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Background: Limited data are available on the attitudes of caregivers toward COVID-19

vaccination in children and adolescents with a history of SARS-CoV-2 infection or Long

Covid symptoms. The aim of this study was to investigate the vaccine hesitancy among

caregivers of children and adolescents with a documented history of SARS-CoV-2

infection and to explore the possible associations between COVID-19 manifestations

and the acceptance of the vaccine.

Methods: Caregivers of children or adolescents with a microbiologically

confirmed diagnosis of SARS-CoV-2 infection evaluated in two University Hospitals

were interviewed.

Results: We were able to contact 132 caregivers and 9 declined to participate. 68

caregivers (56%) were in favor of COVID-19 vaccination for their child. In the multiple

logistic regression, child’s age (OR 1.17, 95%CI 1.06–1.28) and hospitalization due

to COVID-19 (OR 3.25, 95%CI 1.06–9.95) were positively associated with being in

favor of COVID-19 vaccination. On the contrary, the occurrence of child’s Long Covid

was associated with a higher likelihood of being against the vaccination (OR 0.28,

95%CI 0.10–0.80).

Conclusions: This preliminary study shows that only about half of the interviewed

parents of children and adolescents with a previous SARS-CoV-2 infection are willing

to vaccinate them to prevent a repeated COVID-19 infection. These findings might help

healthcare workers to provide tailored information to caregivers of children with a previous

SARS-CoV-2 infection.
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INTRODUCTION

The immunization against Coronavirus Disease 2019 (COVID-
19) is considered one of the key public measures to combat the
pandemic and the most effective tool to prevent symptomatic or
severe disease (1–3). Recent trials showed the efficacy and safety
of BNT162b2 Covid-19 mRNA vaccine in children aged 5 years
and older (4, 5).

Despite the increasing production and availability of the
vaccine for children, several data point out that many caregivers
are hesitant toward COVID-19 vaccination of their children (6–
8). Previous studies have identified that many factors might
underlie the refusal of pediatric COVID-19 vaccine including,
among others, the perception of a low risk of SARS-CoV-2
infection and complications in children (9, 10). However, the
spread of the virus in the worldwide population is leading to
a growing number of children affected by SARS-CoV-2 and
some of them require hospitalization or develop complications
such as Long Covid (1, 11, 12). Moreover, a subgroup of
children might develop rare but severe complications, such as
the Multisystem Inflammatory Syndrome (MIS-C) which often
requires intensive care admission (13). Importantly, two studies
from France and United States provided preliminary evidence
that COVID-19 vaccinationsmight also prevent the development
of MIS-C (14, 15).

Since children, similarly to adults, might be re-infected by new
variants of SARS-CoV-2 and the virus spread in the pediatric
population is growing (16, 17), children eligible for vaccination
and with a history of SARS-CoV-2 infection are likely to increase
more and more over time. The Italian Society of Pediatrics
currently suggests that children with previous infection should
receive a regular vaccination schedule starting three to 6 months
after the infection (18). Moreover, other social reasons may, at
least theoretically, induce parents to vaccinate their children.
For example, school closures have been implemented worldwide
as a non-pharmaceutical approach to prevent the spread of the
virus within the community, but detrimental consequences on
children’ physical andmental health have been observed (19–21).
Therefore, high vaccinations rates in children and teachers might
further support a return to a normal school attendance.

However, very limited data are available on the attitudes of
caregivers toward COVID-19 vaccination in children with a
history of SARS-CoV-2 infection or Long Covid. The aim of this
study was to investigate the vaccine hesitancy among caregivers
of children and adolescents with a documented history of SARS-
CoV-2 infection and to explore the possible associations between
COVID-19 manifestations and the acceptance of the vaccine.

METHODS

The study was conducted between November 01, 2021, and
January 15, 2022. Eligible for the study were subjects admitted
to the Pediatric emergency department (ED) of the Fondazione
Ca’ Granda Ospedale Maggiore Policlinico, Milan and the
Fondazione Policlinico Universitario A. Gemelli, Rome, Italy

between July 01, 2020, and June 31, 2021, with a diagnosis of
SARS-CoV-2 infection, ascertained by a molecular test in the ED.

