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Abstract

with SARS-CoV-2 infection.

Post-COVID condition is a new and highly debated entity that is still to be outlined in its complexity, especially in the
pediatric population. In response to the article by Trapani and colleagues, we report the results of a long-term follow-
up conducted in the outpatient clinic of the Pediatric Infectious Diseases Unit on children admitted to our hospital
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Dear Editor,

We read with interest the article by Trapani et al. on
Long COVID-19 in children [1]. Authors presented
data obtained from Italian General Practitioners (GPs)
through questionnaires addressed to children in pri-
mary care, including those residents in Piedmont, Italy,
and some hospitalized children with COVID-19. The
reported cumulative incidence of Long COVID-19 symp-
toms in 60 hospitalized children was 58.3%, much higher
than what we observed in our reality. At Regina Margh-
erita Children’s Hospital (Turin, Italy), which is the refer-
ral pediatric hospital for Piedmont region, more than 500
children with SARS-CoV-2 infection have been hospi-
talized since the beginning of the pandemic up to Janu-
ary 2022. We hereby report the results of a long-term
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follow-up conducted in the outpatient clinic of the
Pediatric Infectious Diseases Unit on children admit-
ted to our hospital with SARS-CoV-2 infection. A sub-
set of children, including those with moderate to severe
COVID-19, chronic comorbidities or presenting sequelae
at discharge, underwent a strict follow-up consisting in
periodic clinical assessments, laboratory and instrumen-
tal evaluations. The remaining children were followed-
up throughout telephonic contacts and, if necessary,
through clinical assessments and targeted investigations
to rule out post-COVID conditions (PCC). Patients with
recently diagnosed oncoematologic diseases and chil-
dren with preexisting severe neurologic impairment were
excluded from the present analysis.

A total of 417 infants and children with a median age
3.64 years (Inter Quartile Range —IQR: 0.5-10.34) were
evaluated: 243 (58,3%) were males and 147 (35.2%) had
concomitant chronic diseases. Mean hospital stay was 8
days, median 5 days (IQR 3 — 9). A complicated course
of SARS-CoV-2 infection was observed in 140 children
(33%): among these, 52 had pneumonia and 22 required
intensive care admission.

Mean duration of follow-up was 9.8 months (range 6 —
18 months). At 4 and 12 weeks from SARS-CoV-2 infec-
tions 35 children (8.4%) presented at least one symptom
that fulfilled the updated criteria for PCC in children and
young people [2]: persistent asthenia and easy fatigue in
13 children, residual respiratory distress under exertion
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in 11, neurological alterations in fine motor skills, dizzi-
ness and problems in equilibrium maintenance in 8, fre-
quent arthromyalgies and persistent lack of appetite in
4 children each, and hemicranias, cardiac disturbancies
(heart-pounding), chest pain, cough and wheezing in 2
children each.

At 6 months from infection 25 children still had PCC
symptoms; none developed new PCC-related manifesta-
tions after 3 months from the infection. Children with
PCC were significantly older than those without (mean
age 9.87 years vs 5.32, respectively; p <0.0001).

No patient required a second hospital admission for
reasons related to SARS-CoV-2 infection, including PCC.

PCC is a new and highly debated entity that is still to
be outlined in its complexity, especially in the pediat-
ric population. In the latest months, a rapidly increas-
ing number of studies has been published, investigating
the frequency, characteristics, risk factors and possi-
ble underlying mechanisms of such condition in adults,
but also in children and young people. In adults, PCC
appears unrelated to COVID-19 severity and may be
driven by long-term tissue damage, following persis-
tent viral-induced inflammation, immune dysregulation,
autoimmune phenomena, endothelial damage and micro
thrombosis. Risk factors for PCC identified in the adult
population include female sex, more than five symptoms
at onset, early dyspnoea, preexisting psychiatric disor-
ders and increased inflammatory biomarkers [3]. In chil-
dren and adolescents similar pathogenetic mechanisms
are plausible, but also vitamin and micronutrients defi-
ciencies have been postulated [4]. Suggested risk factors
for PCC in the pediatric population include older age
(especially > 12 years), muscle pain at COVID-19 onset,
allergic diseases and ICU admission; potential treatments
are rehabilitation and symptomatic drugs as for adults,
dietary precautions and vitamin supplementation [4—6].

