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Abstract
Background  Limited evidence exists regarding the association between COVID-19 and Long COVID manifestations 
in children, particularly concerning variants of concern (VOCs). We aimed to characterize a cohort of pediatric patients 
hospitalized with confirmed acute SARS-CoV-2 and monitor them for Long COVID symptoms. Additionally, it seeks to 
explore any potential correlations between VOCs and clinical symptoms.

Methods  We conducted a prospective study involving children hospitalized from November 2021 to March 2023, 
with confirmed acute SARS-CoV-2 infection. A telephone survey was conducted at 3-6-12 months after discharge.

Results  We included 167 patients (77 F/90 M). Upon hospital admission, 95.5% of patients presented as symptomatic. 
Regarding patients for whom it was feasible to determine the SARS-CoV-2 variant (n = 51), the Delta variant was 
identified in 11 children (21.6%) and Omicron variant in the remaining 40 patients (78.4%: 27.5% BA.1 variant; 15% 
BA.2 variant; 57.5% BA.5 variant). 19 patients (16.5%) reported experiencing at least one symptom indicative of Long 
COVID (weight loss 31.6%, inappetence 26.3%, chronic cough 21.1%, fatigue 21.1%, and sleep disturbances, wheezing, 
abdominal pain and mood disorders 15.8%). In only 4 patients with Long COVID we could identified a specific SARS-
CoV-2 variant (3 Omicron: 2 BA.1 and 1 BA.2; 1 Delta).

Conclusions  this study underscores that long COVID is a significant concern in the pediatric population. Our data 
reinforce the importance of continuously monitoring the impact of long-COVID in infants, children, and adolescents. 
A follow-up following SARS-CoV-2 infection is therefore advisable, with symptom investigation tailored to the patient’s 
age.
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Background
Following the emergence of the COVID-19 pandemic, 
a notable increase in persistent symptoms has been 
observed in individuals previously infected with SARS-
CoV-2, in contrast to those who have not encountered 
the virus. The term “Long COVID” is used to describe 
the continuation or development of these symptoms for 
at least two months, occurring three months after the ini-
tial SARS-CoV-2 infection, with no other plausible expla-
nation [1]. Long COVID affects survivors of COVID-19 
across the spectrum of disease severity, including mild-
to-moderate cases that did not require respiratory sup-
port or hospitalization [2]. Furthermore, Long COVID 
symptoms have been reported in children and adoles-
cents, including those who experienced asymptomatic 
or mildly symptomatic COVID-19. It is worth noting 
that similar post-viral symptoms have been observed in 
the context of prior human coronavirus diseases, such 
as Middle East respiratory syndrome (MERS) and severe 
acute respiratory syndrome (SARS) [3].

Radiological and respiratory function studies have 
indicated that pulmonary scarring might be a com-
mon consequence of COVID-19, potentially explaining 
the persistent dyspnea and cough seen in Long COVID 
[4]. Long-term pulmonary dysfunction has been identi-
fied in children who have recovered from COVID-19, 
underscoring the importance of understanding these 
complications [5]. Additionally, structural and metabolic 
abnormalities in the brain have been reported among 
individuals with prior SARS-CoV-2 infection, even in 
cases with mild symptomatology, possibly attributed to 
persistent neuroinflammatory processes [6], supported 
by the finding of SARS-CoV-2 genes and proteins and 
pathological immune and vascular activations in the 
brainstem of deceased COVID-19 victims [7]. Radiologi-
cal evidence of cardiac injury in Long COVID exists, with 
uncertain long-term implications, yet it may elucidate the 
persistence of chest pain, heart palpitations, and tachy-
cardia for up to six months post-recovery [2]. In addition 
to pulmonary, neurological, and cardiac involvement, 
radiological damage and functional impairment of other 
organs, such as the liver, spleen, and kidneys, have been 
reported, persisting for at least 2–3 months after hospital 
discharge [8, 9].

While the precise mechanisms behind Long COVID 
remain elusive, several hypotheses regarding its patho-
physiology have been proposed [10]. Dysfunction of 
T-cells might contribute to Long COVID development 
through autoimmune processes [11], wherein SARS-
CoV-2 induces antigen-presenting cells to present anti-
gens to autoreactive T-cells [12]. B-cells may also play 
a role by producing antiphospholipid autoantibodies 
detected in 52% of patients in association with neutrophil 
hyperactivity, and is often associated with more severe 

clinical outcomes [13]. Furthermore, autoantibodies 
against interferons, neutrophils, connective tissues, cyclic 
citrullinated peptides, and cell nuclei have been identified 
in 10–50% of COVID-19 patients [14]. These autoanti-
bodies, reminiscent of those found in chronic autoim-
mune diseases like lupus erythematosus and rheumatoid 
arthritis [15], may contribute to Long COVID symptoms, 
including fatigue, joint pain, concentration difficulties, 
and headaches [16–17]. Other potential contributors 
to Long COVID pathophysiology in both children and 
adults, include residual inflammation following SARS-
CoV-2 multisystem inflammatory syndrome (MIS), char-
acterized by lymphopenia and elevated pro-inflammatory 
markers [18], as well as deep alterations in the gut micro-
biome, which have been observed up to 30 days after 
disease resolution and correlated with prolonged SARS-
CoV-2 shedding [19].

Despite these insights, limited evidence exists regard-
ing the association between COVID-19 and Long 
COVID manifestations in children, particularly concern-
ing variants of concern (VOCs). Studies have shown that 
certain VOCs, such as the Delta variant, exhibit signifi-
cantly higher viral loads in the upper respiratory tract of 
adults, raising questions about their impact on children 
[20]. Another study suggests that seizures may be a fre-
quent and early sign of the Omicron variant in children 
with acute infections [21].

This study aims to clinically characterize a cohort of 
pediatric patients who were hospitalized due to SARS-
CoV-2 infection and monitor them for Long COVID 
symptoms following discharge. Additionally, it seeks to 
explore any potential correlations between variants of 
concern (VOCs) and clinical symptoms, where relevant.