The caregivers were contacted by phone and were asked to
answer a structured interview. The survey was composed by five
sections and investigated the following items: 1) demographic
data and educational level of the caregivers; 2) demographic data,
the presence of chronic diseases, the manifestation of COVID-19
including the presence of symptoms, need for hospitalization or
intensive care, and the development of Long COVID symptoms
[defined as having persisting symptoms such as dyspnea, mental
confusion, fatigue; chest pain, problems associated to speech,
anxiety and altered mood, muscular pain, fever, loss of taste
and smell - never reported before COVID-19—for at least 12
weeks (22)] of the child; 3) COVID-19 history in first-degree
relatives including the need of hospitalization or intensive care,
and the occurrence of death; 4) the caregiver attitudes toward
COVID-19 vaccination, if they changed opinion about COVID-
19 vaccination after the SARS-CoV-2 infection of their child and
his/her opinion on other vaccinations (against Papillomavirus
and Streptococcus pneumoniae). Finally, if the caregiver and/or
the child received at least one dose of influenza vaccine in the
previous 3 years was also investigated. The questionnaire is
reported within the online Supplementary Material.

Before administration, the survey was pilot tested among 5
caregivers and 5 physicians.

Data Management and Statistical Analysis
All data were anonymously collected in a predefined, online
database. Response rate was calculated as the number of subjects
who accepted to participate divided by the number of subjects
who participated plus those who declined. Continuous and
categorical data are presented as median and interquartile
range (IQR) or absolute frequency and percentage, respectively.
Caregivers who were willing to vaccinate their children against
COVID-19 or whose children had been already vaccinated
were collapsed into the category “In favor of COVID-19
vaccination”, whereas subjects in doubt or against the vaccination
of their children against COVID-19 were collapsed into the
category “Others”. Wilcoxon rank sum test was used to compare
continuous data of the above-mentioned two groups and the
Fisher’s exact test or Chi-squared test to compare categorical
data, as appropriate. Furthermore, a logistic regression including
being “In favor of COVID-19 vaccination” as dependent variable
and the caregiver and child’s sex, the educational level of
the caregiver, the number of months since the child had the
COVID-19, the presence of chronic diseases or Long Covid
in the child, the need for child’s admission for COVID-19,
history of a first-degree relative who needed admission due to
COVID-19, was performed. The Akaike information criterion
was applied to select the best multiple model. Significance was
assumed for a p-value <0.05. Analyses were performed using
the open-source statistical software R, Vienna, version 3.5.3
(11 March 2019). The study was approved by the institutional
ethics committee and consent was obtained before the interview
from all participants.
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TABLE 1 | Baseline characteristics of the caregivers and children.

N 121

Caregiver

Age, years 42 [38–47]

Sex, female 97 (80)

Educational level

Secondary school 19 (16)

High School 36 (30)

University 43 (35)

Post University 23 (19)

Influenza vaccination in the last 3 years, yes 35 (29)

Child

Age, years 9.0 [2.0–12.0]

Sex, female 48 (40)

Underlying chronic disease, yes 18 (15)

Influenza vaccination in the last 3 years, yes 23 (19)

Months from COVID-19 infection 11 [6–13]

Symptomatic COVID-19, yes 89 (74)

Hospitalization due to COVID-19, yes 27 (22)

Need of intensive care due to COVID-19, yes 0 (0.0)

Long Covid symptoms, yes 45 (37)

COVID19 history in first-degree relatives

History of COVID-19, yes 103 (85)

Hospitalization due to COVID-19, yes 17 (14)

Need of intensive care due to COVID-19, yes 8 (6.5)

Death due to COVID-19, yes 4 (3.3)

Long Covid symtoms, yes 46 (38)

Caregiver’s opinion on other vaccinations

Vaccination against papillomavirus

I want my child to receive this vaccination/ My child has been

already vaccinated

78 (64)

I know this infection, but I am unsure/I do not want my child

to receive the vaccination

25 (21)

I do not know the disease 18 (15)

Vaccination against Streptococcus pneumoniae

I want my child to receive this vaccination/ My child has been

already vaccinated

89 (74)

I know this infection, but I am unsure/I do not want my child

to receive the vaccination

15 (12)

I do not know the disease 17 (14)

Data are given as median and interquartile range or absolute frequency and percentage.

RESULTS

We were able to contact a total of 132 caregivers and 11 declined
to participate. The median age of the caregivers who accepted
to participate was 42 [IQR 38–47] years (males = 24, 20%),
Table 1. The majority had a university or post university degree
(N = 66, 54%). The median age of their child was 9.0 [2.0–
12.0] years (males = 73, 60%). Most respondents (N = 103,
85%) had at least one relative with a history of COVID-19.
The majority wanted to vaccinate or had already vaccinated
their child against Papillomavirus (N=78, 64%) or Streptococcus
pneumoniae (N = 89, 74%).

