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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.
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Background
Despite the growing evidence of the extreme efficacy of
COVID-19 vaccines in adults and the elderly [1], the ad-
ministration 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

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

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: susanna.esposito@unimi.it
2Pietro Barilla Children’s Hospital, Department of Medicine and Surgery,
University of Parma, Via Gramsci 14, 43126 Parma, Italy
Full list of author information is available at the end of the article

Principi and Esposito Italian Journal of Pediatrics            (2022) 48:4 
https://doi.org/10.1186/s13052-021-01192-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s13052-021-01192-4&domain=pdf
http://orcid.org/0000-0003-4103-2837
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:susanna.esposito@unimi.it


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 deci-
sion 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 uni-
versal 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 as-
sumptions. Many of the reasons given by those who op-
pose 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 syn-
drome coronavirus 2 (SARS-CoV-2) infections in chil-
dren 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 eas-
ily 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 evalu-

ation 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 oppo-
nents. Recent epidemiological data seem to suggest that
the risk that a child with SARS-CoV-2 infection is hospi-
talized 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 depart-
ment or inpatient encounter for COVID-19, it was
shown that 11.7% of these children were hospitalized,

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 hospi-
talizations and 498 deaths, values that significantly
exceeded those usually reported for influenza in an aver-
age 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 con-
dition 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 associ-
ated with an increased risk of long-term alterations. In
some cases, neurological symptoms ranging from mild
headache to seizure, peripheral neuropathy, stroke, demye-
linating disorders, and encephalopathy have been reported.
In some cases they are associated with relevant alterations
of neuroimaging, electroencephalography, nerve conduc-
tion studies and electromyography findings. Despite transi-
ent in most children, in some cases neurological damage
may become persistent and lead to neurodevelopment
delay [19]. Finally, although true incidence, clinical charac-
teristics, severity, duration and long-term effects of the syn-
drome 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 SARS-
CoV-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 manifesta-
tions. 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 SARS-
CoV-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 sub-
jects among whom virus freely circulates. Adults living
with them can easily become infected. A mathematical
model has shown that including adolescents and chil-
dren 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 prob-
lems 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 COVID-
19 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 under-
lying conditions associated with an increased risk of se-
vere 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 coun-
tries has shown that they have significant methodo-
logical limitations because of imperfect and different
data collection systems that make comparison totally un-
reliable. 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 sup-

porters of COVID-19 vaccination regard efficacy, safety
and tolerability of COVID-19 vaccine in children and ado-
lescents. 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. Re-
garding 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]. More-
over, 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 ap-
proved authorization of COVID-19 vaccines without
third-party access to trial data and documents. Clinical
data transparency is essential, as widespread use of inter-
ventions 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. Concern-

ing efficacy and safety, it can be highlighted that health
authorities grant authorization for use of COVID-19
vaccines in children and adolescents with extreme cau-
tion. Authorizations for emergency use are granted only

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 transpar-
ency 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 sub-
jects that had received the mRNA vaccines few days be-
fore [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, preva-
lence, incidence, and severity of vaccine-related adverse
events. A recent assessment by the US Advisory Commit-
tee 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 hospital-
izations, 138 intensive care admissions, and 6 deaths, com-
pared with 39–47 expected myocarditis cases after
COVID-19 vaccination [36].
All these data show the importance of using COVID-

19 vaccines in the pediatric population even when other-
wise 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 vac-
cination. One year after the approval of COVID-19 vac-
cines, 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.

Abbreviations
AAP: American Academy of Pediatrics; CDC: Centers for Disease Control and
Prevention; COVID-19: New coronavirus disease 2019; FDA: Food and Drug
Administration; MIS-C: Multisystem inflammatory syndrome; PICU: Pediatric
intensive care unit; SARS-CoV-2: severe acute respiratory syndrome
coronavirus; VAERS: Vaccine Adverse Event Reporting System

Acknowledgements
Not applicable.

Authors’ contributions
SE and NP co-wrote the manuscript. Both the authors approved the final
version of the manuscript.

