV-2 emergency affected health systems globally, compelling
governments to implement strategies, like social distancing or confinements, and
generating stress, anxiety, and depression which impacted the population well-being,
and young people. In educational settings, measures such as suspending classes and
accelerating the use of technology for learning, had an impact on the routines of
students and their families, and, additionally, social distancing reduced the
interpersonal interactions and leisure activities of adolescents, who lost social relations
with peers, amongst other changes. Several studies have shown gender differences in
the response of adolescents to the COVID-19 pandemic, with a worse effect on
psychological well-being observed in girls. The pandemic highlighted gender
differences in mental health that reflect the distinct social processes for youth with
different gender identities, as well disparities in mental health that emerge and

intensify during this stage of life.

Prevalence and incidence studies are useful to analyze the transmission dynamic of
SARS-CoV-2 and evaluate the associations between sanitary protocols implemented,
and measures to avoid SARS-CoV-2 spread in schools. Vaccine hesitancy, defined as
a delay in acceptance of vaccines despite its availability caused by many determinants,
and can be influenced by many factors such as the lack of offer, communication and
confidence, commonly observed with vaccine candidates. Understand determinants
that affect the decision to vaccinate against SARS-CoV-2 may help to guide strategies
to avoid severity and mortality by COVID-19, and that could prevent the resurgence

of an others vaccine preventable disease.

This thesis gather three main studies whose main objectives were to estimate the

prevalence and incidence of SARS-CoV-2 infections and to identify their determinants

L www.escolessentinella.org
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among students and staff, to investigate the key reasons, determinants and
characteristics associated with COVID-19 vaccine hesitancy among students and
parents and to describe the impact of the COVID-19 pandemic on the psychological
well-being of adolescents in Catalan schools by gender identity comparing coping
strategies adopted to manage the health crisis and their relationship with the self-
perceived impact of COVID-19 on mental health. An additional pilot study aims to
evaluate a strategy of syndromic surveillance designed for children aged 6-11 years to

investigate the association between respiratory syndromes and school absence.

For assess the prevalence and incidence of SARS-CoV-2 infections, we performed a
cross-sectional and longitudinal studies using a questionnaire to collect nominal data
and rapid tests for SARS-CoV-2 antigen and antibody detection. Regarding the
vaccine hesitation study, we collected data through a questionnaire and proceed a
univariate and multivariate analysis using a Deletion Substitution Addition (DSA)
machine learning algorithm. For evaluate the association between coping strategies
and self-perceived impact of the pandemic on mental health, we proceed a multivariate
logistic regression models using data collected through a questionnaire, and, finally,
for the Syndromic Surveillance approach, data collection was made by self-applied
survey to collect daily health status and symptoms. We proceed logistic mixed models
and a Latent Class Analysis to investigate associations with syndromes and school

absence.

The crude seroprevalence measured between February and March 2021 was 14.8%
(95% CI: 13.1-16.5) and 22% (95% CI: 18.3-25.8) for students and staff respectively,
and the active infection prevalence measured in April 2021 was 0.7% (95% CI: 0.3—
1) and 1.1% (95% CI: 0.1-2). The overall incidence for persons at risk was 2.73 per
100 person-month and 2.89 and 2.34 per 100 person-month for students and staff,
respectively. Socioeconomic, self-reported knowledge, risk perceptions and contact
pattern variables were positively associated with the outcome while sanitary measure
compliance was negatively associated, the same significance trend was observed in
multivariate analysis. In the longitudinal component, epidemiological close contact
with SARS-CoV-2 infection was a risk factor for SARS-CoV-2 infection while the
highest socioeconomic status level was protective as was compliance with sanitary

measures.
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The Vaccination against SARS-CoV-2 among the students reached 36.1% for students
under 16 years and 92.4% for students over 16 years in October 2021, increasing to
70.8% and 95.8% <16y-old and >16y-old, respectively, in January 2022. The
acceptability among unvaccinated students was 40.9% and 20.8% in October and
January, respectively, and among parents was proportionally higher among students
aged 5-11 (70.2%) in October and aged 3—4 (47.8%) in January. The key reason to not
vaccinate themselves, or their children, were concern about side effects, insufficient
research about the effect of the vaccine in children, rapid development of vaccines,
necessity for more information and previous infection by SARS-CoV-2. For students,
risk perception and use of alternative therapies were associated with refusal and
hesitancy. For parents, the age of students, sociodemographic variables,
socioeconomic impact related to the pandemic, and use of alternative therapies were

more evident.

Regarding the impact of the COVID-19 pandemic on the psychological well-being of
adolescents, a greater proportion of girls perceived a worsening in mental health than
boys due to 54 COVID-19 (36.9% and 17.8%, respectively). The main emotions
reported for both girls and boys were worried and boredom. We found an association
between positive coping strategies with less adverse mental health among girls,
whereas unhealthy habits were associated with a higher probability of declaring
worsening of mental health for both girls and boys demonstrating the negative impact
of the COVID-59 19 pandemic on psychological well-being in adolescents and a

clearly worse impact on girls.

In the Syndromic Surveillance were enrolled 135 students (2163 person-days) that
filled 1536 surveys. Iliness was reported by 60 participants (29.52 by 100 person/day)
and were registered 189 absence events, 62 of them (32.8%) related to health reasons.
Subgroups of influenza-like illness were founded such as a significantly and positively

association with school absences.

These studies described the exposure to the SARS-CoV-2 virus in the school
environment, as well as providing important information to evaluate the
implementation of policies for the prevention and control of infection by SARS-CoV-
2 and other respiratory viruses in the school environment and to contribute to decision
making. on improvements in the strategy to avoid the massive closure of schools with
the devastating effects that this has on society, especially on children. One of the

19



strengths of this research is the real-time surveillance of COVID-19 cases, monitoring
and evaluation of the health measures implemented by schools and their impact on the
occurrence of COVID-19 in the school system.

The findings and conclusions from the studies were contributed to improve knowledge
on COVID-19 occurrence among students and school staff from Catalonia. Our results
showed important characteristics about the epidemiology of the SARS-CoV-2 virus in
the pediatric population, also pointing out the feasibility of preventive measures as
screening and vaccination and social impacts, that were presented in several instances
as the objective of increasing health resources for this population. This work was
supported by the Health Department of the Government of Catalonia with no grant

number.
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Covid-19 Public Health Emergency Surveillance

In January 2020, China reported an outbreak of pneumonia of undetermined origin to
the World Health Organization (WHO) in Wuhan City, Hubei Province. Initially, 44
cases were reported with common exposure, a seafood market in Wuhan. After initial
cases were reported, an increasing number of secondary cases were detected across
China. Imported cases, with evidence of transmission, have also been detected in
several countries, but without evidence of sustained viral circulation outside China
(World Health Organization, n.d.; 2020b).

On January 30, 2020, the WHO declared the COVID-19 outbreak a PHEIC, the
Organization's highest alert level, as provided for in the International Health
Regulations, this being , the sixth? time WHO declares a PHEIC, status maintained
until early May 2023 (WHO 2023). Considering the progressive increase in the
number of cases sustaining transmission, the world began to prepare for the possibility
of a pandemic, which was eventually declared by the WHO on March 11, 2020 (World
Health Organization, n.d.; World Health Organization (WHO) 2020; World Health
Organization 2020a). Three years since the declaration of the COVID-19 pandemic,
around 670 million cases and 6.8 million deaths were reported worldwide (Dong, Du,
and Gardner 2020).

Spain declared a national public health emergency by COVID-19 on March 14, 2020
through Royal Decree 463/2020, a situation that lasted until June 21, 2020 (Espafia
2020; RNVE 2023). The first confirmed case in the country was on January 31, 2020,
and the first death on February 13 of the same year, and on February 26, the first case
of community transmission was confirmed. (Generalitat de Catalunya 2022b; 20223).
As of June 2023, Spain registered more than 13 million accumulated cases and 119
thousand deaths (Dong, Du, and Gardner 2020). In Catalonia were registered
2,667,357 accumulated cases, 118,860 hospitalizations and 28,327 deaths
(Generalitat de Catalunya 2022b).

The national surveillance strategy from March 28, 2022, indicates that microbiological

diagnosis must be carried out in people aged 60 or over and in all hospitalized and

2 Public Health Emergency of International Concern prior to COVID-19: April 25, 2009 - HIN1
Pandemic, May 5, 2014 - International spread of poliovirus, August 8, 2014 - Ebola outbreak in West
Africa, February 1, 2016 - Zika virus and increase in cases of microcephaly and other birth defects, May
18, 2018 - Ebola outbreak in the Democratic Republic of Congo.

22



vulnerable people of any age, in contrast to the beginning of the pandemic, when

surveillance was based on universal notification of all confirmed cases (RNVE 2023).

In Catalonia, an autonomous community from Spain with 7.1 million inhabitants, the
5,492 schools were close of on 13 March 2020 affecting about 1.5 million students and
more than 100 thousand teachers and school staff. The schools were reopened on 14
September 2020, immediately after the school vacations, between June and August,

remaining closed, therefore, for six months (Perramon et al. 2021).

The focus of health protocols developed for educational centers was early detection
and isolation, including close contacts (Generalitat de Catalunya, 2020). According to
this protocol developed by the government of Catalonia, in case of a Reverse
Transcriptase Polymerase Chain Reaction (RT-PCR) or Rapid Antigen Test (RAT)
result, a 10-day quarantine protocol is applied for the group and people who had close
contact within 48 hours before the onset of the symptom or sample collection, or PCR
result (for the asymptomatic) of the confirmed case. To close contacts it is advisable
to perform a RT-PCR at the school or by the primary health care teams. In addition,
non-pharmacological prevention measures were applied that include social distancing,
use of masks from 6 years of age, frequent hand washing, natural ventilation of
classrooms, entrances and exits of centers, grouping of students in stable coexistence
groups (or bubble groups) and PCR screening (Generalitat de Catalunya, 2020a;
2020D).

The sanitary protocol to control the SARS-CoV-2 transmission at the schools
environment were developed by the Government of Catalonia based on early detection
and isolation as well implementation of public health measures as natural ventilation
of classrooms, stable coexistence groups (SCG or bubble groups) and targeted
screening (Generalitat de Catalunya. Departament de Salut. 2020; Generalitat de
Catalunya. Departament d’Educacié 2020), also monitoring COVID-19 risk factors,
determinants, transmission dynamics, preventive measures compliance and outbreaks
in the school to provide evidence to improve the safety of schools preventing further

closures and their impact through the work packages of the CSSNC project.

The society was faced other previous outbreaks caused by emerging viral zoonotic

disease, such as Severe Acute Respiratory Syndrome-Related Coronavirus (SARS-
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CoV) in 2003 and Middle East Respiratory Syndrome-Related Coronavirus MERS-
CoV in 2012 (lbrahim 2020), another highly pathogenic coronaviruses, were related
to epidemic amplification phenomena (Drosten et al. 2003; Zhong et al. 2003). In these
outbreaks, few cases were responsible for a disproportionately high number of
secondary cases, the so-called super spreaders, with an important participation of
transmission in hospital environments (Varia et al. 2003; Oboho et al. 2015; Jeong et
al. 2016), although COVID -19 has significant differences compared to MERS-CoV
and SARS-CoV, in just over a month of the epidemic, more cases of COVID-19 have
been confirmed than in the entire history of SARS-CoV and MERS-CoV. As COVID-
19, at the beginning of the MERS and SARS epidemic, for example, a few number of
cases were responsible for a high number of secondary cases, which allowed the
occurrence of outbreaks even in scenarios with R close to one (Chowell et al. 2015;
Cowling et al. 2015).

The last major pandemic was occurred in 2009, caused by the HIN1 influenza virus,
where an estimated 12,800 deaths worldwide occurred in the first year of worldwide
circulation (Bellei and Melchior 2011). Influenza viruses, despite the differences in
relation to the viruses of the coronavirus family, have similarities regarding the mode
of transmission and associated clinical syndromes. Eventually, new flu viruses
originating from genetic recombination in animals infect humans and transmit in the
population and were responsible for large-scale pandemics in the past, with the
occurrence of hundreds of thousands of cases and thousands of deaths worldwide
(Kilbourne 2006; Potter 2001).

One of the keys to response to COVID-19 Public Health Emergencies (PHE) was the
introduction of public health measures to minimize the transmission and decrease in
the Reproduction Number (R) (Ingelbeen et al. 2021). The time dependent
reproduction number, R(t), is a power indicator commonly used for infectious diseases
monitoring, indicating the average number of new infections caused by an infected
individual in an epidemic process (Jorge et al. 2022). The Reproduction Numbe,
however is not static, during the course of an epidemic, the value of R can change as
intervention such as tracking and isolating cases and contacts, and changes in
population behavior, such as mandatory use of masks and social distancing measures
are implemented, (Van Den Driessche and Watmough 2002; J Wallinga and Lipsitch
2007; Jacco Wallinga and Teunis 2004).
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In this way, after a persistent increase in R, measures such as wearing face masks,
closing schools and businesses, physical distancing, restricting travel, improving air
ventilation, contact tracing, isolation of cases could be applied by individuals and
institutions. Although this resource has been used against influenza pandemic, the
COVID-19 pandemic brough a new scale and duration of these interventions
provoking deepest impacts on the social behavior globally (Enria et al. 2021; Hellewell
et al. 2020). The phases of decline reflected public health measures, which correspond
to changes in the individual behavior of the population over time. Intervention
measures such as the isolation of cases and changes in the behavior of the population
can generate changes in R throughout the epidemic. However, at the beginning, RO
values above 2.5, the occurrence of asymptomatic infection and late social distancing
significantly reduced the chances of interrupting the outbreak. It is possible that new
R elevations occur, triggered by amplifying phenomena, leading to new peaks
epidemic. Similar behavior has been previously observed in different SARS-CoV
outbreaks (Hellewell et al. 2020; J. Wallinga 2004).

Initially, the European COVID-19 surveillance strategy was to monitor the incidence
of the disease, its severity and viral modifications. After the initial phase, the
surveillance system was improved, however, the initial goals were maintained and
systematic improvements in testing policies were implemented. A factor of growing
concern is the Variants of Concern (VOC), which need to be quickly understood so
that resources can be applied to the related emergencies. Finally, the current context
with the availability of vaccines, brings a general change in the epidemiology of
COVID-19, also demanding strategies to monitor its effectiveness, as well as the
implementation of programs to guarantee the necessary distribution, strategy and

coverage (Centre for Disease Prevention 2021).

There are many approaches in terms of surveillance of COVID-19, routine, active,
syndromic, sentinel, sentinel-syndromic, laboratory, hospital and others that can
provide more accurate parameters for the control of the virus. However, there are also
numerous challenges, mainly related to costs, human resource capacity,
underreporting of cases and lack of time between the occurrence and registration of
cases (Ibrahim 2020). At the beginning of the epidemic, for example, the diagnosis of
COVID-19 was one of the most critical problems, due to the limited availability of
laboratory supplies for performing the RT-PCR, considered the most gold standard for
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the diagnosis of SARS-CoV-2 infection. Initially, the epidemiological approach was
essential, and the clinical manifestations of COVID-19 included respiratory symptoms
such as fever, cough, dyspnea and other nonspecific symptoms, making the clinical

approach more complex (Diaz-Quijano et al. 2020).

Surveillance systems, timely, sensitive, specific, and with easily interpretable results,
are crucial in the response to PHE. In most countries, disease surveillance is passive,
where records refer to patients who sought health facilities. These data are commonly
biased due to the quality of access and significant delay. The timeliness of information
is also largely affected by the magnitude of the health event, during high transmission
seasons the already saturated health system can distort the true incidence of the disease
(Bastos et al. 2019).

Surveillance data are essential to support the emergency response. Forecasting systems
are especially useful when indicators used for decision making and subsequent
intervention proposals are scarce, helping to improve the prevention and control of
pathogens (Pei et al. 2021). It is especially problematic when there is still an absence
of historical data that help characterize the magnitude of the event. The experience
gained with COVID-19 should value the adoption of uncomplicated models that
include health resource infrastructure and, whenever possible, sociodemographic and
behavioral aspects, being scalable to the point of estimating the occurrence of
simultaneous health events (Dembek, Chekol, and Wu 2018)

Parameters of the disease's natural history are indispensable in the construction of
epidemiological intelligence that allow understanding the dispersion, magnitude and
effectiveness of the intervention’s trough the epidemic control. These parameters
consist of indicators that can be calculated or used in prediction models of cases and
their outcomes, mainly generating evidence to support decision making. The Attack
Rate, Incidence, prevalence, basic reproduction number (RO); serial interval;
incubation period; transmissibility period, proportion of detected cases; mortality, case
fatality rate, are examples of indicators used to monitor the course and magnitude of
epidemics. (Gallo et al. 2020).

26



Table 1. Description of the main epidemiological parameters from COVID-19.

Parameter

Description

Basic reproduction number (RO)

The average number of new infections generated by an
infected person in a fully susceptible population.

Serial Interval

The time between the onset of disease in a primary
(infective) case and the onset of disease in a secondary
(infected) case.

incubation period

The time between infection and onset of disease.

communicability period

The time during which a person infected with SARS-CoV-2
transmits the virus to another person.

Proportion of detected cases

Proportion of cases identified as infected with SARS-CoV-
2 among all cases tested.

Proportion of critical cases among
hospitalized patients

Proportion of critical
hospitalized cases.

COVID-19 cases among all

Proportion of deaths among critical
cases

Proportion of deaths from COVID-19 among all critical
cases of the disease.

Proportion of deaths among critical
cases

Time in days (average or median) of hospitalization between
COVID-19 cases.

Mean or mean time between
hospitalization and development of
Severe Respiratory Syndrome

Time in days (average or median) of hospitalization among
COVID-19 cases before the development of Severe
Respiratory Syndrome.

Length of stay in the ward before
admission to the ICU

Time in days (average or median) of hospitalization among
COVID-19 cases that required ICU.

Source: (Gallo et al. 2020).

Using these parameters, researchers around the world have created models to plan and
evaluate strategies for surveillance and control of the transmission of the SARS-CoV-
2 virus, including vaccine strategy scenarios, pointing out better resource applications,
and risk scenarios for the occurrence of new waves and overloading of health systems
(Sonabend et al. 2021; Dembek, Chekol, and Wu 2018). European governments have
used several mathematical models to simulate scenarios that support decision-making
on COVID-19, the estimates obtained by these models, can be used as a guide policy,

providing accurate results on scenario estimation (Ainslie et al. 2022; Shen et al. 2021)

Characteristics of COVID-19 among pediatric populations

The decision of governments to close schools, day care centers and universities in
response to the pandemic came in part because it had been previously demonstrated
during the influenza pandemic as an effective preventive public health measure. In
this scenario, it was thought that children were among the main spreaders of the virus

and that, keeping them at home, it was possible to significantly minimize the
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emergence of new cases (Esposito et al., 2021; Viner et al., 2021) since there was also
evidence that, after the reopening of schools, the number of contacts per case increased
in all age groups (Ingelbeen et al. 2021; Macartney et al. 2020). .

This intervention model was further discussed because of the balance between the risk
of transmission and the fact that the closure of schools could cause social, economic
and health problems, for example, nutritional aspects of children that depend on the
meals offered in schools. The impacts of this measure can this beyond the educational
field, also affecting social, economic aspects, beyond the emotional costs for children
and young people considering the interruptions in other areas of activity of schools,
such as nutrition, mental health and safety and social assistance services (Esposito,
Cotugno, and Principi 2021; Keeling et al. 2021; Kriemler et al. 2021; Lo Moro et al.
2020; Lopez-Bueno et al. 2021).

It is necessary to gather evidence that demonstrates the impact on the variation of
SARS-CoV-2 infections associated with the closure of schools, especially in
conjunction with other public health measures implemented in the territory. The result
of this evaluation may suggest and evidence how general health measures may have
impacted the school scenario itself and the risk of transmission of SARS-CoV-2 from
child to child and to education professionals, in addition to providing information on
how and what health protocols can allow the occurrence of school activities without
substantial impact on morbidity and mortality (Esposito, Cotugno, and Principi 2021;
Kriemler et al. 2021).

Monitoring the COVID-19 scenario in a school environment, with studies that allow

the description of outbreaks, risk factors, associated exposures, transmission dynamics
and health protocols adopted, such as contact screening, case and suspect isolation,
and vaccine strategy, can provide evidence on the impact of school closures as a
pandemic control measure that are relevant for disease control and decision making
(Lo Moro et al. 2020; Viner et al. 2021; Zhang et al. 2020).

Data on SARS-CoV-2 occurrence in children are scarce due to low testing at the
beginning of the pandemic (Manivannan et al. 2021) and parameters and evidence
about COVID-19 occurrence in adult can't always be extrapolate to children (Escosa-
Garcia et al. 2020).

28



Estimates based on home secondary attack rates influenced by symptomatic
surveillance, estimate that young adults under 35 years of age have the highest
prevalence (Goldstein, Lipsitch, and Cevik 2021; Keeling et al. 2021), although,
according to contact tracing the secondary attack rate was similar in children and adults
(Bi et al. 2020; Zhang et al. 2020). Since the beginning of the pandemic, the
contribution of children in the virus spread has been discussed (Bi et al. 2020).
Screening of asymptomatic patients and diagnostic issues makes this problem more
complex, however, in fact, it is known that children are not the main source of spread
of the virus and therefore interventions based on this public can have an impact below
expected (Soriano-Arandes et al. 2021; Lugon et al. 2021). According to evidences,
children are not major drivers of transmission (Bubar et al. 2021).

Although a high proportion of asymptomatic infection concentrates the role of
adolescents and young people in the dispersion of COVID-19 draws attention due to
the similarities between viral load and transmission to adults meanwhile, there seems
to be consensus that children contribute less to the infection. A Belgian study found
that the number of contacts was higher in the age group of 10 to 19 years (Ingelbeen
et al. 2021).

A meta-analysis concluded that young children are less susceptible to SARS-CoV-2,
with a ratio of 0.56 compared to adults. Another study showed that susceptibility to
infection increased with age, people from O to 14 years had a lower risk of infection
compared to 15 to 64 years (OR = 0.34 95% CI: 0.24 to 0.49 and p <0.0001). Among
those infected, the elderly had more severe outcomes, including higher mortality rates
(Bi et al. 2020; Viner et al. 2021; Zhang et al. 2020).

Contact tracing studies found no typical or frequent child-adult transmission (Lugon
etal. 2021; Yi et al. 2021; Zimmerman et al. 2021) and a low contribution of children
in the secondary cases (Ertem et al. 2021; Park et al. 2020), which showed that children
do not seem to be the main source of infection (Ismail et al. 2021; Escosa-Garcia et al.
2020). Also, modeling studies already been demonstrated an increased risk for
infection in household contacts patterns that were a risk factor, consistent with in this
study and previous studies that demonstrated an increased risk of infection associated
with household contacts (Soriano-Arandes et al. 2021; Polléan et al. 2020; Marks et al.
2021; Kim et al. 2020; Munday et al. 2021). In this study, contact at school had a
negative association with the infection by SARS-CoV-2, reinforcing that well-
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implemented sanitary protocols make a safe school reopening possible. Studies using
contact screening data have shown that the attack rate was similar in children and
adults, but in children aged 0 to 4 to 9 years, they were less than half, when compared
to the group aged 15 to 19 years, suggesting that children under 10 years of age are
susceptible to infection by adults, however an infection rate of 7.4% in children < 10
years versus 6.6% in the general population suggested that children were as likely to
be infected as adult.

A literature review with a series of PCR-based studies of SARS-CoV-2 infection
shows how similar the results are: OR for infection in <18 years versus adults 0.18
(95% ClI, 0.06 - 0.54), aged 4-18 versus 19-60 years 0.09 (95% CI, 0.01 to 0.73);
multivariate OR for infection <15 versus 15-64 years 0.34 (95% CI, 0.24-,49)
multivariate OR to<15 years versus 15-64 was 0.58 (95% Cl, 0,34 - 0,98) and OR <18
years in versus 18-29 years of 0.41 (95% CI, 0.17— 0.99) (Bi et al. 2020; Goldstein,
Lipsitch, and Cevik 2021; Keeling et al. 2021; Viner et al. 2021; Zhang et al. 2020).

Retrospective epidemiological surveillance data in the pediatric population made
available by different countries are difficult to interpret due to the fact that the
widespread closure of schools to limit the spread of the virus probably influenced a
lower infection and transmission than in the adult population, however, with the With
the reopening of schools, the role of children in the transmission of the SARS-CoV-2
infection is beginning to be characterized, the associated factors and the likely

prevention and control measures in the school environment.

There is also a concern that teachers and school staff may have high exposure, given
that children have high levels of contact, therefore suggesting that preventive measures
should be put in place as a precaution. Many institutions, including Public Health
Agencies and Education Departments, have indicated the need to monitor COVID-19
in the school environment and evaluate the long-term implementation of infection

prevention and control measures.

Impact and acceptability of COVID-19 vaccine

As a pharmacological intervention, the European Medicines Agency (EMA)

authorized several vaccines against SARS-CoV-2. On December 21, 2020, was
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authorized the first vaccine against COVID-19, the Comirnaty Pfizer-BioNTec for
people over 18 years. On December 27, 2020, the vaccination started in Spain
prioritizing specific and vulnerable groups such health care workers (HCW), school
staff, and people with underlying diseases and older (Espafia, Ministerio de Sanidad,
and Grupo de trabajo técnico de vacunacion COVID-19 2021).

The protection attributed and the population-level benefit makes the COVID-19
vaccine fundamental to change the impact of the pandemic (Watson et al. 2022).
Although vaccine seems the best solution to control the COVID-19, earlier modelling
studies was suggested that vaccinate alone was insufficient to contain the outbreak
(Moore et al. 2021; Nguyen et al. 2021), especially in scenarios with vaccine-resistant
strains (Rella et al. 2021). By the other side, countries with slower vaccination that
maintain zero-COVID strategy to stop the transmission had the risk of increasing rates
of SARS-CoV-2 infections (Watson et al. 2022).