Patients and methods
Patients
We conducted a prospective study involving children 
hospitalized at Milan’s Buzzi Children’s Hospital in Italy 
from November 1st, 2021, to March 30th, 2023, with 
confirmed acute SARS-CoV-2 infection as documented 
by nasal swab upon admission. During hospitalization, 
written consent was obtained from both the child and 
their accompanying parent, allowing for the collection 
of saliva swabs to determine SARS-CoV-2 variants. Fur-
thermore, the patients were asked to participate in long-
term monitoring after discharge, and those with at least 
six months of follow-up were included in the analysis. A 
comprehensive clinical assessment was conducted during 
hospitalization, collecting data on demographics, symp-
toms, and comorbidities in the acute phase. To assess the 
development of Long COVID symptoms a structured 
questionnaire was designed. A telephone survey was con-
ducted at 3, 6, and 12 months after discharge to monitor 
the progression of symptoms over time (Fig. 1).
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To safeguard the privacy of patients, all data and bio-
logical samples gathered were pseudonymized, and they 
were identified solely through the assigned barcode. Data 
collection took place within a database established on the 
REDCap platform (www.project-redcap.org), based at 
Harvard Catalyst, Boston, USA, in strict compliance with 
prevailing GDPR legislation. A data protection impact 
assessment was implemented.

All procedures adhered to ethical standards set forth 
by the responsible committee on human experimentation 
and were in accordance with the Helsinki Declaration of 
1975, as amended in 2000. The study received approval 
from the Ethics Committee (name of the Approval Com-
mittee: Milano Area 1, protocol number 0037072). All 
participants or their responsible guardians were asked 
for and gave their written consent after being informed 
about the nature of the study.

Methods
Collection of saliva swabs
Upon admission, saliva swabs were collected from all 
patients using Lollisponge (LolliSponge™, Copan, Brescia, 
Italy) [22], within 24  h of admission. The LolliSponge™ 
was placed in the mouth for one minute to allow the 
sponge to absorb saliva. Samples, which are self-preser-
vative due to the nature of saliva, were stored at room 
temperature (RT) without transport medium and were 
subjected to testing for SARS-CoV-2 using quantitative 
reverse transcription polymerase chain reaction (qRT-
PCR) assays.

Viral RNA was manually extracted utilizing the 
QIAamp Viral RNA Mini Kit (QIAGEN, Hilden, Ger-
many). RT-PCR genotyping assays were conducted using 
the COVID-19 Ultra Variant Catcher (Clonit Srl., Milan, 
Italy), the Allplex SARS-CoV-2 Variants (Arrow Diag-
nostics Srl., Genoa, Italy), or the multiplexed RT-qPCR 
developed by the English consortium (https://www.
protocols.io/view/multiplexed-rt-qpcr-to-screenfor-
sars-cov-2-b-1-1-br9vm966?version_warning=no). For 
samples with a cycle threshold (Ct) < 30, full genome 
sequences were acquired through a modified version of 
the Artic Protocol (https://artic.network/ncov-2019) 

using the Illumina DNA Prep and the IDT ILMN DNA/
RNA Index kit (Illumina, San Diego, CA, USA). Sequenc-
ing was conducted on the Illumina Miseq platform 
utilizing a 2 × 200 cycle paired-end sequencing proto-
col. Results were aligned and mapped to the reference 
genome obtained from GISAID (https://www.gisaid.org/, 
accession ID: EPI_ISL_406800) using Geneious Prime 
software v. 11.1 (http://www.geneious.com, Biomatters, 
Auckland, New Zealand). The SARS-CoV-2 lineages and 
clades were determined using the Pangolin COVID-19 
Lineage Assigner v. 4.1.1 (https://pangolin.cog-uk.io/) 
and Nextclade v. 2.4.1 (https://clades.nextstrain.org).

Statistical analysis
To summarize the data, categorical variables are pre-
sented as counts and percentages, and comparisons 
between groups were performed using the chi-square 
test or Fisher’s exact test as appropriate. Quantitative 
variables are reported as mean and standard deviation 
(SD) if the empirical distribution shows a symmetric and 
unimodal pattern and as median and interquartile range 
(IQR) otherwise.

Results
Our study included 167 patients, comprising 77/167 
(46.1%) females and 90/167 (53.9%) males, with a median 
age 1 year (IQR 5; range 0–18). Within our cohort, 92 
(55.0%) were children under 2 years of age, 50 (30.0%) 
were aged between 2 and 10 years, and 24 (14.3%) were 
older than 10 years. None of the patients required inten-
sive care, and chronic comorbidities were present in 
49/167 (29.3%) cases. Table  1 provides a detailed over-
view of the demographic characteristics of the enrolled 
patients.

Data upon admission
Among the hospitalized children, 70 (41.9%) had a docu-
mented history of contact with a SARS-CoV-2 positive 
individual. Notably, mothers (42.9%) and fathers (29.6%) 
were the most common sources of contact for our 
patients.

Fig. 1  Flowchart illustrating the monitoring process
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Upon hospital admission, 9 patients (5.4%) presented 
as asymptomatic, with SARS-CoV-2 infection inciden-
tally discovered during routine surveillance nasal swabs 
conducted for non-COVID-related hospitalizations.

Among symptomatic children, the majority (138; 
87.3%) were admitted due to a history of fever, often 
accompanied by cough in 63 (39.9%) of cases, runny 
nose in 44 (27.8%) of cases, wheezing in 9 (5.7%) of cases, 
and fatigue or dyspnea in 34 (21.5%) of cases. Addition-
ally, hypoalimentation was reported in 41.9% of patients, 
while gastrointestinal symptoms, including abdominal 
pain, vomiting, and diarrhea, were observed in 58 (34.7%) 
of patients. Neurological symptoms, such as seizures and 
altered consciousness, were noted in 17 (10.2%) of cases. 
Symptoms like muscle aches, joint pain, conjunctivitis, 
skin rashes, and lymphadenopathy were infrequently 
reported (see Table 2).

It is worth noting that vomiting, diarrhea, and hypoali-
mentation appeared to be more prevalent among chil-
dren under 2 years of age, while neurological symptoms 
were more common in children aged 2–10 years and 
adolescents.