Funding
This manuscript was supported by a research grant from the Department of
Medicine and Surgery, University of Parma, Parma, Italy.

Availability of data and materials
All included.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interest.

Author details
1Università degli Studi di Milano, Milan, Italy. 2Pietro Barilla Children’s
Hospital, Department of Medicine and Surgery, University of Parma, Via
Gramsci 14, 43126 Parma, Italy.

Received: 5 October 2021 Accepted: 1 December 2021

References
1. Self WH, Tenforde MW, Rhoads JP, Gaglani M, Ginde AA, Douin DJ, et al.

Comparative effectiveness of Moderna, Pfizer-BioNTech, and Janssen
(Johnson & Johnson) vaccines in preventing COVID-19 hospitalizations
among adults without immunocompromising conditions - United States,
march-august 2021. MMWR Morb Mortal Wkly Rep. 2021;70(38):1337–43.
https://doi.org/10.15585/mmwr.mm7038e1.

2. The Washington Post. For many families, the countdown has begun to
coronavirus vaccines for younger children By Lindsey Bever. Available at:
https://www.washingtonpost.com/health/2021/09/27/kids-covid-vaccine/.
Accessed 26 Sept 2021.

3. Ioannidis JPA. COVID-19 vaccination in children and university students. Eur
J Clin Investig. 2021;Epub Sep 16:e13678. https://doi.org/10.1111/eci.13678.

4. Eberhardt CS, Siegrist CA. Is there a role for childhood vaccination against
COVID-19? Pediatr Allergy Immunol. 2021;32(1):9–16. https://doi.org/1
0.1111/pai.13401.

5. Centers for Disease Control and Prevention. CDC director statement on
Pfizer’s use of COVID-19 vaccine in adolescents age 12 and older. Available
at: https://www-cdc-gov.pros.lib.unimi.it/media/releases/2021/s0512-a
dvisory-committee-signing.html. Accessed 26 Sept 2021.

6. GOV. UK. JCVI issues advice on COVID- 19 vaccination of children and
young people. Available at: https://www.gov.uk/government/news/jcvi-
issues-advice-on-covid-19-vaccination-of-children-and-young-people.
Accessed 26 Sept 2021.

7. Sverigesradio. Children aged 12 to 15 to be offered Covid vaccine,
government says Available at: https://sverigesradio.se/artikel/children-a
ged-12-to-15-to-be-offered-covid-vaccine-government-says. Accessed on 26
Sept 2021.

8. Food and Drug Administration. FDA authorizes Pfizer-BioNTech COVID-19
vaccine for emergency use in children 5 through 11 years of age. Available
at: https://www.fda.gov/news-events/press-announcements/fda-authorizes-
pfizer-biontech-covid-19-vaccine-emergency-use-children-5-through-11-yea
rs-age. Accessed 29 Nov 2021.

9. European Medicines Agency. Comirnaty COVID-19 vaccine: EMA
recommends approval for children aged 5 to 11. Available at: https://www.
ema.europa.eu/en/news/comirnaty-covid-19-vaccine-ema-recommends-a
pproval-children-aged-5-11. Accessed 29 Nov 2021.

10. de Souza TH, Nadal JA, Nogueira RJN, Pereira RM, Brandão MB. Clinical
manifestations of children with COVID-19: a systematic review. Pediatr
Pulmonol. 2020;55(8):1892–9. https://doi.org/10.1002/ppul.24885.

11. American Academy of Pediatrics and the Children’s Hospital Association.
Children and COVID-19: state data report. Version: 9/16/21. Available at:
https://downloads.aap.org/AAP/PDF/AAP%20and%20CHA%20-%2
0Children%20and%20COVID-19%20State%20Data%20Report%209.16%2
0FINAL.pdf. Accessed 27 Sept 2021.

12. Abu-Raya B, Migliori GB, O'Ryan M, Edwards K, Torres A, Alffenaar JW, et al.
Coronavirus disease-19: an interim evidence synthesis of the world
association for infectious diseases and immunological disorders (Waidid).
Front Med (Lausanne). 2020;7:572485.

