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Abstract
Background: Despite the growing evidence of the extreme efficacy of COVID-19 vaccines in adults and the elderly,
the administration of the same prophylactic measures to pediatric subjects is debated by some parents and by a
number of researchers. The aim of this manuscript is to explain the reasons for overcoming hesitancy towards
COVID-19 vaccination in children and adolescents and to highlight the importance of universal COVID-19
vaccination in the pediatric population.
Main findings: Recent epidemiological data suggest that the risk that a child with COVID-19 is hospitalized or
admitted to the pediatric intensive care unit is greater than initially thought. Children may also suffer from long
COVID and school closure because of COVID-19 can cause relevant mental health problems in the pediatric
population. Placebo-controlled, observer-blinded, clinical trials showed appropriate efficacy, safety and tolerability of
authorized mRNA COVID-19 vaccines in children and adolescents 12–17 years old. Vaccination in children younger
than 12 years of age will allow further benefits .
Conclusions: COVID-19 vaccine administration seems mandatory in all the children and adolescents because of
COVID-19 related complications as well as the efficacy, safety and tolerability of COVID-19 vaccines in this population.
Due to the recent approval of COVID-9 vaccines for children 5–10 years old, it is desirable that vaccine opponents can
understand how important is the universal immunization against COVID-19 for the pediatric subjects.
Keywords: COVID-19, COVID-19 vaccine, Pediatric infectious disease, SARS-CoV-2

Background
Despite the growing evidence of the extreme efficacy of
COVID-19 vaccines in adults and the elderly [1], the administration of the same prophylactic measures to
pediatric subjects is strongly debated by many parents
and by a number of leading physicians and researchers.
Controversies about immunization against COVID-19 in
children are almost daily reported in the most largely
diffused newspapers and major scientific journals [2–4].
On the other hand, hesitation in recommending
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immunization against COVID-19 of pediatric subjects
has been also demonstrated by health authorities of
some countries with advanced health system. After the
Food and Drug Administration (FDA) authorization for
emergency use of mRNA vaccines in children 12 years of
age and older, in the USA both the American Academy
of Pediatrics (AAP) and the Centers for Disease Control
and Prevention (CDC) have immediately recommended
the immunization against COVID-19 of all the children
in this age group [5]. On the contrary, in UK
immunization against COVID-19 of children 12 to 17
years old was recommended only in case of a severe
chronic underlying disease or if they were living with
people at risk of very severe COVID-19 [6]. Finally, in
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Sweden health authorities had a more cautious attitude
because the Public Health Agency declared that it was
looking at the impact of offering the COVID-19 vaccines
to children in other countries before making the decision whether and when to immunize children aged 12 to
15 years [7]. Recently, the FDA [8] and the European
Medicines Agency (EMA) [9] have authorized the use of
mRNA vaccines in children 5–11 years old. The aim of
this manuscript is to explain the reasons for overcoming
hesitancy towards COVID-19 vaccination in children
and adolescents and to highlight the importance of universal COVID-19 vaccination in the pediatric
population.
Reasons to overcome hesitancy towards COVID-19
vaccination in children and adolescents

The attitude against COVID-19 vaccination of pediatric
subjects does not seem to be based on consistent assumptions. Many of the reasons given by those who oppose COVID-19 vaccination in pediatrics do not seem to
stand up to a thorough analysis. Opponents argue that
mass vaccination of children, while effective in reducing
the number of pediatric COVID-19 cases, does not seem
to be cost/effective as most severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections in children and adolescents are clinically mild or even
asymptomatic [10]. Less than 2% of pediatric cases are
hospitalized [11] and, contrarily to adults, death is a rare
event [12]. Data collected in 79 countries accounting for
2.7 million COVID-19 deaths have shown that only 0.3%
regarded patients younger than 20 years of age [13].
Moreover, those against COVID-19 vaccination in
children and adolescents suggested that most of the
pediatric cases at risk of severe COVID-19 could be easily identified and this could allow to recommend
immunization only to a very reduced number of
pediatric patients, avoiding mass vaccination. Some data
highlighted that the great majority of severe pediatric
COVID-19 cases are diagnosed in children suffering
from a severe chronic underlying disease [14] and in
those living in countries with greater mortality rates in
all age groups [15].