Table 2 summarizes the signs and symptoms observed 
upon admission in the enrolled patients, categorized 
according to different age groups. Statistical signifi-
cance was reached for: shortness of breath (p = 0.0039), 
all muscoskeletal symptoms (p = 0.0006, 0.01169, and 
0.0005 for myalgia, arthralgia and fatigue, respectively), 
all neurological symptoms (p < 0.0001, 0.0406, 0.0004 for 

Table 1  Demographic characteristics of enrolled patients. 
NA = Not Available
Features Number of 

patients (%)
n = 167

Age
< 2 y 92 (55.1%)
2–10 y 50 (30.0%)
> 10 y 24 (14.3%)
NA 1 (0.6%)
Gender
Female 77 (46.1%)
Male 90 (53.9%)
Ethnic group
Arab 18 (10.8%)
Asian 10 (6.0%)
Latin American 17 (10.2%)
Caucasian 122 (73.1%)
NA 0 (0.0%)
  Comorbidities
    -Diabetes 4 (2.4%)
    -Obesity 1 (0.6%)
    -Chronic malnutrition 1 (0.6%)
    -Cardiac congenital malformations 2 (1.2%)
    -Asthma 1 (0.6%)
    -Chronic_Kidney_Disease 2 (1.2%)
    -Gastrointestinal and/or liver disorders 5 (3.0%)
    -Neurological_and/or neuropsychiatric disorders 16 (9.5%)
    -Immunological_disorder 1 (0.6%)
    -Malignant_neoplasm 2 (1.2%)
    -Genetic_syndrome 4 (2.4%)
    -Others 24 (14.4%)

Table 2  Admission signs and symptoms of enrolled patients 
according to age groups. * 1 patient not assigned to any of the 
age classes, due to missing value
Symptom < 2 

years
(n = 92)

2–10 
years
(n = 50)

> 10 
years
(n = 24)

Total
(n = 167)*

General symptoms
Hystory of fever 78 

(85.9%)
39 
(78.0%)

19 
(79.2%)

138 
(82.6%)

Respiratory symptoms
Cough 37 

(40.2%)
16 
(32.0%)

10 
(41.7%)

63 
(37.7%)

Runny nose (rhinorrhoea) 31 
(33.7%)

9 
(18.0%)

4 
(16.7%)

44 
(26.3%)

Ear pain 1 
(1.1%)

0 
(0.0%)

0 (0%) 1 (0.6%)

Wheezing 4 
(4.3%)

2 
(4.0%)

3 
(12.5%)

9 (3.6%)

Shortness of breath (dyspnea) 8 
(8.7%)

7 
(14.0%)

9 
(37.5%)

24 
(14.4%)

Muscoloskeletal symptoms
Muscle aches (myalgia) 0 

(0.0%)
4 
(8.0%)

4 
(16.7%)

8 (4.9%)

Joint pain (arthralgia) 0 
(0.0%)

3 
(6.0%)

2 
(8.3%)

5 (3.0%)

Fatigue / malaise 2 
(2.2%)

6 
(12.0%)

6 
(25.0%)

14 (8.4%)

Neurological symptoms
Headache 0 (0%) 7 

(14.0%)
5 
(20.8%)

12 (7.1%)

Alteredconsciousness/
confusion

2 
(2.2%)

6 
(12.0%)

2 
(8.3%)

10 (6.0%)

Seizures 4 
(4.3%)

13 
(26.2%)

1 
(4.2%)

18 
(10.8%)

Gastrointestinal symptoms
Abdominal pain 2 

(2.2%)
9 
(18.0%)

6 
(25.0%)

17 
(10.2%)

Vomiting / nausea 20 
(21.7%)

13 
(26.0%)

8 
(33.3%)

42 
(25.1%)

Diarrhoea 15 
(16.3%)

2 
(4.0%)

5 
(20.8%)

22 
(13.2%)

Hypoalimentation 44 
(47.8%)

18 
(36.0%)

8 
(33.3%)

70 
(41.9%)

Skin mucosal symptoms
Conjunctivitis 4 

(4.3%)
2 
(4.0%)

0 
(0.0%)

6 (3.6%)

Skin rash 3 
(3.3%)

6 
(12.0%)

1 
(4.2%)

10 (6.0%)

Lymphadenopathy 0 (0%) 6 
(12.0%)

1 
(4.2%)

7 (4.2%)
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headache, altered consciousness and seizures, respec-
tively), abdominal pain (p = 0.0002), diarrhea (p = 0.0389) 
and lymphadenopathy (p = 0.0019).

Regarding patients for whom it was feasible to deter-
mine the SARS-CoV-2 variant via saliva swab (n = 51), the 
Delta variant was identified in 11 children (21.6%). These 
cases were all hospitalized between November 2021 
and December 2021, with the exception of one patient 

admitted in January 2022. Specifically, all of these sub-
jects carried Delta descendant variants within the 21  J 
clade. In contrast, the Omicron variant was detected in 
the remaining 40 patients (78.4%), all of whom were hos-
pitalized from January 2022 to June 2023. Among these, 
27.5% (n = 11) had the BA.1 variant and its sublineages 
(clade 21  K), 15% (n = 6) carried BA.2 (clade 21  L), and 
57.5% (n = 23) had the BA.5 variant (clade 22B). Addi-
tionally, three cases of XBB recombinants were observed 
(7.5%) between March and May 2023.

As shown in Table  3, while neurological symptoms 
appeared to be more prevalent in cases with the Omi-
cron variant, and gastrointestinal symptoms were seem-
ingly more common in Delta variant cases, it’s important 
to note that none of these symptoms reached statistical 
significance.

Out of the 167 patients enrolled, 134 (80.2%) had not 
received the SARS-CoV-2 vaccination prior to their 
infection (19 subjects with unknown or not assessed sta-
tus). Among them, a significant majority (71.6%) were 
ineligible for vaccination due to their age (5 subjects with 
not available information).

Monitoring for long COVID
In Fig.  2, we present a flowchart depicting the patients’ 
medical history.

Out of the 115 patients (55 females and 60 males) who 
were followed up for at least 6 months after their dis-
charge (comprising 67/115 patients or 58.3% aged < 2 
years, 33/115 or 28.7% aged between 2 and 10 years, and 
15/115 or 13.0% aged older than 10 years), 19 patients 
(16.5%, including 7 females and 12 males) reported expe-
riencing at least one symptom indicative of Long COVID, 
with most of them presenting a combination of symp-
toms. The patients who developed Long COVID symp-
toms did not have underlying health conditions, except 
for one case of diabetes. All symptoms were reported at 
3 months from discharge and lasted at least two months.

The most commonly reported symptoms included 
weight loss (6/19, 31.6%), inappetence (5/19, 26.3%), 
chronic cough (4/19, 21.1%), fatigue (4/19, 21.1%). and 
sleep disturbances, wheezing, abdominal pain and mood 
disorders (3/19, 15.8%). Additionally, patients reported 
symptoms such as headache, cognitive changes, muscle 
aches, joint pain or swelling, (see Table 4). Table 4 sum-
marizes the Long COVID symptoms according to differ-
ent age groups.