The actual phase with decline of mortality and hospitalization reflects the vaccination
strategy, since evidence showed that vaccination can promote an important control on
burden and mortality by infectious diseases (Voysey et al. 2021; Steinert et al. 2022;
Olusanya et al. 2021). Prioritizing vaccination among individuals over 60 years can
reduce hospitalizations and deaths and prioritized younger adults (20-40 years) can
reduce symptomatic infections (Foy et al. 2021). However, data about household
transmission show that this transmission model was about 40-50% lower among

vaccinated index patients (Harris et al. 2021).

In comparison with adults, infected children usually show mild symptoms, but since
the changes in the epidemiological situation and approval of vaccines for children
under 18 years of age, the focus of the vaccine strategy has been moving towards this
public in order to guarantee not only individual protection but as a strategy for
collective protection (Du, Chen, and Shi 2022), Children’s vaccination is
recommended due to effects including neuropsychological impairment, impact on
social life and to ensure safely open for schools, especially if were evidences that the
closure of schools can bring negative effects on children reducing access to essential
social, nutritional and healthcare supports (Ceannt et al. 2022; Cupertino et al. 2022),

also, to reach high vaccination rates against COVID-19 (Rees et al. 2022).
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Despite the evidenced of vaccination for COVID-19 cost-benefit by preventing severe
cases and deaths, hesitation and vaccine refusal is still a concern. Equitably vaccine
distribution, improve on infrastructure and strategies against misinformation and

vaccine refuse could be improve the vaccine demand (Watson et al. 2022).

Vaccine hesitance is defined as a delay in acceptance or refusal despite the vaccine
availability, and, according WHO, is a major treats to public health (Byrne et al. 2022;
Ceannt et al. 2022).

Normally, concerns about side effects are the main reason for hesitation of childhood
vaccinations, however, the unprecedent speed of the development and production of
the COVID-19 vaccine, and doubts about long-term safety, technology, immunity
durability, brough uncertainty among parents been often cited as reason to hesitancy,
moreover, studies are demonstrating increase in vaccine hesitance compared to the
early phases of the pandemic (Byrne et al. 2022). Low intentions of vaccination can
be predicted (Dubé, Gagnon, and Pelletier 2022). Understand barriers and facilitator
of vaccine uptake and under vaccination improve the reginal capacity to deal with the
issues around vaccine delivery, coordination of strategies and formulation of
guidelines, especially aimed at populations with greater refusal or greater vulnerability
(Crawshaw et al. 2022).

Factor associated with vaccine hesitance are multicomplex, including parental age,
educational level, income, concerns about safety, low trust, inadequate information,
risk perception, perceived susceptibility and perceived benefits of the vaccine (Dao et
al. 2023; Kyei-Arthur et al. 2022; Liu et al. 2022; Qin et al. 2022), while have their
parents vaccinated work as a good predictor for youngers acceptance showing that
parents decision affect the adolescents immunization, also, the role of pediatricians
and school educators in increased vaccine coverage among adolescents is quite clear
(Cupertino et al. 2022).
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PURPOSE

Generate evidence to improve strategies for surveillance, prevention and control of

SARS-CoV-2 transmission among students of Catalonia, Spain.

RESEARCH QUESTIONS

1.

N g bk~ w D

What is the magnitude of SARS-CoV-2 infection among students in
Catalonia?

What characteristics influence SARS-CoV-2 transmission among students?
How can we improve detection of SARS-CoV-2 infections among students?
How are students' conducts towards SARS-CoV-2 prevention?

Why adolescents and parents refuse the COVID-19 vaccine?

How is students’ emotional wellbeing affected by COVID-19 pandemic?
Which reasons are related to school absences?

SPECIFC OBJECTIVES

1.

To assess the occurrence of SARS-CoV-2 infections among students at
Sentinels Schools of Catalonia.

To identify the potential determinants of SARS-CoV-2 infections.

To determine the feasibility of a by-monthly SARS-CoV-2 testing strategy.
To describe students’ knowledges, attitudes and behaviors toward to prevent
and control of SARS-CoV-2.

To identify determinants of COVID-19 vaccine hesitation and refusal among
students over 16 years and parents of students under 16 years.

To describe the impacts of the COVID-19 on the mental health of students
over 15 years.

To identify clinical and epidemiological parameters associated to health-
related school absences among primary school population.

OPERATIONAL OBJECTIVES:
Research question 1: How many students were infected with the SARS-Cov-2 virus

in Catalonia?
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Specific objective: To assess the occurrence of SARS-CoV-2 infections among

students at Sentinels Schools of Catalonia.

Operational objective: To calculate the prevalence and incidence of SARS-CoV-2

exposures and infections through students’ biological using antibody and antigen tests.

Research question 2: What characteristics influence SARS-CoV-2 transmission

among students?
Specific objective: To identify the potential determinants of SARS-CoV-2 infections.

Operational objective: To collect students’ information to test and describe the
association between sociodemographic and epidemiological characteristics and
SARS-CoV-2 infections among students at Sentinels Schools of Catalonia.

Research question 3: How can we improve detection of SARS-CoV-2 infections

among students?

Specific objectives: To determine the feasibility of a by-monthly SARS-CoV-2 testing
strategy.

Operational objectives: To implement a by-monthly SARS-CoV-2 testing strategy
and to develop a model to calculate the minimum necessary number of tests to find

one SARS-CoV-2 infection among symptomatic and asymptomatic students.

Research question 4: How are students' conducts towards SARS-CoV-2 prevention?

Specific objective: To describe students” knowledges, attitudes and behaviors toward
to prevent and control of SARS-CoV-2.

Operational objectives: To develop a survey and to analyze the data to achieve a
global comprehension about prevention and control measures to minimize the spread

and infection of the SARS-CoV-2 virus among students.
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Research question 5: Why adolescents and parents refuse the COVID-19 vaccine?

Specific objectives: To identify determinants of COVID-19 vaccine hesitation and

refusal among students over 16 years and parents of students under 16 years.

Operational objectives: To collect information about vaccine acceptability among
students over 16 years and parents of students under 16 years. To apply a machine
learning model to assess the factors related to COVID-19 vaccine hesitation and

refusal.

Research question 6: How is students’ emotional wellbeing affected by COVID-19

pandemic?

Specific objective: To describe the impact of the COVID-19 on the mental health of

students over 15 years.

Operational objectives: To apply validated epidemiological instruments to achieve
information about the impacts caused by COVID-19 over students’ mental health.

Research question 7: Which reasons are related to school absences?

Specific objectives: To identify clinical and epidemiological parameters associated to

health-related school absences among primary school population.

Operational objectives: To adapt a syndromic surveillance instrument to identify
symptoms among children at primary school. To apply a latent class model to assess

the correlation between respiratory syndromes and school absence.
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Table 2. Correspondence between the research questions, specific and operational objectives and the publications included in the doctoral thesis.

RESEARCH QUESTIONS

SPECIFIC OBJECTIVE

OPERATIONAL OBJECTIVE

RELATED PUBLICATIONS

How many students were
infected with the SARS-Cov-2
virus in Catalonia?

To assess the occurrence of
SARS-CoV-2 infections
among students at Sentinels
Schools of Catalonia.

To calculate the incidence and prevalence
of SARS-CoV-2 exposures and infections
through students’ biological using antibody
and antigen tests.

Ganem, Fabiana, Anna Bordas, Cinta Folch, Lucia Alonso, Marcos
Montoro-Fernandez, Andreu Colom-Cadena, Ariadna Mas, et al. 2022.
“The COVID-19 Sentinel Schools Network of Catalonia (CSSNC)
Project: Associated Factors to Prevalence and Incidence of SARS-CoV-
2 Infection in Educational Settings during the 2020-2021 Academic
Year.” PLOS ONE 17 (11): €0277764.
https://doi.org/10.1371/journal.pone.0277764. (Ganem et al. 2022)

What characteristics influence
SARS-CoV-2 transmission
among students?

To identify the potential
determinants of SARS-CoV-2
infections.

To collect students’ information to test and
describe  the  association between
sociodemographic and epidemiological
characteristics and SARS-CoV-2 infections
among students at Sentinels Schools of
Catalonia.

Ganem, Fabiana, Anna Bordas, Cinta Folch, Lucia Alonso, Marcos
Montoro-Fernandez, Andreu Colom-Cadena, Ariadna Mas, et al. 2022.
“The COVID-19 Sentinel Schools Network of Catalonia (CSSNC)
Project: Associated Factors to Prevalence and Incidence of SARS-CoV-
2 Infection in Educational Settings during the 2020-2021 Academic
Year.” PLOS ONE 17 (11): e0277764.
https://doi.org/10.1371/journal.pone.0277764. (Ganem et al. 2022)

How can we improve detection

To determine the feasibility of

To develop a model to calculate the

Ganem, Fabiana, Anna Bordas, Cinta Folch, Lucia Alonso, Marcos

of SARS-CoV-2 infections a by-monthly SARS-CoV-2 | minimum necessary humber of tests to find | Montoro-Fernandez, Andreu Colom-Cadena, Ariadna Mas, et al. 2022.
among students? testing strategy. one SARS-CoV-2 infection among | “The COVID-19 Sentinel Schools Network of Catalonia (CSSNC)
symptomatic and asymptomatic students. Project: Associated Factors to Prevalence and Incidence of SARS-CoV-
2 Infection in Educational Settings during the 2020-2021 Academic
Year.” PLOS ONE 17 (11): €0277764.

https://doi.org/10.1371/journal.pone.0277764. (Ganem et al. 2022)
How are students' conducts | To describe students’ | To develop a survey and to analyze the data | Ganem, Fabiana, Anna Bordas, Cinta Folch, Lucia Alonso, Marcos
towards SARS-CoV-2 | knowledges, attitudes and | to achieve a global comprehension about | Montoro-Fernandez, Andreu Colom-Cadena, Ariadna Mas, et al. 2022.

prevention?

behaviors toward to prevent
and control of SARS-CoV-2.

prevention and control measures to
minimize the spread and infection of the
SARS-CoV-2 virus among students.

“The COVID-19 Sentinel Schools Network of Catalonia (CSSNC)
Project: Associated Factors to Prevalence and Incidence of SARS-CoV-
2 Infection in Educational Settings during the 2020-2021 Academic
Year.” PLOS ONE 17 (11): e0277764.
https://doi.org/10.1371/journal.pone.0277764. (Ganem et al. 2022)

Why adolescents and parents
refuse the COVID-19 vaccine?

To identify determinants of
COVID-19 vaccine hesitation
and refusal among students

To collect information about vaccine
acceptability among students over 16 years
and parents of students under 16 years. To

Ganem, Fabiana, Cinta Folch, Andreu Colom-Cadena, Anna Bordas,
Lucia Alonso, Antoni Soriano-Arandes, Jordi Casabona, and on behalf
of Sentinel School Network Study Group of Catalonia. 2023.
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https://doi.org/10.1371/journal.pone.0277764
https://doi.org/10.1371/journal.pone.0277764
https://doi.org/10.1371/journal.pone.0277764
https://doi.org/10.1371/journal.pone.0277764

over 16 years and parents of
students under 16 years.

apply a machine learning model to assess
the factors related to COVID-19 vaccine
hesitation and refusal.

“Determinants of COVID-19 Vaccine Hesitancy among Students and
Parents in Sentinel Schools Network of Catalonia, Spain.” Edited by
Harapan  Harapan. PLOS ONE 18 (3): e0282871.
https://doi.org/10.1371/journal.pone.0282871. (Ganem, Folch, et al.
2023)

How is students’ emotional
wellbeing affected by COVID-
19 pandemic?

To describe the impacts of the
COVID-19 on the mental
health of students over 15
years.

To apply validated epidemiological
instruments to achieve information about
the impacts caused by COVID-19 over
students’ mental health.

Folch C, Ganem F, Colom-Cadena A, Martinez I, Cabezas C, Casabona
J, on behalf of COVID-19 Sentinel School Network Study Group of
Catalonia. Impact of the COVID-19 pandemic on the psychological
well-being of adolescents by gender identity. (Folch et al 2023)

Which reasons are related to
school absences?

To identify clinical and
epidemiological ~ parameters
associated to health-related
school absences  among
primary school population.

To adapt a syndromic surveillance
instrument to identify symptoms among
children at primary school. To apply a latent
class model to assess the correlation
between respiratory syndromes and school
absence.

Additional article - Ganem, Fabiana, Lucia Alonso, Andreu Colom-
Cadena, Anna Bordas, Cinta Folch, Antoni Soriano-Arandes, and Jordi
Casabona. 2023. “Syndromic Surveillance as a Predictive Tool for
Health-Related School Absences in COVID-19 Sentinel Schools in
Catalonia, Spain.” Preprint. Epidemiology.
https://doi.org/10.1101/2023.03.24.23287681. (Ganem, Alonso, et al.
2023)
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METHODOLOGY
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Study context

The Sentinel School project (in Catala Escoles Sentinella) was conceived and implemented by
the Center for Epidemiological Studies on Sexually Transmitted Infections and AIDS of
Catalonia (CEEISCAT), which acts as coordinator, the Global Health Institute of Barcelona
(ISGlobal), Hospital Universitari Vall d'Hebron and IrsiCaixa's Living Laboratory of Health
and funded by the Department of Health and the Catalan Institute of Health (ICS), in

coordination with the Department of Education.

The aims of the CSSNC project include the monitoring of biological markers; knowledge,
attitudes and behaviors towards SARS-CoV-2 preventive measures; the identification of both
facilitators and barriers to their implementation; and the monitoring of environmental
indicators such as CO2, all together through a participatory research approach. The study

protocolo was previous published (Bordas et al. 2022).

The main objective of the project was to describe knowledge, attitude and behavior (KAB)
towards COVID-19 among students, non-teaching staff (PND) and teachers, as well as describe
the impact of established measures and interventions to prevent the transmission of SARS-
CoV-2 in the environment school over time, describe the determinants, barriers and needs
regarding the use of measures to prevent the transmission of SARS-CoV-2 in the school
environment, estimate the occurrence and monitor the dynamics of infection by SARS-CoV-2
and its determinants in the school environment and identify and implement specific

interventions through participatory research and ad hoc sub-studies.

Study design

This is a cross-sectional multicenter study to understand the sociodemographic, behavioral,
structural and environmental factors associated with SARS-CoV-2 infection and to evaluate
the interventions that are being adopted to adapt them and be able to improve prevention and

treatment. control of new cases.

The study is divided into work packages that use different methodologies to achieve their

proposed objectives:
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A. Bioconductual research

Serial cross-sectional study with semi-annual data collection methodology on knowledge,
attitudes and behaviors in relation to SARS-CoV-2 infection, impact of COVID-19 on mental
health and acceptability of vaccination. It was carried out through individual surveys addressed
to students, teaching and non-teaching staff (PND), available online through the REDCap
platform, or on paper if the participants requested it. Surveys were distributed at the beginning
(October-November) and at the end of the course (May-June). In total, three survey models
were created: survey of teaching and non-teaching staff (Survey A), survey of students under
16 years old (Survey B) answered by parents or legal guardians and survey of students over 16
years old of age (Survey C), answered by the students themselves. Surveys were available in
Catalan, Spanish and English. Regarding the knowledge of acceptability, doubts or rejection
surrounding vaccination against COVID-19, information was also collected with an additional
survey during the period from January to February, motivated by the appearance of new

variants and approval of vaccination in children from of the 5 years in the previous weeks.
B. SARS-CoV-2 infection

Study to determine the presence of the SARS-CoV-2 virus in a nasal exudate sample using the
TMA (transcription-mediated amplification) technique and the presence of anti-SARS-CoV-2
antibodies using rapid tests to detect active infection and seroprevalence, respectively. Samples
are collected at the beginning (October to November 2021) and at the end of the course (May
to June 2022). To complete the vaccination study, an additional antibody determination was
performed during the month of January. The collection of biological samples is carried out only

in 7 schools of the Sentinel Schools Network.
C. Participatory research

The study focused on solving community challenges involving schools, scientists and families
as co-investigators. This study was implemented in collaboration with the project funded by
the European Commission CONNECT, within the framework of the Open Schooling
movement promoted by the European Commission. Students are actively involved in
participatory research processes to solve local problems following three steps: Care-Know-Do.
Two versions of activity guides were designed following these methodological frameworks: a
short one (6 hours in the classroom) and a long one (12 hours in the classroom) so that teachers

can decide on the time to dedicate.
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The methodology is structured in the following phases: 1) Preparatory phase to involve the
Sentinel Schools; I1) Consultation phase (I) with virtual workshops with teachers, management
teams and mental health professionals in the form of participatory focus groups to analyze the
problems and opportunities of the current model of mental health promotion in educational
centers and develop recommendations for improvement; IlIl) Phase of presentation and
exploration of the project with students and families IVV) Consultation phase (I1) with focus
groups with students and interviews with families carried out by students; V) Phase of
integration and analysis of the results obtained and elaboration of a preliminary list of
recommendations from IrsiCaixa's Living Health Lab; VI) Phase of validation of the list of
recommendations by the educational community; V1I) Evaluation phase with surveys to assess
the impact of participatory research on knowledge, skills and attitudes towards science. VIII)
Phase of dissemination of results to the educational and scientific community and institutions.

IX) Phase of programming and implementation of the recommendations.
D. Impact of COVID-19 on emotional well-being

Exploratory qualitative methodology to assess the impact of COVID-19 on the emotional well-
being of young people attending school in Catalonia through semi-structured anonymous and
face-to-face interviews in participating educational centers from March to June 2022, and
carried out with adolescents aged 12 to 18 years old, parents and teachers from different socio-
cultural contexts within the Sentinel Schools. Participants are selected following a convenience
sampling technique, and the interview script includes a description of past and current mental
health status, self-perception of the impact of COVID-19 on mental health, emotional
management of the pandemic, and barriers and facilitators to promotion mental health in times
of pandemic. Questions to parents and teachers focus on their perception of the mental health
status of young people, thus contrasting the information collected by young people. The final
sample size was determined by the principle of data saturation (when the data obtained are
redundant). Data from the qualitative mental health study were analyzed following the thematic
analysis method proposed by Braun and Clarkel0 The results were presented to a group of

experts for verification and/or modification.
E. Environmental and Structural Assessment of Educational Centers

Study of the factors that can influence the transmissibility of the virus through: 1) structural
characterization of the educational center by a field technician who selects at least one

classroom per year from each school, including the number of 'students/m2 in the register and
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m3, type, number and surface of windows, and surface and volumes of classrooms, among
others; 1) installation of a carbon dioxide (CO2) sensor during two periods of the school year
(October-January and March-June) in 8 classrooms of each center previously selected together
with the management of the center, to measure weekly the CO2 values, temperature and
humidity of the classrooms while collecting information on the number of hours in class,
students, teachers and ventilation practices; I11) online surveys (EUsurvey platform) addressed
to directors of centers on heating and ventilation systems in schools; 1V) surveys directed at
tutors in the sampled classes on ventilation measures and other prevention factors against
COVID-19; V) installation of passive diffusion tubes during the months of March and June on
the facades of the schools and in the classrooms where the CO2 sensors were also located, to
measure the levels of nitrogen dioxide (NO2) and thus also assess the pollution atmospheric.
KKmoon and Dioxcare CO2 devices are used to measure CO2, temperature and humidity, and

passive diffusion tubes to collect data on nitrogen dioxide (NO2) levels.

F. Ventila’t i queda’t (Ventilate and stay): Effect of ventilation on absenteeism and

respiratory infections.

Observational case-control study to assess the effect of ventilation on absenteeism and
transmission of the SARS-CoV-2 coronavirus and other respiratory viruses in kindergarten and
primary school classrooms selected on the basis of average CO2 level (high >700 ppm, medium
between <500 and >700 ppm, or low <500 ppm) previously measured during the 2020-21 and
2021-22 school years 2 early childhood classrooms are selected as the control group given the
low level of CO2 previously determined in all, and 9 primary schools with low (n=3), medium
(n=3) and high (n=3) levels of CO2. Interventions carried out between April and June 2022
were: i) continuous CO2 measurements; ii) collection of epidemiological, clinical and
diagnostic data from absent students to determine the percentage of absenteeism and whether
the causes are related to respiratory infections; iii) analysis of the direct relationship or not of
the percentage of school absences with the levels of CO2 inside the classroom; iv) correlation
analysis of CO2 levels in the classrooms with the period of time (days) of school absence at
the individual level and of the total stable living group (GCE); v) quantification of secondary
attack rate and presence of epidemic outbreaks (5 or more cases) of SARS-CoV-2 and/or other

respiratory viral infections in classrooms chosen based on CO2 levels.

G. Avui com et trobes? (How are you today?) Acceptability and feasibility of

syndromic surveillance
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Longitudinal descriptive study to assess the acceptability and feasibility of syndromic
surveillance in schools carried out in 6 elementary school classes (students aged 6 to 11 years
and tutors) from 3 educational centers participating in the project, between May and June 2022.
Students respond to a brief daily anonymous survey on paper for four weeks with questions
about health status and the onset and severity of respiratory symptoms; and the teachers, in
addition to distributing and collecting these surveys, respond weekly to a questionnaire, also
on paper, where the number of absences per day is recorded and classified according to health
reasons of respiratory or other origin. In the last week, the tutor also answers another
questionnaire about the acceptability of the intervention. Data are entered by the research team
through the REDCap platform.

H. Persistence of masks in classrooms: Reasons and circumstances for maintaining

mask use

Cross-sectional study, carried out between April and May 2022. Les Escoles Sentinella faculty
inform the research team how many people wear masks in the classroom and how many do
not, classified by course, group and date. In this way, a percentage of people wearing a mask
is obtained according to the school year. A qualitative study was also carried out to deepen the
perception of young people in educational centers about the persistence of the use of masks
once their obligation was suspended in indoor spaces. Semi-structured interviews were carried
out with young people aged between 12 and 17 years old in three sentinel schools, with the aim
of understanding the reasons and circumstances in which some of them continued to wear the

mask.

Study population

The project was based in Sentinel Schools platform, defined as a network of schools
representing the organizational, structural and epidemiological diversity of the schools and the
scholar population in Catalonia territory, to project useful educational and health policies

regarding the prevention and control of SARS-CoV-2 infection.

The project including 23 sentinel schools and 4,533 children and adolescents and 1,158 staff
from all over Catalonia. Participants were selected following a convenience sampling
technique, so that participation was voluntary with prior signing of a free and informed consent

form.
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Data Collection

The collection of information was carried out quarterly during the academic years 2020-2023.
Students, teaching and non-teaching staff (PND) of the Sentinel Schools (N=50) answered
surveys on knowledge, attitudes and behavior (KAB) and epidemiology. Surveys for students
under age 16 have been contested by parents or guardians. Two field teams collected various
biological samples to detect anti-SARS-CoV-2 antibodies and/or the presence of the virus.
Structural and environmental information was collected from the centers during visits by field

researchers.

Capillary blood samples were collected for rapid antibody testing, non-invasive nasal swab
samples were collected for rapid antigen testing, RT-PCR and viral co-infections, and saliva
and nasal swab samples were collected to validate the use of the sample in 5 Sentinel Schools
for RT testing. -PCR and rapid antigen test. Capillary blood and one of the nasal samples were
processed at the time of extraction to perform the rapid antibody test and rapid antigen test. At
this time, the nursing team performed a first reading of the test and attached a photo of the
result of each test and, using a tablet, to the study database. A nasal sample was sent to the
microbiology laboratory of the Hospital Universitario Vall d'Hebron to carry out RT-PCR and
sequencing of the SARS-CoV-2 virus in these samples from patients with active infection, to
study the evolutionary dynamics of the viruses in time and time. space as well as to investigate

co-infections with other viruses.

All samples with a positive result, once processed, were frozen at -80°C and stored in the
Biobank of the German University Hospital Trias i Pujol (Biobank IGTP-HUGTP) during the
project period. Once the project is completed, these samples will be incorporated into the
sample collections of the participating laboratories in the case of the HUVH, in accordance
with Article 22 of Royal Decree RD 1716/2011. Saliva and nasal exudate samples sent to the
microbiology laboratory of the University Hospital Germans Trias i Pujol negative in the
molecular study of SARS-CoV-2 or in the study of the presence of antigens were kept in the
sample file of the Microbiology Service of the LCMN during a week.

Indicators, variables and information sources

The variables to be collected in the KAB surveys are mainly based on the WHO proposal:
WHO/Europe (2020). Monitoring knowledge, risk perceptions, preventive behaviors and
public confidence in the current coronavirus outbreak - standard WHO protocol.
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Vi.

Vii.

viil.

Generals. Survey date, school, type of questionnaire (adult, child <16 years, child >16
years).

Sociodemographic: Gender, age, sex, country of birth, level of education, population of
residence, occupation, economic situation, information regarding the environment
where you live (number of people living together/number of rooms or similar, people
over 65 years old at home, m2 of the home).

COVID-19 infection: confirmed COVID-19 infection, presentation of symptoms since
the start of the pandemic, onset of symptoms, type of symptoms, hospitalization, use of
COVID-19-related treatments, close contact with positive cases, number and degree of
exposure

Clinic and health status: current state of perceived general and mental health,
pathologies and medications.

Knowledge, attitudes and conduct: Knowledge about COVID-19 symptoms,
transmission routes, prevention measures, higher-risk groups, risk perception, attitudes
towards infection, treatments and vaccines, use of preventive measures inside and
outside school (greeting during confinement, washing hands, distancing in social
interactions, avoiding contact with elderly people, etc.).