13. MAX Plank Institute COVerAGE-DB: a database of age structured COVID-19
cases and deaths. Available at: https://www.demogr.mpg.de/papers/
working/wp-2020-032.pdf. Accessed 27 Sept 2021.

14. Garazzino S, Lo Vecchio A, Pierantoni L, Calò Carducci FI, Marchetti F, Meini
A, et al. Epidemiology, clinical features and prognostic factors of pediatric
SARS-CoV-2 infection: results from an Italian multicenter study. Front
Pediatr. 2021;9:649358. https://doi.org/10.3389/fped.2021.649358.

15. COVID-19 INED. The demography of COVID-19 deaths. An unprecedented
context of health crisis. Available at: https://dc-covid.site.ined.fr/en/.
Accessed 26 Sept 2021.

16. Esposito S, Marchetti F, Lanari M, Caramelli F, De Fanti A, Vergine G, et al.
COVID-19 management in the pediatric age: consensus document of the
COVID-19 working group in paediatrics of the Emilia-Romagna Region (RE-
CO-Ped), Italy. Int J Environ Res Public Health. 2021;18(8):3919. https://doi.
org/10.3390/ijerph18083919.

17. Preston LE, Chevinsky JR, Kompaniyets L, Lavery AM, Kimball A, Boehmer TK,
et al. Characteristics and disease severity of US children and adolescents
diagnosed with COVID-19. JAMA Netw Open. 2021;4(4):e215298. https://doi.
org/10.1001/jamanetworkopen.2021.5298.

18. Esposito S, Principi N. Multisystem inflammatory syndrome in children
related to SARS-CoV-2. Paediatr Drugs. 2021;23(2):119–29. https://doi.org/1
0.1007/s40272-020-00435-x.

19. Principi N, Esposito S. Are we sure that the neurological impact of COVID 19
in childhood has not been underestimated? Ital J Pediatr. 2021;47(1):191.
https://doi.org/10.1186/s13052-021-01144-y.

20. Carfì A, Bernabei R, Landi F. Persistent symptoms in patients after acute COVID-
19. JAMA. 2020;324(6):603–5. https://doi.org/10.1001/jama.2020.12603.

21. Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, et al. 6-month consequences
of COVID-19 in patients discharged from hospital: a cohort study. Lancet.
2021;397(10270):220–32. https://doi.org/10.1016/S0140-6736(20)32656-8.

22. Zimmermann P, Pittet L, Nigel C. How common is long COVID in children
and adolescents? [published online ahead of print September 28, 2021].
Pediatr Infect Dis J. Available from: Journals@Ovid Full Text at http://ovidsp.
ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=ovftw&NEWS=N&AN=
00006454-900000000-95677. Accessed 04 Oct 2021.

Principi and Esposito Italian Journal of Pediatrics            (2022) 48:4 Page 4 of 5