As depicted in Table 4, fatigue, chronic cough, as well 
as cognitive and psychological issues like concentration 
difficulties, mood disorders, and eating disorders were 
predominantly observed in adolescents. On the other 
hand, infants and toddlers exhibited recurrent wheezing, 
failure to thrive, and sleep disturbances more frequently.

Table 3  Distribution of symptoms between Delta variant, 
Omicron variant and non-detectable variant (ND)
Symptoms Delta

(n = 11)
Omi-
cron
(n = 40)

ND
(n = 62)

Total
(n = 113)

General symptoms
Hystory of fever 10 

(90.9%)
36 
(90%)

48 
(77.4%)

94 
(83.2%)

Respiratory symptoms
Cough 6 

(54.5%)
18 
(45%)

22 
(35.4%)

46 
(40.7%)

Runnynose (Rhinorrhoea) 5 
(45.4%)

8 (2%) 18 
(29.0%)

31 
(27.4%)

Earpain 1 
(9.0%)

0 (0%) 0 (0%) 1 (0.9%)

Wheezing 2 
(18.1%)

1 
(0.2%)

4 
(6.4%)

7 (6.2%)

Shortness of breath (Dyspnea) 2 
(18.1%)

3 
(0.7%)

9 
(14.5%)

14 
(12.4%)

Muscoloskeletal symptoms
Muscle aches (Myalgia) 0 (0%) 0 (0%) 6 

(9.8%)
6 (5.3%)

Joint pain (Arthralgia) 1 
(9.0%)

0 (0%) 3 
(4.8%)

4 (3.5%)

Fatigue / Malaise 1 
(9.0%)

1 
(0.2%)

10 
(16.1%)

12 
(10.6%)

Neurological symptoms
Headache 1 

(9.0%)
3 
(0.7%)

4 
(6.5%)

8 (7.0%)

Altered consciousness/
confusion

0 (0%) 1 
(2.5%)

6 
(9.8%)

7 (6.2%)

Seizures 0 (0%) 4 (10%) 5 
(8.0%)

9 (8.0%)

Gastrointestinal symptoms
Abdominal pain 1 

(9.0%)
1 
(2.5%)

8 
(12.9%)

10 (8.8%)

Vomiting / Nausea 5 
(45.4%)

10 
(25%)

18 
(29.0%)

33 
(29.2%)

Diarrhoea 2 
(18.1%)

4 (15%) 9 
(14.5%)

15 
(13.2%)

Hypoalimentation 6 
(54.5%)

15 
(37.5%)

33 
(53.2%)

54 
(47.8%)

Skinmucosal symptoms
Conjunctivitis 0 (0%) 1 

(2.5%)
2 
(3.2%)

3 (2.7%)

Skin rash 1 
(9.0%)

2 (5%) 5 
(8.0%)

8 (7.0%)

Lymphadenopathy 0 (0%) 2 
(5.4%)

3 
(4.8%)

5 (4.4%)
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Of the 19 patients who reported symptoms indicative 
of Long COVID, only 3 could be identified with a specific 
SARS-CoV-2 variant through saliva swabs. Among these 
cases, 2 were associated with the Omicron variant (2 
BA.1 and 1 BA.2), and 1 was linked to the Delta variant.

For 18 out of the 19 patients (94.7%), the Long COVID 
symptoms necessitated consultation with a medical 

professional, while 11 out of 19 (57.9%) required medi-
cation, and 2 out of 19 (10.5%) needed hospitalization. 
The hospitalizations were prompted by a range of issues, 
including eating disorders, wheezing, and a combination 
of weight loss and joint pain.

Among preschool-aged children, the majority (7 out of 
10, 70%) experienced frequent limitations in their daily 
activities at home, which placed a substantial burden on 
their families. For all school-aged children in the study 
(n = 9), they faced limitations in their daily lives, both 
at home and during school activities. Furthermore, in 
6 out of these 9 cases (66.6%), Long COVID symptoms 
interfered with friendships, leisure activities, and physi-
cal activities, resulting in high levels of stress within their 
families.

Patients aged 7 years and older (n = 7) were asked to 
rate their quality of life during the period in which they 
experienced Long COVID symptoms on a scale from 0 
(the worst) to 10 (the best). The responses ranged from 
0/10 to 8/10, with an average rating of 4.

Table 4  Symptoms of long COVID according to age groups
Symptom < 2 years

(n = 7)
2–10 years
(n = 5)

> 10 years
(n = 7)

Total
(n = 19)

Weight loss 2 (28.6%) 3 (60.0%) 1 (14.3%) 6 (31.6%)
Inappetence 2 (28.6%) 2 (40.0%) 1 (14.3%) 5 (26.3%)
Fatigue 0 (0,0%) 1 (20.0%) 3 (42.8%) 4 (21.1%)
Sleep disorders 3 (42.8%) 0 (0.0%) 1 (14.3%) 4 (21.1%)
Chronic cough 0 (0.0%) 2 (40.0%) 2 (28.6%) 4 (21.1%)
Wheezing 1 (14.3%) 1 (10.0%) 0 (0.0%) 2 (10.5%)
Abdominal pain 0 (0.0%) 1 (33.3%) 1 (14.3%) 2 (10.5%)
Mood disorders 0 (0.0%) 0 (0.0%) 2 (28.6%) 2 (10.5%)
Headache 0 (0.0%) 0 (0.0%) 1 (14.3%) 1 (5.3%)
Cognitive alterations 1 (0.0%) 0 (0.0%) 0 (0.0%) 1 (5.3%)
Muscle aches 0 (0.0%) 1 (0.0%) 1 (14.3%) 2 (10.5%)
Joint pain or 
swelling

0 (0.0%) 1 (100%) 0 (0.0%) 1 (10.5%)

Tachycardia 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Fig. 2  Flowchart illustrating the patients’ medical history
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Discussion
While the definition of long COVID has been established 
in the literature, there remains a dearth of data on its 
epidemiology and clinical presentation, particularly in 
the pediatric population [23]. This study sheds light on 
the demographic and clinical characteristics of a cohort 
of hospitalized pediatric patients with SARS-CoV-2 
infection, focusing on the development of symptoms 
associated with long COVID after discharge. Notably, 
we observed a long-COVID prevalence of 13% in our 
population.