Impact of the COVID-19 pandemic. Changes in socioeconomic, work and psychosocial
health status (self-perceived health status)

Vaccine acceptability

School-related information: levels of education covered in the school, number of
students, teaching and non-teaching staff, timetables for each class and assigned class,
information on the protocol and list of measures taken to avoid transmission.
Environmental and structural variables (inspection during school visits): number of
classrooms, number of desks/classroom, number of students/m2, m2 of school and

classrooms, m2 of patios/area outdoor area, common areas, classroom ventilation, etc.

Secondary sources of information:

AQUAS, SISAP-IDIAP individual variables: PCR tests or serologies performed:

. AQUAS, SISAP-IDIAP Ecological variables: number of new confirmed or positive

cases of SARS-CoV-2 COVID-19 by PCR/total residents, number of new confirmed or
positive cases of SARS-CoV-2 COVID-19 by PCR/ total number of people tested and
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number of new COVID-19 cases confirmed or positive for SARS-CoV-2 by
PCR/Number of suspected cases.

c. AQUAS, SISAP-IDIAP Socioeconomic variables by Basic Health Areas (ABS) where
each of the schools is located based on the report by the AQUAS Catalonia Health

Inequalities Observatory

Data Analysis

A descriptive analysis was performed to identify and characterize possible population
groups at higher risk of SARS-CoV-2 infection, investigation of factors associated with SARS-
CoV-2 infection, as well as preventive measures implemented in the school environment that
may have a positive impact using univariate and multivariate logistic regression models. The
seroprevalence obtained and the 95% confidence interval were calculated, as well as the
seroprevalence by age, sex and basic health area (ABS). Interventions were evaluated by
comparing the seroconversion and disease rates of different groups (pre- and post-intervention)

and considering the time series of the population in the corresponding ABS.

Ethics statement

All these studies listed here were approved on 17 December 2020 by the Ethical Committee of
the Foundation University Institute for Research in Primary Health Care Jordi Gol | Gurina
(IDIAPJGol) (code 20/192-PCV). A written informed consent was obtained from school staff,
and since it includes minors, was signed for parents or guardians of children under 16 years
and by participants older than 16 years that signed by themselves. All documents were archived
in a place accessed only by the researchers. The signed document provided information about,
procedures, risks, use of the collected data, anonymity, confidentiality, and general information
about the study. All participants were free to decline/withdraw consent at any time without

providing a reason and without being subject to any resulting detriment.
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ARTICLE 1

The COVID-19 Sentinel Schools Network of Catalonia (CSSNC) Project:
associated factors to prevalence and incidence of SARS-CoV-2 infection in
educational settings during the 2020-2021 academic year.
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SUMMARY

Obijective of the study: to estimate the prevalence and incidence of SARSCoV-2 exposure and

infections and to identify potential associated factors associated to them, among students and
staff of the CSSNC during the academic year 2020-2021. Moreover, as a secondary objective,

feasibility of aby-monthly testing strategy is also assessed.

Study design: were used two methodological approaches: across-sectional study to estimate
SARS-CoV-2 prevalence, and a longitudinal study to calculate the COVID-19 incidence and
evaluate the feasibility of the twice-monthly testing strategy. The cross-sectional component
was performed between February 22 and March 22, 2021, and the longitudinal component,
were proceeded through 4data collection rounds, between 6-19 April 2021, 20 April 2021 and
03 May 2021, 04 May 2021 and 18 May 2021 being the last round between 19 May 2021 and
02 June 2021.

Study population: In this study, were included 2,007 students and 520 school staff personal)

who previously signed the informed consent, from seven schools all over Catalonia. Although
they are an opportunistic sample, epidemiological, and sociodemographic characteristics of the
area, as well as type of school (public, private or chartered) were considered to assure
heterogeneity. The cross-sectional component included students aged 3—19 from preschool (3—
5 years old), elementary school (7-10-year-old), middle school (12-15-year-old), high school
(16-17 year-old) and vocational training (17-19 year-old) and school staff. For the longitudinal
component, were included in a cohort of 1,424 participants, 983 students over 12 years-old and
441 school staff.

Data collection: We collected nominal data from an online questionnaire that included

questions about demographic and economic characteristics, health status, knowledge,
perceptions and behaviors related to COVID-19, control measures, pandemic impacts, previous
SARS-CoV-2 infection, symptoms and contacts pattern as health indicators. Secondary data
were provided by the Agéncia de Qualitat 1Avaluacio” Sanitaries de Catalunya (AQUAS)
through the Primary Care Services Information System (SISAP) and Data Analytics Program
for Health Research and Innovation (PADRIS), which collect programmatic data from different
sources. Biological samples were collected from all participants to perform a rapid serological

anti-SARS-CoV-2 IgM/1gG test to estimate the initial and final seroprevalence in February and
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June 2021 respectively. Saliva and nasal swab were collected twice a month to investigate the
presence of SARS-CoV-2 RNA and SARS-CoV-2 antigens.

Variables, outcome and case definitions: Factors that could have impact in outcome were

referred to as independent variables. They were categorized in sociodemographic, health status,
contact patterns, knowledge and perceptions and, preventive measures. Our first outcome was
previous exposure to SARS-CoV-2 virus. The case definition for positive, was any individual
with a positive SARS-CoV-2 1gG. The second outcome was active SARS-CoV-2 infections,
we consider as positive any individual, symptomatic or asymptomatic with a positive RT-PCR

or RAT performed by the project team or by primary health care, during the follow-up period.

Data analysis: Univariate analysis was performed to investigate the association between
independent variables and outcome, variables with p-value <0.050 were considered statistically
significant. The prevalence ratio with 95% confidence interval (Cl) were calculated using an
adjusted Poisson model with robust error and adjustment for age, sex and school. The combined
qualitative variables were compared using the McNemar test. For the multivariate analysis, we
performed a stepforward and stepwise regression We used the same type of regression as for
univariate models (GLM Poisson with robust errors). To calculate the incidence rate for the at-
risk population, we used the number of participants with a positive result in RT-PCR or RAT
divided by person time at risk. For at risk of infection we excluded individuals with RT-PCR
or RAT positive result in the previous 60 days before started the cohort. The denominator was
defined as the sum of the time at risk of the 1,366 participants sampled during the the
longitudinal component, a univariate analysis was performed included the same variables that
had been tested in the cross-sectional component, adding the information collected during the
follow-up endpoints. These data were assessed using independent log binomial mixed models
to calculate the Relative Risk (RR). For the univariate analysis, a GLMM log binomial model
with ID as random intercept was used to estimate the PR and RR of each variable of interest,
by means of an adjusted measure and avoiding the confusion of the variables age, sex and

school.

Results: The baseline seroprevalence of SARS-CoV-2 1gG for students and school staff was,
respectively, 14.8% (95% CI. 13.1-16.5) and 22% (95% CI. 18.3-25.8); adjusted for
sensitivity and specificity it was 15.2% (95% CI: 13.5-17) and 22.6% (95% CI: 19-26.7) and
the weighted seroprevalence was 14.5% (95% CI: 12-17.1) and 22.0% (95% CI: 21.2-22.8).
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The seroprevalence of SARS-CoV-2 IgG at the end of the longitudinal component for students
over 12 years-old and staff was 18.4% (95% CI: 15.6-21.1) and 42.6% (95% CI: 37.7-47.5),
adjusted for sensitivity and specificity it was 18.9% (95% CI: 16.2-21.9) and 43.8% (95% CI:
38.8-49.0) and the weighted seroprevalence was 19.7% (95% CI: 13.3-26.1) and 42.5% (95%
Cl: 0-92.4).

The prevalence of active SARS-CoV-2 infection confirmed by RT-PCR or RAT at baseline
was 0.7% (95% CI: 0.3—-1.0) in students and 1.1% (95% CI: 0.1-2.0) in school staff. Weighted
prevalence was 1% (95% CI: 0-2.1) and 1.1% (95% CI: 1-1.1). Self-reported documented
infection of SARS-CoV-2 between February 2020 and March 2021 was 8.5% (95% CI: 7.3—
9.8) for students and 7.1% (95% CI: 4.9-9.3) for staff. For students, when weighted by sex and
age it was 8.2% (95% ClI: 4.3-12.2) and for staff when weighted by sex it was 7.1% (95% CI:
5.9-8.4).

Among those participants who had two serological tests at baseline and at the end of the
longitudinal component (round four), there was a significant increase in prevalence (p<0.001).
The main differences were in the staff group (p-value <0,001), although there was also a no
significant increase among students in vocational studies. The variables included in the
univariate analysis, for students and staff were presented into sociodemographic, health and
behaviors and contact patterns categories. Indiscriminate changes in the employment situation
(PR 1.43, CI 1.07-1.91) and improved the economic situation (PR 2.66 CI 1.18-6.00)
regarding parents and school staff were positively associated with having been infected. The
variable higher perceived knowledge was positively associated with the infection (PR 1.68 CI
1.05-2.68). The public health measure, avoiding crowded spaces was negatively associated
with the infection (PR 0.65 C10.45-0.93) and a higher risk perception was positively associated
(PR 1.49 CI 1.14-1.93). Having unspecific contact with suspected or confirmed COVID-19
case, (PR 2.76; Cl 1.94-3.93) or contact at home (PR 2.17; ClI 1.62-2.91) were positively
associated with the infection, in contrast, contact at school, had a strongly negative association
(PR 0.60 CI1 0.45-0.80). Living with a health professional was not associated with infection (p-
value =0.262).

In the multivariate analysis, the same significance and trend among socioeconomic, health
measures and contact patterns variables were observed. Incidence and univariate analysis at the
longitudinal component during the longitudinal component of the study, 45 new infections
occurred (34 students and 11 staff), 11 of them identified by RT-PCR performed by the project
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team and 34 self-reported in by the participants. It is interesting to note that out of 11 RT-PCR
positives identified in the study, only 1(9%) was also detected by RAT. The overall incidence
was 2.73 (95% C1 1.991, 3.653) per 100 person-month, that is2.887 (95% CI1 1.999, 4.034) and
2.337 (95% CI 1.167, 4.182) per 100 person-month for students and staff, respectively.

The variables included in the univariate analysis were also categorized into sociodemographic
and socioeconomic indicators, health status, and preventive compliance. There was a protective
behavior associated with socioeconomic status, when comparing the highest level (high) in
reference to the first tercile (low) (RR 0.25, 95% CI1 0.06-0.96) for the COVID-19 infection.
Contact with a suspected or confirmed caseofCOVID-19, was a risk factor for infection (RR
6.44, 95% CI 3.15-13.19). When the contact occurred at home, the risk (RR 12.42, 95% ClI
5.81-26.52) was higher than compared to school (RR 3.73, 95% CI 1.49-9.38) and other
nonspecific locations (RR 5.28, 95% CI 2.1-13.27).

We tested several sanitary measures that had been carried out in the last seven days before the
survey and only avoiding close contact with someone who is infected or at risk (RR 0.38, 95%
Cl 0.15-0.97) and a wearing mask (RR 0.14, 95% CI 0.04-0.53) were associated, this is
compatible with the also significant result of the variable contact with suspected or confirmed
cases of COVID-19. We tested the feasibility of a twice a month RT-PCR testing strategy.
Considering a prevalence of 0.07% and accuracy of 0.05) 1,258 participants should be tested

to find one positive.
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Abstract

The Sentinel Schools project was designed to monitor and evaluate the epidemiology of
COVID-19 in Catalonia, gathering evidence for health and education policies to inform the
development of health protocols and public health interventions to control of SARS-CoV-2
infection in schools. The aim of this study was to estimate the prevalence and incidence of
SARS-CoV-2 infections and to identify their determinants among students and staff during
February to June in the academic year 2020-2021. We performed two complementary studies,
a cross-sectional and a longitudinal component, using a questionnaire to collect nominal data
and testing for SARS-CoV-2 detection. We describe the results and perform a univariate and
multivariate analysis. The initial crude seroprevalence was 14.8% (95% CI: 13.1-16.5) and
22% (95% CI: 18.3-25.8) for students and staff respectively, and the active infection prevalence
was 0.7% (95% CI: 0.3-1) and 1.1% (95% CI: 0.1-2). The overall incidence for persons at risk
was 2.73 per 100 person-month and 2.89 and 2.34 per 100 person-month for students and staff,
respectively. Socioeconomic, self-reported knowledge, risk perceptions and contact pattern
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variables were positively associated with the outcome while sanitary measure compliance was
negatively associated, the same significance trend was observed in multivariate analysis. In the
longitudinal component, epidemiological close contact with SARS-CoV-2 infection was a risk
factor for SARS-CoV-2 infection while the highest socioeconomic status level was protective
as was compliance with sanitary measures. The small number of active cases detected in these
schools suggests a low transmission among children in school and the efficacy of public health
measures implemented, at least in the epidemiological scenario of the study period. The major
contribution of this study was to provide results and evidence that help analyze the transmission
dynamic of SARS-CoV-2 and evaluate the associations between sanitary protocols

implemented, and measures to avoid SARS-CoV-2 spread in schools.
Keywords: COVID-19, SARS-CoV-2, school closure, longitudinal studies
Introduction

The Coronavirus Disease 19 (COVID-19) outbreak began in Wuhan, China in
December 2019 and rapidly became an international public health emergency. As of March
2022, there had been more than 470 million cases and 6 million deaths globally [1]. The first
case of COVID-19 in Spain was confirmed on January 31, 2020, and in Catalonia on February
25 [2]. Until March 2022, the Catalan region had registered more than 2 million accumulated
cases and more than 26,000 deaths [3].

At the beginning of the pandemic, in March 2020, it was estimated that 107 countries
and 862 million children and young people were affected by the closure of schools, one of the
public health measures aiming to reduce the transmission of SARS-CoV-2 [4]. However, this
number increased to 1.57 billion students worldwide over the following months [5]. Many
governments chose to close schools in response to the pandemic because it has previously been
shown to be an effective non-pharmacological prevention measure in the control of other virus
spread like influenza [4,6] where children have had a significantly contribution [7-9].
Nevertheless, at the beginning of the current pandemic, data on the prevalence of COVID-19
in children was scarce due to low testing of the pediatric population [10] and the fact that
parameters and evidence about COVID-19 occurrence in adults could not be extrapolated to

children [11]. A great deal of effort was made to resolve this question.

Since the beginning of the pandemic, the contribution of children in the virus spread
has been discussed [12]. People aged from 0 to 14 had a lower risk of SARS-CoV-2 infection
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compared to those of 15 to 64, additionally, among the infected, older people had more severe

outcomes and reported higher mortality rates [4]

Despite estimates based in household secondary attack rates may be influenced due to
several factors such as contact patterns, increased exposure, and symptomatic surveillance,
which depends on the sensitivity of case detection, even several serological studies estimate
highest prevalence among adults under 35 years [13,14], it is known that children are not the
main source of spread of the SARS.CoV-2 virus and therefore interventions based on this

public can have an impact below expected [15,16].

The impact of school closure could also cause social, economic and health problems,
with emotional costs for children and young people considering the interruptions to other areas
of activity in schools such as, nutrition, mental health, safety, and social assistance services
[6,13,14,17-19].

In Catalonia (7,739,758 inhabitants) the closure of the 5,492 schools on 13 March 2020
affected 1,582,478 students and 116,999 teaching staff. The schools were reopened on 14
September 2020, immediately after the school vacations, between June and August, remaining
closed, therefore, for six months [20].

The current schools’ guidelines were developed by the Government of Catalonia based
on SARS-CoV-2 indicators. They include early detection and isolation as well implementation
of public health measures as natural ventilation of classrooms, stable coexistence groups (SCG
or bubble groups) and targeted screening [21,22], also monitoring COVID-19 risk factors,
determinants, transmission dynamics, preventive measures compliance and outbreaks in the
school to provide evidence to improve the safety of schools preventing further closures and
their impact [4,18,23].

The COVID-19 Sentinel Schools Network of Catalonia (CSSNC) is a part of the
COVID-19 monitoring and evaluation plan from the Health Department of Catalonia. The main
objective is to monitor and evaluate the epidemiological situation of COVID-19 and its
determinants in the educational setting, to gather evidence for the health policies aimed at the
prevention and control of SARS-CoV-2 infection in schools and as a platform for other applied
research projects. Currently, in 2022, the CSSNC includes 23 schools with 4,221 children and
1,140 staff from all over Catalonia, the study protocol has been previously published [24].
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The aims of the CSSNC project (www.escolessentinella.org) include: the monitoring

of biological markers; knowledge, attitudes and behaviors towards SARS-CoV-2 preventive
measures; the identification of both facilitators and barriers to their implementation; and the
monitoring of environmental indicators such as CO2, all together using a participatory research
approach [24].

In this paper, to answer the question about the occurrence of COVID-19 among school-
aged population, the main objectives are to estimate the prevalence and incidence of SARS-
CoV-2 exposure and infections and to identify potential associated factors associated to them,
among students and staff of the CSSNC during the academic year 2020-2021. Moreover, as a
secondary objective, feasibility of a by-monthly testing strategy is also assessed.

Materials and methods
Study design and population

In this study, were included 2,007 students and 520 school staff (teaching and non-
teaching staff, such as extracurricular education instructors and administrative personal) who
previously signed the informed consent, from seven schools all over Catalonia. Although they
are an opportunistic sample, epidemiological, and sociodemographic characteristics of the area,
as well as type of school (public, private or chartered) were considered to assure heterogeneity.
During the study period, we used two methodological approaches: a cross-sectional study to
estimate SARS-CoV-2 prevalence, and a longitudinal study to calculate the COVID-19
incidence and evaluate the feasibility of the twice-monthly testing strategy.

The cross-sectional component included students aged 3-19 from preschool (3-5 year-
old), elementary school (7-10 year-old), middle school (12-15 year-old), high school (16-17
year-old) and vocational training (17-19 year-old) and school staff.

For the longitudinal component, were included in a cohort of 1,424 participants, 983

students over 12 years-old and 441 school staff.
Data collection

The cross-sectional component was performed between February 22 and March 22,

2021, and the longitudinal component, were proceeded through 4 data collection rounds,
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between 6-19 April 2021, 20 April 2021 and 03 May 2021, 04 May 2021 and 18 May 2021
being the last round between 19 May 2021 and 02 June 2021 (Fig 1).

Baseline siudy population
N=1,527

(Initial IgMTgl SARS-CoWV-2 antibodies)

Excluded 358 participants who did
—#| not authorize biclogical sample

collection
I=MTgG SARS-CoV-2 IeMTzG SARS-CoV-2
antibodies positive = 350 antibodies negative = 1792
] Excluded students < 12 years

Follow-up study population:
W= 1424 participants
(983 students and 441 school staff)

Round 1
Poative: 10
Megative: 1240
Round 2
Positive: 14
Negatrve: 1182
Found 3
Positive: 6

Negative: 1118

Found 4
Positive: 15
Negative: 1127

Final ztudy population
N=1,153
(Final IeM /T SARS-CoV-2 antibedies)

IeMIgG SARS-CoV-2 | IeM/TgG SARS-CoV-2
Pozitive = 305 Neagative = 848

Fig 1. Flowchart of population at cross-sectional and longitudinal prospective components of

the study.

We collected nominal data from an online questionnaire but, when necessary, a paper
form was used. Questions about demographic and economic characteristics, health status,

knowledge, perceptions and behaviors related to COVID-19, control measures, pandemic

57



impacts, previous SARS-CoV-2 infection, symptoms and contacts pattern as health indicators
were included according to COSMO questionnaire [25]. In each longitudinal round,
participants filled in an additional online epidemiological survey with information related to
SARS-CoV-2 infection, suspected symptoms, exposures, and vaccine status during the

previous 15 days.

Three different questionnaire models were designed one for school staff (questionnaire
A); one for students under 16 years, which were answered by parents/guardian (questionnaire

B) and one for students over 16 years (questionnaire C).

Secondary data about vaccine coverage and socioeconomic level was provided by the
Agencia de Qualitat | Avaluacio Sanitaries de Catalunya (AquAS) through the Primary Care
Services Information System (SISAP) and Data Analytics Program for Health Research and
Innovation (PADRIS), which collect programmatic data from different sources. The variable
socioeconomic level was based on the sanitary regions and was used to categorize the place of

residences in tertiles (high, medium and low).

Biological samples were collected from all participants. A finger prick blood was
collected to perform a rapid serological anti-SARS-CoV-2 IgM/IgG test to estimate the initial
and final seroprevalence in February and June 2021 respectively. Saliva and nasal swab were
collected twice a month to investigate the presence of SARS-CoV-2 RNA and SARS-CoV-2

antigens.

All results were uploaded to the electronic health record, and, become available to the

participants normally within 48 hours of the sample collection.

Independent variables

Factors that could have impact in outcome were referred to as independent variables,
that were tested to investigate the association with the SARS-CoV-2 infection. They were
categorized in sociodemographic, health status, contact patterns, knowledge and perceptions
and, preventive measures. Each variable was coded according to the type of the question asked

in the questionnaire (Table 1).
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Table 1. Independent variables included in the study, CSSNC Catalonia, Spain 2021.

Sociodemographic

Sex Male / Female

Age Years [IQR]

Parents' occupation Dichotomized: Employed / unemployed, retired and lay-of

Parents' or school staff level of completed studies Higher studies or university / Secondary school / Primary school or None
House size (in meters) Dichotomized: >70m2 / <70m2

Economic situation Changed to worse / improved

Socioeconomical status Low / middle / high

Parents or Staff changed employment status during the pandemic yes / no

Contact pattern

Contact with suspected or confirmed COVID-19 cases (Unspecific) yes / no

Place of contact with suspected or confirmed COVID-19 cases Home / school / other
Living with a healthcare professional yes/ no
Main mode of transport On foot / bicycle / own motorcycle or car / public transport / school bus

Likert 5-point scale dichotomized: No (never, almost never or sometimes) Yes

Avoiding contact in crowded spaces (most of the time or always)

Health Status

Self-reported health status Likert 7-point scale dichotomized: Low (1-4) / High (5-7)
Underlying medical conditions yes/no
Specific underlying medical conditions Hypertension / Asthma / Obesity / Diabetes mellitus / Chronic heart disease

Knowledge and perceptions

Likert 5-point scale dichotomized: No (never, almost never or sometimes) Yes

Perceived knowledge (most of the time or always)

Perception of risk Likert 7-point scale dichotomized: Low (1-4) / High (5-7)
Compliance of preventive measures in the last 7 days

Washing hands yes/no
Avoiding close contact with someone who is infected or at risk yes/no
Avoiding crowded spaces or crowds yes/no
Avoiding closed or indoor spaces yes/ no
Ventilating closed spaces whenever possible yes / no
Wearing a mask yes/no
Self-isolation yes/no
Frequently disinfecting used objects yes/no
Avoiding public transportation yes/no
Use of hand sanitizing gels yes/ no
Avoiding touching the face, eyes, mouth with unwashed hands yes/no
Staying at home if I have a cold or other illness yes/no
Avoiding trips abroad yes/no
Covering the mouth with the elbow when coughing or sneezing yes / no
Laboratory assays

A RT-PCR assay (Allplex SARS-CoV-2/FIUA/FIuB/RSV, Werfen, Korea) and a
molecular assay based on the transcription mediated amplification assay (TMA) (Procleix
SARS-CoV-2, Grifols, Barcelona, Catalonia, Spain) was conducted to detect SARS-CoV-2
RNA. The nasal swab samples for detection of SARS-CoV-2 antigen were processed using
the Panbio COVID-19 Ag Rapid Test (Abbot, Chicago, IL, USA), following the
manufacturer’s instructions, with a sensitivity of 93.3% (95% CI: 83.8-98.2%) and specificity
of 99.4% (95% CI: 97.0-100%). For the anti-SARS-CoV-2 IgM/IgG test we used a rapid
SARS-CoV-2 serological test (COVID-19 IgG/IgM Rapid Test Kit, Lambra, Madrid, Spain),
following the manufacturer’s instructions, with sensitivities of 97.2% (IgG) and 87.9% (IgM),
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and specificities of 100% for both immunoglobulins, but following recommendations to the
Public Health Protocol for COVID-19 [22], because of the low specificity of IgM antibodies
and several reported cross-reactions with other non-specifics proteins, only IgG antibodies
were used to assess the prevalence of SARS-CoV-2.

The samples that SARS-CoV-2 were detected were stored in the sample collection
C.0001145 located at the Vall d’Hebron Hospital Universitari (Barcelona, Spain) in the sample
collection registered at the Instituto de Salud Carlos 11 register, Madrid, Spain.Saliva samples
with positive SARS-CoV-2 results were frozen and stored at the IGTP-HUGTIP Biobank,
Badalona, Catalonia, Spain, and maintained for two years.

Outcomes and case definitions

Our first outcome was previous exposure to SARS-CoV-2 virus. The case definition for
positive, was any individual with a positive SARS-CoV-2 IgG antibodies detected by rapid

test.

The second outcome was active SARS-CoV-2 infections. The case definition for
positive was any individual, symptomatic or asymptomatic with a positive RT-PCR or RAT
detected by the project team or detected and confirmed by RT-PCR or RAT performed by
primary health care, during the follow-up period. We decided to include these self-reported
documented infections because students and school staff with positive results started the
isolation protocol and were no longer tested at school.

Data analysis

We calculated crude and adjusted prevalence for students of 2-20 years of age on the
census in Catalan schools, adjusting for age and sex. For school staff, we only adjusted for sex
and then by sensitivity and specificity of the tests. The differences between initial and final
seroprevalence were only calculated for students from first grade of middle school or older and

staff, using the McNemar test.