However, a more complete and most up-to-date evaluation of pediatric COVID-19 seems to indicate that the
relevance of severe cases in the pediatric population is
significantly greater than that indicated by vaccine opponents. Recent epidemiological data seem to suggest that
the risk that a child with SARS-CoV-2 infection is hospitalized or admitted to the pediatric intensive care unit
(PICU) during the acute phase of the disease is greater
than initially thought [16]. In a study involving 20,714
patients 18 years or younger with an emergency department or inpatient encounter for COVID-19, it was
shown that 11.7% of these children were hospitalized,
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3.6% had a severe disease needing PICU admission and
0.8% were mechanically ventilated [17]. Moreover, in the
USA, as of September 23, 2021, over 5.7 million
pediatric cases have been diagnosed, with 21,814 hospitalizations and 498 deaths, values that significantly
exceeded those usually reported for influenza in an average year and made COVID-19 one of the top 10 causes
of death in children in that country [5]. Interestingly, a
relevant part of hospitalizations and deaths were due to
the multisystem inflammatory syndrome (MIS-C), a condition sometimes very severe that was totally unknown
at the beginning of the pandemic [18].
Furthermore, a more careful and prolonged evaluation of
pediatric COVID-19 has shown that SARS-CoV-2 infection
in the first months/years of life may be potentially associated with an increased risk of long-term alterations. In
some cases, neurological symptoms ranging from mild
headache to seizure, peripheral neuropathy, stroke, demyelinating disorders, and encephalopathy have been reported.
In some cases they are associated with relevant alterations
of neuroimaging, electroencephalography, nerve conduction studies and electromyography findings. Despite transient in most children, in some cases neurological damage
may become persistent and lead to neurodevelopment
delay [19]. Finally, although true incidence, clinical characteristics, severity, duration and long-term effects of the syndrome are not precisely defined, it seems highly likely that
children, as adults [20, 21], may suffer from the so-called
long COVID. Up to 66% of children with previous SARSCoV-2 infection, although asymptomatic, were reported to
suffer from one of more symptoms for several weeks or
months after acute manifestation with reduced quality of
life of the patient and his family and a relevant impact on
the health system [22].
Importance of COVID-19 vaccine administration in
children and adolescents cannot be evaluated only on
the base of prevention of COVID-19 clinical manifestations. Prevention of infection, even of asymptomatic
cases, is extremely important to reduce circulation of
virus among children and transmission of infection from
children to unprotected adults [23]. Recent studies have
shown that the role of children in transmission of SARSCoV-2 infection is greater than previously thought [24].
This does not surprise as with the progressive increase
of vaccination coverage and protection among adults,
children remain a large group of totally susceptible subjects among whom virus freely circulates. Adults living
with them can easily become infected. A mathematical
model has shown that including adolescents and children in the vaccination program could reduce overall
COVID-related mortality by 57%, and reduce cases of
long COVID by 75% [25]. In addition, a lower number
of SARS-CoV-2 infection among children can limit
school closure and related problems, as it has been
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shown that school closure can cause relevant mental
health problems in the pediatric population. Even after
few weeks from school closure, depressive symptoms
were reported in about 25% of a group of older children
and adolescents in China [24]. Sadness and eating problems were evidenced in most of adolescents in Italy [26].
Overall, these factors seem important enough to justify
mass vaccination of children of any age,.
Reasons to support universal vaccination against COVID19 in children and adolescents

The logic of limiting vaccination only to few children
should be rejected. Severe cases of pediatric COVID-19
can occur in otherwise healthy children. Chronic underlying conditions associated with an increased risk of severe COVID-19 are not precisely defined [27]. A more
in-depth analysis of the studies evaluating pediatric
COVID-19 severity and mortality in the different countries has shown that they have significant methodological limitations because of imperfect and different
data collection systems that make comparison totally unreliable. When mortality is referred to the total pediatric
population of each country, difference among countries
is reduced or almost totally eliminated [28].