Our findings align with previous reports indicating that 
most children hospitalized for COVID-19 are infants or 
toddlers. This observation is consistent with multicenter 
studies highlighting the two most susceptible age groups 
for hospitalization in 2021 as 0–4 years and 12–17 years 
[24]. The high rate of hospitalization among younger 
children may be attributed, at least in part, to the wide-
spread circulation of the highly transmissible Delta vari-
ant [25]. It’s worth noting that the majority of patients in 
our cohort had not received the SARS-CoV-2 vaccination 
before infection, primarily due to age restrictions on vac-
cination eligibility. The availability of COVID-19 vaccines 
for children aged 5 years and older in Lombardy, Italy, 
was only extended until December 27, 2022, and was 
further expanded to include the age group of 6 months 
to 4 years. Additionally, the lower hospitalization rate 
among adolescents may be attributed to the availability 
of COVID-19 vaccines for individuals over 12 years of 
age since June 2021 in Lombardy, Italy, underscoring the 
substantial effectiveness of vaccines in preventing severe 
COVID-19 in this age group [25].

At hospital admission, the most frequently reported 
symptoms in our pediatric cohort were fever, respiratory 
symptoms, hypoalimentation, gastrointestinal symptoms 
(including abdominal pain, vomiting, and diarrhea), and 
neurological symptoms (including seizures and altered 
consciousness). Importantly, these symptoms show sig-
nificant differences based on age. The majority of patients 
had documented contact with a SARS-CoV-2 positive 
individual, most commonly one of their parents, which is 
consistent with data from other Italian pediatric cohorts 
[26]. This underscores the high incidence of infections 
within close contacts and familial clusters.

According to the clinical definition proposed by the 
WHO, Long COVID, also known as Post-Acute Sequelae 
of SARS-CoV-2 Infection, is defined as the persistence 
or onset of symptoms within 3 months of SARS-CoV-2 
infection, lasting for at least 2 months without any alter-
native explanation [1]. The reported prevalence of long 
COVID symptoms varies widely worldwide [27]. Accord-
ing to a recent systematic review, the prevalence of long-
COVID in children and adolescents was 25.24% [23]. 
Bloise et al. reported that the pediatric Italian cohort 

including both hospitalized children and children whose 
disease was managed at home, the prevalence of long-
lasting symptoms was around 20% [26].

In our cohort, the prevalence of long COVID was lower 
(16.5%) compared to literature data [23]. This discrep-
ancy may be partially due to the age distribution of our 
population, with a higher prevalence in infants, who may 
not manifest certain symptoms commonly associated 
with long COVID, such as mood symptoms and fatigue 
[23].

Similar to previous studies on pediatric cohorts, we 
found no statistically significant difference in the preva-
lence of long COVID symptoms between males and 
females. Unlike studies in adults where female gender is 
cited as a risk factor for long COVID [28, 29], gender-
related differences in the prevalence of persistent symp-
toms in children remain inconclusive [23, 30].

The most prevalent long COVID symptoms in our 
cohort were weight loss 31.6%, inappetence 26.3%, 
chronic cough 21.1%, fatigue 21.1%, and sleep distur-
bances, wheezing, abdominal pain and mood disorders 
15.8% [23].

Mental health issues are also noteworthy in chil-
dren with prior SARS-CoV-2 infection, with symptoms 
such as anxiety, depression, sleep disturbances, appe-
tite changes, and impaired social interactions being fre-
quently reported [31]. These conditions may be partly 
attributed to the broader impact of the pandemic on the 
lives and relationships of children and adolescents. How-
ever, there may be underlying functional pathophysiology 
contributing to these symptoms, as children with long 
COVID have been found to exhibit brain hypometabo-
lism patterns similar to those seen in adults with long 
COVID [32]. In line with existing literature findings [23], 
our cohort also exhibited frequent occurrences of fatigue, 
chronic cough, concentration difficulties, mood disor-
ders, eating disorders, sleep disturbances, and respiratory 
symptoms, without any significant differences among dif-
ferent age groups.

In adults, it is well-established that long COVID symp-
toms can have a detrimental impact on individuals’ func-
tioning and overall quality of life [33]. To the best of our 
knowledge, previous studies have not delved into how 
these symptoms affect the daily activities of children and 
adolescents. In our study, we included a dedicated seg-
ment in our telephone survey to assess patients’ limita-
tions in their daily lives and their own evaluations of their 
quality of life. In accordance with findings from adult 
cohorts, we observed a notable decline in all aspects of 
daily life, particularly at home and in school. This had a 
considerable burden on the families of the patients, and 
school-aged children reported a diminished self-assess-
ment of their quality of life.
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These findings underscore the necessity for rehabilita-
tion interventions in these patients, particularly targeting 
symptoms such as dyspnea, chronic cough, and fatigue, 
with the aim of achieving functional improvement, as is 
recommended for adults [34].

This study has some limitations. Firstly, in nearly 69.5% 
of cases, it was not possible to identify VOCs through 
saliva swabs due to negative results or high cycle thresh-
old (Ct) values, limiting our ability to detect statisti-
cally significant differences in long-term and short-term 
symptoms between patients with SARS-CoV-2 Delta or 
Omicron variants. The issue of viral load determination 
is in line with recent data suggesting that viral load in 
nasopharyngeal swabs is higher than in salivary speci-
mens, especially after symptoms onset and irrespective 
of food or beverage consumption [35]. Furthermore, 
there were cases where salivary samples were collected 
with delays due to logistical reasons, such as stays in the 
emergency room or at other facilities before admission to 
the Buzzi hospital. Additionally, since intensive care was 
not required for any patient in our population, we could 
not compare the prevalence of long COVID based on the 
severity of the acute phase of infection. Finally, a control 
group of hospitalized children not experiencing COVID-
19 was not included.

Conclusions
This study underscores that long COVID is a significant 
concern in the pediatric population across all age groups 
and does not exhibit a gender-specific prevalence dif-
ference. Our data reinforce the importance of continu-
ously monitoring the impact of long-COVID in infants, 
children, and adolescents. A follow-up following SARS-
CoV-2 infection is therefore advisable, with symptom 
investigation tailored to the patient’s age. Further stud-
ies are warranted to detail the correlation between VOCs 
and symptoms related to long COVID.

Abbreviations
IQR	� Interquartile range
qRT-PCR	� Quantitative reverse transcription polymerase chain reaction
RT	� Room temperature
SARS	� Severe acute respiratory syndrome
SD	� Standard deviation
VOCs	� Variants of concern

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13052-024-01596-y.

Supplementary Material 1

Acknowledgements
The authors thank Dr Sai Spandana Adivishnu for data analysis support.