Although the possibility of long-term consequences
of COVID-19 is universally recognized, multiple meth-
odological issues on available data have been raised,
including a lack of harmonization in definitions and
terminology, and the absence of standardized clinical
outcomes to be routinely assessed through objectivable
measures [7]. Such heterogeneity into research on PCC
makes results hardly comparable.

Precisely due to the wide variability of prevalence
estimates for PCC in children and young people (rang-
ing from 1% to 51% ), Stephenson et al. derived a
research definition aligned to the clinical World Health
Organization (WHO) case definition, to allow com-
parisons between research studies as follows: Post-
COVID-19 condition occurs in young people with a
history of confirmed SARS-CoV-2 infection, with at
least one persisting physical symptom for a minimum
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duration of 12 weeks after initial testing that cannot be
explained by an alternative diagnosis. The symptoms
have an impact on everyday functioning, may continue
or develop after COVID infection, and may fluctuate or
relapse over time [2].

An international Delphi consensus study identified
the core outcome set (COS) for PCC in adults, includ-
ing eleven items: fatigue, pain, post-exertion symptoms,
work or occupational and study changes, survival, func-
tioning, symptoms and conditions for each of cardio-
vascular, respiratory, nervous system, cognitive, mental
health, and physical outcomes [8].

In children and young adults there is an urgent need
to develop a COS, preferably structured for different age
groups, with age-appropriate measurements and data
harmonization processing tools for research on PCC.

Self-completed questionnaires administered to families
and not associated with targeted assessments (especially
from a neurologic or psychiatric perspective) and not
supported by a medical examination risk to overestimate
PCC. Indeed, many reported symptoms in older chil-
dren and adolescents (such as fatigue and psychological
symptoms) may be related to the complex social situation
that occurred during the Pandemic as a consequence of
school closure, suspension of recreational activities and
social isolation. In our opinion, children identified by an
indirect approach (phone call, parental questionnaires)
as suffering from PCC should be clinically assessed by a
multidisciplinary team to confirm or rule out the diagno-
sis and schedule an appropriate follow-up.

In a nationwide cohort study, Boch et al. demonstrated
that symptoms lasting > 4 weeks reported through an
electronic questionnaire were common also in control
children, with an estimated PCC prevalence of 0.8% in
the SARS-CoV-2 positive group. Authors concluded that
concentration difficulties, headache, muscle and joint
pain as well as nausea should not be considered symp-
toms of PCC as they were frequently reported also in the
control group. On the contrary, fatigue, loss of smell and
taste, dizziness, muscle weakness, chest pain and res-
piratory problems were more frequently found in SARS-
CoV-2 children, especially in those aging 6-17 years and
were thus not attributed to psychological sequelae of
social restrictions [9].

In our cohort of hospitalized children, with a minimum
6 month-follow-up, PCC was rare, also considering that
many patients had pre-existing concomitant diseases.
Only symptoms occurring or persisting within 12 weeks
from SARS-CoV-2 infection were deemed consistent
with sequelae of COVID-19, according to temporal cri-
teria established by WHO in adults [10]. Furthermore,
a long recovery is relatively common in other viral dis-
eases, such as EBV, CMV or enteric viruses infections
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and a short follow-up of SARS-CoV-2 infected children
could be misleading.

The type of the population investigated, composed
exclusively by inpatients, might be a limit of our study
and could lead to PCC overestimates: although we also
included asymptomatic infected children who were
admitted for reasons other than COVID-19 (i.e. trau-
matic injuries), our cohort might not be fully representa-
tive of the general pediatric population due the high
number of chronic patients, potentially more prone to
PCC. Another limit of our report is the lack of a non-
infected control group.

In conclusion, PCC in the pediatric population is still
an ill-defined entity that urgently needs agreed and
standardized definitions, as well as outcome measures.
Only when these items are conclusively established, the
real prevalence of the disease will be clarified.
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PCC Post-COVID condition
ICU Intensive care unit
[@eN) Core outcome set
IQR InterQuartile Range

WHO World Health Organization
Acknowledgements
Not applicable

Authors’ contributions

SG, FF and UR conceived and designed the analysis. SG, MD, EF and GP col-
lected, analyzed and interpreted the patient data. MD performed the statisti-
cal analysis. All authors were major contributors in writing the manuscript. All
authors read and approved the final manuscript.