Descriptive analysis was performed, and the data were provided globally and stratified
by educational stage when possible and presented considering sociodemographic and
socioeconomic indicators; contact pattern; knowledge, behavior and perceptions of COVID-19
and health status. Frequency, measures of central tendency (mean and median) and dispersion

(standard deviation and IQR) were calculated.
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Univariate analysis was performed to investigate the association between independent
variables and outcome, variables with p-value <0.050 were considered statistically significant.
The prevalence ratio with 95% confidence interval (CI) were calculated using an adjusted
Poisson model with robust error and adjustment for age, sex and school. The combined

qualitative variables were compared using the McNemar test.

For the multivariate analysis, we proceeded an initial correlation graph (polychoric
correlation) was constructed for each category of variables and of the pairs that had a
correlation coefficient greater than 0.8 (in absolute value), only one of the variables was used
for the analysis. To fit a multivariate model, we performed the analysis with stepforward and
stepwise regression, ie. starting with the model with all variables, then removing them one by
one and subsequently starting with an empty model adding the variables one by one. We used
the same type of regression as for univariate models (GLM Poisson with robust errors). We
selected variables by significance, R2 and AIC, and both models (stepforward and stepwise
regression) gave us the same model with R2 0.184547 and AIC 1261.318, compatible with the
set of behavioral variables included in the model. We checked the Goodness of fit for the

multivariate model and observed that no overdispersion was found in the Poisson model.

To calculate the incidence rate for the at-risk population, we used the number of
participants with a positive result in RT-PCR or RAT divided by person time at risk. For at risk
of infection we excluded individuals with RT-PCR or RAT positive result in the previous 60
days before started the cohort. The denominator was defined as the sum of the time at risk of
the 1,366 participants sampled during the cohort (950 students and 416 employees). Time at
risk was defined for each participant, as the difference of time between the moment that they
entered the study and the endpoint when they tested positive or, if they did not obtain any
positive result, the last round that they were tested. The result was presented per 100 person-

month.

In the longitudinal component, a univariate analysis was performed included the same
variables that had been tested in the cross-sectional component, adding the information
collected during the follow-up endpoints. These data were assessed using independent log
binomial mixed models to calculate the Relative Risk (RR) with participant’s identifier as
random effect and adjusting for age, sex and school. Due the low number of positives, a

multivariate model for the longitudinal component was not proceed.
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For the univariate analysis, a GLMM log binomial model with ID as random intercept
was used to estimate the PR and RR of each variable of interest, by means of an adjusted

measure and avoiding the confusion of the variables age, sex and school.

Two composite indicators were created to measure the participant's knowledge of
COVID-19: “perceived knowledge” and “factual knowledge” and another indicator to measure
the “risk perception”. The “perceived knowledge” and “risk perception” were measured using
a Likert 7-point scale, 1-4 scores were considered as low level of knowledge or low level of
risk perception and 5-7 as high level. And “factual knowledge” was measured by a binary score
composed of three aspects: people at risk, symptoms and means of transmission. The answers
were counted, and we classified as high level of factual knowledge when more than 50% of

answers were correct and 50% or less as low.

All analyses were carried out with R (version 4.1.0). Confidence intervals for incidence
were obtained using the ‘epi.conf’ function from ‘epiR’ package The number of samples that

should be tested to find a positive was calculated using Ene 3.0.
Ethics Statement

The Foundation University Institute for Research in Primary Health Care Jordi Gol i
Gurina (IDIAPJGol) approved the study on 17 December 2020 (code 20/192-PCV). Informed
consent was obtained from school staff, parents for those children under 16 and alumni aged
16 or older. Participants were free to decline/withdraw consent at any time without providing

a reason and without being subject to any resulting detriment.
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Results

For participants students, except for the preschool, most participants were female
(55%) overall. Regarding socioeconomic variables, 821 (41.7%) students’ fathers and 1,043
mothers (52.3%) have high levels of study or university qualifications, 1,705 (86.7%) of the
students’ fathers and 1613 (81.0%) of the students’ mothers were employed in the study period
(Table 2).
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Table 2. General characteristics of the students participating in the Sentinel School project, Catalonia, Spain. February-March 2021.

. Preschool Elementary school Middle school High school Vocqtlpnal
Variables Training
N=223 N=752 N=599 N=316 N=117
Sociodemographic and socioeconomic indicators n % n % n % n % n %
Sex
Female 108 48.4% 387 51.5% 306 51.1% 211 66.8% 92 78.6%
Male 115 51.6% 365 48.5% 293 48.9% 105 33.2% 25 21.4%
Age (years) 4.00 [3.00;5.00] 9.00 [7.00;10.0] 13.0[12.0;15.0] 17.0[16.0;17.0] 18.0[17.0;19.0]
Level of completed studies (father)
Without formal education or incomplete primary Education 10 4.6% 36 5,00% 22 3.7% 4 1.3% 14 12,00%
Primary school certificate 38 17.4% 140 19.2% 135 22.9% 44 13.9% 40 34.2%
Secondary school certificate 63 28.8% 208 28.6% 159 26.9% 93 29.4% 33 28.2%
Higher studies or University 105 47.9% 329 45.2% 224 38,00% 154 48.7% 9 7.7%
Don't know 0 0.0% 2 0.3% 33 5.6% 18 5.7% 16 13.7%
Not applicable 3 1.4% 13 1.8% 17 2.9% 3 1,00% 5 4.3%
Level of completed studies (mother)
Without formal education or incomplete primary Education 11 5.0% 43 5.8% 27 4.6% 4 1.3% 12 10.3%
Primary school certificate 22 10.0% 76 10.2% 91 15.3% 28 8.9% 40 34.2%
Secondary school certificate 42 19.1% 193 25.8% 168 28.3% 88 27.8% 34 29.1%
Higher studies or University 144 65.5% 427 57.2% 275 46.4% 182 57.6% 15 12.8%
Don't know 0 0.0% 4 0.5% 26 4.4% 12 3.8% 14 12,00%
Not applicable 1 0.5% 4 0.5% 6 1,00% 2 0.6% 2 1.7%

Occupation (father)

Not applicable 8 3.7% 27 3.7% 39 6.6% 7 2.2% 12 10.3%
Others 2 0.9% 17 2.3% 8 1.4% 1 0.3% 3 2.6%
Retired 0 0.0% 5 0.7% 10 1.7% 7 2.2% 8 6.8%
Household keeper 2 0.9% 1 0.1% 0 0.0% 0 0.0% 0 0.0%
Unemployed 5 2.3% 17 2.3% 38 6.5% 9 2.9% 4 3.4%
Sick leave 3 1.4% 7 1.0% 9 1.5% 6 1.9% 6 5.1%
Employed 198 90.8% 652 89.8% 485 82.3% 286 90.5% 84 71.8%

Occupation (mother)
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Not applicable 5 2.3% 33 4.4% 23 3.9% 7 2.2% 3 2.6%
Others 4 1.8% 12 1.6% 8 1.4% 1 0.3% 3 2.6%
Retired 1 0.5% 0 0.0% 4 0.7% 1 0.3% 2 1.7%
Household keeper 19 8.7% 42 5.6% 56 9.4% 15 4.8% 14 12.0%
Unemployed 11 5.1% 29 3.9% 37 6.2% 6 1.9% 7 6.0%
Sick leave 3 1.4% 12 1.6% 7 1.2% 5 1.6% 8 6.8%
Employed 175 80.3% 618 82.8% 459 77.3% 281 88.9% 80 68.4%
House size (m2)
<50 m2 1 0.5% 8 1.1% 12 2.0% 4 1.3% 0 0.0%
51-70 m2 22 10.0% 61 8.1% 57 9.6% 13 4.1% 10 8.6%
71-90 m2 85 38.5% 235 31.4% 131 22.0% 70 22.2% 28 23.9%
91-110 m2 48 21.7% 190 25.4% 132 22.2% 67 21.2% 17 14.5%
111-130 m2 35 15.8% 111 14.8% 93 15.6% 54 17.1% 15 12.8%
>130 m2 28 12.7% 142 19.0% 135 22.7% 76 24.1% 19 16.2%
Don't know 2 0.9% 4 0.5% 36 6.1% 49 15.5% 34 29.1%
Underlying medical conditions
No 205 93.2% 698 93.4% 538 90.1% 289 91.5% 97 82.9%
Yes 15 6.8% 49 6.6% 59 9.9% 27 8.5% 20 17.1%
Specific underlying medical conditions (n=274)
Hypertension 0 0.0% 0 0.0% 0 0.0% 1 3.7% 0 0.0%
Asthma 5 33.3% 12 25.5% 31 52.5% 8 29.6% 9 45.0%
Obesity 0 0.0% 0 0.0% 1 1.7% 0 0.0% 0 0.0%
Diabetes mellitus 0 0.0% 1 2.1% 3 5.1% 1 3.7% 1 5.0%
Chronic heart disease 2 13.3% 3 6.38% 1 1.7% 1 3.7% 0 0.0%
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For school staff, mean [IQR] age was 43 [IQR 33-51], 410 (78.8%) were female, 418
(80.5%) had a high level of studies or university qualifications and 292 (56.2%) used their own
car as the main means of transport. About 20% (104) had a comorbidity, the most common was
asthma 23 (22.1%) and hypertension 21 (20.2%) (table 3)

Table 3. General characteristics of the school staff participating in the Sentinel School project,
Catalonia, Spain. February-March 2021

School staff

Variables N=520
Sociodemographic and socioeconomic indicators n %
Sex
Female 410 78.8%
Male 110 21.2%
Age (years) 43.0 [33.0;51.0]
Level of completed studies (school staff)
Without formal education or incomplete primary Education 4 0.8%
Primary school certificate 28 5.4%
Secondary school certificate 69 13.3%
Higher studies or University 418 80.5%
House size (m2)
<50 m2 15 2.9%
51-70 m2 71 13.7%
71-90 m2 143 27.5%
91-110 m2 112 21.5%
111-130 m2 72 13.8%
>130 m2 91 17.5%
Don't know 16 3.1%
Health status
Underlying medical conditions
No 416 80.0%
Yes 104 20.0%
Specific underlying medical conditions (n=274)
Hypertension 21 20.2%
Asthma 23 22.1%
Obesity 8 7.7%
Diabetes mellitus 4 3.9%
Chronic heart disease 2 1.9%

Regarding epidemiological data for SARS-CoV-2 exposure risk, for students, the most
common place of contact with suspected or confirmed case was at the school, being 65 (65.0%)
in preschool group for school staff, 122 (63.2%) reported having contact with a suspected or
confirmed case at the school (Table 4).
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Table 4. Contact pattern of students and school staff participating in the Sentinel School project, Catalonia, Spain. February-March 2021.

. Preschool Elementary Middle school High school Voca}tlpnal School staff
Variables school Training
N=223 N=752 N=599 N=316 N=117 N=520

Lives with healthcare professional

No 189 851% 656 87.6% 538 90.6% 274  86.7% 104 88.9% 442  92.9%

Yes 33 14.9% 93 12.4% 56 9.4% 42 13.3% 13 11.1% 34 7.1%
Main mode of transport

On foot 152  682% 495 65.8% 378 63.3% 136 43.0% 22 18.8% 152 29.2%

Scooter/bicycle 30 13.5% 30 4.0% 29 4.9% 33 10.4% 1 0.9% 36 6.9%

Motorcycle/own car 81 36.3% 284 37.8% 173 29.0% 119 37.7% 71 60.7% 292 56.2%

Public transport 21 9.4% 89 11.8% 106 17.8% 103 32.6% 39 33.3% 97 18.7%

School bus 1 0.5% 5 0.7% 3 0.5% 1 0.3% 1 0.9% 0 0.0%
Contact with suspected or confirmed COVID-19 cases

Don't know 72 32.6% 320 43.0% 155  26.1% 54 17.1% 22 18.8% 205 39.5%

No 48 21.7% 174 23.4% 168 28.2% 100 31.6% 24 20.5% 121 23.3%

Yes, with both confirmed and suspected cases 4 1.8% 22 3.0% 26 4.4% 23 7.3% 12 10.3% 40 7.7%

Yes, with suspected cases 5 2.3% 13 1.8% 16 2.7% 13 4.1% 4 3.4% 14 2.7%

Yes, with confirmed cases 92 41.6% 215 289% 230 38.7% 126 39.9% 55 47.0% 139  26.8%
Place of contact

At home 42 42.0% 122 49.6% 115 42.3% 72 44.4% 23 32.4% 58 30.1%

At school 65 65.0% 137  55.7% 165 60.7% 82 50.6% 41 57.7% 122 63.2%

Leisure activities 2 2.0% 25 10.2% 53 19.5% 54 33.3% 17 23.9% 26 13.5%

Don't know 0 0.0% 3 1.2% 0 0.0% 8 4.9% 4 5.6% 0 0.0%

Others 5 5.0% 9 3.7% 17 6.3% 11 6.8% 16 22.5% 23 11.9%
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Seroprevalence, univariate and multivariate analysis in the cross-sectional component

The baseline seroprevalence of SARS-CoV-2 IgG for students and school staff was,
respectively, 14.8% (95% CI: 13.1 - 16.5) and 22% (95% CI. 18.3 - 25.8); adjusted for
sensitivity and specificity it was 15.2% (95% CI: 13.5 - 17) and 22.6% (95% ClI: 19 - 26.7) and
the weighted seroprevalence was 14.5% (95% CI: 12 - 17.1) and 22.0% (95% CI: 21.2 - 22.8).
The seroprevalence of SARS-CoV-2 IgG at the end of the longitudinal component for students
over 12 years-old and staff was 18.4% (95% CI: 15.6 - 21.1) and 42.6% (95% CI: 37.7 - 47.5),
adjusted for sensitivity and specificity it was 18.9% (95% CI: 16.2 - 21.9) and 43.8% (95% ClI:
38.8 - 49.0) and the weighted seroprevalence was 19.7% (95% Cl: 13.3 - 26.1) and 42.5% (95%
Cl: 0-92.4). The prevalence of active SARS-CoV-2 infection confirmed by RT-PCR or RAT
at baseline was 0.7% (95% CI: 0.3 - 1.0) in students and 1.1% (95% CI: 0.1 - 2.0) in school
staff. Weighted prevalence was 1% (95% CI: 0 - 2.1) and 1.1% (95% CI: 1 - 1.1). Self-reported
documented infection of SARS-CoV-2 between February 2020 and March 2021 was 8.5%
(95% CI: 7.3 - 9.8) for students and 7.1% (95% CI: 4.9 - 9.3) for staff. For students, when
weighted by sex and age it was 8.2% (95% ClI: 4.3 - 12.2) and for staff when weighted by sex
it was 7.1% (95% CI: 5.9 - 8.4) (Table 5).

Table 5. Summary of crude and adjusted seroprevalence and active infections during the first
trimester of 2021 in sentinel school project, Catalonia, Spain.

Indicator

Students n=2007
% (95%Cl)

Staff n= 520
% (95%Cl)

Seroprevalence

Initial crude seroprevalence of SARS-CoV-2 1gG

Adjusted initial seroprevalence for sensitivity and specificity *
Weighted initial seroprevalence of SARS-CoV-2 IgG 2

14.8 (13.1 - 16.5)
15.2 (135 - 17)
145 (12 - 17.1)

22 (18.3 - 25.8)
22.6 (19 - 26.7)
22.0 (21.2 - 22.8)

Final crude seroprevalence of SARS-CoV-2 IgG (n=1153)
Adjusted final seroprevalence for sensitivity and specificity * (n=1153)

18.4 (15.6 - 21.1)
18.9 (16.2 - 21.9)

42.6 (37.7 - 47.5)
43.8 (38.8 - 49.0)

Weighted final seroprevalence of SARS-CoV-2 IgG ? (n=1153) 19.7 (13.3- 26.1) 42,5 (0-92.4)
Active infection

Prevalence of active SARS-CoV-2 infection at baseline 3 0.7 (0.3-1.0) 1.1(0.1-2.0)
Weighted prevalence of active SARS-CoV-2 infection at baseline %3 1(0-21) 1.1(1-11)

1.COVID-19 IgG/IgM Rapid Test Kit, Lambra with sensitivities of 97,2% (IgG) and 87,9% (IgM), and

specificities of 100%

2. Weighted according to 2020 student censused in Catalonia age 2-20 years by sex and age and school staff by
sex. Estimated prevalence of the biological samples collected by the project team or the applied questionnaire
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3. Biological samples collected during baseline, TMA with nasal swab performed by project team between Feb
and Mar 2021

Abbreviations: 1gG: immunoglobulin G; 95% CI: 95% Confidence interval

Among those participants who had two serological tests at baseline and at the end of
the longitudinal component (round four), there was a significant increase in prevalence
(p<0.001). The main differences were in the staff group (p-value <0,001), although there was
also a no significant increase among students in vocational studies (Fig 2).
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Fig 2. Adjusted seroprevalence of antibodies IgG anti-SARS-CoV-2 in longitudinal population by educational
stages and school staff at the baseline (February-March 2021) and the last follow-up (May-June 2021). *** p
<0.001 using McNemar test.

The variables included in the univariate analysis, for students and staff were presented
into sociodemographic, health and behaviors and contact patterns categories. Indiscriminate
changes in the employment situation (PR 1.43, Cl 1.07-1.91) and improved the economic
situation (PR 2.66 CI 1.18-6.00) regarding parents and school staff were positively associated

with having been infected. The variable higher perceived knowledge was positively associated
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with the infection (PR 1.68 C1 1.05-2.68). The public health measure, avoiding crowded spaces
was negatively associated with the infection (PR 0.65 CI 0.45-0.93) and a higher risk
perception was positively associated (PR 1.49 CI 1.14-1.93) (Table 6)

In the case of contact patterns, having unspecific contact with suspected or confirmed
COVID-19 case, (PR 2.76; ClI 1.94-3.93) or contact at home (PR 2.17; CI 1.62-2.91) were
positively associated with the infection, in contrast, contact at school, had a strongly negative
association (PR 0.60 CI 0.45-0.80). Living with a health professional was not associated with
infection (p-value= 0.262). (Table 7).
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Table 6. Summary and univariate analysis between SARS-CoV-2 infection and sociodemographic, health and behavioral indicators of
students and staff from sentinel schools. Catalonia, February to March 2021.

Students Staff Total Univariate analysis
Variables Positive N=180 Negative N=1827 Positive N=41 Negative N=479 Positive N=221 Negative N=2306 Prevalence ratio p-value
n % n % n % n % n % n % (PR)
Sociodemographic
Sex - -
Female 101 56.1 1003 549 32 78.0 378 78.9 133 60.2 1381 59.9 - -
Male 79 43.9 824 45.1 9 22.0 101 21.1 88 39.8 925 40.1 - -
Age (years) 15.0[11.0;16.0] 12.0[8.00;15.0] 45.0[32.0;50.0] 43.0[33.5;51.0] 15.0[12.0;18.0] 13.0[9.00;17.0] - -
Changed employment status
during the pandemic
No 128 73.1 1418 797 34 82.9 392 82.7 162 75.0 1810 80.3 ref
Yes 47 26.9 362 20.3 7 17.1 82 17.3 54 25.0 444 19.7 1.43(1.07-1.91) 0.015
Economic situation
Changed to worse 40 88.9 407 96.4 3 60.0 69 82.1 43 86.0 476 94.1 ref
Improved 5 111 15 3.6 2 40.0 15 17.9 7 14.0 30 59 2.66(1.18-6.00) 0.019
Socioeconomical status
Low 77 42.8 837 46.5 23 56.1 239 51.1 100 45.2 1076 47.4 ref
Middle 43 23.9 542 30.1 13 31.7 132 28.2 56 25.3 674 29.7 0.74 (0.52-1.06) 0.098
High 60 33.3 422 23.4 5 12.2 97 20.7 65 29.4 519 229 1.12(0.76-1.65) 0.582
Knowledge and perceptions
Perceived knowledge **
Low 13 24.1 150 37.8 7 17.1 135 28.2 20 21.1 285 325 ref
High 41 75.9 247 622 34 82.9 344 71.8 75 78.9 591 67.5 1.68(1.05-2.68) 0.030
Risk perception**
Low 120 66.7 1435 79.2 17 415 228 47.6 137 62.0 1663 72.6 ref
High 60 33.3 377 208 24 58.5 251 52.4 84 38.0 628 27.4 1.49(1.14-1.93) 0.003

* Likert scale. No: never, almost never or sometimes; Yes: most of the time or always

** ikert scale. Low: 1-4; High: 5-7

*** GLM adjusted Poisson model with robust error and adjustment for age, sex and school
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Table 7. Univariate analysis between SARS-CoV-2 infection and contact patterns of students and staff from sentinel schools. Catalonia, Spain,
February-March 2021.

Students Staff Total Univariate analysis
Variables Positive Negative Positive Negative Positive Negative
N=180 N=1827 N=41 N=479 N=221 N=2306 Prevalence ratio  p-value
n % n % n % n % n % n %

Lives with healthcare professional

No 163 91.1 1598 87.9 35 946 407 92,7 198 917 2005 88.8 ref

Yes 16 89 221 121 2 54 32 73 18 83 253 112 0.77 (0.49-1.22)  0.262
Unspecific contact with suspected cases of COVID-19

Don't know 24 134 599 33.0 13 31.7 192 402 37 168 791 345 ref

No 21 117 493 272 4 98 117 245 25 114 610 26.6 0.79(0.49-1.29) 0.349

Yes 134 749 722 398 24 585 169 354 158 718 891 389 2.76(1.94-3.93) <0.001
Contact with suspected cases of COVID-19 at home

No 52 388 425 593 12 50.0 123 728 64 405 548 619 ref

Yes 82 612 292 40.7 12 500 46 272 94 595 338 381 2.17(1.62-291) <0.001
Contact with suspected cases of COVID-19 at school

No 66 493 295 411 15 625 56 331 81 513 351 39.6 ref

Yes 68 50.7 422 589 9 375 113 669 77 487 535 60.4 0.60(0.45-0.80) <0.001
Avoiding contact in crowded spaces*

No 26 144 170 95 4 100 23 49 30 136 193 8.5

Yes 154 85.6 1625 90.5 36 90.0 452 952 190 86.4 2077 915 0.65(0.45-0.93) 0.019
Self-reported health status**

Low 8 4.4 27 15 2 49 22 46 10 45 49 2.1 ref

High 172 95,6 1794 985 39 951 457 954 211 955 2251 97.9 0.55(0.30-1.01) 0.053

* Likert scale. No: never, almost never or sometimes; Yes: most of the time or always
** Likert scale. Low: 1-4; High: 5-7
*** GLM adjusted Poisson model with robust error and adjustment for age, sex and school
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In the multivariate analysis, the same significance and trend among socioeconomic,

health measures and contact patterns variables were observed (Table 8).

Table 8. Multivariate analysis between SARS-CoV-2 infection, sociodemographic and health
indicators, by students and staff from sentinel schools. Catalonia, February to March 2021.

Variables Estimate Cl_low CIl_upp p-value
Contact pattern 2.205 1.876 2591 <0.001
Perceived gravity if infected with coronavirus 1.328 1.011 1.744 0.041
Be employed 1348 1009 1801 0.043
Compliance of sanitary measures 0547 0372 0.805 0.002
Self-reported health status 0432 0221 0845 0.014
Use of transport public or school bus 0522 0.327 0.836  0.007
Parents educational level (higher) 0.726 0554 0.953 0.021

Incidence and univariate analysis at the longitudinal component

During the longitudinal component of the study, 45 new infections occurred (34
students and 11 staff), 11 of them identified by RT-PCR performed by the project team and 34
self-reported in by the participants. It is interesting to note that out of 11 RT-PCR positives
identified in the study, only 1 (9%) was also detected by RAT.

The overall incidence was 2.73 (95% CI 1.991, 3.653) per 100 person-month, that is 2.887
(95% CI 1.999, 4.034) and 2.337 (95% CI 1.167, 4.182) per 100 person-month for students and
staff, respectively.

The variables included in the univariate analysis were also categorized into sociodemographic
and socioeconomic indicators, health status, and preventive compliance. There was a protective
behavior associated with socioeconomic status, when comparing the highest level (high) in
reference to the first tercile (low) (RR 0.25, 95% CI 0.06-0.96) for the COVID-19 infection
(Table 9).
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Table 9. Longitudinal component results by follow-up endpoint and relative risk adjusted by sex and age, of risk factors for SARS-CoV-2 infection
in participants of the longitudinal component. Sentinel schools project, Catalonia, Spain, April to June 2021.