Author contributions
Conceptualization, V.C., E.D, G.Z.; investigation, V.C.,V.M.T., E.D., A.L., S.Z., C.M., 
E.B., V.M.; statistical analysis: E.M.B., G.M.; writing—original draft preparation, 
V.C.,V.M.T., E.D., A.L., S.Z., C.M., E.B., V.M.; writing—review and editing, V.C.,V.M.T., 
E.B., G.M., A.R., G.Z.; supervision, V.C., E.M.B., G.Z. All authors have read and 
agreed to the published version of the manuscript.

Funding
The project received contributions from (1) HORIZON-HLTH-2021-CORONA-01 
CoVICIS project number 101046041; (2) Bando Cariplo Networking research 
&training post-COVID protocol number 2021–4490.

Data availability
All data are reported in the paper.

Declarations

Ethics approval and consent to participate
All procedures adhered to ethical standards set forth by the responsible 
committee on human experimentation and were in accordance with the 
Helsinki Declaration of 1975, as amended in 2000. The study received approval 
from the Ethics Committee (name of the Approval Committee: Milano Area 
1, protocol number 0037072). All participants or their responsible guardians 
were asked for and gave their written consent after being informed about the 
nature of the study.

Consent for publication
All participants or their responsible guardians were asked for and gave their 
consent for pubblication after being informed about the nature of the study.

Competing interests
The authors declare that they have no competing interests.

Received: 9 November 2023 / Accepted: 15 January 2024

References
1.	 WHO. A Clinical Case Definition of Post COVID-19 Condition by a Delphi 

Consensus 2021.
2.	 Dennis A, Wamil M, Alberts J, Oben J, Cuthbertson DJ, Wootton D, Crooks M, 

Gabbay M, Brady M, Hishmeh L, Attree E, Heightman M, Banerjee R, Banerjee 
A, COVERSCAN study investigators. Multiorgan impairment in low-risk 
individuals with post-COVID-19 syndrome: a prospective, community-
based study. BMJ Open. 2021;11(3):e048391. https://doi.org/10.1136/
bmjopen-2020-048391.

3.	 Zhang P, Li J, Liu H, Han N, Ju J, Kou Y, Chen L, Jiang M, Pan F, Zheng Y, Gao 
Z, Jiang B. (2020). Long-term bone and lung consequences associated with 
hospital-acquired severe acute respiratory syndrome: a 15-year follow-up 
from a prospective cohort study. Bone Res. 2020;8:8. https://doi.org/10.1038/
s41413-020-0084-5. Erratum in: Bone Res. 21;8:34.

4.	 Swigris JJ, Streiner DL, Brown KK, Belkin A, Green KE, Wamboldt FS, IPFnet I. 
Assessing exertional dyspnea in patients with idiopathic pulmonary fibrosis. 
Respir Med. 2014;108(1):181–8. https://doi.org/10.1016/j.rmed.2013.12.009.

5.	 Heiss R, Tan L, Schmidt S, Regensburger AP, Ewert F, Mammadova D, Buehler 
A, Vogel-Claussen J, Voskrebenzev A, Rauh M, Rompel O, Nagel AM, Lévy S, 
Bickelhaupt S, May MS, Uder M, Metzler M, Trollmann R, Woelfle J, Wagner 
AL, Knieling F. Pulmonary Dysfunction after Pediatric COVID-19. Radiology. 
2023;306(3):e221250. https://doi.org/10.1148/radiol.221250.

6.	 Lu Y, Li X, Geng D, Mei N, Wu PY, Huang CC, Jia T, Zhao Y, Wang D, Xiao A, Yin 
B. Cerebral micro-structural changes in COVID-19 patients - an MRI-based 
3-month follow-up study. EClinicalMedicine. 2020;25:100484. https://doi.
org/10.1016/j.eclinm.2020.100484.

7.	 Matschke J, Lütgehetmann M, Hagel C, Sperhake JP, Schröder AS, Edler C, 
Mushumba H, Fitzek A, Allweiss L, Dandri M, Dottermusch M, Heinemann A, 
Pfefferle S, Schwabenland M, Sumner Magruder D, Bonn S, Prinz M, Gerloff 
C, Püschel K, Krasemann S, Aepfelbacher M, Glatzel M. Neuropathology of 
patients with COVID-19 in Germany: a post-mortem case series. Lancet 
Neurol. 2020;19(11):919–29. https://doi.org/10.1016/S1474-4422(20)30308-2.

https://doi.org/10.1186/s13052-024-01596-y
https://doi.org/10.1186/s13052-024-01596-y
https://doi.org/10.1136/bmjopen-2020-048391
https://doi.org/10.1136/bmjopen-2020-048391
https://doi.org/10.1038/s41413-020-0084-5
https://doi.org/10.1038/s41413-020-0084-5
https://doi.org/10.1016/j.rmed.2013.12.009
https://doi.org/10.1148/radiol.221250
https://doi.org/10.1016/j.eclinm.2020.100484
https://doi.org/10.1016/j.eclinm.2020.100484
https://doi.org/10.1016/S1474-4422(20)30308-2


Page 9 of 9Calcaterra et al. Italian Journal of Pediatrics           (2024) 50:27 

8.	 Del Rio C, Collins LF, Malani P. Long-term Health consequences of COVID. 
JAMA. 2020;324(17):1723.

9.	 Raman B, Cassar MP, Tunnicliffe EM, Filippini N, Griffanti L, Alfaro-Almagro F, 
Okell T, Sheerin F, Xie C, Mahmod M, Mózes FE, Lewandowski AJ, Ohuma EO, 
Holdsworth D, Lamlum H, Woodman MJ, Krasopoulos C, Mills R, McConnell 
FAK, Wang C, Arthofer C, Lange FJ, Andersson J, Jenkinson M, Antoniades C, 
Channon KM, Shanmuganathan M, Ferreira VM, Piechnik SK, Klenerman P, 
Brightling C, Talbot NP, Petousi N, Rahman NM, Ho LP, Saunders K, Geddes JR, 
Harrison PJ, Pattinson K, Rowland MJ, Angus BJ, Gleeson F, Pavlides M, Koy-
chev I, Miller KL, Mackay C, Jezzard P, Smith SM, Neubauer S. Medium-term 
effects of SARS-CoV-2 infection on multiple vital organs, exercise capacity, 
cognition, quality of life and mental health, post-hospital discharge. EClini-
calMedicine. 2021;31:100683. https://doi.org/10.1016/j.eclinm.2020.100683.

10.	 Yong SJ. (2021). Long COVID or post-COVID-19 syndrome: putative patho-
physiology, risk factors, and treatments. Infect Dis (Lond). 202;53(10):737–754.