https://doi.org/10.15585/mmwr.mm7038e1
https://www.washingtonpost.com/health/2021/09/27/kids-covid-vaccine/
https://doi.org/10.1111/eci.13678
https://doi.org/10.1111/pai.13401
https://doi.org/10.1111/pai.13401
https://www-cdc-gov.pros.lib.unimi.it/media/releases/2021/s0512-advisory-committee-signing.html
https://www-cdc-gov.pros.lib.unimi.it/media/releases/2021/s0512-advisory-committee-signing.html
https://www.gov.uk/government/news/jcvi-issues-advice-on-covid-19-vaccination-of-children-and-young-people
https://www.gov.uk/government/news/jcvi-issues-advice-on-covid-19-vaccination-of-children-and-young-people
https://sverigesradio.se/artikel/children-aged-12-to-15-to-be-offered-covid-vaccine-government-says
https://sverigesradio.se/artikel/children-aged-12-to-15-to-be-offered-covid-vaccine-government-says
https://www.fda.gov/news-events/press-announcements/fda-authorizes-pfizer-biontech-covid-19-vaccine-emergency-use-children-5-through-11-years-age
https://www.fda.gov/news-events/press-announcements/fda-authorizes-pfizer-biontech-covid-19-vaccine-emergency-use-children-5-through-11-years-age
https://www.fda.gov/news-events/press-announcements/fda-authorizes-pfizer-biontech-covid-19-vaccine-emergency-use-children-5-through-11-years-age
https://www.ema.europa.eu/en/news/comirnaty-covid-19-vaccine-ema-recommends-approval-children-aged-5-11
https://www.ema.europa.eu/en/news/comirnaty-covid-19-vaccine-ema-recommends-approval-children-aged-5-11
https://www.ema.europa.eu/en/news/comirnaty-covid-19-vaccine-ema-recommends-approval-children-aged-5-11
https://doi.org/10.1002/ppul.24885
https://downloads.aap.org/AAP/PDF/AAP%20and%20CHA%20-%20Children%20and%20COVID-19%20State%20Data%20Report%209.16%20FINAL.pdf
https://downloads.aap.org/AAP/PDF/AAP%20and%20CHA%20-%20Children%20and%20COVID-19%20State%20Data%20Report%209.16%20FINAL.pdf
https://downloads.aap.org/AAP/PDF/AAP%20and%20CHA%20-%20Children%20and%20COVID-19%20State%20Data%20Report%209.16%20FINAL.pdf
https://www.demogr.mpg.de/papers/working/wp-2020-032.pdf
https://www.demogr.mpg.de/papers/working/wp-2020-032.pdf
https://doi.org/10.3389/fped.2021.649358
https://dc-covid.site.ined.fr/en/
https://doi.org/10.3390/ijerph18083919
https://doi.org/10.3390/ijerph18083919
https://doi.org/10.1001/jamanetworkopen.2021.5298
https://doi.org/10.1001/jamanetworkopen.2021.5298
https://doi.org/10.1007/s40272-020-00435-x
https://doi.org/10.1007/s40272-020-00435-x
https://doi.org/10.1186/s13052-021-01144-y
https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.1016/S0140-6736(20)32656-8
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=ovftw&NEWS=N&AN=00006454-900000000-95677
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=ovftw&NEWS=N&AN=00006454-900000000-95677
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=ovftw&NEWS=N&AN=00006454-900000000-95677


23. Esposito S, Zona S, Vergine G, Fantini M, Marchetti F, Stella M, et al. How to
manage children if a second wave of COVID-19 occurs. Int J Tuberc Lung
Dis. 2020;24(10):1116–8. https://doi.org/10.5588/ijtld.20.0543.

24. Meuris C, Kremer C, Geerinck A, Locquet M, Bruyère O, Defêche J, et al.
Transmission of SARS-CoV-2 after COVID-19 screening and mitigation
measures for primary school children attending School in Liège, Belgium.
JAMA Netw Open. 2021;4(10):e2128757. https://doi.org/10.1001/jama
networkopen.2021.28757.

25. Shiri T, Evans M, Talarico CA, Morgan AR, Mussad M, Buck PO, et al.
Vaccinating adolescents and children significantly reduces COVID-19
morbidity and mortality across all ages: a population-based modeling study
using the UK as an example. Vaccines (Basel). 2021;9:1180.

26. Esposito S, Giannitto N, Squarcia A, Neglia C, Argentiero A, Minichetti P,
et al. Development of psychological problems among adolescents during
school closures because of the COVID-19 lockdown phase in Italy: a cross-
sectional survey. Front Pediatr. 2021;8:628072. https://doi.org/10.3389/fped.2
020.628072.

27. Esposito S, Caramelli F, Principi N. What are the risk factors for admission to
the pediatric intensive unit among pediatric patients with COVID-19? Ital J
Pediatr. 2021;47(1):103. https://doi.org/10.1186/s13052-021-01057-w.

28. Garcia J, Torres C, Barbieri M, Camarda C, Cambois E, Caporali A, et al.
Differences in COVID-19 mortality: implications of imperfect and diverse
data collection systems. Population. 2021;76(1):35–72. https://doi.org/10.391
7/popu.2101.0037.