Round 1 Round 2 Round 3 Round 4 Univariate analysis
. Positive Negative Positive Negative . _ Negative Positive Negative
Variables N=10 N=1250 N=14 N=1182  POSIVEN=6 \o111g N=15 N=1127 RR(95% CI)  p-value
n % n % n % n % n % n % n % n %

Socioeconomic
Sex

Female 4 400 815 652 5 357 761 644 5 83.3 709 634 10 66.7 722 64.1 - -

Male 6 60.0 435 348 9 643 421 356 1 16.7 409 366 5 333 405 359 - -
Age - years [IOR] 155 16.0 15.0 16.0 145 16.0 16.0 16.0 ) )

ge-y [142:16.8]  [14.0;31.0]  [13.0;16.0] [14.0;32.0]  [125:345] [13.0:320] [14.0:345] [14.0:34.0]
Socioeconomic level

Low 5 50.0 657 532 10 714 629 539 2 333 553 501 8 533 587 529 ref

Middle 4 400 351 284 3 214 319 274 4 66.7 336 304 6 400 324 292 0.91(0.43-1.93) 0.814

High 1 100 226 183 1 714 218 187 0 0.0 215 195 1 6.7 199 179 0.25(0.06-0.96) 0.044
Contact pattern*
Had contact

Don't know 3 333 607 59.4 4 364 452 606 2 333 247 604 8 667 341 69.0 ref

No 4 44.4 347 34.0 2 18.2 247 331 O 0.0 132 323 2 167 134 271 0.74(0.32-1.75) 0.497

Yes 2 22.2 68 6.7 5 455 47 6.3 4 66.7 30 733 2 16.7 19 3.9 6.44(3.15-13.19) <0.001
Contact at home

No 8 889 1001 979 8 727 742 995 4 66.7 400 97.8 11 917 492 996 ref

Yes 1 111 21 21 3 273 4 05 2 333 9 2.2 1 8.3 2 0.40 12.42(5.81-26.52) <0.001
Contact at school

No 8 889 985 96.4 10 90.9 710 952 4 66.7 396 96.8 11 917 479 97.0 ref

Yes 1 111 37 3.6 1 9.1 36 48 2 333 13 32 1 8.3 15 3.0 3.73(1.49-9.38) 0.005
Unspecific contact

No 8 889 990 969 9 818 729 97.7 4 66.7 400 97.8 12 100 490 99.2 ref

Yes 1 111 32 3.1 2 18.2 17 23 2 333 9 2.2 0 0.0 4 0.8 5.28(2.1-13.27) <0.001
Health status
Chronic diseases

No 6 60.0 1083 86.8 13 929 1023 86.7 3 50.0 965 865 12 800 979 87.0 ref

Yes 4 40.0 165 13.2 1 7.1 157 133 3 50.0 151 135 3 200 146 130 2.18(1.1-4.33) 0.026
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Preventive measures**
Wearing a mask
No 0 0.0 8 0.8 1

Yes 9 100 1012 99.2 9
Avoid contact*

No 2 22.2 43 45 1

Yes 7 77.8 921 95.5 9

10.0
90.0

10.0
90.0

5
741

39
656

0.7
99.3

5.6
944

[y

16.7
83.3

16.7
83.3

1
404

20
361

0.3
99.8

53
94.8

0
11

1
10

0.0
100

9.1
90.9

1
490

25
429

0.2
99.8

55
945

ref
0.14 (0.04-0.53)

ref
0.38 (0.15-0.97)

0.004

0.043

* With people suspect, confirmed or at risk for COVID-19
** |n the last 7 days

*** Calculated using an independent log binomial mixed model
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Contact with a suspected or confirmed case of COVID-19, was a risk factor for
infection (RR 6.44, 95% CI 3.15-13.19). When the contact occurred at home, the risk (RR
12.42, 95% CI 5.81-26.52) was higher than compared to school (RR 3.73, 95% CI 1.49-
9.38) and other non-specific locations (RR 5.28, 95% CI 2.1-13.27).

We tested several sanitary measures that had been carried out in the last seven
days before the survey and only avoiding close contact with someone who is infected or
at risk (RR 0.38, 95% CI 0.15-0.97) and a wearing mask (RR 0.14, 95% CI 0.04-0.53)
were associated, this is compatible with the also significant result of the variable contact

with a suspected or confirmed cases of COVID-19.

We tested the feasibility of a twice a month RT-PCR testing strategy. Considering
a prevalence of 0.07% and accuracy of 0.05) 1,258 participants should be tested to find

one positive.
Discussion

In Switzerland, the “Ciao Corona” study, conducted in June/July 2020,
October/November 2020, and March/April 2021 with 2,585 children, found 2.8% (95%(ClI
1.6-4.1%) SARS-CoV-2 IgG, IgM and IgA seroprevalence [26,27]. In Germany, a study
conducted during May and June 2020 founded 0.6% seroprevalence for students and
school staff and 0.7% at the follow up, in September/October 2020 [28]. A population
study carried out with children under 18 years of age in Catalonia found a lower
seroprevalence than what we found in our study, of 4.4% between March and April 2020.
This difference may reflect the difficulty of diagnosing asymptomatic youngers especially
during the initial period of the pandemic, emphasizing the importance of active
surveillance of school sentinel populations, for the timely detection of respiratory viruses
[29].

As expected, in our study there was a significant increase in SARS-CoV-2
seroprevalence, in the school staff group, which can be explained by the increase of
vaccination coverage. According to PADRIS data the vaccine coverage in school staff
went from 78% and 0.6% in April 2021 to 84.3% and 35.6% in June 202, partly and fully
vaccinated respectively. At the time of seroprevalence data collection in this study,

vaccines were not approved for people under 18 years.

The prevalence of active SARS-CoV-2 infections detected by the project was low

considering the overall prevalence and incidence from Catalonia during the same period
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[3,20,30,31]. This suggests that public health strategies such as testing of symptomatic
individuals and contact tracing efforts were effective at identifying an active infection at
school, even the asymptomatic population [28]. Another study proceeded during in
December 2020, in a high community transmission period in Switzerland [17] found, a
positive PCR in none of the teacher and one child and Antigen positive test in 7 (1.1%)
children and 2 (3.0%).

Considering detected and self-reported infections in our longitudinal study we
found a low incidence of COVID-19 infections, consistent with other studies that have
very similar results to ours [28,32-34]. Also, there are studies suggesting that higher
community incidence, diagnostic issues [30], demographic and economic aspects are
determinants in the variation of different rates detected, as showed in these studies
[16,35,36].

The association between socioeconomic status and SARS-CoV-2 infection was
different depending on the period of data collection. First, at the beginning of the
pandemic, improved economic situation was positively associated with having been
infected. This could be explained by the fact that the most affected population were those
who worked and travelled than those who were respecting the lockdown measures. Then,
during the follow-up we observed a new trend where a higher infection risk was
associated with lower economic status. This provides important clues to understanding
the COVID-19 burden in different economic and demographic contexts [37]. Population-
based studies found similar results where heterogeneity in incidence and mortality rates
[32,35,36] were associated with socioeconomic status showing the importance of
planning sanitary policies oriented to the territorial characteristics and specific inequities
[38,39], such as in a follow-up study in Brazil that found a high incidence in children

living in a slum area [16].

At baseline, contact with suspected or confirmed cases, especially at home, was
positively associated with SARS-CoV-2 infection, as observed in a study that found that
physical distancing measures, including limited close contacts while school remained
open, controlled SARS-CoV-2 transmission [40]. However, school contacts had a
negative association with this outcome, showing how well-implemented sanitary
protocols make the safe opening of schools possible, consistent with other studies that
found an association between low transmission and, sanitary recommendations and
preventive measures [6,41].
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In the longitudinal component analysis, all contact patterns were a risk factor,
especially when contact was at home, consistent with previous studies that demonstrated
an increased risk of infection associated with household contacts in Catalonia [15,31,42]
and modeling studies that demonstrated an increased risk for infection in household
contacts [43,44]. Even contact tracing studies found no typical or frequent child-adult
transmission [16,45,46] and a low contribution of children in the secondary cases [47,48],
which showed that children do not seem to be the main source of infection [11,49].

Interestingly, contact with healthcare professionals was not associated with the
infections in our study. Our hypothesis to explain that is the compliance of preventive
measures at home when health care workers were exposed to risk situations, however, we

need more studies to understand the role of HCW in this transmission model.

Perceived knowledge was positively associated with infection, which may
indicate either knowledge acquired due to a previous infection, or the large amount of lay

knowledge consumed by the young and indeed the general population [49,50].

Knowledge of COVID-19 and risk perception may have been due to the
occurrence of a previous infection, which would not explain the occurrence of a later
infection. A high level of risk perception of exposure might indicate they understood the
risks they had taken. Other studies also show that risk perceptions, behaviors and
compliance with sanitary measures are associated with levels of knowledge [51-53].

As with other studies [15,17,47] our results reinforce that the transmission by
children in the school setting did not appear to make a major contribution to the spread
of the virus, especially for the youngest children. This supports the decision of many
countries to keep schools open while following several public health measures and safety
protocols to control the transmission of the virus. Our study also reinforces the idea that
the strategy based on an active sentinel surveillance for detection of acute SARS-CoV-2
infections followed by isolation of bubble groups seems to be more effective in scenarios

with susceptible groups and rapid transmission.

Approximately half of the target population agreed to participate and considering
the difficult circumstances schools and families were experiencing because of the
pandemic; we consider this proportion to be quite acceptable. As a matter of fact, it is
similar to other studies where 75% and 25% of students and staff participated respectively
[28] or with 49% of child participation [17].
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Limitations

Although the overall participation rate in our study was 45.4%, it was
proportionately higher among school staff (72%) than students (41%), this suggests that
given the fact that higher sociodemographic heterogeneity (nationality, language,
socioeconomic status) was higher among students than staff, some of these factors could
have also influenced participation. There were no difficulties in implementing the study

and all sentinel schools gave us excellent feedback for the associated activities.

Because of the sample of the schools and the participation rate, the study
population may not be representative of all schools in Catalonia. Nevertheless, the
heterogeneity of the included school’s information from different socioeconomical
scenarios with a big enough study population. As a sentinel population approach, the
objective of the CSSNC is not to extrapolate parameters, but to complement formal
epidemiological surveillance systems by means of monitoring them steadily over time
population studied. The data presented were gathered before the Omicron variant
circulation and therefore our findings may not apply during the Spanish sixth wave or
other future scenarios related to potential new variants and vaccine recommendations for

children.

As a cross-sectional design, association should be interpreted with caution,
without attributing causality. Variables such as distal characteristics must be interpreted
differently from variables that can change over time such as knowledge, behavior, and
contact patterns, which are influenced by the occurrence of the disease. Moreover, the
acceptability, compliance, and prevention behaviors, may have been directly affected by
the course of the pandemic.

There were some limitations to our longitudinal analysis as the small number of
acute infections made impossible to apply a multivariate analysis. Also, with community
public health measures occurring simultaneously with the schools’ own protocols it was
difficult to evaluate these determinants separately. In addition, there was a poor
distribution of confounders between groups, which can also have very different sizes,

resulting in a loss of statistical power in a multivariate model.
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Conclusions

This study offers a unique perspective on the prevalence and incidence of SARS-
CoV-2 infection among students and school staff in Catalonia, an important result
considering the difficulty of detecting the virus among asymptomatic young people, as
well as regarding the compliance and effectiveness of public health measures

implemented in these schools in the transmission of SARS-CoV-2.

The CSSNC demonstrated, for the first time in Spain, the feasibility of correlating
individual socio-epidemiological data and data on the prevalence and incidence of SARS-
CoV-2 in the school environment, even during the difficult acute period of the pandemic.
Despite the high prevalence and community incidence of SARS-CoV-2 in Catalonia
during the study period, this project found a low prevalence and incidence of active
infections in the school population, suggesting that the prevention methods adopted by
schools, together with other strategies of health care, such as testing and contact tracing,

were effective in containing transmission in educational settings.

Monitoring of SARS-CoV-2 biological markers and their behavioral and
structural determinants over time in sentinel schools is crucial to assess the situation of
the COVID-19 pandemic and provide relevant information to inform guidelines and
policies to increase safety among students and staff in school environments. Apart from
identifying multilevel transmission determinants for SARS-CoV-2 among students and
school staff, they may also be useful to describe the spread of other infectious diseases
such as influenza and other respiratory viruses and facilitate healthier learning

environments for all.

Finally, we emphasize the fundamental role of social determinants in the planning
of health policies oriented towards territorial characteristics and promoting models and

strategies that consider specific inequities.

The CSSNC has been useful to describe the dynamics of the SARS-CoV-2
infection and to identify some of its determinants among schools’ settings in Catalonia
during the acute phase of the pandemic and to reinforce the appropriateness of the
prevention policy implemented during this period. Nevertheless, the future of the SARS-
CoV-2 pandemic and the role of vaccines, particularly among children, is still uncertain
and after the introduction of vaccines, seroprevalence need to be linked to vaccine

information to be properly interpreted. In such context, we believe that to maintain in
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place the experience and structure of the sentinel active surveillance as proposed by
CSSNC as an enhanced surveillance tool may be useful not only for COVID-19 related
policies and strategies, but for the monitorization and evaluation of other respiratory

viruses and health problems which affects the school community.
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SUMMARY
Obijective of the study: The objectives of this study are to describe the COVID-19 vaccine

acceptance, intentions and the key reasons for hesitation and refusal among students over
16 years and parents of students under 16 years, in the CSSNC, during the academic year

2021-2022, as well as to identify potential multilevel determinants for these parameters.

Study design: A cross-sectional study conducted in October 2021 and January 2022, in
23 schools participating in the CSSNC.

Study population: In the first endpoint 3,383 students were included, aged 3—4 years (n
=213); 5-11 years (n =1085); 12-15 years (n =860) and 16-18 years (n =1,225). In
January 2022 there were, 2,635 students, aged 3—4 years (n =196); 5-11 years (n =1,035);
12-15 years (n =834) and over16 years (n =570 over).

Data collection: Data collection was carried out in October 2021 and January 2022.

through an online questionnaire available in Catalan, Spanish and English.

Variables, outcome and case definitions: The questionnaire contained questions about

socioeconomic and demographic characteristics, behavior, compliance with preventive
measures, impacts of the pandemic and vaccination status. Our first outcome was
vaccination status, as vaccinated, we considered those with at least one dose of COVID-
19 vaccine and unvaccinated, individuals with no dose. Regarding the vaccine intention,
vaccine acceptance was used to describe a participant vaccinated with at least one dose
of the COVID-19 vaccine or unvaccinated but with the intention of being vaccinated
soon. We used vaccine hesitancy to describe unvaccinated participants, who were unsure
whether they would be vaccinated and vaccine refusal to refers to all unvaccinated
participants who expressed total refusal to be vaccinated. Our second was outcome
vaccine acceptability, defined as “Yes” if participant was vaccinated with at least one
dose of the COVID-19 vaccine or unvaccinated but with the intention of being vaccinated
soon (vaccine acceptance) and as “No” for unvaccinated participants who were unsure
whether they would be vaccinated (vaccine hesitancy) or unvaccinated participants who
expressed total refusal to be vaccinated (vaccine refusal). We investigated the association
between characteristics and factors that could influence the intention of adolescents to get
vaccinated and of parents to allow their children to be vaccinated against SARS-CoV-2.

These factors were referred as independent variables including the following categories:
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sociodemographic, health, knowledge, attitudes and practices, measures to avoid aSARS-
CoV-2 infection and COVID-19 related impacts.

Data analysis: Prior to analysis, we performed an imputation of multiple data sets by the
chained equation method, obtaining 20 imputed datasets that allowed proceed univariate
and multivariate analyzes with the same participants. The univariate analysis was adjusted
for a3—-15-year age group, using a binomial logistic regression, pooling the results through
Rubin’s Rules (RR). A multivariate analysis was performed only with the parents’
database (students under 16 year) due to the low number of unvaccinated students over
16 years (n =24). We tested multicollinearity for each variable, excluding those with a
correlation coefficient greater than 0.8 in absolute value. In the multivariate model we
proceed a Deletion Substitution Addition (DSA), an algorithm for Machine Learning that
chooses the model with the smallest Root Mean Square Error (RMSE). The performance
of the models was accessed by the Akaike Information Criterion (AIC), adjusted R-
square, criteria that defined the choice for the DSA model. We performed a McNemar
test, which selects participants who were matched in the two samples (N =2,145), to see
if there was significance between the difference in acceptability rates between October

2021 and January 2022 between parents and students.

Results: The vaccination coverage against SARS-CoV-2 in CSSNC was 36.1% for
students under 16 years and 92.4% for students over 16 years in October 2021, increasing
to 70.8% and 95.8% <16y-old and >16y-old, respectively, in January 2022. Among
unvaccinated students over 16 years 28 (30.1%) and 15 (62.5%), in October and January
respectively, refused to be vaccinated. The acceptability among their parents was
proportionally higher among students aged 5-11 in October (70.2%) and students aged
3-4 in January (47.8%) but considering the denominators this result must be interpreted
with caution, the parents’ intention also varied significantly between October 2021 and

January 2022, according to the McNemar test.

We investigated the reasons for hesitation or refusal among parents and students in this
study. The 11 key reasons informed by parents in both endpoints, were quite similar,
concerning about side effects (67.1% and 57.4% respectively); insufficient research about
vaccine safety and efficacy in children (52.1% and 50.4% respectively) and demand for
more information to deciding to vaccinate their children (53.5% and 34.5% respectively).
For students, the key reasons to hesitancy or refusal were slightly different in the two
periods. In October 2021 most unvaccinated students reported concern with the time to
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development the vaccine (63.6%), concern about side effects (50.9%) and necessity for
more information before deciding to vaccinate (45.5%). In January 2022, the main reason
was concerning about side effects (68.4%), time to development the vaccine (63.2%) and
previous COVID-19 disease (42.1%)

The perception that it is easy to avoid aSARS-CoV-2 infection (OR 0.29 95%CI 0.09-
0.88) and the use of herbal supplements and homeopathies to avoid aSARS-CoV-2
infection (OR 0.22 95%CI 0.08-0.63) were negatively associated with vaccine
acceptance. A higher self-perceived knowledge (OR 3.6 95%CI 1.27-10.11) were
positively associated with acceptability. As expected, adherence to vaccination strategies
overall (OR 15.23 95%CI 5.13-45.19) and routine vaccination behavior (OR 5.49 95%ClI

2.08-14.49) was strongly and positively associated with vaccine acceptability.

A negative association was found between COVID-19 vaccine acceptability and
birthplace, when at least one of the parents was born outside Spain (OR 0.63 95%CI 0.46—
0.86), houses with more than five people living together (OR 0.7 95%CI 0.49-0.99),
decrease of family’s economic situation during the pandemic (OR 0.65 95%CI 0.47-0.9),
use of herbal supplement or homeopathy as a measure to prevent aSARS-CoV-2 infection
(OR 0.44 95%CI 0.29-0.67), concern about spending too much time with family (OR
0.53 95%CI 0.29-0.97). A positive association was found between COVID-19 vaccine
acceptability and when father (OR 2.45 95%CI 1.46-4.1) or mother (OR 1.68 95%ClI
1.14-2.47) were employed, living with a healthcare work (OR 1.52 95%CI 1.03-2.25), a
good perception about their current health status (OR 4.68 95%CI 1.16-18.84) and,
adherence to vaccination strategies (OR 18.8 95%CI 6.93-50.98) and vaccination routine
behavior (OR 2.7 95%CI11.08-6.75).

In the multivariate analyses, the variables associated with vaccine acceptability were age,
adherence to previous vaccination, father work situation, influence of health care workers.
Variables associated with refusal or hesitancy was use of herbal supplements and
homeopathies. The AIC for the DSA model was 1504.17 (SD =11.47), mean of the 20
imputed data sets, and the adjusted mean R-square was 0.2 (SD =0.006), which
corresponds to the variability of the R-square obtained by the models of each of the
imputed data sets, and suggests that similar results were obtained across all imputed

datasets and may be an indicator of ahigh-quality imputation process.
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Abstract

Vaccine hesitancy is defined as a delay in acceptance of vaccines despite its availability,
caused by many determinants. Our study presents the key reasons, determinants and
characteristics associated with COVID-19 vaccine acceptability among students over 16
years and parents of students under 16 years and describe the COVID-19 vaccination
among students in the settings of sentinel schools of Catalonia, Spain. This is a cross-
sectional study that includes 3,383 students and the parents between October 2021 and
January 2022. We describe the student’s vaccination status and proceed a univariate and
multivariate analysis using a Deletion Substitution Addition (DSA) machine learning
algorithm. Vaccination against COVID-19 reached 70.8% in students under 16 years and
95.8% in students over 16 years at the end of the study project. The acceptability among
unvaccinated students was 40.9% and 20.8% in October and January, respectively, and
among parents was proportionally higher among students aged 5-11 (70.2%) in October
and aged 3-4 (47.8%) in January. The key reason to not vaccinate themselves, or their
children, were concern about side effects, insufficient research about the effect of the
vaccine in children, rapid development of vaccines, necessity for more information and
previous infection by SARS-CoV-2. Several variables were associated with refusal end
hesitancy. For students, the main ones were risk perception and use of alternative
therapies. For parents, the age of students, sociodemographic variables, socioeconomic
impact related to the pandemic, and use of alternative therapies were more evident.
Monitoring vaccine acceptance and refusal among children and their parents has been
important to understand the interaction between different multilevel determinants and we
hope it will be useful to improve public health strategies for future interventions in this
population.
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Introduction

During the Coronavirus disease (COVID-19) emergency caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), different public health measures
were implemented across the world, especially when the development of a vaccine was
still quite immature. Currently, in a different scenario, several countries have been
cooperating for the rapid development, update and distribution of vaccines, and the raised
concerns has become the impact on vaccine effectiveness, considering the SARS-CoV-2
variants, like Omicron and its sub-lineages, able to reinfect people with previous infection
or even fully vaccinated against COVID-19 (1,2), as well as to guarantee their equitable
distribution, acceptability (3,4) assessing the barriers to effectiveness of vaccination

programs, such as vaccine hesitancy (5).

On December 21, 2020, the European Commission authorized the first vaccine
against SARS-CoV-2, the Comirnaty Pfizer-BioNTec for people over 18 years, after the
positive opinion of the European Medicines Agency (EMA). On December 27, 2020, the
vaccination started in Spain prioritizing specific and vulnerable groups such health care

workers (HCW), school staff, older and people with underlying diseases (6).

In May 2021, EMA recommended an extension for the Comirnaty COVID-19
vaccine to 12 to 15 years and in November 2021 for children aged 5 to 11 years making

it available for these groups (7).

Catalonia, a Northeast region of Spain with 7.7 million inhabitants, has registered
2.6 million SARS-CoV-2 infections, 118 thousand hospitalizations and 28 thousand
deaths since it’s their first confirmed case on February 25, 2020. Vaccination coverage in
Catalonia until November 2022 has reached 86.5% in people over 12 years, 79.5% in the
12-19 years and 33.7% in 5-11 (8).

Vaccine hesitancy was defined by the Strategic Advisory Group of Experts on
Immunization (SAGE) as a “delay in acceptance or refusal of vaccines despite availability
of vaccination services” that can be influenced by many factors such as the lack of offer,
communication and confidence (9) and it is commonly observed with new vaccine or

vaccine candidate (5). There is mounting evidence showing that vaccination can promote
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an important control on burden and mortality caused by infectious diseases (10-12).
Therefore, vaccination is a cost-benefit intervention, being hesitation and vaccine refusal

an important concern to public health.

Several studies were estimated the vaccine hesitancy among different populations.
In June 2021, the prevalence of COVID-19 vaccine hesitancy in Spain was estimated at

6.22%, the lowest eight Europeans countries studied (11).

Despite differences between countries, significantly associations between vaccine
hesitancy and sociodemographic determinants (Hassan et al. 2021), vaccine confidence
and distrust, misinformation, beliefs towards COVID-19 vaccination have already been
observed in other studies (5). A study that enrolled Asian, African and South America
countries, founded that age, income, religion, comorbidities, economic situation during
the COVID-19 pandemic and adherence to vaccination benefits were associated with
COVID-19 vaccine hesitance (14), while in a study with European countries, gender, age,
employment status, educational levels and vaccine skepticism, risk perception and

compliance of public health measures and were associated with vaccine hesitance (11).

Epidemiological studies assessing determinants associated with the intention to
vaccinate against SARS-CoV-2 may help to guide strategies for achieving the coverage
that is necessary to avoid severity and mortality by COVID-19, and that could prevent
the resurgence of this vaccine preventable disease (9,11,15-18).

Regarding the increasing burden of disease among children and young people,
evidence suggests that the risk of long-term negative effects of COVID-19 in children is
greater than the potential risks associated with vaccination against COVID-19 (19-21),
immunization strategies against COVID-19 for children and adolescents must emphasize
individual risks and benefits, recognizing for example, the emergence of more
transmissible variants, such as Omicron (22,23). There is a debate about the real benefit-
risk of COVID-19 vaccines in children/adolescents, due to a lower susceptibility to
infection or COVID-19 observed in this population when compared with adults, the
recommendation to vaccinate everyone aged 12 and over against COVID-19 has

established itself as a critical strategy to control the pandemic (21).

This study is part of the COVID-19 Sentinel Schools Network of Catalonia
(CSSNC) project, whose main objective are to monitor actively SARS-CoV-2 infections

and identify barriers and facilitators for SARS-CoV-2 prevention strategies in schools.
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The CSSNC also provides an active surveillance during the pandemic that gathered
evidence for enhanced of health protocols to prevent the spread of SARS-CoV-2 and
others respiratory virus in the school (24).

The objectives of this study are to describe the COVID-19 vaccine acceptance,
intentions and the key reasons for hesitation and refusal among students over 16 years
and parents of students under 16 years, in the CSSNC, during the academic year 2021-

2022, as well as to identify potential multilevel determinants for these parameters.
Materials and methods
Study design and population

This cross-sectional study was conducted in two different periods, October 2021
and on January 2022, in a setting of 23 schools participating in the CSSNC. In the first
endpoint 3,383 students were included, aged 3-4 years (n=213); 5-11 years (n=1085); 12-
15 years (n=860) and 16-18 years (n=1,225). In January 2022 there were, 2,635 students,
aged 3-4 years (n=196); 5-11 years (n=1,035); 12-15 years (n=834) and overl6 years
(n=570 over).

Data collection

Data collection was carried out in two points of time, the first in October 2021 and
the second in January 2022. We collected nominal data through an online questionnaire,
but a paper version was provided when necessary, and the questionnaires were also
available in Catalan, Spanish and English. Two survey models were developed, one for
students under 16 years, and another for students over 16 years.

The questionnaire contained questions about socioeconomic and demographic
characteristics, behavior, compliance with preventive measures, impacts of the pandemic

and vaccination status, and was adapted from the COSMO study survey (25).

For unvaccinated participants we asked if they would accept to receive the
COVID-19 vaccine in the following months, whose response options were accept, refuse
and don’t know. For those who expressed hesitancy and refusal intentions, we also asked

about the reason.