11.	 Karlsson AC, Humbert M, Buggert M. The known unknowns of T cell immu-
nity to COVID. Sci Immunol. 2020;5(53):19.

12.	 Hirotsu Y, Maejima M, Shibusawa M, Amemiya K, Nagakubo Y, Hosaka K, 
Sueki H, Hayakawa M, Mochizuki H, Tsutsui T, Kakizaki Y, Miyashita Y, Omata 
M. Analysis of a persistent viral shedding patient infected with SARS-CoV-2 
by RT-qPCR, FilmArray Respiratory Panel v2.1, and antigen detection. J Infect 
Chemother. 2021;27(2):406–9. https://doi.org/10.1016/j.jiac.2020.10.026.

13.	 Zuo Y, Estes SK, Ali RA, Gandhi AA, Yalavarthi S, Shi H, Sule G, Gockman K, 
Madison JA, Zuo M, Yadav V, Wang J, Woodard W, Lezak SP, Lugogo NL, 
Smith SA, Morrissey JH, Kanthi Y, Knight JS. Prothrombotic autoantibod-
ies in serum from patients hospitalized with COVID-19. Sci Transl Med. 
2020;12(570):eabd3876. https://doi.org/10.1126/scitranslmed.abd3876.

14.	 Gao ZW, Zhang HZ, Liu C, Dong K. Autoantibodies in COVID-19: frequency 
and function. Autoimmun Rev. 2021;20(3):102754. https://doi.org/10.1016/j.
autrev.2021.102754.

15.	 Elkon K, Casali P. Nature and functions of autoantibodies. Nat Clin PractRheu-
matol. 2008;4(9):491–8. https://doi.org/10.1038/ncprheum0895.

16.	 Cojocaru M, Cojocaru IM, Silosi I, et al. Manifestations of systemic lupus 
erythematosus. Maedica (Bucur). 2011;6(4):330–6.

17.	 Guo Q, Wang Y, Xu D, Nossent J, Pavlos NJ, Xu J. Rheumatoid arthritis: 
pathological mechanisms and modern pharmacologic therapies. Bone Res. 
2018;27:6:15. https://doi.org/10.1038/s41413-018-0016-9.

18.	 Brodin P. Immune determinants of COVID-19 disease presentation and sever-
ity. Nat Med. 2021;27(1):28–33. https://doi.org/10.1038/s41591-020-01202-8.

19.	 Yeoh YK, Zuo T, Lui GC, Zhang F, Liu Q, Li AY, Chung AC, Cheung CP, Tso 
EY, Fung KS, Chan V, Ling L, Joynt G, Hui DS, Chow KM, Ng SSS, Li TC, Ng 
RW, Yip TC, Wong GL, Chan FK, Wong CK, Chan PK, Ng SC. Gut microbiota 
composition reflects disease severity and dysfunctional immune responses 
in patients with COVID-19. Gut. 2021;70(4):698–706. https://doi.org/10.1136/
gutjnl-2020-323020.

20.	 Howard-Jones AR, Burgner DP, Crawford NW, Goeman E, Gray PE, Hsu P, Kuek 
S, McMullan BJ, Tosif S, Wurzel D, Bowen AC, Danchin M, Koirala A, Sharma K, 
Yeoh DK, Britton PN. COVID-19 in children. II: Pathogenesis, disease spectrum 
and management. J Paediatr Child Health. 2022;58(1):46–53. https://doi.
org/10.1111/jpc.15811.

21.	 Bova SM, Serafini L, Serati I, Fiori L, Veggiotti P. Seizures may be an early sign 
of acute COVID-19, and the Omicron variant could present a more epilep-
togenic profile. Acta Paediatr. 2022;111(9):1814–5. https://doi.org/10.1111/
apa.16424.

22.	 Ottaviano E, Parodi C, Borghi E, Massa V, Gervasini C, Centanni S, Zuccotti G, 
LollipopStudy G. Saliva detection of SARS-CoV-2 for mitigating company out-
breaks: a surveillance experience, Milan, Italy, March 2021. Epidemiol Infect. 
2021;149:E171. https://doi.org/10.1017/S0950268821001473.

23.	 Lopez-Leon S, Wegman-Ostrosky T, Ayuzo Del Valle NC, Perelman C, 
Sepulveda R, Rebolledo PA, Cuapio A, Villapol S. Long-COVID in children and 
adolescents: a systematic review and meta-analyses. Sci Rep. 2022;12(1):9950. 
https://doi.org/10.1038/s41598-022-13495-5.

24.	 Wanga V, Gerdes ME, Shi DS, Choudhary R, Dulski TM, Hsu S, Idubor OI, 
Webber BJ, Wendel AM, Agathis NT, Anderson K, Boyles T, Chiu SK, Click ES, 
Da Silva J, Dupont H, Evans M, Gold JAW, Haston J, Logan P, Maloney SA, 
Martinez M, Natarajan P, BMBS1, Spicer KB, Swancutt M, Stevens VA, Brown 
J, Chandra G, Light M, Barr FE, Snowden J, Kociolek LK, McHugh M, Wessel 
D, Simpson JN, Gorman KC, Breslin KA, DeBiasi RL, Thompson A, Kline MW, 

Boom JA, Singh IR, Dowlin M, Wietecha M, Schweitzer B, Morris SB, Koumans 
EH, Ko JY, Kimball AA, Siegel DA. (2021). Characteristics and Clinical Outcomes 
of Children and Adolescents Aged < 18 Years Hospitalized with COVID-19 - Six 
Hospitals, United States, July-August 2021. MMWR Morb Mortal Wkly Rep. 
70(5152):1766–1772. https://doi.org/10.15585/mmwr.mm705152a3. Erratum 
in: MMWR Morb Mortal Wkly Rep. 2022;71(5):185.

25.	 Delahoy MJ, Ujamaa D, Whitaker M, O’Halloran A, Anglin O, Burns E, Cum-
mings C, Holstein R, Kambhampati AK, Milucky J, Patel K, Pham H, Taylor CA, 
Chai SJ, Reingold A, Alden NB, Kawasaki B, Meek J, Yousey-Hindes K, Ander-
son EJ, Openo KP, Teno K, Weigel A, Kim S, Leegwater L, Bye E, Como-Sabetti 
K, Ropp S, Rudin D, Muse A, Spina N, Bennett NM, Popham K, Billing LM, Shiltz 
E, Sutton M, Thomas A, Schaffner W, Talbot HK, Crossland MT, McCaffrey K, 
Hall AJ, Fry AM, McMorrow M, Reed C, Garg S, Havers FP, COVID-NET Surveil-
lance Team; COVID-NET Surveillance Team. Hospitalizations Associated with 
COVID-19 among children and adolescents - COVID-NET, 14 States, March 1, 
2020-August 14, 2021. MMWR Morb Mortal Wkly Rep. 2021;70(36):1255–60. 
https://doi.org/10.15585/mmwr.mm7036e2.