FIGURE 1 | Caregivers’ attitudes toward COVID-19 vaccination of

his/her child.

Most caregivers (N = 68, 56%) were in favor of COVID-
19 vaccination for their child (Figure 1). A total of 81 (67%)
caregivers stated that they have not changed their opinion
about COVID-19 vaccination: 71 of them kept their willingness
to vaccinate their child and 10 remain against to COVID-
19 vaccination (Figure 2). On the contrary, 40 (33%) of the
caregivers changed their opinion about COVID-19 vaccination
after the SARS-CoV2- infection of their child: 29 became in favor
and 11 against the vaccination.

Table 2 reports the characteristics of the caregivers in favor
of COVID-19 vaccination as compared to the others (univariate
analysis). The only differences between these two groups were
the older age of caregivers (44 [40-49] vs. 40 [36-46] years, p =

0.008) and of the child (10.5 [4.0–14] vs. 6.0 [2.0–10] years, p
= 0.001) in the group in favor of the vaccination as compared
to the others. In the multiple logistic regression, child’s age
(OR 1.17, 95%CI 1.06–1.28) and hospitalization due to COVID-
19 (OR 3.25, 95%CI 1.06–9.95) were positively associated with
being in favor of COVID-19 vaccination. On the contrary,
the occurrence of child’s Long Covid symptoms was inversely
associated (OR 0.28, 95%CI 0.10–0.80) with being in favor of
COVID-19 vaccination (Table 3).

DISCUSSION

In this study, we have assessed parents’ attitudes toward COVID-
19 vaccination in children and adolescents with a previous
SARS-CoV-2 infection. Overall, we found that < 60% of the
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FIGURE 2 | Change of caregivers’ attitudes toward COVID-19 vaccination of

his/her child after the child’s COVID-19 infection.

interviewed parents were willing to vaccinate their children.
Interestingly, parents of children who experienced long Covid
symtpoms, were more likely to be in favor of the vaccination,
while those of children experience Long Covid were more
frequently against the vaccination. To our knowledge, vaccine
hesitancy among caregivers of children with a documented
history of SARS-CoV-2 infection has never been explored so far,
and our findings may support the development of personalized
communication strategies, which will be crucial in the next
months since a huge proportion of children with previous
SARS-CoV-2 infection are now eligible for vaccination. This
is a critical area for public health interventions since subjects
infected during the first waves of the pandemic might not
be protected against infection with new variants, including
Omicron (23).

A significant association was found between being in favor
of vaccination and having had a child previously hospitalized
with COVID-19. These findings could be expected since
parents that experienced the more severe spectrum of pediatric
COVID-19 might be more worried of a new infection. During
the first wave of the pandemic, early data from China
(24), Italy (25, 26) and Europe (27) showed that children
were mostly spared from COVID-19 and only a minority
developed a complicated disease. These findings, along with
the severe clinical picture and high mortality rates in adults,
translated to the public misconception that COVID-19 was

not a serious danger for children and that known short term
complications, including myocarditis, and unknown long-term
effects, could not justify the benefit of preventing COVID-19
by a vaccination (28). However, during the following waves
of the pandemic, increasing evidence showed that not only
COVID-19 can be severe in childhood, but children can
also develop the MIS-C (29). Since COVID-19 vaccination
might also prevent MIS-C (14), it is expected that parents of
children who experienced severe COVID-19 might prefer to
avoid a new infection and its possible acute complications.
Accordingly, our data suggest that better communication
strategies should be developed to successfully inform the
public opinion that children can have severe complications
from SARS-CoV-2 infections, leading to a higher adherence
to the vaccination campaign for previously infected children.
In this regard, the role of family pediatricians (or general
practitioners) in appropriately informing parents is pivotal
since they usually have a close and long-lasting relationship
with the family.