The online questionnaire was prepared using REDCap, we shared it through a link

with the school management team so that it could be sent to all students, parents or
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guardians and school staff. In addition, information panels were placed in schools, which
included access to the survey via QR code. Before completing the survey, participants
had to sign informed consent either in online or paper formats. In the second data
collection, people who were already part of the project received the survey in their

informed email.

The field team consisted of health professionals and researchers. Before starting
the fieldwork, a series of sensitization meetings were held to inform the school
community about the objectives of the study. In each school where participants were
recruited, online and face-to-face meetings were held about the study with the
participation of the project team and the educational community (families, teachers and
school staff).

All participants under 16 years were guided by their parents or guardians, who
answered the questionnaire and signed the informed consent. Students over 16 years
answered the questionnaire and signed the informed consent by themselves. For this
reason, we present the outcomes for the following groups: students older than 16 years
(vaccination status and intentions), students younger than 16 years (vaccination status)

and parents of students younger than 16 years (vaccination intentions).
Outcomes and case definition

Our first outcome was vaccination status, as vaccinated, we considered those with

at least one dose of COVID-19 vaccine and unvaccinated, individuals with no dose.

Regarding the vaccine intention, vaccine acceptance was used to describe a
participant vaccinated with at least one dose of the COVID-19 vaccine or unvaccinated
but with the intention of being vaccinated soon. We used vaccine hesitancy to describe
unvaccinated participants, who were unsure whether they would be vaccinated and
vaccine refusal to refers to all unvaccinated participants who expressed total refusal to be

vaccinated.

Our second was outcome vaccine acceptability, defined as “Yes” if a participant
was vaccinated with at least one dose of the COVID-19 vaccine or unvaccinated but with
the intention of being vaccinated soon (vaccine acceptance) and as “No” for unvaccinated
participants who were unsure whether they would be vaccinated (vaccine hesitancy) or

unvaccinated participants who expressed total refusal to be vaccinated (vaccine refusal).
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Independent variables

We investigated the association between characteristics and factors that could

influence the intention of adolescents to get vaccinated and of parents to allow their

children to be vaccinated against SARS-CoV-2. These factors were referred as

independent variables including the following categories: sociodemographic, health,

knowledge, attitudes and practices, measures to avoid a SARS-CoV-2 infection and

COVID-19 related impacts. Each variable was categorized according to the question

asked in the questionnaire (Table 1).

Table 1. Independent variables included in the study, CSSNC Catalonia, Spain 2021-2022.

Sociodemographic

Sex
Age *
Student and parents’ immigration status (birthplace)

Parents' employment situation

Parents' educational level

House size (in meters)

Residence size - People living in the same residence
Live with small/underage children

Living with people over 65 years old

Living with a healthcare work (HCW)

Male / Female
Grouped: 3-4 /5-11/ 12-15 years / >16 years

Dichotomized: Spain / outside Spain (another countries)
Dichotomized: Employed / unemployed, retired and lay-
of

High education (university) / Secondary school / None
or primary school

Dichotomized: >70m2 / <70m2
Dichotomized: 1-4 / 5-9

yes/ no

yes/ no

yes / no

Health

Perception about current health status

Perception about current mental health
Have a chronic illness

Previous COVID-19

Dichotomized: Bad (bad and fair) / Good (good, very
good and excellent)

Dichotomized: Bad (bad and fair) / Good (good, very
good and excellent)

yes/ no

No (No, and I had a negative test, I don’t know) / Yes
(and I had a positive test)

Knowledge, attitudes and practices

Perceived risk to become infected with SARS-CoV-2

Perceived severity if get infected with SARS-CoV-2
Avoid a SARS-CoV-2 infection during the pandemic is

Avoid SARS-CoV-2 infection in children during the pandemic

Avoided contact with vulnerable people
Self-perceived knowledge about COVID-19 (a)
Factual knowledge about COVID-19 (a) (b)

Likert scale Dichotomized: unlikely (1-4) / very likely
(5-7)

Likert scale Dichotomized: little severity (1-4) / very
severity (5-7)

Likert scale Dichotomized difficult (1-4) / easy (5-7)
Likert scale Dichotomized Difficult (1-4) / easy (5-7)
Dichotomized Yes (most of the time and always) / No
(sometimes, almost never and no)

Likert scale Dichotomized: low (1-4) / high (5-7)

low / high

Measures and behavior to avoid a SARS-CoV-2 infection

Adherence to vaccination strategies is important
Routine vaccination behavior is important
Preventive Behavior in the last seven days

Use of herbal supplements or homeopathies to prevent SARS-

CoV-2 infection
Use of antibiotics to prevent SARS-CoV-2 infection

yes/ no
yes/ no
yes/ no

yes/ no
yes/ no



COVID-19 related impacts

One of the parents lost his job during the pandemic yes/ no
One of the parents started working during the pandemic yes/no
Family's economic situation during the pandemic Same / increase / decrease

No (It has improved or remained the same) Yes (it has
Health status worsened during the pandemic overall worsened)

No (It has improved or remained the same) Yes (it has
Mental health worsened during the pandemic overall worsened)

* Adjustment variable for participants under 16 years old

(a) Question asked only for students over 16 years

(b) Composite indicator created to measure knowledge about COVID-19 among students over 16 years.
Three aspects, groups at risk, symptoms and means of transmission were evaluated through 21 questions.
A point was assigned to each question, which at the end were added to classify the participant.

Statistical analysis

A descriptive approach was carried out to present the vaccination status for all
students and acceptability and reasons for refusal and hesitancy for parents of students
under 16 years and students over 16 years. To describe the frequency of these variables,
we present the data collected in October 2021 and January 2022. For the analysis, the
student’s data were aggregated in two groups, under 16 years (3-15 years), and over 16

years due to different methodology of data collection.

Each variable had between 10 and 30% missing throughout the sample, resulting
in missed observations, so prior to analysis, we performed an imputation of multiple data
sets by the chained equation method, obtaining 20 imputed datasets (26), that allowed
proceed univariate and multivariate analyzes with the same participants. We compared
the values of imputed and unimputed variables using a chi-square test on the first set of
imputed data, for each variable. We repeat the description presented in tables 4 and 5,
using the imputed dataset and, for univariate, we use the set of all imputed datasets. The
univariate analysis was adjusted for a 3—15-year age group, using a binomial logistic
regression, pooling the results through Rubin’s Rules (RR). We calculated the Odds Ratio
(OR) with 95% confidence interval (Cl) and p-value, which we considered p<0.05

statistically significant.

A multivariate analysis was performed only with the parents' database (students
under 16 year) due to the low number of unvaccinated students over 16 years (n=24). We
tested multicollinearity with a correlation matrix for each variable, excluding those with

a correlation coefficient greater than 0.8 in absolute value.

In the multivariate model we proceed a Deletion Substitution Addition (DSA),

with 50 iterations. DSA is an algorithm for Machine Learning that chooses the model
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with the smallest Root Mean Square Error (RMSE). This method consists of adding,
removing and replacing variables and performing a cross-validation in 5 rounds with 5
iterations, resampling the database in 5 random partitions where each model iterations is
done in one partition and validated in the other 4, making that the model to be tested not
only on the main sample but also on different subsamples. The DSA function was run in
one imputed dataset, and a logistic regression was performed to all imputed datasets to
keep only the significant variables, through a backward elimination. To ensure consistent
results, the DSA model was used on the first and last imputed datasets, and on one more
randomly selected dataset (dataset 11), and as a result, we obtained the same final model.
The performance of the models was accessed by the Akaike Information Criterion (AIC),
adjusted R-square, criteria that defined the choice for the DSA model.

We performed a McNemar test, which selects participants who were matched in
the two samples (N=2,145), to see if there was significance between the difference in
acceptability rates between October 2021 and January 2022 between parents and students.

All analyses were carried out with R (version 4.1.2). The imputation was
proceeded by mice package and the Rubin’s Rules by the pool function in the same
package, in RStudio Software (27).

Ethics approval

This study was approved on 17 December 2020 by the Ethical Committee of the
Foundation University Institute for Research in Primary Health Care Jordi Gol i Gurina
(IDIAPJGol) (code 20/192-PCV). A written informed consent was obtained from school
staff, and since it includes minors, was signed for parents or guardians of children under
16 years and by participants older than 16 years that signed by themselves. All documents
were archived in a place accessed only by the researchers. The signed document provided
information about, procedures, risks, use of the collected data, anonymity, confidentiality,
and general information about the study. All participants were free to decline/withdraw
consent at any time without providing a reason and without being subject to any resulting

detriment.
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Results
COVID-19 vaccination status and intentions

The vaccination coverage against SARS-CoV-2 in CSSNC was 36.1% for
students under 16 years and 92.4% for students over 16 years in October 2021, increasing
to 70.8% and 95.8% <16y-old and >16y-old, respectively, in January 2022. Among
unvaccinated students over 16 years 28 (30.1%) and 15 (62.5%), in October and January
respectively, refused to be vaccinated. The acceptability among their parents was
proportionally higher among students aged 5-11 in October (70.2%) and students aged 3-
4 in January (47.8%) but considering the denominators this result must be interpreted
with caution, the parents' intention also varied significantly between October 2021 and

January 2022, according to the McNemar test (Table 2).

Table 2 Vaccination against SARS-CoV-2 and intentions among unvaccinated students over 16 years and
parents of unvaccinated students under 16 years at SSNC, Catalonia, Spain. October 2021 and January
2022.

October 2021 January 2022
Age group (years) Age group (years)
3-4 5-11 12-15 >16 3-4 5-11 12-15 >16
N=213 N=1085 N=860 N=1225 N=196 N=1035 N=834 N=570
n % n % n % n % N % n % n % n %
Vaccination Status
Unvaccinated 213 100% 1080 99.5% 88 10.2% 93 7.6% |184 93.9% 385 37.2% 33 40% 24 42%
Vaccinated 0 0% 5 05% 772 89.8% 1132 92.4% | 12 6.1% 650 62.8% 801 96.0% 546 95.8%
Intentions among unvaccinated
125 58.7% 756 70.2% 49 56.3% 38 40.9% | 88 47.8% 161 418% 8 242% 5 20.8%
Hesitancy 71 333% 245 227% 26 29.9% 27 29.0% | 67 36.4% 151 392% 9 27.3% 4 16.7%
17 80% 76 7.1% 12 138% 28 301%| 29 158% 73 19.0% 16 485% 15 62.5%

Reasons and determinants to hesitancy and refusal of COVID-19 vaccine

We investigated the reasons for hesitation or refusal among parents and students
in this study. The 11 key reasons informed by parents in both endpoints, were quite
similar, concerning about side effects (67.1% and 57.4% respectively); insufficient
research about vaccine safety and efficacy in children (52.1% and 50.4% respectively)
and demand for more information to deciding to vaccinate their children (53.5% and
34.5% respectively). For students, the key reasons to hesitancy or refusal were slightly
different in the two periods. In October 2021 most unvaccinated students reported
concern with the time to development the vaccine (63.6%), concern about side effects
(50.9%) and necessity for more information before deciding to vaccinate (45.5%). In
January 2022, the main reason was concerning about side effects (68.4%), time to
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development the vaccine (63.2%) and previous COVID-19 disease (42.1%) (Fig. 1a and
1b).

1a. Parents

Concern about vaccine side effects

Not enough research on the effect of the vaccine in children
Need more information to decide

COVID-19 vaccine was developed very quickly

| already had COVID-19

Belief that COVID-19 vaccine does not protect against the disease
Preference for alternative or natural therapies

Distrust in the pharmaceutical companies

Distrust in vaccines

Belief there is no risk to be infected with SARS-CoV-2

Belief that COVID-19 does not exist

0% 20% 40% 60% 80%
mJAN 22 mOCT21 ’ ° ° ° .

1b. Students

Concern about vaccine side effects

COVID-19 vaccine was developed very quickly

| already had COVID-19

Belief that COVID-19 vaccine does not protect against the disease
Distrust in the pharmaceutical companies

Need more information to decide

Belief there is no risk to be infected with SARS-CoV-2

Preference for alternative or natural therapies

Distrust in vaccines

Belief that COVID-19 does not exist

0% 10% 20% 30% 40% 50% 60% 70% 80%
W JAN 22 OCT 21

Fig 1. Reported reasons to SARS-CoV-2 vaccine hesitancy or refusal among unvaccinated. Fig 1a for
parents of unvaccinated students under 16 years and Fig 1b for students over 16 years. The N for parents
was 447 in October 2021 and 55 in January 2022 and for students was 345 in October 2021 and 19 in
January 2022. SSNC project, Catalonia, Spain. October 2021 and January 2022.

102



Students’ descriptive and univariate analysis

The perception that it is easy to avoid a SARS-CoV-2 infection (OR 0.29 95%ClI
0.09-0.88) and the use of herbal supplements and homeopathies to avoid a SARS-CoV-2

infection (OR 0.22 95%Cl 0.08-0.63) were negatively associated with vaccine
acceptance. A higher self-perceived knowledge (OR 3.6 95%CI 1.27-10.11) were
positively associated with acceptability. As expected, adherence to vaccination strategies
overall (OR 15.23 95%CI 5.13-45.19) and routine vaccination behavior (OR 5.49 95%ClI
2.08-14.49) was strongly and positively associated with vaccine acceptability (Table 3).

Table 3. Descriptive and univariate analysis between sociodemographic, health status, perception, attitudes
and knowledge, behavior, COVID-19 related impacts and vaccine acceptability among students over 16

years in SSNC. Catalonia, January 2022

Variables Acceptability Univariate analysis*
No N=19 YesN=551 OR Cl95%  p-value

Sociodemographic
Sex
Female 14 (3.57%) 378 (96.4%) ref
Male 5(2.81%) 173 (97.2%) 1.28 0.45-3.61 0.639
Health
Perception about current health status
Bad 0 (0.00%) 30 (100%) - - -
Good 19 (3.52%) 521 (96.5%) - - -
Perception about your current mental health
Bad 8 (4.88%) 156 (95.1%) ref
Good 11 (2.71%) 395(97.3%) 1.4 0.51-3.86 0.514
Have a chronic illness
No 19 (3.76%) 486 (96.2%) - - -
Yes 0 (0.00%) 65 (100%) - - -
Previous COVID-19
No or don’t know 15 (3.38%) 429 (96.6%) ref
Yes 4 (3.17%) 122(96.8%) 0.87 0.27-2.82 0.822
Knowledge, perceptions, attitudes and practices
Perceived risk to become infected with SARS-CoV-2
Unlikely 18 (4.02%) 430 (96.0%) ref
Very likely 1(0.82%) 121 (99.2%) 3.93 0.51-29.96 0.188
Perceived severity if get infected with SARS-CoV-2
Won't be very sick 17 (3.91%) 418 (96.1%) ref
Will be very sick 2(1.48%) 133(98.5%) 196 0.43-8.92 0.384
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Avoid a SARS-CoV-2 infection during the pandemic
is**

Difficult

Easy

Avoid SARS-CoV-2 infection in children during the
pandemic

Difficult

Easy

Avoided contact with vulnerable people
No
Yes

Self-perceived knowledge about COVID-19**
Low
High

Factual knowledge about COVID-19
Low
High

Measures and behavior to avoid a SARS-CoV-2
infection

Adherence to vaccination strategies is important**
No
Yes

Routine vaccination behavior is important**
No
Yes

Preventive behavior to prevent SARS-CoV-2 infection
(in the last seven days)

No

Yes

Use of herbal supplements or homeopathies as a health
measure to prevent SARS-CoV-2 infection**

No
Yes

Used antibiotics as a health measure to prevent SARS-
CoV-2 infection

No
Yes

6 (1.99%)
13 (4.85%)

12 (3.06%)
7 (3.93%)

6 (3.82%)
13 (3.15%)

12 (5.58%)
7 (1.97%)

7 (5.83%)
12 (2.67%)

14 (15.4%)
5 (1.04%)

11 (9.73%)
8 (1.75%)

3 (7.89%)
16 (3.01%)

11 (2.23%)
8 (10.5%)

16 (3.43%)
3 (2.88%)

296 (98.0%)
255 (95.1%)

380 (96.9%)
171 (96.1%)

151 (96.2%)
400 (96.9%)

203 (94.4%)
348 (98.0%)

113 (94.2%)
438 (97.3%)

77 (84.6%)
474 (99.0%)

102 (90.3%)
449 (98.2%)

35 (92.1%)
516 (97.0%)

483 (97.8%)
68 (89.5%)

450 (96.6%)

0.29

0.79

1.2

3.58

2.49

0.09-0.88

0.29-2.17

0.41-3.54

1.27-10.11

0.93-6.67

ref
0.029

ref
0.649

ref
0.739

ref
0.017

ref
0.069

ref

15.23 5.13-45.19 <0.001

ref

5.49 2.08-14.49 0.001

ref

2.88 0.78-10.53 0.111

0.22

0.08-0.63

101 (97.1%) 0.97 0.27-3.39

ref
0.004

ref
0.956

* Univariate analysis adjusted by age for a 3—15-year age group, using a binomial logistic regression with
all 20 imputed datasets, pooling the results through Rubin’s Rules (RR).

** Significative variables (p<0.050)
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Prents’ descriptive, univariate and multivariate analysis

A negative association was found between COVID-19 vaccine acceptability and

birthplace, when at least one of the parents was born outside Spain (OR 0.63 95%CI 0.46-
0.86), houses with more than five people living together (OR 0.7 95%CI 0.49-0.99),
decrease of family’s economic situation during the pandemic (OR 0.65 95%CI 0.47-0.9),

use of herbal supplement or homeopathy as a measure to prevent a SARS-CoV-2 infection
(OR 0.44 95%CI 0.29 -0.67), concern about spending too much time with family (OR

0.53 95%CI 0.29 -0.97) (Table 4).

A positive association was found between COVID-19 vaccine acceptability and

when father (OR 2.45 95%CI 1.46-4.1)

or mother (OR 1.68 95%CI 1.14-2.47) were

employed, living with a healthcare work (OR 1.52 95%CI 1.03-2.25), a good perception
about their current health status (OR 4.68 95%CI 1.16-18.84) and, adherence to
vaccination strategies (OR 18.8 95%CI 6.93-50.98) and vaccination routine behavior (OR

2.7 95%CI11.08-6.75) (Table 4).

Table 4. Descriptive and univariate analysis between sociodemographic, health status, perception, attitudes
and knowledge, behavior, COVID-19 related impacts and vaccine acceptability among parents of students

under 16 years in SSNC. Catalonia, January 2022.

Acceptability Univariate analysis*

Variables No Yes 0 p-
N=345 N=1720 OR  CI95% value
Sociodemographic
Student age group
132
3-5 (43.3%) 173 (56.7%)
188
6-11 (20.3%) 738 (79.7%)
12-15 25 (3.00%) 809 (97.0%)
Sex
187
Female (17.5%) 883 (82.5%) ref
158 1.1
Male (15.9%) 837(84.1%) 4 0.89-1.46 0.297
Students’ immigration status (birthplace)
331 1663
Spain (16.6%) (83.4%)
0.6
Another country 14 (19.7%) 57(80.3%) 5 0.34-1.25 0.199

Parents immigration status (birthplace)**

105



Spain

Another country

Father employment situation **
Unemployed, retired or lay-of

Employed

Mother employment situation **
Unemployed, retired or lay-of

Employed

Father educational level
None or primary school

secondary school

University

Mother educational level
None or primary school

secondary school

University

House size (in meters)
<70m2

>70m2

Number of people living in the same residence**

1-4
5-9

Live with small/underage children

No

Yes

Living with people over 65 years

No

Yes

Live with a health care worker (HCW)**

No

Yes

273
(15.8%)

72 (21.5%)

33 (30.6%)
312
(15.9%)

64 (23.4%)
281
(15.7%)

40 (12.0%)
150
(19.2%)
155
(16.3%)

26 (15.4%)
112
(17.9%)
207
(16.3%)

62 (21.7%)
283
(15.9%)

273
(16.1%)
72 (19.7%)

105
(16.1%)
240
(17.0%)

330
(16.6%)

15 (18.1%)

292
(17.2%)

53 (14.3%)

106

1457
(84.2%)

263 (78.5%)

75 (69.4%)
1645
(84.1%)

210 (76.6%)
1510
(84.3%)

292 (88.0%)
631 (80.8%)

797 (83.7%)

143 (84.6%)

513 (82.1%)
1064
(83.7%)

224 (78.3%)
1496
(84.1%)

1426
(83.9%)
294 (80.3%)

546 (83.9%)
1174
(83.0%)

1652
(83.4%)

68 (81.9%)

1403
(82.8%)

317 (85.7%)

0.6

24

1.6

0.7

1.0

0.8

11

11

0.7

11

1.0

15

0.46-0.86

1.46-4.1

1.14-2.47

0.47-1.19

0.66-1.72

0.46-1.49

0.64-1.88

0.77-1.58

0.49-0.99

0.82-1.47

0.52-2.28

1.03-2.25

ref

0.004

ref

0.001

ref

0.009

ref

0.217

0.803

ref

0.527

0.736

ref

0.603

ref
0.046

ref

0.539

ref

0.817

ref

0.036



Health status
Perception about current health status **
Bad

Good

Perception about current mental health status
Bad

Good

Have a chronic illness
No

Yes

Previous COVID
No or don’t know

Yes

Perceptions, attitudes and practices

Perceived risk to become infected with SARS-CoV-
2

Unlikely

Very likely

Perceived severity if get infected with SARS-CoV-2
Won't be very sick

Will be very sick

Avoid SARS-CoV-2 infection in children during the
pandemic

Difficult

Easy

Avoided contact with vulnerable people
No

Yes

Measures and behavior to avoid a SARS-CoV-2
infection

Adherence to vaccination strategies is important**
No

Yes

Routine vaccination behavior is important

5 (35.7%)
340
(16.6%)

9 (14.3%)
336
(16.8%)

324
(16.8%)

21 (16.0%)

289
(16.1%)

56 (21.1%)

279
(16.3%)

66 (18.9%)

296
(17.0%)

49 (15.3%)

283
(17.0%)

62 (15.3%)

92 (21.8%)
253
(15.4%)

23 (57.5%)
322
(15.9%)

107

9 (64.3%)
1711
(83.4%)

54 (85.7%)
1666
(83.2%)

1610
(83.2%)

110 (84.0%)

1510
(83.9%)

210 (78.9%)

1437
(83.7%)

283 (81.1%)

1448
(83.0%)

272 (84.7%)

1377
(83.0%)

343 (84.7%)

330 (78.2%)
1390
(84.6%)

17 (42.5%)
1703
(84.1%)

4.6

2.2

0.7

0.6

1.0

1.0

0.9

13

8

1.16-
18.84

0.94-5.42

0.43-1.35

0.47-1.01

0.7-1.48

0.72-1.61

0.67-1.35

0.95-1.79

6.93-
50.98

ref

0.031

ref

0.069

ref

0.344

ref

0.058

ref

0.91

ref

0.705

ref

0.765

ref

0.099

ref

<0.001



No

Yes

Preventive behavior to prevent SARS-CoV-2
infection
No

Yes

Use of herbal supplements or homeopathies as a

health measure to prevent SARS-CoV-2 infection
**

No

Yes

Used antibiotics as a health measure to prevent
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* Univariate analysis adjusted by age for a 3—15-year age group, using a binomial logistic regression with

all 20 imputed datasets, pooling the results through Rubin’s Rules (RR).
** Significative variables (p<0.050)

In multivariate analyses, the variables associated with vaccine acceptability were
age, adherence to previous vaccination, father work situation, influence of health care
workers. Variables associated with refusal or hesitancy was use of herbal supplements

and homeopathies (Table 5).

Table 5. Multivariate analysis between sociodemographic, perceptions, attitudes, behavior and knowledge
indicators among parents of under 16 years students, in SSNC. Catalonia, January 2022.

Multivariate analysis*

Variable oR 95%CI o-value
Age group 6-11 years 3.39 2.53-4.53 <0.001
Age group 12-15 years 31.39 18.98-51.92 <0.001
Adherence to vaccination campaigns and strategies 17.92 6.57-48.87 <0.001
Use of herbal supplements or homeopathies 0.47 0.31-0.74 0.001
Father working status: employed 2.42 1.42-4.12 0.001
Living with health care worker (HCW) 151 1-2.27 0.051

* Multivariate analysis by a Deletion Substitution Addition (DSA) machine learning algorithm with 50
iterations. The performance of the models was accessed by the Akaike Information Criterion (AIC),
adjusted R-square, criteria that defined the choice for the DSA model.

The AIC for the DSA model was 1504.17 (SD=11.47), mean of the 20 imputed data sets,
and the adjusted mean R-square was 0.2 (SD=0.006), which corresponds to the variability
of the R-square obtained by the models of each of the imputed data sets, and suggests that
similar results were obtained across all imputed datasets and may be an indicator of a

high-quality imputation process.
Discussion

Our study found the COVID-19 vaccine acceptability was high among adolescents
(96.7%) and parents (83.3%). The main reason to refusal and hesitancy reported by
parents was concern about side effects, safety and lack of information, all variables
associated. On the other hand, variables with impact in the vaccine acceptability were,
students age, compliance of routine vaccination, work situation, use of alternative
practices as homeopathy, perception about current health, and COVID-19 related
impacts.
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The prevalence of COVID-19 vaccine hesitancy in Spain was estimated at 6.2%,
the lowest according to a study with unvaccinated participants from eight Europeans
countries, proceeded in June 2021, and the main determinants are gender, age, education
and employment (11). A meta-analysis estimates the prevalence of COVID-19 vaccine
hesitancy at 25% globally, recommending interventions among women, people with low
educational levels, unemployed, people living in households with five or more
individuals, and those who no trust in the COVID-19 safety (5).