Funding
None

Availability of data and materials

The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request but restrictions apply to the
availability of these data due to privacy protection rules.

Declarations

Ethics approval and consent to participate

The study received ethical approval on 24 March 2020 (protocol number
0031296) by Comitato Etico Interaziendale A.O.U. Citta della Salute e della
Scienza diTorino - A.O. Ordine Mauriziano - A.S.L. Citta di Torino. Informed
consent was signed by parents.

All methods were performed in accordance with the ethical standards as laid
down in the Declaration of Helsinki and its later amendments or comparable
ethical standards .

Consent for publication
Not applicable

Competing interests

The authors declare that they have no competing interests

Received: 21 July 2022 Accepted: 13 January 2023
Published online: 20 January 2023

Page 3 of 3

References

1. Trapani G, Verlato G, Bertino E, Maiocco G, Vesentini R, Spadavecchia A,
et al. Long COVID-19 in children: an Italian cohort study. Ital J Pediatr.
2022;48:83. https://doi.org/10.1186/513052-022-01282-x.

2. StephensonT, Allin B, Nugawela MD, Rojas N, Dalrymple E, Pinto Pereira
S, et al. Long COVID (post-COVID-19 condition) in children: a modified
Delphi process. Arch Dis Child. 2022;107:674-80. https://doi.org/10.1136/
archdischild-2021-323624.

3. Yong SJ. Long COVID or post-COVID-19 syndrome: putative pathophysi-
ology, risk factors, and treatments. Infect Dis (Lond). 2021;53:737-54.
https://doi.org/10.1080/23744235.2021.1924397.

4. Piazza M, Di Cicco M, Pecoraro L, Ghezzi M, Peroni D, Comberiati P. Long
COVID-19 in Children: From the Pathogenesis to the Biologically Plausible
Roots of the Syndrome. Biomolecules. 2022;8(12):556. https://doi.org/10.
3390/biom12040556.

5. Asadi-Pooya AA, Nemati H, Shahisavandi M, Akbari A, Emami A, Lotfi
M, et al. Long COVID in children and adolescents. World J Pediatr.
2021;17:495-9. https://doi.org/10.1007/512519-021-00457-6.

6. Osmanov IM, Spiridonova E, Bobkova P, Gamirova A, Shikhaleva A,
Andreeva M, et al. Risk factors for post-COVID-19 condition in previously
hospitalised children using the ISARIC Global follow-up protocol: a pro-
spective cohort study. Eur Respir J. 2022;3(59):2101341. https://doi.org/
10.1183/13993003.01341-2021.

7. Munblit D, O'Hara ME, Akrami A, Perego E, Olliaro P, Needham DM. Long
COVID: aiming for a consensus. Lancet Respir Med. 2022;10:632-4.
https://doi.org/10.1016/52213-2600(22)00135-7.

8. Munblit D, Nicholson T, Akrami A, Apfelbacher C, Chen J, De Groote W,
et al. A core outcome set for post-COVID-19 condition in adults for use in
clinical practice and research: an international Delphi consensus study.
Lancet Respir Med. 2022;10:715-24. https://doi.org/10.1016/52213-
2600(22)00169-2.

9. 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;181:1597-607. https://doi.
0rg/10.1007/500431-021-04345-z.

10. World Health Organization. Geneva. https://www.who.int/publications/i/
item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_defin
ition-2021. Accessed 1 Dec 2022

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

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s13052-022-01282-x
https://doi.org/10.1136/archdischild-2021-323624
https://doi.org/10.1136/archdischild-2021-323624
https://doi.org/10.1080/23744235.2021.1924397
https://doi.org/10.3390/biom12040556
https://doi.org/10.3390/biom12040556
https://doi.org/10.1007/s12519-021-00457-6
https://doi.org/10.1183/13993003.01341-2021
https://doi.org/10.1183/13993003.01341-2021
https://doi.org/10.1016/S2213-2600(22)00135-7
https://doi.org/10.1016/S2213-2600(22)00169-2
https://doi.org/10.1016/S2213-2600(22)00169-2
https://doi.org/10.1007/s00431-021-04345-z
https://doi.org/10.1007/s00431-021-04345-z
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021

	Long COVID-19post-COVID condition in children: do we all speak the same language?
	Abstract 
	Acknowledgements
	References