Conversely, the finding that parents of children and
adolescents with Long Covid symptoms are more likely against
vaccination is unexpected and might rely on a complex scenario.
So far, the real burden of pediatric Long Covid is still unclear
(22), however there is recognition from independent studies
that a subset of children may experience it (30, 31). Although
it is still unclear if COVID-19 vaccination can prevent Long
Covid (32), it is possible to speculate that preventing the
infection might also prevent its consequences. A recent study
from Israel found that vaccinated adults were at lower risk of
developing Long Covid, even after a breakthrough infection
(33). Therefore, since parents of children with history of Long
Covid are aware of the impact that long-lasting symptoms may
have on a child’s routine, we would have expected a more
propension toward the vaccination to prevent a new infection
and a Long Covid relapse. On the other hand, it is possible
that these parents can be worried that an immune stimulation
can relapse the symptoms and make their child’s routine worse.
However, preliminary data showed that a group of Long Covid
patients had their symptoms improved after vaccination (34),
leading to the hypothesis that vaccination itself might become
a part of Long Covid management. The rationale behind this is
that vaccines might re-equilibrate immune responses or help the
organism in viral clearance or divert autoimmune lymphocytes
through innate cytokines (35). Overall, uncertainties on the
pathogenesis of Long Covid, along with the possible effects
of vaccination on improvement or worsening of symptoms,
may justify parents’ fears for vaccination of their children with
Long Covid. Since this is a delicate point of public health
interventions, our findings can be used to develop appropriate
public health strategies including the development of new
studies on the relationship between vaccination and Long
Covid in children.

In Italy, similarly to the other European countries, a priority
for vaccination was given to subjects at higher risk of worse
outcomes (e.g., elderly) and those more at risk of infection
(e.g., healthcare workers) (36). In December 2021, after the
approval of COVID-19 vaccination in children and adolescents,
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TABLE 2 | Comparison of the characteristics of caregivers in favor of COVID19 vaccination for their children and the other caregivers.

In favor Others P

N 68 53

Caregiver

Age, years 44 [40–49] 40 [36–46] 0.008

Sex, female 51 (75) 46 (87) 0.12

Educational level

Secondary school 8 (12) 11 (20) 0.35

High School 23 (34) 13 (25)

University 26 (38) 17 (32)

Post University 11 (16) 12 (23)

Influenza vaccination in the last 3 years, yes 19 (28) 16 (30) 0.84

Child

Age, years 10.5 [4.0–14] 6.0 [2.0–10] 0.001

Sex, female 24 (35) 24 (45) 0.35

Underlying chronic disease, yes 9 (13.2) 9 (17) 0.61

Influenza vaccination in the last 3 years, yes 11 (16) 12 (23) 0.48

Months from COVID19 infection 12 [7–13] 8 [5–12] 0.15

Long Covid, yes 23 (34) 22 (42) 0.26

Symptomatic Covid, yes 48 (71) 41 (77) 0.53

Hospitalization due COVID19, yes 18 (26) 9 (17) 0.27

COVID19 history in first-degree relatives

History of COVID19, yes 55 (81) 48 (91) 0.19

Hospitalization due to COVID19, yes 10 (16) 7 (14) 0.79

Need of intensive care due to COVID19, yes 4 (8.9) 4 (9.5) 1.00

Death due to COVID19, yes 1 (2.4) 3 (7.5) 0.36

Long Covid symptoms, yes 23 (41) 23 (52) 0.31

Caregiver’s opinion on other vaccinations

Vaccination against papillomavirus

I want my child to receive this vaccination/ My child has been already vaccinated 49 (72) 29 (55) 0.06

I know this infection, but I am unsure/I do not want my child to receive the vaccination 9 (13) 16 (30)

I do not know the disease 10 (15) 8 (15)

Vaccination against Streptococcus pneumoniae

I want my child to receive this vaccination/ My child has been already vaccinated 49 (71) 40 (75) 0.96

I know this infection, but I am unsure/I do not want my child to receive the vaccination 9 (13) 6 (11)

I do not know the disease 10 (15) 7 (13)

Data are given as median and interquartile range or absolute frequency and percentage. Significant p-values (i.e. p-values < 0.05) are in bold.

TABLE 3 | Results of the logistic regression.

OR Lower 95%CI Upper 95%CI P

Child’s age 1.17 1.06 1.28 0.001

Child’s sex 2.48 0.98 6.26 0.06

Presence of child’s chronic disease 0.34 0.09 1.26 0.11

Child’s Long Covid symptoms 0.28 0.10 0.80 0.017

Child’s hospitalization due to COVID-19 3.25 1.06 9.95 0.039

The favor towards COVID-19 vaccination of the child was considered as dependent variable. The following independent variables were included: the caregiver and child’s sex, the

educational level of the caregiver, the child’s age, the months since the child had the COVID-19, the presence of chronic diseases or Long Covid symptoms in the child, the hospitalization

of the child for COVID-19, history of a parent who needed admission due to COVID-19. The Akaike information criteria was applied to select the best model. Significant p-values (i.e.

p-values < 0.05) are in bold.