A review found a global average for COVID-19 vaccine acceptance of 61.4%,
with significantly difference between countries, variating between 42.9% in Saudi Arabia
and 91.4% in Brazil (17) , while the overall Europe acceptance was 72.6% (11). Another
study found that in United States 49% of parents were agreeing to vaccinate their children
and 44% are planning to vaccinate them when the vaccine become available (28). In Saudi
Arabia, 47.6% of parents were ready to vaccinate their children (29), in Turkey, 36% of
parents were willing to their children receive the vaccine (30), however 66% of parents
were hesitant about a foreign vaccine and 37.4% were hesitant with a domestic vaccine
(31).

In this study, the highest rates of refusal of the COVID-19 vaccine were among
parents of students aged 3 to 4 years (41-49%), however, at the time of the study, there
was still no vaccine approved for this population. For the 5-11 group, the vaccine had
been approved during the first round of data collection, and although we found 30-22%
refusal, we also found a significant increase in vaccine coverage (0-63%) immediately
after approval of the vaccine for this age group. Similar behavior in relation to vaccine
refusal rates was observed (32), where besides the data collection about vaccination have
been carried out in the recent approval context, the vaccination schedule was just starting,
and the services were still organizing for this demand. The contradictory arguments about
the risk-benefit and severity of infection in this age group probably also contributed to
this hesitation. Finally, we found that parents or guardians of older children were more

likely to allow their vaccination, a result similar was found in another study (23).

The main reason to refusal and hesitancy reported by parents was concern about
side effects, safety and lack of information, all variables associated. Variables with impact
in the vaccine acceptability were, students age, compliance of routine vaccination, work
situation, use of alternative practices as homeopathy, perception about current health, and
COVID-19 related impacts.
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Socioeconomic characteristics can be an obstacle to vaccination strategies, even
considering the free vaccine (3,33), for example, in our study we found that being
employed was associated with a higher probability of accepting the vaccination of their
children, while a greater number of people living in the same household, a decrease in the
family's economic situation during the pandemic was associated with a lower probability
to vaccinate their children. Social determinants and characteristics related to less access
to health policies and information had a greater impact on vaccine acceptability, a result
also observed in different studies on coverage and acceptability among low-, middle- and
high-income countries (4,34). Moreover, it is known that the burden of COVID-19 has
affected different socioeconomic groups with different intensity, as observed in this
populational study about mortality associated with socioeconomic status in Barcelona,
Spain (35).

The parents’ migratory situation, when at least one was born abroad but lives in
Spain, was associated with vaccine hesitancy, a similar result was founded in a Canadian
study (18). Disparities in vaccination rates among students of different ethnicities was

also demonstrated previously (15).

As expected, parents who live with health professionals were more likely to
vaccinate their children. This result reinforces the important role of health care
professionals on vaccine promotion strategies. Vaccine hesitancy among health
professionals, can be a very important problem to public health strategies and, in this case,
for vaccine acceptance, since trust in public health authorities can be an important
influence on the decision to vaccinate or vaccinate persons in their care (3,36), as well as
the message that reinforces safety and efficacy, disseminated by health professionals
when vaccinating, can be useful to minimize vaccine hesitancy and refusal (34). Also,
they are a high-risk group for exposure to SARS-CoV-2 and had an understandable role
in the transmission of the virus, for this reason, HCW were a priority group eligible for

vaccination as soon as posible (36,37).

Parents who had perceived their children are healthy were more likely to allow
them to be vaccinated, the same result was observed in a study with health professionals
(38). The history of receiving previous vaccine for another diseases among parents and
students had increases the likely to be vaccinated and allow vaccinated their children,
also, parents and adolescents who were previous vaccinated had more likely to accept the
COVID-19 vaccine, findings consistent with another previous studies (38-43).
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Use of alternative medicines such as homeopathy, that had a negative association
with vaccine acceptability among both, parents and adolescents. This can be related to
the lower use of health services and distrust of pharmacological therapies by these users.
In addition, personal beliefs were already associated with vaccine refusal among parents
in previous studies (44). A Spanish study found a lower demand for influenza vaccination
among homeopathy users, that rejects the vaccine for themself and for their children (45).
Moreover, family uptake behavior, can affect vaccine uptake among adolescents, as

indicated in previous studies(39).

For unvaccinated students, the main reasons to vaccine refusal or hesitancy were
concern about side effects, safety and vaccine distrust, agreeing with other studies in
similar populations that demonstrated the significance of these variables in the decision
not to be vaccinated (40,41). The associated variables among students were risk
perception, knowledge, alternative medical practices as homeopathy and compliance of
routine vaccination. Students with higher perceived knowledge about COVID-19 were
more likely to accept the vaccine, that is coherent with the discussion about access to

adequate health information as an important predictor to vaccine acceptability (46-48).

Students that belief is easy to avoid a SARS-COV-2 infection, that is, who do not
perceive the risk to be infected were more likely to refuse the vaccine against COVID-
19, consistent with other studies (40,49).

A previous SARS-CoV-2 infection as a reason for vaccine refusal or hesitation
increased between October 2021 and January 2022 among the participants may be related
with the large wave caused by the Omicron variant in Catalonia, occurred in early
December 2021, between the two points of the study data collection. The higher
transmissibility and increasing infections, in fully vaccinated people included, could be
associated with untrust and doubts about the vaccine effectiveness increasing the
hesitation. Moreover, unlike the beginning of the pandemic, the perception of risk has
changed, and people believe that COVID-19 has become a mild disease now.

Vaccine access is an important goal for health policies. It is very important
understand how the lack of information, personal beliefs, limited health literacy and lower
risk awareness was associated with vaccine refusal and hesitancy as discussed by another

research (40). Previous study showed that recommendation for the Government has
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strongly associated with acceptance (48), and especially when qualified information is
available (23,29,44,50,51).

Limitations

Although the study design was adequate for the purpose of the study, the results
should be extrapolated with caution. Predictive capacity of the statistical models applied
in this study are considerable high, but, despite the high prevalence of COVID-19 vaccine
acceptability in our sample, the study population does not represent the overall children
and parents of the country.

The sample heterogeneity allows to generate several hypotheses, these would
eventually need to be confirmed with population-based surveys. The reported vaccine
acceptability may not reflect actual vaccination behavior as well. The fact that vaccination
intentions were only asked for those who were not yet vaccinated, have also reduced this
population size over time. Therefore, new research, especially longitudinal studies at
different intervals, will be needed to investigate and evaluate this behavior in different
periods of COVID-19 vaccination strategies.

Conclusions

This is the first investigation into COVID-19 vaccine hesitancy among parents and
adolescents in Catalonia, Spain. Precaution regarding parental vaccination of children is
consistently present across different periods of the pandemic, suggesting that individual

risk-benefit continues to guide decision-making processes regarding vaccination.

Findings on the impact of social and structural factors on COVID-19 vaccine
acceptability highlight the importance of specifically targeted interventions to address
frequent misunderstandings and reinforce the common benefit of vaccination at the

population level.

The evolving nature of SARS-CoV-2 and the potential role of vaccines in the pediatric
population are still full of uncertainties. Both understanding the biological evolution of
the virus and the persistence of natural and acquired immune protection will be crucial in

defining vaccine recommendations for children.
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Finally, the emergency response to SARS-CoV-2 needs to leave us a legacy of a health
system prepared for increasingly efficient responses to future threats to public health. In
this context, monitoring compliance and evolution of preventive public health measures,
such vaccine hesitancy has been important to better understand the interaction between
different multilevel determinants and its maintenance over time will be necessary to

correctly delineate future interventions.
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ARTICLE 3

Impact of the COVID-19 pandemic on the psychological well-being of
adolescents by gender identity
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SUMMARY

Obijective of the study: This study aims to describe the impact of the COVID-19

pandemic on the emotional wellbeing of students over 15 in Catalan sentinel schools
according to gender, to compare coping strategies adopted to manage the health crisis by
gender and to show the relation between the strategies adopted and a worsening of mental
health due to the COVID-19 pandemic.

Study design: Cross-sectional study in 16 secondary educational centres in Catalonia
(academic year 2021-2022) that form part of the CSSNC Project.

Study population: For the objectives of this study, students over 15 years were selected.

Data collection: Data collection took place from October to December 2021 through an

online questionnaire available in Catalan, Spanish and English

Variables, outcome and case definitions: The questionnaire included sociodemographic

variables, self-perceived physical and/or mental health status, self-perceived impact of
the pandemic on mental health, level of stress caused by uncertainty about the future
generated by COVID-19, emotions felt in the last 7 days caused by the pandemic, level
of concern about the impact of the pandemic on different aspects of life in relation to the

last 7 days and strategies used to cope with the pandemic.

Data analysis: A descriptive analysis of the variables was carried out and differences
between proportions according to gender were compared using the Chi-Square test, or the
exact Fisher’s exact test if observed cases were less than 5, and differences between
means using the Student’s T-Test.Logistic regression models were built to evaluate the
association between coping strategies with self-perceived impact of the pandemic on the
state of mental health, adjusting by gender, house size and type of educational centre (low,
medium low, medium high and high complexity). Adjusted OR (ORa) were calculated
with a Confidence Interval of 95% (1C95%).

Results: The main socio-demographic and health status characteristics by gender are
presented in Table 1. The mean age of participating boys and girls was 16.9 and 16.8
years old respectively, most were born in Spain (89.9% girls and 93.0% boys) and 9.3%
of girls and 8.5% of boys, respectively, reported a drop in family income since the start

of the pandemic.
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Boys presented a better self-perceived general health status compared to girls (95.3%
good, very good or excellent for boys and 92.3% for girls) and also better mental health
(87,3% good, very good or excellent for boys and 63.8% for girls). Additionally, the
percentage diagnosed with anxiety before or after the pandemic started was higher in girls
(20.6% girls, 7.3% boys). A greater proportion of girls perceived a worsening in mental
health due to the COVID-19 pandemic compared to boys (36.9% and 17.8%,
respectively), while 5.7% of girls and 15.0% of boys perceived their mental health
improved in this same period (p<0.001). Additionally, the level of stress caused by
uncertainty about the future generated for COVID-19 was also greater in girls than in
boys (M=4.1 [SD:1.7] and M=3.1 [SD:1.8], respectively).

For all the emotions that can generate emotional discomfort evaluated, girls had
statistically significant higher mean scores than boys, except for worry. The main
emotions reported for both girls and boys were worried (M=2.7 [SD:1.1] and M=2.2
[SD:1.1], respectively) and boredom (M=2.7 [SD:1.3] and M=2.4 [SD:1.2], respectively,
followed by frustration in girls (M=2.5 [SD:1.3]) and disappointment in boys (M=1.9
[SD:1.1)).

Regarding the level of concern (a lot/a great deal) about the impact of the pandemic on
different aspects of life in the prior 7 days, most of the participants reported a high
negative impact caused by the fact that friends and/or family could die (61.3% girls and
41.4% boys) and/or get sick (54.9% girls and 33.5% boys), together with the fear of losing
jobs (themselves or family members) (46.5% girls and 29.6% boys).

One of the most frequent coping strategies was contact with friends online and/or social
media (76.5% and 68.6% in boys and girls respectively), and other solitary digital
activities like watching TV and/or films (80.8% and 69.7% in girls and boys respectively),
both declared in a higher proportion by girls than boys. More than half the adolescents
also referred to self-care strategies like taking exercise (59.7% and 63.2% in girls and
boys, respectively), and/or other individual non-digital activities such as reading and/or
writing (41.2% for girls and 14.8% for boys). Amongst unhealthy activities, girls
particularly cited smoking (9.9% girls, 5.4% boys) and eating less healthily (20.8% girls
and 16.6% boys). By contrast, consumption of alcohol and/or drugs as a coping strategy
was cited by a greater percentage of boys (11.2% boys, 8.1% girls). The percentages of
adolescents who had spoken to a mental health professional was 7.7% of girls and 2.6%

of boys.
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In the logistic regression analysis adjusted for gender, house size and type of educational
centre an association was observed between the use of social activities to cope with the
pandemic, particularly family activities (OR=0.59; C195%=0.44-0.80) and reserving
time to be with those you live with (OR=0.70; C195%=0.50-0.98) with a lower probability
of declaring worsening of mental health due to the pandemic. Playing board games,
puzzles or crafting also showed a protective effect in relation to worsening of mental
health (OR=0.56; C195%=0.41-0.78). For adolescents who reported other strategies
related to unhealthy habits, like consumption of alcohol or drugs (OR=2.10;
Cl195%=1.35-3.27), and/or smoking (OR=1.93; 1C95%=1.21-3.08), a greater probability
of perceiving a negative impact of the pandemic on mental health was observed. Finally,
adolescents who had spoken to mental health professionals reported a higher proportion
of worsening of mental health (OR=3.62; C195%=2.05-6.39).
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Resumen

Objetivo: Evaluar el impacto de la COVID-19 en el bienestar emocional de adolescentes
en Catalufia, y comparar las estrategias de afrontamiento adoptadas durante la pandemia
y su relacion con el impacto autopercibido de la COVID-19 en la salud mental segln
identidad de género. Métodos: Estudio transversal en centros educativos de Catalufia
incluyendo 1.171 alumnos/as >15 afios (octubre-diciembre de 2021). Mediante modelos
de regresion logistica multivariantes se evalu6 la asociacion entre las estrategias de
afrontamiento y el impacto autopercibido de la pandemia en la salud mental. Resultados:
Una mayor proporcion de chicas que de chicos percibia un empeoramiento en su salud
mental por la COVID-19 (36,9% y 17,8%, respectivamente). Las principales emociones
reportadas tanto en chicas como en chicos fueron preocupacion y aburrimiento. Se
observO una asociacion entre estrategias de afrontamiento positivas y una menor
probabilidad de declarar un empeoramiento en la salud mental a raiz de la pandemia entre
las chicas, mientras que otras estrategias relacionadas con habitos poco saludables se
asociaron a una mayor probabilidad de declarar un empeoramiento de la salud mental en
ambos chicas y chicos. Conclusién: Este estudio demuestra el impacto negativo de la
pandemia de la COVID-19 en el bienestar psicologico de los/las adolescentes,

especialmente en chicas. Es importante seguir monitorizando el impacto de la COVID-
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19 a medio/largo plazo en la salud mental de los/las adolescentes y disponer de
informacion que pueda mejorar el desarrollo de estrategias de afrontamiento saludables
durante crisis de salud como la COVID-19 considerando una perspectiva de género.

Palabras clave: COVID-19; Bienestar psicolégico; Adolescentes; Identidad de género;
Escuelas; Estudio transversal

Abstract

Objective: To describe the impact of the COVID-19 pandemic on the psychological well-
being of adolescents in Catalan schools by gender identity, and to compare coping
strategies adopted to manage the health crisis and their relationship with the self-
perceived impact of COVID-19 on mental health. Methods: Cross-sectional study in
educational centres that includes 1,171 adolescents over 15 years old. Online
questionnaire (on paper when necessary) implemented from October to November 2021.
Multivariate logistic regression models were built to evaluate the association between
coping strategies with self-perceived impact of the pandemic on mental health. Results:
A greater proportion of girls perceived a worsening in mental health than boys due to
COVID-19 (36.9% and 17.8%, respectively). The main emotions reported for both girls
and boys were worry and boredom. The study found an association between positive
coping strategies with less adverse mental health among girls, whereas unhealthy habits
were associated with a higher probability of declaring worsening of mental health for both
girls and boys. Conclusion: This study demonstrated the negative impact of the COVID-
19 pandemic on psychological well-being in adolescents and a clearly worse impact on
girls. It is important to keep monitoring the medium- and long-term secondary impacts of
the pandemic on mental health outcomes of adolescents and to gather information that
can improve services for the development of healthy coping strategies during health crises
like COVID-19, which include gender perspective.

Keywords: COVID-19; Psychological well-being, Adolescents; Gender Identity;

Schools; Cross-Sectional studies

Introduction
The SARS-CoV-2 emergency affected health systems globally, compelling governments

to implement strategies, like social distancing or confinements, and generating stress,
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anxiety, and depression which impacted the population well-being, and young people
especially (Nearchou et al. 2020). In educational settings, measures such as suspending
classes and accelerating the use of technology for learning, had an impact on the routines
of students and their families (Krishnaratne et al. 2020). Additionally, social distancing
reduced the interpersonal interactions and leisure activities of adolescents, who lost social
relations with peers, amongst other changes (Orgilés et al. 2020). Previous systematic
reviews have demonstrated that mental health problems in children and adolescents
increased during the pandemic compared to pre-pandemic data, being gender, socio-
economic status, previous state of mental and physical health, social support, and
consistent routines among the most reported influencing factors(Wolf and Schmitz 2023;
Saulle et al. 2022; Kauhanen et al. 2023; Amords-Reche et al. 2022; Theberath et al.
2022) .

Several studies have shown gender differences in the response of adolescents to the
COVID-19 pandemic, with a worse effect on psychological well-being observed in girls
girls (Kang et al. 2020; Halldorsdottir et al. 2021). Reasons cited for the gender
differences include a reduction in emotional support from social networks due to social
distancing distancing (Magson et al. 2021) and a greater increase in unhealthy lifestyle
habits compared to boys (Kang et al. 2020). Additionally, depression and anxiety increase
during puberty, especially among girls (Knight et al. 2021), which may partially explain
these gender disparities. The pandemic highlighted gender differences in mental health
that are a reflection of the distinct social processes for youth with different gender
identities, as well disparities in mental health that emerge and intensify during this stage
of life (Hoyt et al. 2023).

Effective coping strategies, defined as cognitive and behavioural efforts made to manage
situations that are potentially threatening or stressful (Folkman and Lazarus 1980), have
been reported in adolescents, such as physical activity, use of social networks and
establishing routines (Golemis et al. 2022; Dvorsky et al. 2022). However, unhealthy
coping strategies such as consumption of tobacco, alcohol and/or drugs, or unhealthy
eating habits have been identified, although to a lesser extent (Romano et al. 2021; Lin et
al. 2021). Evidence indicates that positive coping strategies, such as connecting with
friends and family members and/or engaging in physical activities, are closely related to
better mental health outcomes during the COVID-19 pandemic (Theberath et al. 2022),
whereas unhealthy coping strategies relate more strongly to greater negative impacts on

stress and mental health, Also gender is one of the factors that influences which coping
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strategies are adopted to confront stress (Halldorsdottir et al. 2021; Molero Jurado et al.
2021) . A previous study in Spain on a sample of university students showed that men
resorted to physical exercise during the pandemic, while women listened to more music
and watched more television(Marco-Ahullo, Villarrasa-Sapifia, and Monfort-Torres
2021).

The COVID-19 Sentinel Schools Network of Catalonia [CSSNC], main objective was to
monitor and evaluate the COVID-19 situation and its impact in educational settings in
order to gather evidence for the health policies, prevention and control of SARS-CoV-2
in schools. Since its implementation in 2020, mental health was identified as a priority
challenge, leading us to include in the project new research questions to better explore
this issue in schools and develop more effective strategies strategies (Bordas et al. 2022).

This study aims to describe the impact of the COVID-19 pandemic on psychological well-
being, defined as "a state of mind in which an individual is able to develop their potential,
work productively, and creatively, and is able to cope with the normal stresses of life" "
(Dr. M. Dhanabhakyam and Sarath M 2023), in students over 15 years in CSSNC
stratified by gender identity. Furthermore, the study aims to compare coping strategies
adopted to manage the health crisis by gender and to investigate associations between
strategies adopted and a worsening of mental health due to the COVID-19 pandemic. It
is essential to explore how girls and boys were coping during the pandemic and what
coping strategies positively or negatively influenced changes in mental health to be able
to understand the impacts of the pandemic and to better inform appropriate school-based
interventions, creating a safe and supportive environment that responds to their specific

needs.

Methodology

Study design and participants selection

This is a cross-sectional study in 16 educational centres in Catalonia part of the CSSNC
Project during 2021-2022 (Bordas et al. 2022). Although it was an opportunistic sample,
epidemiological, sociodemographic characteristics, and type of school (public, private, or
chartered) were considered to assure heterogeneity. For the objectives of this study,
students aged 15-19 years-old were included. The study was approved by the ethics
committee of the IDIAP Jordi Gol i Gurina Foundation on 17 December 2020 (20/192-
PCV). Informed consent was obtained from all the participants.
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Data collection

Data collection took place from October-November 2021 through a questionnaire
developed on the REDCap platform, or in paper when necessary. Each school was
responsible to send a link containing the informed consent and the questionnaire available
in Catalan, Spanish and English to teaching and non-teaching staff and students. Students
over 15 years old signed the informed consent and completed the questionnaire by
themselves. Response rate was 53% and 23% for staff and students, respectively.

Variables

The questionnaire including sociodemographic and health status variables was based on
the WHO/Europe recommendation (WHO 2020). The questions on impact of COVID-19
on psychological well-being of students and the coping strategies adopted were adapted

from sections from the CASPE questionnaire. The full list of variables is presented in

table 1.

Table 1. List of variables included in the questionnaire.

Sociodemographic variables:

Type of educational centre; according to complexity (low,
medium low, medium high, high or very high) age, country of
birth, level of studies of parents or tutors, change in household
income since the start of the pandemic (Increased, Decreased, No
change, Unknown), living with people of 65 or over and/or with
children and/or with healthcare professionals, house size. Gender
identity options were female/male/non-binary/other. Female or

male are also referred to as girl or boy below.

Health status:

Self-perceived physical health (excellent, very good, good, fair,
poor), self-perceived mental health (excellent, very good, good,
fair, poor), having a chronic illness, diagnosis for anxiety, and
previous infection with COVID-19.

Self-perceived impact of the
pandemic on mental health:

It has improved, it has worsened, and it has stayed the same.
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Level of stress caused by
uncertainty about the future
generated by COVID-19

Using a Likert 7-point scale between 1 (less stressful) and 7 (more
stressful).

Emotions felt in the last 7 days

caused by the pandemic

Using a Likert 5-point scale between 1 (very slightly or not at all)
and 5 (extremely). The emotions reported on were anxiety or
stress, fear, sadness, worry, irritability, loneliness, boredom,
disappointment and frustration. From the answers for each
emotion an indicator was created with the sum of the 9 emotions
lived (range 9-45) where higher values on the scale were related
to worse psychological well-being.

Level of concern about the
impact of the pandemic on
different aspects of life in
relation to the last 7 days

Using a 5-point Likert scale between 1 (very little or not at all) and

5 (a great deal).

Strategies used to cope with

the pandemic

Participants had to select from a list coping strategies that were
later classified as 1) Strategies related to social activities; 2)
Strategies related to solitary digital activities; 3) Self-care
strategies; 4) Strategies related with unhealthy habits; 5) Others,

following previous studies using CASPE questionnaire.

Variable sources (i) Survey Tool and Guidance for Behavioural Insights on COVID-19: Monitoring
Knowledge, Risk Perceptions, Preventive Behaviours and Trust to Inform Pandemic Outbreak Response:
Copenhagen. WHO Regional Office for Europe; 2020. https://Apps.Who.Int/Iris/Bitstr, (ii) Ladouceur, CD.
2020. “Adolescent Symptom and Psychological Experience Questionnaire [CASPE).” Pittsburgh, PA.

Statistical analysis

Differences between proportions according to gender were compared using the Chi-

Square, or the exact Fisher’s exact test when more than 20% of cells have expected

frequencies < 5, and differences between means using the Student’s T-Test. Only people

identifying as men or women were included in the analysis because the small number of

participants identified themselves as non-binary or other (12 people identified themselves

as non-binary and 48 did not want to answer the question).

Logistic regression models were built to evaluate the association between coping

strategies with self-perceived impact of the pandemic on mental health, adjusting by
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gender, house size and type of educational centre according to complexity. The dependent
variable “self-perceived impact of the pandemic on mental health” was dichotomized as
“it has improved or stayed the same” versus “it has worsened”. Adjusted OR (Ora) were
calculated with a Confidence Interval of 95% (1C95%). The level of statistical
significance was established as 0.05. All analyses were carried out using the R program,

version 4.1.2.

Results

Of atotal of 1,171 participants, 626 (55.7%) identified as women, 478 (42.6%) identified
as men, 12 (1.1%) as non-binary and 7 (0,6%) as other gender. Regarding complexity,
166 (14.2%) students were from low complexity schools, 140 (12.0%) medium low
complexity, 700 (59.8%) medium high and the rest (14.1%) from high complexity
schools.

The mean age of participating boys and girls was 16.9 and 16.8 years old respectively,
most were born in Spain (89.9% girls and 93.0% boys) and 9.3% of girls and 8.5% of
boys, respectively, reported a lower level of family income since the start of the pandemic.
A higher proportion of boys compared to girls reported a university level of education for
their mothers (36.4% boys and 29.7% girls) (table 2).

Boys presented a better self-perceived general health compared to girls (95.3% good, very
good or excellent for boys and 92.3% for girls) and better self-perceived mental health
(87.3% good, very good or excellent for boys and 63.8% for girls). Additionally, the
percentage diagnosed with anxiety before or after the pandemic started was higher in girls
(20.6% qirls, 7.3% boys) (Table 2).