26.	 Bloise S, Isoldi S, Marcellino A, De Luca E, Dilillo A, Mallardo S, Martucci V, 
Sanseviero M, Del Giudice E, Iorfida D, Leone R, Testa A, Frasacco B, Gizzone P, 
Proietti Ciolli C, Sinceri A, Zuliani F, Zanardi E, Gambarotto A, Lisa Grandinetti 
A, Ventriglia F, Lubrano R. (2022). Clinical picture and long-term symptoms 
of SARS-CoV-2 infection in an Italian pediatric population. Ital J Pediatr. 2022 
48(1):79. https://doi.org/10.1186/s13052-022-01270-1.

27.	 Zimmermann P, Pittet LF, Curtis N. How common is long COVID in children 
and adolescents? Pediatr Infect Dis J. 2021;40(12):e482–7. https://doi.
org/10.1097/INF.0000000000003328.

28.	 Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, et al. 
Attributes and predictors of long COVID. Nat Med. 2021;27:626–31.

29.	 Jacobson KB, Rao M, Bonilla H, Subramanian A, Hack I, Madrigal M, et al. 
Patients with uncomplicated COVID-19 have long-term persistent symptoms 
and functional impairment similar to patients with severe COVID-19: a cau-
tionary tale during a global pandemic. Clin Infect Dis. 2021;73:e826–9.

30.	 Molteni E, Sudre CH, Canas LS, Bhopal SS, Hughes RC, Antonelli M, Murray B, 
Kläser K, Kerfoot E, Chen L, Deng J, Hu C, Selvachandran S, Read K, Capdevila 
Pujol J, Hammers A, Spector TD, Ourselin S, Steves CJ, Modat M, Absoud M, 
Duncan EL. (2021). Illness duration and symptom profile in symptomatic UK 
school-aged children tested for SARS-CoV-2. Lancet Child Adolesc Health. 
5(10):708–718. https://doi.org/10.1016/S2352-4642(21)00198-X. Epub 2021 
Aug 3. Erratum in: Lancet Child Adolesc Health. 2021.

31.	 Meherali S, Punjani N, Louie-Poon S, Abdul Rahim K, Das JK, Salam RA, Lassi 
ZS. Mental Health of children and adolescents amidst COVID-19 and Past 
Pandemics: a Rapid systematic review (2021). Int J Environ Res Public Health 
18(7):3432. https://doi.org/10.3390/ijerph18073432.

32.	 Davis HE, McCorkell L, Vogel JM, Topol EJ, Long COVID. major findings, 
mechanisms and recommendations (2023). Nat Rev Microbiol. 21(3):133–146. 
https://doi.org/10.1038/s41579-022-00846-2. Epub 2023 Jan 13. Erratum in: 
Nat Rev Microbiol. 2023;21(6):408.

33.	 Sandmann FG, Tessier E, Lacy J, Kall M, Van Leeuwen E, Charlett A et al. 
Long-term health-related quality of life in non-hospitalized coronavirus 
disease 2019 (COVID-19) cases with confirmed severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection in England: longitudinal 
analysis and cross-sectional comparison with controls (2022). Clin Infect Dis 
75(1):e962–73.

34.	 Chuang HJ, Lin CW, Hsiao MY, Wang TG, Liang HW. (2023). Long COVID and 
rehabilitation. J Formos Med Assoc. S0929-6646(23)00107-9. https://doi.
org/10.1016/j.jfma.2023.03.022. Epub ahead of print. PMID: 37061399; PMCID: 
PMC10101546.

35.	 Kritikos A, Caruana G, Lazor-Blanchet C, Currat M, Chiche JD, Vollenweider P, 
Bart PA, Opota O, Greub G. Comparison of nasopharyngeal and saliva swab 
nucleic acid amplification and Rapid Antigen Testing to detect Omicron 
SARS-CoV-2 variant of concern: a prospective clinical trial (OMICRON). Micro-
biolSpectr. 2022;10(6):e0392322. https://doi.org/10.1128/spectrum.03923-22.

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

https://doi.org/10.1016/j.eclinm.2020.100683
https://doi.org/10.1016/j.jiac.2020.10.026
https://doi.org/10.1126/scitranslmed.abd3876
https://doi.org/10.1016/j.autrev.2021.102754
https://doi.org/10.1016/j.autrev.2021.102754
https://doi.org/10.1038/ncprheum0895
https://doi.org/10.1038/s41413-018-0016-9
https://doi.org/10.1038/s41591-020-01202-8
https://doi.org/10.1136/gutjnl-2020-323020
https://doi.org/10.1136/gutjnl-2020-323020
https://doi.org/10.1111/jpc.15811
https://doi.org/10.1111/jpc.15811
https://doi.org/10.1111/apa.16424
https://doi.org/10.1111/apa.16424
https://doi.org/10.1017/S0950268821001473
https://doi.org/10.1038/s41598-022-13495-5
https://doi.org/10.15585/mmwr.mm705152a3
https://doi.org/10.15585/mmwr.mm7036e2
https://doi.org/10.1186/s13052-022-01270-1
https://doi.org/10.1097/INF.0000000000003328
https://doi.org/10.1097/INF.0000000000003328
https://doi.org/10.1016/S2352-4642(21)00198-X
https://doi.org/10.3390/ijerph18073432
https://doi.org/10.1038/s41579-022-00846-2
https://doi.org/10.1016/j.jfma.2023.03.022
https://doi.org/10.1016/j.jfma.2023.03.022
https://doi.org/10.1128/spectrum.03923-22

	﻿Long-term effects of SARS-CoV-2 infection in hospitalized children: findings from an Italian single-center study
	﻿Abstract
	﻿Background
	﻿Patients and methods
	﻿Patients
	﻿Methods
	﻿Collection of saliva swabs


	﻿Statistical analysis
	﻿Results
	﻿Data upon admission
	﻿Monitoring for long COVID

	﻿Discussion
	﻿Conclusions
	﻿References