Other data evaluated differently by opponents and supporters of COVID-19 vaccination regard efficacy, safety
and tolerability of COVID-19 vaccine in children and adolescents. Opponents think that all these aspects have not
been adequately evaluated. In their opinion, efficacy has
been ascertained on a too small number of subjects. Regarding adverse events, it is highlighted that evaluation
has been frequently based on passive surveillance, a
method that, particularly for mild to moderate adverse
events, largely underestimate real incidence [29]. Moreover, it is highlighted that severe adverse events’ incidence
rate can be so high to exceed the potential advantages of
vaccination. In a study using data collected by the Vaccine
Adverse Event Reporting System (VAERS), it was reported
that following mRNA vaccine administration the
hospitalization rates of children aged 12–17 years due to
cardiac adverse events was several times higher than those
expected for COVID-19 in the same age group [30]. In
addition, it is pointed out that health authorities have approved authorization of COVID-19 vaccines without
third-party access to trial data and documents. Clinical
data transparency is essential, as widespread use of interventions without full data transparency raises concerns
over the rational use of any therapeutic or prophylactic
measure, including COVID-19 vaccines [31].
All the above considerations can be debated. Concerning efficacy and safety, it can be highlighted that health
authorities grant authorization for use of COVID-19
vaccines in children and adolescents with extreme caution. Authorizations for emergency use are granted only
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when results of placebo-controlled, observer-blinded,
clinical trials enrolling a few thousand of subjects and
showing sufficient efficacy, safety and tolerability of the
studied preparations are available and ethical judgment
has been obtained. This explains why initially only
COVID-19 vaccines for older children and adolescents
have been authorized [32, 33] and only later the U.S.
FDA and EMA authorized the emergency use of the
Pfizer-BioNTech COVID-19 Vaccine for children 5
through 11 years of age [8, 9]. The lack of data transparency is a limitation that must be accepted considering
the clinical and socio-economic impact of the pandemic
and the need to reduce its consequences as quickly as
possible. In addition, as highlighted by the European
Pediatric Societies [34], the vaccination in children
younger than age 12 years will allow a large number of
children to attend school, spend time with friends, travel
with their families, and enjoy their communities safely.
Regarding severe adverse events, it cannot be ignored
that a number of myocarditis cases, mainly in males and
after the second vaccine dose, have been diagnosed in subjects that had received the mRNA vaccines few days before [35] and that data concerning long-term heart
problems after COVID-19 immunization are lacking.
However, the risk of heart problem development seems
significantly lower than that suggested by opponents. The
study cited by opponents has an important limitation that
makes results highly debatable and inadequate to draw
firm conclusions. It is based on VAERS reporting data that
simply indicate any safety signal or unexpected pattern of
vaccine-related adverse reactions, regardless of believed
cause [30]. Information can be inaccurate, erroneous or
unverified and do not allow to evaluate presence, prevalence, incidence, and severity of vaccine-related adverse
events. A recent assessment by the US Advisory Committee of Immunization Practice of the benefit-risk balance of
mRNA vaccines in adolescents and young adults has
shown that benefits significantly outweigh the risks. It has
been calculated that the administration of the second
doses of mRNA COVID-19 vaccines to males aged 12–29
years could prevent 11,000 COVID-19 cases, 560 hospitalizations, 138 intensive care admissions, and 6 deaths, compared with 39–47 expected myocarditis cases after
COVID-19 vaccination [36].
All these data show the importance of using COVID19 vaccines in the pediatric population even when otherwise healthy. Children younger than 12 years of age
should be included in the vaccination campaign as soon
as health authorities of each country will approve
COVID-19 vaccines for their age group.

Conclusions
COVID-19 vaccine administration seems mandatory in
all the children and adolescents because of COVID-19
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related complications and efficacy, safety and tolerability
of COVID-19 vaccines in this population. It is desirable
that vaccine opponents can understand how important
is the universal immunization against COVID-19 for the
pediatric population. Unfortunately, it will not be easy to
obtain a broad parent support to a mass pediatric vaccination. One year after the approval of COVID-19 vaccines, a not marginal part of adults still refuse
vaccination. It is clear that vaccination of children will
have to be supported by strong persuasion campaign
capable of convincing the adults who are still reluctant
to accept the vaccine.
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