the vaccine has been offered to these subjects in dedicated
healthcare structures. Although Italian family doctors have not
been involved in children vaccination so far, they might play a

key-function in the parental counseling. Their role, which was
not investigated in the current survey, deserves consideration in
future studies.
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The results of our study should be also analyzed in view
of the rapidly changing pandemic scenario. Very recent data
showed that hybrid immunity is stronger than natural immunity
(37). Therefore, it is possible that many participants of this
study believed that natural immunity sufficed to prevent a new
infection. Similarly, the caregivers’ perception of the severity
of Omicron infection might have modified during the study
period. When this variant appeared media from around the
world reported that an increasing number of infected children
had been hospitalizing (38) and it was mainly due to a higher
severity of disease (39). Later, a few studies have argued against
such hypotheses (40, 41). These changing scenarios may have
affected parents’ responses, but our sample was not large enough
to address this potential variability.

Our study has limitations. First, our preliminary study
involved a relatively low number of participants and it
could not be planned to analyze the possible role of MIS-
C development on the vaccine acceptance. Second, data were
collected from two main centers in Center and North Italy,
while no centers from Southern Italy have been included.
Given cultural differences along the country, our data might
not be extrapolated to different areas. Third, we have not
analyzed in depth the reasons behind a specific family position,
nor we have investigated the children’ perspective. Mostly,
our study does not provide a response to the question “why
parents want, or do not, their children to be vaccinated
against COVID-19?” Future multicenter studies addressing
this question are necessary to support transnational efforts
to increase vaccine confidence (42). Fourth, most collected
information was based on parents’ reporting on not ascertained
on medical records. Finally, we did not investigate if the
caregivers were infected by COVID-19 and the possible
manifestations of such infection. The evaluation of the possible
role of previous COVID-19 experience in both children
and relatives with and without Long Covid, represents a
strength of our study.

In conclusion, our study shows that only about half of the
interviewed parents of children and adolescents with a previous
SARS-CoV-2 infection are willing to vaccinate them against
COVID-19. Parents were more in favor of vaccination if their

children were hospitalized for COVID-19, but less if children
had experienced Long Covid symptoms. These findings might
help healthcare workers to provide tailored information to
caregivers of children and adolescents with a previous SARS-
CoV-2 infection. Finally, this study and the evolving scenario of
this pandemic point out that new international studies addressing
the reasons behind parents’ attitudes toward COVID-19 vaccine
are necessary.

DATA AVAILABILITY STATEMENT

The raw data are available upon resonable request to the
corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Comitato Etico | Policlinico Agostino Gemelli
Roma. The patients/participants provided their informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

DB, MFP, CA, SC, ML, MLG, PM, and GM conceptualized
and designed the study. PV, MM, FF, and CP collected the
data. GM performed the statistical analyses. DB and GM
draft the first version of the manuscript. All authors gave a
significant contribution to data interpretation in their field of
expertise. All authors contributed to the article and approved the
submitted version.

FUNDING

This study was partially funded by a grant of the Italian Ministry
of Health ricerca Corrente 2020.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2022.867968/full#supplementary-material

REFERENCES

1. Klass P, Ratner AJ. Vaccinating children against Covid-19 — the lessons of
measles. N Engl J Med. (2021) 384:589–91. doi: 10.1056/NEJMp2034765

2. Gerber JS, Offit PA. COVID-19 vaccines for children. Science. (2021) 374:913–
3. doi: 10.1126/science.abn2566

3. Vitiello A, Ferrara F, Troiano V, La Porta R. COVID-19 vaccines and
decreased transmission of SARS-CoV-2. Inflammopharmacology. (2021)
29:1357–60. doi: 10.1007/s10787-021-00847-2

4. Walter EB, Talaat KR, Sabharwal C, Gurtman A, Lockhart S, Paulsen GC,
et al. Evaluation of the BNT162b2 Covid-19 vaccine in children 5 to 11
years of age. N Engl J Med. (2022) 386:35–46. doi: 10.1056/NEJMoa21
16298

5. 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) 385:239–250. doi: 10.1056/NEJMoa2107456

6. Bagateli LE, Saeki EY, Fadda M, Agostoni C, Marchisio P, Milani GP. COVID-
19 vaccine hesitancy among parents of children and adolescents living in
Brazil. Vaccines (Basel). (2021) 9:1115. doi: 10.3390/vaccines9101115

7. Alfieri NL, Kusma JD, Heard-Garris N, Davis MM, Golbeck E,
Barrera L. Parental COVID-19 vaccine hesitancy for children:
vulnerability in an urban hotspot. BMC Public Health. (2021)
21:1662. doi: 10.1186/s12889-021-11725-5