Table 2. Socio-demographic and health status characteristics of the sample according to
gender identity

Variables* Girls (N=626) Boys (N=478)
Socio-demographics N % N % P
Mean age [SD] 169 SD:1.0 16.8 SD:1.0 0,102
Place of birth: Spain 551 89.9 436 93.0 0.076
Level of education (fathers) 0.108

Primary or less 137 21.9 79 16.5

Secondary 235 375 1719 374

University 147 235 132 276
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Unknown or not applicable 107 17.1 88 18.4
Level of education (mothers) 0.002

Primary or less 106 16.9 47 9.8

Secondary 249 398 181 379

University 186 29.7 174 36.4

Unknown or not applicable 85 13.6 76 15.9
Level of education (guardians) 0.141

Primary or less 25 4.0 17 3.6

Secondary 69 11.0 46 9.6

University 46 7.3 54 11.3

Unknown or not applicable 486 776 361 755
Size of home (m?): More than 70 m? 544  88.8 390 824 0.006
Living with children 296 484 236 510 0.412
Living with people >65 51 8.4 32 6.9 0.379
Living with healthcare professionals 96 15.7 59 12.7 0.167
Lower level of income (since COVID-19) 57 9.3 40 8.5 0.631
Health status
Self-perceived health: excellent/very good/good 550 923 444 953 0.045
Self-perceived mental health: excellent/very good/good 380 63.8 459 87.3 <0.001
Any chronic disease 60 10.1 40 8.6 0.411
Diagnosis for anxiety <0.001

Never 473 794 432 927

Yes, since the pandemic started 52 8.7 11 2.4

Yes, before the pandemic 71 11.9 23 4.9
Previous infection with COVID-19 128 20.4 82 17.2 0.151

*Muissing values not included in calculations (for all variables missing values were <10%)

A greater proportion of girls perceived a worsening in mental health due to the COVID-
19 compared to boys (36.9% and 17.8%, respectively), while 5.7% of girls and 15.0% of
boys perceived their mental health as improved in this same period (p<0.001).
Additionally, the level of stress caused by uncertainty about the future generated for
COVID-19 was also greater in girls than in boys (M=4.1 [SD:1.7] and M=3.1 [SD:1.8],
respectively) (Table 3).

Table 3. Level of stress caused by uncertainty about the future generated by COVID-19
and emotions felt by gender identity.

Variables Girls (N=626) Boys (N=478)

Mean SD Mean SD P
Self-perceived stress associated with the pandemic*® °

4.1 [1.7] 3.1 [1.8] <0.001

Emotions felt because of the pandemic # ¢
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Anxiety or stress
Fear

Sadness

Worry
Irritability
Loneliness
Boredom
Disappointment
Frustration

Total score

24
1.9
24
2.7
2.3
2.1
2.7
2.3
2.5

21.2

[1.3]
[1.0]
[1.1]
[1.1]
[1.2]
[1.2]
[1.3]
[1.3]
[1.3]
[8.0]

1.7
1.4
1.7
2.2
1.8
1.6
2.4
1.9
1.8
16.4

[1.0]
[0.7]
[0.9]
[1.1]
[1.0]
[1.0]
[1.2]
[1.1]
[1.0]
[6.4]

<0.001
<0.001
<0.001
0.255
<0.001
<0.001
0.044
<0.001
<0.001
<0.001

3 Last 7 days;  7-option Likert scale from1 (less stressful) and 7 (more
stressful). © 5-option Likert scale from 1 (very slightly or not at all) and 5

(extremely). SD: Standard Deviation

For all the emotions that can generate emotional discomfort, girls had statistically

significant higher mean scores than boys, except for worry (Table 3). The main emotions

reported for both girls and boys, respectively, were worry (M=2.7 [SD:1.1] and M=2.2
[SD:1.1],) and boredom (M=2.7 [SD:1.3] and M=2.4 [SD:1.2],), followed by frustration
in girls (M=2.5 [SD:1.3]) and disappointment in boys (M=1.9 [SD:1.1]).
Most of the participants reported a high negative impact of the pandemic caused by the
fact that friends or family could die (61.3% girls and 41.4% boys) and/or get sick (54.9%
girls and 33.5% boys), together with the fear of losing jobs (themselves or family
members) (46.5% girls and 29.6% boys) (Figure 1).
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Figure 1. Level of concern (a lot/a great deal) about the impact of the pandemic on distinct
aspects of life according to gender identity

One of the most frequent coping strategies used by adolescents to deal with the pandemic
(table 4) was contact with friends online and/or social media (76.5% and 68.6% in boys
and girls respectively), and other solitary digital activities like watching TV and/or films
(80.8% and 69.7% in girls and boys respectively). On the other hand, playing videogames
was an activity mainly reported by boys (78.7% and 28.1%, respectively). In addition,
other social activities related to family such as reserving time to spend with people they
lived with were more frequently reported by girls in comparison with boys (26.4% and
20.6%, respectively). More than half the adolescents also referred to self-care strategies
like taking exercise (59.7% and 63.2% in girls and boys, respectively), and/or other
individual non-digital activities such as reading and/or writing, higher among girls
(41.2% qgirls and 14.8% boys). Amongst unhealthy activities, girls reported smoking as a
coping strategy more frequently than boys (9.9% girls, 5.4% boys), while eating less
healthily (20.8% girls and 16.6% boys), and consumption of alcohol and/or drugs (11.2%

boys, 8.1% girls) were reported similarly by gender. The percentage of girls who had
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spoken to a mental health professional was higher than boys (7.7% of girls and 2.6% of

boys).

Table 4. Strategies used to cope with the pandemic by gender identity.

Girls (N=626) Boys (N=478)
N % N % P

Social activities

Be in contact with friends online/social media 455 76.5 319 68.6 0.004

Participate in family activities 220 37.0 157 33.8 0.278

Reserve time to spend with people I live with 157 26.4 96 20.6 0.030
Solitary digital activities

Watch TV/films 481 80.8 324 69.7  <0.001

Play videogames 167 28.1 366 78.7  <0.001
Other non-digital solitary activities

Practice meditation/mindfulness/praying 69 11.6 19 4.1 <0.001

Writing/reading 245 41.2 69 148  <0.001

Play an instrument/listen to music 236 39.7 130 28.0 <0.001

Play board games, puzzles or crafting 195 32.8 102 21.9  <0.001
Self-care strategies

Try to improve nocturnal rest 158 26.6 113 24.3 0.404

Do exercise 355 59.7 294 63.2 0.238

Eat more healthily 167 28.1 111 23.9 0.123
Unhealthy activities

Eat less healthily 124 20.8 77 16.6 0.078

Drink alcohol and/or take drugs 48 8.1 52 11.2 0.085

Smoking 59 9.9 25 54 0.007
Other strategies

Take vitamins/herbal remedies for immune system 46 7.7 16 3.4 0.003

Speak with mental health professionals 46 7.7 12 2.6 <0.001

Spend time in private outdoor areas 123 20.7 62 13.3 0.002

Follow a daily routine of activities 185 31.1 135 29.0 0.468

In the adjusted logistic regression analysis, we founded an association between the

participation in family activities, such as playing games and/or sports, with a lower

probability of declaring worsening of mental health due to the pandemic among girls

(OR=0.55; C195%=0.38-0.79) (Table 5).
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Table 5. Association between strategies to cope with the pandemic and worsening of

mental health adjusted by gender identity

Girls (N=626) Boys (N=478)

aOR  1C9%5% p aOR IC9%% p

Social activities

Be in contact with friends online/social
media

Participate in family activities (games,
sports etc.)

Reserve time to spend with people I live

118 0.79-1.76 0.430 1.03 0.61-1.74 0.923

055 0.38-0.79 0.001 0.69 0.41-117 0.171

0.70 0.47-1.03 0.07r 0.78 0.41-146 0.436

with

Solitary digital activities

Watch TV/films 0.75 0.55-1.31 0.467 0.85 0.51-1.42 0.538
Play videogames 0.66 0.45-097 0036 132 0.70-2.49 0.387

Other non-digital solitary activities
Practice meditation/mindfulness/praying  1.33  0.80-2.22 0.271 126 0.40-3.93 0.693

Writing/reading 123 0.87-1.73 0.242 0.75 0.36-1.55 0.441

Play an instrument/listen to music 131 0.93-1.86 0.122 125 0.74-2.10 0.402

Play board games, puzzles or crafting 0.62 0.43-0.89 0.011 0.44 0.22-0.88 0.021
Self-care strategies

Try to improve nocturnal rest 1.08 0.74-158 0.676 096 0.54-1.70 0.895

Do exercise 1.33 0.94-1.88 0.107 0.74 0.45-1.20 0.223

Eat more healthily 1.01 0.69-1.47 0964 090 0.51-1.61 0.731
Unhealthy activities

Eat less healthily 126 0.84-1.91 0.268 120 0.65-2.24 0.557

Drink alcohol and/or take drugs 261 141-481 0.002 156 0.79-3.11 0.203

Smoke 1.70 0.98-294 0.0568 245 1.03-5.84 0.043

Other strategies

_ Take vitamins or herbal remedies for | o, (54199 0958 070 155320 0.649
Immune system

Speak with mental health professionals 343 1.82-6.46 <0.001 456 1.31-159 0.017
Spend time in private outdoor areas 0.90 0.59-1.37 0611 0.74 0.33-1.63 0.451

Follow a daily routine of activities 0.86 0.59-1.24 0419 1.03 0.61-1.75 0.911

*aOR: Odds ratio adjusted by house size and type of educational centre according to

complexity

Playing board games, puzzles or crafting also showed a protective effect in relation to
worsening of mental health among both girls and boys, respectively (OR=0.62;
Cl195%=0.43-0.89 for girls and OR=0.44; Cl95%=0.22-0.88 for boys). Playing
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videogames also showed a protective effect in relation to worsening of mental health
among girls (OR=0.66; C195%=0.45-0.97).

Among girls, other strategies related to unhealthy habits, like consumption of alcohol or
drugs, were associated with a higher probability of declaring worsening of mental health
due to the pandemic (OR=2.61; C195%=1.41-4.81). An association between smoking and
a higher probability of declaring worsening of mental health due to the pandemic was
seen among boys (OR=2.45; C195%=1.03-5.84).

Finally, adolescents who had spoken to mental health professionals reported a higher
proportion of worsening of mental health (OR=3.43; CI95%=1.82-6.46 for girls and
OR=4.56; CI195%=1.31-15.9 for boys) (Table 5).

Discussion

This study demonstrated the negative impact of the COVID-19 pandemic on
psychological well-being in adolescents and a clearly worse impact on girls. The use of
social and digital media to keep in contact with friends and reduce social isolation was
the most commonly reported coping strategy for both girls and boys, whereas gender
differences were seen in the use of other strategies used such as the higher proportion of
girls using social activities related to family and/or friends in comparison to boys. This
study also shows an association between coping strategies and self-perceived mental
health status in adolescents in Catalonia. In this sense, the use of unhealthy habits during
the early pandemic period (e.g., substance use) was associated with a higher probability
of declaring worsening mental health among both girls and boys, whereas the use of other
positive coping strategies (e.g., spending time with family) was associated with less
adverse mental health among girls.

The higher percentage of girls than boys that perceived a worsening of mental health due
to the pandemic and the higher level of stress caused by general uncertainty it produced
is consistent with others studies studies (Orgilés et al. 2020; Wolf and Schmitz 2023,
Saulle et al. 2022; Kauhanen et al. 2023; Theberath et al. 2022; Amoro6s-Reche et al.
2022) . Emerging evidence indicates that girls perceive the impact of COVID-19 on their
psychological well-being differently from boys (Pigaiani et al. 2020). However, a higher
prevalence of diagnoses of anxiety since the start of the pandemic observed in the study
(8.7% girls, 2.4% boys) suggests that objective data exists to confirm the worsening of

mental well-being in girls. All adolescents experienced more intense emotions than usual
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linked to the pandemic such as: worry, boredom, frustration, and disappointment, with
girls presenting higher mean scores on most of the emotions that negatively affected
psychological well-being. Other studies with children and adolescents in Spain during the
first months of the pandemic revealed feelings like fear, sadness and boredom, typical of
the break with routine and loss of predictability the pandemic supposed (Amords-Reche
et al. 2022). Although no difference was observed in type of concerns most reported
according to gender, there were differences in intensity with girls showing the highest
prevalence, as reported previously (Hassan et al. 2021). The fact that family or friends
could die if infected by SARS-CoV-2 was the commonest concern reported for both
genders; a risk factor for poorer psychological well-being in young people observed in
several studies (Balluerka-Lasa, Gomez-Benito, and Hidalgo-Montesinos 2020). The
second major stressor was fear of losing work, both for themselves and/or family
members, consistent with a previous study in Catalonia where a decline in family income
was associated with poorer overall well-being for girls and boys boys (Tzur Bitan et al.
2020)

Amongst the most common strategies found in our study to cope with the pandemic, for
both girls and boys, were maintaining contact with friends online or through social media,
together with other solitary digital activities. Although that coping strategies alleviate the
effects of social distancing, social network use has also been associated with negative
psychological consequences in this context (Folch et al. 2022).

Girls reported in a higher proportion than boys the use of social activities related to family
and/or friends as a coping strategy, as observed previously (Clark, Algoe, and Green
2018). In addition, among girls, spending time with family members was associated with
less likelihood of declaring worsening mental health due to the pandemic. Other studies
also show that better communication and emotional support from family members during
the pandemic was a protection against developing symptoms of anxiety or depression in
children and adolescents (Riazi et al. 2023).

As in other studies (Tang et al. 2021) a large percentage of adolescents referred to self-
care strategies like exercise to deal with the pandemic, which has shown mental health
benefits for the young. However, other less healthy habits like smoking, and consumption
of alcohol and/or drugs, were also used as coping strategies (Pascoe et al. 2020).
Compared to boys, more girls in our sample reported engaging in tobacco use to cope
with the pandemic. This finding is consistent with evidence that girls may be more likely

to use substances as a coping strategy and responds to their learning and development, as
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well as their mental health and psychosocial well-being needs (Rogés et al. 2021), but
some studies have shown that users had increased the intensity and frequency of their
intake (Romano et al. 2021). Worry and fear due to COVID-19, together with
consumption to relieve feelings of emotional discomfort caused by anxiety, stress or
depressive feelings, have been identified as factors associated with coping strategies

involving substance use (Fox and Sinha 2009).

Finally, seeking professional help as a coping strategy was reported by a few number of
adolescents, and more in girls, in line with previous studies showing young people will
more often disclose their feelings to parents and friends than to professionals, this is in
part due to mental health stigma and embarrassment, a lack of mental health knowledge

and negative perceptions of help-seeking (Grove, Marinucci, and Montagni 2023)

Some limitations of this study include a lack of pre-pandemic data to confirm a real
decrease in mental health in adolescents using internationally validated scales. However,
the questionnaire used was created specifically to measure perception of impact of the
pandemic on psychological well-being in adolescents and was never intended to diagnose
the real state of mental health of participants. On the other hand, as it is a transversal
study, we cannot establish causality between worsening mental health and coping
strategies adopted. Additionally, we cannot rule out a significant degree of memory bias,
as in any retrospective survey. Finally, considering the non-probabilistic sampling
method, the results cannot be generalized to the school population of Catalonia. However,
one of the most important strengths of this study was the formation of a network of
schools that worked together to develop, adapt and implement health protocols, studies
and scientific dissemination in the face of the pandemic, providing safe attendance of
face-to-face activities for students and education professionals. Still, in relation to the
methodology, the study design, carried out concomitantly with the participatory research
model, revealed a strengthening of science teaching and the strengthened student
involvement, seeking to mitigate as much as possible the impact of the pandemic on their
mental health.

In conclusion, this study presents evidence on the negative impact of the COVID-19
pandemic on psychological well-being in adolescents in schools in Catalonia, especially
in girls. Although the generalized use of social media technology as a coping strategy
stands out, other activities and strategies have been employed, and differently by boys
and girls. Some of these strategies have been related to better psychological well-being,
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but we must not forget that unhealthy strategies, such as consumption of alcohol and/or
drugs and smoking, have also increased to deal with difficult situations. Due to the
pandemic adolescents experienced much stronger negative emotions than usual such as
worry, irritability or frustration; with girls presenting a higher proportion of them. More
focus must be put on feelings generating emotional discomfort, especially if they are very
intense and prolonged, because the absence of adequate tools to manage them can put
those who experience them at risk. It is important to keep monitoring the medium- and
long-term secondary impacts of the pandemic on mental health outcomes and consequent

coping behaviours, especially considering gender perspective.

Finally, access for adolescents to emotional support services must be improved, both
within schools and in specialized mental health centres, taking into account the need to
support young people as they develop the necessary positive coping strategies required
during health crises such as that of COVID-19.
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The occurrence of SARS-CoV-2 in CSSNC educational settings

The social effect of school closures on young people and families is a controversial issue.
In one aspect, there is concern about preventing the transmission of SARS-CoV-2, but
several important gaps in the educational process and child care have also been identified.
(Tormos, Fonseca | Casas, and Garcia-Alamino 2022). Our results indicated that
transmission in the school environment did not appear to contribute much to the spread
of the virus, especially for younger children, and this founds support the decision to keep
schools open while following several public health measures and safety protocols to
control the transmission of the virus were implemented, as other studies that pointed the
same conclusion (Soriano-Arandes et al. 2021; Kriemler et al. 2021; Ertem et al. 2021).

A populational study carried out at Catalonia with children under 18 years found a
seroprevalence of 4.4% between March and April 2020 (Pollan et al. 2020), lower than
what we found in the CSSNC. This difference may reflect the difficulty of diagnosing
asymptomatic youngers especially during the initial period of the pandemic, emphasizing
the importance of active surveillance of school sentinel populations, for the timely
detection of respiratory viruses, although, the detection of active SARS-CoV-2 infections
in CSSNC was lower than Catalonia during the same period (Generalitat de Catalunya
2022b; Perramon et al. 2021; Llupia et al. 2021; Pollan et al. 2020). These low rates of
SARS-CoV-2 infections founded in our longitudinal were, consistent with other studies
that have very similar results to ours (Kirsten et al. 2021; Choe et al. 2021; Tonshoff et
al. 2021; Van Loon et al. 2021).

As expected, in our study there was a significant increase in SARS-CoV-2 seroprevalence

in the school staff group, which can be explained by the increase of vaccination coverage.

Demographic and economic aspects are described in previous studies as determinants in
the virus transmission (Lugon et al. 2021; Mena et al. 2021; Riou et al. 2021). In our
study, we found correlations between these determinants and SARS-CoV-2 infection,
however these results were dependent of the pandemic period. At the beginning a
improved economic situation was positively associated with infections, in the subsequent
waves, we observed a new trend where a higher infection risk was associated with lower
economic status. This provides important clues to understanding the COVID-19 burden
in economic and demographic contexts, as demonstrated by (Mari-Dell’Olmo et al. 2021).

Population-based studies found similar results where heterogeneity in incidence and
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mortality rates (Choe et al. 2021; Mena et al. 2021; Riou et al. 2021) were associated with
socioeconomic status showing the importance of planning sanitary policies oriented to
the territorial characteristics and specific inequities (Im Kampe et al. 2020; Julieta Politi
et al. 2021). It is known that the burden of COVID-19 has affected different
socioeconomic groups with different intensity, as observed in this populational study
about mortality associated with socioeconomic status in Barcelona, Spain (Julieta Politi
et al. 2021).

Knowledge and perception of the risk about COVID-19 was positively associated with
infection, which may indicate either, knowledge acquired due to a previous infection, or
the large amount of lay knowledge consumed by the young and indeed the general
population (Ismail et al. 2021; Hatami et al. 2021). In the same way, a high level of risk

perception indicate they understood the risks they had taken.

SARS-CoV-2 Vaccine acceptability

Social determinants and characteristics related to less access to health policies and
information had a greater impact on vaccine acceptability, a result also observed in
different studies on coverage and acceptability among low-, middle- and high-income
countries (Yamey et al. 2022; Solis Arce et al. 2021). Access to adequate health
information seems to be an important predictor to vaccine acceptability (Islam et al. 2021;
Adane, Ademas, and Kloos 2022; Wong et al. 2021).

In fact, students with higher knowledge about COVID-19 were more likely to accept the
vaccine. Students that did not perceive the risk to be infected a SARS-COV-2 infection,
were more likely to refuse the vaccine against COVID-19. The confidence in public
health authorities can influence the decision to vaccinate or vaccinate persons in their
care, and these messages reinforcing vaccine safety and efficacy, when disseminated by
health professionals can be useful to minimize vaccine hesitancy and refusal (Viswanath
et al. 2021; ECDC 2021; Solis Arce et al. 2021; Pacella-LaBarbara et al. 2021).

The higher transmissibility and increasing infections, in fully vaccinated people included,
could be associated with untrust and doubts about the vaccine effectiveness increasing
the hesitation. Moreover, unlike the beginning of the pandemic, the perception of risk has

changed, and people believe that COVID-19 has become a mild disease now.
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Socioeconomic characteristics as obstacles to vaccination strategies, have already been
widely described and discussed by the public health community (Viswanath et al. 2021,
Nguyen et al. 2021). Our study corroborated these found. A greater density household or
a decrease in the economic situation, parents’ migratory situation, when at least one was
born abroad but lives in Spain, that was associated with a lower probability to vaccinate
their children, or associated with vaccine hesitancy, a similar result was founded in a
Canadian study (Nazeem Muhajarine et al. 2021), and in this study that demonstrated

disparities in vaccination rates among students of different ethnicities (Gurley et al. 2021).

Interestingly, alternative medicines such as homeopathy, that had a negative association
with vaccine acceptability among both, parents and adolescents. This can be related to
the lower use of health services and distrust of pharmacological therapies by these users.
In addition, personal beliefs were already associated with vaccine refusal among parents
in previous studies (McKee and Bohannon 2016). A Spanish study found a lower demand
for influenza vaccination among homeopathy users, that rejects the vaccine for themself
and for their children (Pinilla and Rodriguez-Caro 2019).

The impact of the COVID-19 on the psychological adolescent’s well-being

This study also investigated aspects related to mental health, demonstrating the negative
impact of the COVID-19 pandemic on the psychological well-being of adolescents, and
how much more severe this impact was on girls. All adolescents experienced more intense
emotions than usual linked to the pandemic such as: worry, boredom, frustration, and
disappointment, with girls presenting higher mean scores on most of the emotions that

negatively affected psychological well-being.

Emerging evidence indicates that girls perceive the impact of COVID-19 on their
psychological well-being differently from boys (Pigaiani et al. 2020). The higher
percentage of girls than boys that perceived a worsening of mental health due to the
pandemic and the higher level of stress caused by general uncertainty it produced is
consistent with others studies studies (Orgilés et al. 2020; Wolf and Schmitz 2023; Saulle
et al. 2022; Kauhanen et al. 2023; Theberath et al. 2022; Amoros-Reche et al. 2022) .

Adolescents often use coping strategy as the use of social media reduce social isolation

to deal with the pandemic. In this study, we found gender differences in the use of these
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strategies, as the higher proportion of girls doing social activities related to family and/or
friends in comparison to boys. This study also shows an association between coping
strategies based in unhealthy habits like smoking, and consumption of alcohol and/or
drugs and a worsening mental health among both girls and boys, the same result was
presented by (Pascoe et al. 2020). Positive coping strategies related to self-care strategies
like exercise, were associated with less adverse mental health among girls which has
shown mental health benefits for the young as demonstrated by (Tang et al. 2021).
Compared to boys, more girls in our sample reported use of tobacco to cope with the

pandemic.

The coping strategy related to help from health professionals was reported by few
adolescents, most of them girls. Other studies have concluded that young people talk more
often about their feelings with family and friends than with professionals, this is partly
related to the stigma and embarrassment in seeking mental health services, the negative
perceptions of this search and also the lack of knowledge about mental health. (Grove,

Marinucci, and Montagni 2023)

Complementary strategies to respiratory disease surveillance among students

Considering the low prevalence of SARS-CoV-2 infections among our study population,
(we must test 1,258 participants to find one positive) we designed a pilot study to
implement a strategy of syndromic surveillance as complementary tool for predict
COVID-19 and others respiratory illness, where we collected information about
symptoms and school absence and analyze the association between both and presenting

clusters of symptoms among the students.

We found significantly and positively association between school absences and common
cold syndrome, demonstrating that symptoms can be a good predictor to events related to
school absence, showing that is possible to implement specific forecast models based on

real-time data surveillance for the school age population.

Our study reinforces that a strategy based on an active sentinel surveillance seems to be
more effective in scenarios with susceptible/sentinel groups, and, therefore, could offer

evidence to the public health through analytical models that improve their potential in
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providing timely and systematized information about the student’s health status,

symptoms and their association with school absences, in general.

The approach of the sentinel surveillance could bring more sensibility to detecting a wider
range of events and situations being useful to adapt tools and promote better use and
allocation of resources and ensure an efficient monitoring model. Moreover, school
absences have been already used as a tool for understand the school impact caused by
influenza-like events in the schools, moreover other studies also have adapted tools from
children’s health surveillance, considering that they generally do not communicate their
health status very well (Lai et al. 2021; Schmit et al. 2021)

Besides validate a syndromic surveillance pilot among children aged 6-11 years, the early
key of this study was scaling the self-application of the survey for students of younger
age groups, ensure their participation without increasing the burden of attributions of
teachers and health services that have already been largely impacted by the SARS-CoV-

2 pandemic.
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STUDY LIMITATIONS
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Because of the sample of the schools and the participation rate, the study population may
not be representative of all schools in Catalonia. Nevertheless, the heterogeneity of the
included school’s information from different socioeconomical scenarios with a big
enough study population. As a sentinel population approach, the objective of the CSSNC
is not to extrapolate parameters, but to complement formal epidemiological surveillance
systems by means of monitoring them steadily over time population studied. The sample
of this study is not representative of the general population, but it is intended to be a
source of information associated with the sentinel surveillance system for COVID-19,
which are the Sentinel Schools, so it does not need to be representative. The results cannot
be generalized to the school population of Catalonia, despite being selected from a
representative sample of schools regarding organizational and structural diversity and the

epidemiology of the territory.

As a cross-sectional design, association should be interpreted with caution, without
attributing causality. Variables such as distal characteristics must be interpreted
differently from variables that can change over time such as knowledge, behavior, and
contact patterns, which are influenced by the occurrence of the disease. Moreover, the
acceptability, compliance, and prevention behaviors, may have been directly affected by
the course of the pandemic.

There were some limitations to our longitudinal analysi