29. Blumenthal KG, Robinson LB, Camargo CA Jr, Shenoy ES, Banerji A,
Landman AB, et al. Acute allergic reactions to mRNA COVID-19 vaccines.
JAMA. 2021;325(15):1562–5. https://doi.org/10.1001/jama.2021.3976.

30. Høeg TB, Krug A, Stevenson J, Mandrola J. SARS-CoV-2 mRNA vaccination-
associated myocarditis in children ages 12–17: a stratified national database
analysis. MedRxiv. 2021:2021.08.30.21262866 https://doi.org/10.1101/2021.
08.30.21262866.

31. Tanveer S, Rowhani-Farid A, Hong K, Jefferson T, Doshi P. Transparency of
COVID-19 vaccine trials: decisions without data. BMJ Evid Based Med. 2021;
Epub Aug 9:bmjebm-2021-111735. https://doi.org/10.1136/bmjebm-2
021-111735.

32. Frenck RW Jr, Klein NP, Kitchin N, Gurtman A, Absalon J, Lockhart S, et al.
Safety, immunogenicity, and efficacy of the BNT162b2 Covid-19 vaccine in
adolescents. N Engl J Med. 2021;385(3):239–50. https://doi.org/10.1056/
NEJMoa2107456.

33. Ali K, Berman G, Zhou H, Deng W, Faughnan V, Coronado-Voges M, et al.
Evaluation of mRNA-1273 SARS-CoV-2 vaccine in adolescents. N Engl J Med.
2021;Epub Aug 11:NEJMoa2109522. https://doi.org/10.1056/NEJMoa2109522.

34. Pettoello-Mantovani M, Carrasco-Sanz A, Huss G, Mestrovic J, Vural M, Pop
TL, et al. Viewpoint of the European Pediatric Societies over Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) vaccination in children
younger than age 12 years amid return to school and the surging virus
variants. J Pediatr. 2021;Epub Sep 15:S0022-3476(21)00886-6. https://doi.
org/10.1016/j.jpeds.2021.09.013.

35. Calcaterra G, Mehta JL, de Gregorio C, Butera G, Neroni P, Fanos V, et al.
COVID 19 vaccine for adolescents. Concern about myocarditis and
pericarditis. Pediatr Rep. 2021;13(3):530–3. https://doi.org/10.3390/pedia
tric13030061.

36. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster M, et al. Use of
mRNA COVID-19 vaccine after reports of myocarditis among vaccine
recipients: update from the advisory committee on immunization practices
- United States, June 2021. MMWR Morb Mortal Wkly Rep. 2021;70:977–82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Principi and Esposito Italian Journal of Pediatrics            (2022) 48:4 Page 5 of 5

https://doi.org/10.5588/ijtld.20.0543
https://doi.org/10.1001/jamanetworkopen.2021.28757
https://doi.org/10.1001/jamanetworkopen.2021.28757
https://doi.org/10.3389/fped.2020.628072
https://doi.org/10.3389/fped.2020.628072
https://doi.org/10.1186/s13052-021-01057-w
https://doi.org/10.3917/popu.2101.0037
https://doi.org/10.3917/popu.2101.0037
https://doi.org/10.1001/jama.2021.3976
https://doi.org/10.1101/2021.08.30.21262866
https://doi.org/10.1101/2021.08.30.21262866
https://doi.org/10.1136/bmjebm-2021-111735
https://doi.org/10.1136/bmjebm-2021-111735
https://doi.org/10.1056/NEJMoa2107456
https://doi.org/10.1056/NEJMoa2107456
https://doi.org/10.1056/NEJMoa2109522
https://doi.org/10.1016/j.jpeds.2021.09.013
https://doi.org/10.1016/j.jpeds.2021.09.013
https://doi.org/10.3390/pediatric13030061
https://doi.org/10.3390/pediatric13030061

	Abstract
	Background
	Main findings
	Conclusions

	Background
	Reasons to overcome hesitancy towards COVID-19 vaccination in children and adolescents
	Reasons to support universal vaccination against COVID-19 in children and adolescents

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