8. Temsah MH, Alhuzaimi AN, Aljamaan F, Bahkali F, Al-Eyadhy A, Alrabiaah
A, et al. Parental attitudes and hesitancy about COVID-19 vs. routine
childhood vaccinations: a national survey. Front Public Health. (2021)
9:752323. doi: 10.3389/fpubh.2021.752323

9. Campagnani G, Bardanzellu F, Pintus MC, Fanos V, Marcialis MA. COVID-
19 vaccination in children: an open question. Curr Pediatr Rev. (2021).
doi: 10.2174/1573396318666211220093111. [Epub ahead of print].

10. de Albuquerque Veloso Machado M, Roberts B, Wong BLH, van Kessel R,
Mossialos E. The relationship between the COVID-19 pandemic and vaccine

Frontiers in Pediatrics | www.frontiersin.org 6 April 2022 | Volume 10 | Article 867968

https://www.frontiersin.org/articles/10.3389/fped.2022.867968/full#supplementary-material
https://doi.org/10.1056/NEJMp2034765
https://doi.org/10.1126/science.abn2566
https://doi.org/10.1007/s10787-021-00847-2
https://doi.org/10.1056/NEJMoa2116298
https://doi.org/10.1056/NEJMoa2107456
https://doi.org/10.3390/vaccines9101115
https://doi.org/10.1186/s12889-021-11725-5
https://doi.org/10.3389/fpubh.2021.752323
https://doi.org/10.2174/1573396318666211220093111
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Buonsenso et al. Long Covid and COVID-19 Vaccination

hesitancy: a scoping review of literature until august 2021. Front Public Health.
(2021) 9:747787. doi: 10.3389/fpubh.2021.747787

11. Sperotto F, Friedman KG, Son MBF, VanderPluym CJ, Newburger JW.
Cardiac manifestations in SARS-CoV-2-associated multisystem inflammatory
syndrome in children: a comprehensive review and proposed clinical
approach. Eur J Pediatr. (2021) 180:307–22. doi: 10.1007/s00431-020-03766-6

12. Borch L, Holm M, Knudsen M, Ellermann-Eriksen S, Hagstroem
S. Long COVID symptoms and duration in SARS-CoV-2 positive
children - a nationwide cohort study. Eur J Pediatr. (2022)
9:1–11, doi: 10.1007/s00431-021-04345-z

13. Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, Son MBF, et
al. Multisystem inflammatory syndrome in U.S. children and adolescents. N
Engl J Med. (2020) 383:334–346. doi: 10.1056/NEJMoa2021680

14. Levy M, Recher M, Hubert H, Javouhey E, Fléchelles O, Leteurtre
S, et al. Multisystem inflammatory syndrome in children by COVID-
19 vaccination status of adolescents in France. Jama. (2022) 327 281–
3. doi: 10.1001/jama.2021.23262

15. Zambrano LD, Newhams MM, Olson SM, Halasa NB, Price AM, Boom JA, et
al. Effectiveness of BNT162b2 (Pfizer-BioNTech) mRNA vaccination against
multisystem inflammatory syndrome in children among persons aged 12-18
years - United States, july-december 2021. MMWR Morb Mortal Wkly Rep.

(2022) 71:52–8. doi: 10.15585/mmwr.mm7102e1
16. Torres DA, Ribeiro L, Riello A, Horovitz DDG, Pinto LFR, Croda J.

Reinfection of COVID-19 after 3 months with a distinct and more
aggressive clinical presentation: case report. J Med Virol. (2021) 93:1857–
59. doi: 10.1002/jmv.26637

17. Fergie J, Srivastava A. Immunity to SARS-CoV-2: lessons learned. Front
Immunol. (2021) 12:654165. doi: 10.3389/fimmu.2021.654165

18. Pediatrics ISO. Covid, Quando Vaccinare i bambini che hanno avuto

l’infezione? Availabe online at: (accessed on 25, 2022).
19. Buonsenso D, Roland D, De Rose C, Vásquez-Hoyos P, Ramly B,

Chakakala-Chaziya JN. Schools closures during the COVID-19 pandemic:
a catastrophic global situation. Pediatr Infect Dis J. (2021) 40:e146–
50. doi: 10.1097/INF.0000000000003052

20. Picca M, Manzoni P, Milani GP, Mantovani S, Cravidi C, Mariani D, et al.
Distance learning, technological devices, lifestyle and behavior of children and
their family during the COVID-19 lockdown in lombardy: a survey. Ital J
Pediatr. (2021) 47:203. doi: 10.1186/s13052-021-01156-8

21. de Winter JP, de Winter D, Bollati V, Milani GP. A safe flight for children
through COVID-19 disaster: keeping our mind open! Eur J Pediatr. (2020)
179:1175–77. doi: 10.1007/s00431-020-03668-7

22. Buonsenso D, Munblit D, De Rose C, Sinatti D, Ricchiuto A, Carfi A.
Preliminary evidence on long COVID in children. Acta Paediatr. (2021)
110:2208–11. doi: 10.1111/apa.15870

23. Brandal LT, MacDonald E, Veneti L, Ravlo T, Lange H, Naseer U,
et al. Outbreak caused by the SARS-CoV-2 Omicron variant in
Norway, november to december 2021. Euro Surveill. (2021) 26:2101147.
doi: 10.2807/1560-7917.ES.2021.26.50.2101147

24. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, Tong S. Epidemiology
of COVID-19 among children in China. Pediatrics. (2020)
145. doi: 10.1542/peds.2020-0702

25. Parri N, Lenge M, Cantoni B, Arrighini A, Romanengo M, Urbino A, et al.
COVID-19 in 17 Italian pediatric emergency departments. Pediatrics. (2020)
146:e20201235. doi: 10.1542/peds.2020-1235

26. Milani GP, Bottino I, Rocchi A, Marchisio P, Elli S, Agostoni C.
Frequency of children vs adults carrying severe acute respiratory
syndrome coronavirus 2 asymptomatically. JAMA Pediatr. (2021)
175:193–4. doi: 10.1001/jamapediatrics.2020.3595

27. Götzinger F, Santiago-García B, Noguera-Julián A, Lanaspa M, Lancella L,
Calò Carducci FI, et al. COVID-19 in children and adolescents in Europe: a
multinational, multicentre cohort study. Lancet Child Adolesc Health. (2020)
4:653–61. doi: 10.1016/S2352-4642(20)30177-2

28. Suran M. Why Parents still hesitate to vaccinate their children against
COVID-19. JAMA. (2022) 327:23–5. doi: 10.1001/jama.2021.21625

29. Verdoni L, Mazza A, Gervasoni A, Martelli L, Ruggeri M, Ciuffreda M.
An outbreak of severe Kawasaki-Like disease at the Italian epicentre of

the SARS-CoV-2 epidemic: an observational cohort study. Lancet. (2020)
395:1771–78. doi: 10.1016/S0140-6736(20)31103-X

30. Brackel CLH, Lap CR, Buddingh EP, van Houten MA, van der Sande L,
Langereis, EJ. Pediatric long-COVID: an overlooked phenomenon? Pediatr
Pulmonol. (2021) 56:2495–502. doi: 10.1002/ppul.25521

31. Sterky E, Olsson-Åkefeldt S, Hertting O, Herlenius E, Alfven T, Ryd
Rinder M. Persistent symptoms in swedish children after hospitalisation
due to COVID-19. Acta Paediatr. (2021) 110:2578–80. doi: 10.1111/apa.
15999

32. Ledford, H. Do vaccines protect against long COVID? what the data say.
Nature. (2021) 599:546–48. doi: 10.1038/d41586-021-03495-2

33. Kuodi P, Gorelik Y, Zayyad H, Wertheim O, Wiegler KB, Jabal KA,
et al. Association between vaccination status and reported incidence of
post-acute COVID-19 symptoms in Israel: a cross-sectional study of
patients infected between march 2020 and november 2021. medRxiv.

(2022). doi: 10.1101/2022.01.05.22268800
34. Read, Z. Can the vaccine improve persistent symptoms for COVID long-

haulers? Availabe online at: (accessed on January 25, 2022).
35. KATELLA K. Why Vaccines May Be Helping Some With Long COVID. Yale

Medicine. Availabe online at: https://www.yalemedicine.org/news/vaccines-
long-covid (accessed February 20, 2022).

36. European Centre for Disease Prevention and Control. Overview of the

Implementation of COVID-19 Vaccination Strategies and Deployment Plans in

the EU/EEA. Availabe online at: https://www.ecdc.europa.eu/en/publications-
data/overview-implementation-covid-19-vaccination-strategies-and-
deployment-plans (accessed February 20, 2022).

37. Callaway E. COVID super-immunity: one of the pandemic’s great puzzles.
Nature. (2021) 598:393–4. doi: 10.1038/d41586-021-02795-x

38. South Africa sees rise in child COVID hospital admissions in Omicron
epicentre but cases “mild”. SkyNews. Availabe online at: https://news.sky.
com/story/south-africa-sees-rise-in-child-covid-hospital-admissions-
in-omicron-epicentre-but-cases-mild-12486132 (accessed Feruary
20, 2022).

39. Omicron drives record cases of child Covid hospitalisation. Financial Times.
Availabe online at: https://www.ft.com/content/28be9d3f-0b12-4c33-bda9-
fbff375c0b7e (accessed Feruary 20, 2022).

40. Wang L, Berger NA, Kaelber DC, Davis PB, Volkow ND, Xu R. COVID
infection severity in children under 5 years old before and after Omicron
emergence in the US.medRxiv. (2022). doi: 10.1101/2022.01.12.22269179

41. Wang L, Berger NA, Kaelber DC, Davis PB, Volkow ND, Xu R.
Comparison of outcomes from COVID infection in pediatric and
adult patients before and after the emergence of Omicron. medRxiv.

(2022). doi: 10.1101/2021.12.30.21268495
42. Karafillakis E, Van Damme P, Hendrickx G, Larson HJ. COVID-19 in Europe:

new challenges for addressing vaccine hesitancy. Lancet. (2022) 399:699–
701, doi: 10.1016/S0140-6736(22)00150-7

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Buonsenso, Valentini, Macchi, Folino, Pensabene, Patria,

Agostoni, Castaldi, Lecce, Giannì, Marchisio, Milani and the CHICO Study Group.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 7 April 2022 | Volume 10 | Article 867968

https://doi.org/10.3389/fpubh.2021.747787
https://doi.org/10.1007/s00431-020-03766-6
https://doi.org/10.1007/s00431-021-04345-z
https://doi.org/10.1056/NEJMoa2021680
https://doi.org/10.1001/jama.2021.23262
https://doi.org/10.15585/mmwr.mm7102e1
https://doi.org/10.1002/jmv.26637
https://doi.org/10.3389/fimmu.2021.654165
https://doi.org/10.1097/INF.0000000000003052
https://doi.org/10.1186/s13052-021-01156-8
https://doi.org/10.1007/s00431-020-03668-7
https://doi.org/10.1111/apa.15870
https://doi.org/10.2807/1560-7917.ES.2021.26.50.2101147
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1542/peds.2020-1235
https://doi.org/10.1001/jamapediatrics.2020.3595
https://doi.org/10.1016/S2352-4642(20)30177-2
https://doi.org/10.1001/jama.2021.21625
https://doi.org/10.1016/S0140-6736(20)31103-X
https://doi.org/10.1002/ppul.25521
https://doi.org/10.1111/apa.15999
https://doi.org/10.1038/d41586-021-03495-2
https://doi.org/10.1101/2022.01.05.22268800
https://www.yalemedicine.org/news/vaccines-long-covid
https://www.yalemedicine.org/news/vaccines-long-covid
https://www.ecdc.europa.eu/en/publications-data/overview-implementation-covid-19-vaccination-strategies-and-deployment-plans
https://www.ecdc.europa.eu/en/publications-data/overview-implementation-covid-19-vaccination-strategies-and-deployment-plans
https://www.ecdc.europa.eu/en/publications-data/overview-implementation-covid-19-vaccination-strategies-and-deployment-plans
https://doi.org/10.1038/d41586-021-02795-x
https://news.sky.com/story/south-africa-sees-rise-in-child-covid-hospital-admissions-in-omicron-epicentre-but-cases-mild-12486132
https://news.sky.com/story/south-africa-sees-rise-in-child-covid-hospital-admissions-in-omicron-epicentre-but-cases-mild-12486132
https://news.sky.com/story/south-africa-sees-rise-in-child-covid-hospital-admissions-in-omicron-epicentre-but-cases-mild-12486132
https://www.ft.com/content/28be9d3f-0b12-4c33-bda9-fbff375c0b7e
https://www.ft.com/content/28be9d3f-0b12-4c33-bda9-fbff375c0b7e
https://doi.org/10.1101/2022.01.12.22269179
https://doi.org/10.1101/2021.12.30.21268495
https://doi.org/10.1016/S0140-6736(22)00150-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Caregivers' Attitudes Toward COVID-19 Vaccination in Children and Adolescents With a History of SARS-CoV-2 Infection
	Introduction
	Methods
	Data Management and Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


