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Long COVID occurs in individuals with 
SARS-CoV-2 infection, usually 

after 3 months with symptoms 
persiting at least 2 months and 

without alternative diagnosis.

COVID-19: world total 
cases

Persistence of symptoms in 
1-45% of the infected people

1. Definition 





Crook H, BMJ. 2021

2. Pathogenesis 
Production of ROS and 

cytokines

ACE-2

Disregulation of immune 
system:

 T reg lymphocytes and B cells

Endothelial damage with 
activation of fibroblasts and 

fibrosis

Persistence of SarsCov2

Chronic inflammation 
and Long Covid

Autoimmunity ?

Buonsenso D Lancet Microb 2023



Menezes SM, Lancet Microb, 2024



J Clin Med 2022

Children recovered
Vs

Children with Long Covid

Chronic stimulation of innate 
immunity: T regs and B cells



Methods: cross-sectional study. Questionnaire for 129 parents of children with SARS-
CoV2 (Gemelli, Roma)

Follow-up: >120 days from infection

3. Epidemiology 



Rothensteiner M, 2024, Children



Lopez Leon S Nature 2022

21 studies (2020-2022) 
n=80,071 children and 
adolescents

4. Symptoms 



2024, Ped Pulm

Fatigue 9%, 95% CI: 4%–14%, I2=92%
Sleep disturbances 6%, 95% CI: 3%–9%, I2=65%
Cough and dyspnea 5%, 95% CI: 1%–11%), I2 =93%

Exercise intolerance 29%, 95% CI: 7%–57% 



23 participants, 14 years old (9–17 years)  47% presented with decreased exercise capacity 

2023

Deconditioning (30%)
Exaggerated hyperventilatory responses (14%)

Asthma (14%)
Leg fatigue (100%)

V/Q mismacth (14%)



8 articles with 386 patients were included in meta-analysis

Most common 
symptoms:
Dyspnea
Cough
Exercise intolerance
Fatigue

No difference if asthma or severe COVID 



1. Recovered children 
2. LC group (>2 weeks) 38.8%
3. LC respiratory group (persisting respiratory symptoms for at least 2 weeks after SARS-
CoV-2 infection) 16.1%
4. LC12 group (symptoms for at least 12 weeks after SARS-CoV-2 infection)
N=647 (7.9 yrs)

“LUS was mostly normal or only found minimal pathological findings of unclear 
significance in all patients, with no differences when we compared children with Long 
COVID or who recovered”.

J Clin Med 2023



Subjects: Covid at least 1 month before. 
Cough and/or dyspnea for more than 4 
weeks from the diagnosis 
Methods: SIMRI protocol: a) collection of 
data; (b) physical examination; (c) BMI 
assessment; (d) baseline spirometry and 
after bronchodilation test; (e) six-minute 
walking test; (f) LUS 

Results: N=104 (8.9 yrs). 
Higher BMI = lung ultrasound alterations 
(irregular pleural line, B lines and 
consolidations). 
Asthma was not a risk factor.

2024, Children



Fatigue    9-47%
Dyspnea    7-43%

Headache
Myalgia
Abdominal pain

Chest pain
Sleep disturbances
Cough 

2024

Diarrhoea
Fever
Anosmia
Cognitive disturbances
Palpitations
Mood disorders
Reduced acrivity
Sore throat
Muscle weakness

6 systematic reviews (153 studies)

- Comorbidities such as obesity/overweight 
and allergic rhinitis

- Female gender OR 1.72 (95% CI 1.39–2.12) 

- Age OR 1.09 per 1-year increase (95% CI 
1.05–1.12) (14-17 yrs)

- Severe COVID- 19 OR 2.78 (95% CI 1.78–4.33) 

5. Risk factors

Symptoms 



The role of vaccines

Camporesi A, eClin Med, 2024

12-18 yrs

6-11 yrs



Parma, Napoli, Catanzaro, Palermo, Ferrara, 
Bari, Milano, Genova, Roma, Padova, Piacenza 

International Severe Acute Respiratory and Emerging 
Infection Consortium (ISARIC) Global Adult and 
Pediatric COVID-19 follow-up working groups

Obiettivo primario

Valutare prevalenza e caratteristiche 
cliniche del Long COVID nei bambini.

Obiettivo secondario

Valutare il sesso o l’età della popolazione 
in esame come possibili fattori  determinanti 
del Long COVID pediatrico.

 Periodo di arruolamento dello studio 

1 gennaio 2022 31 marzo 2022

Infezione da COVID nei 3 mesi precedenti



Follow-up a 1-3 mesi, 3-6 mesi e 6-12 mesi

LIVELLO 1

STORIA CLINICA
E

COMORBIDITÀ 

DATI 
DEMOGRAFICI

SEGNI E SINTOMI
DELL’INFEZIONE DA 

SARS-CoV2
IN FASE ACUTA

TASSO DI 
OSPEDALIZZAZIONE

TRATTAMENTO 
RICEVUTO

STATUS
VACCINALE

SVILUPPO DI 
MANIFESTAZIONI 

CLINICHE SPECIFICHE
QUALITÀ DELLA VITA 

SVILUPPO DI 
MANIFESTAZIONI 

CLINICHE  
NON SPECIFICHE

COMPILAZIONE SCHEDA

LIVELLO 2

Nei pazienti che lamentavano sintomatologia persistente (febbre, 
tosse, astenia...) è stato richiesto di approfondire la raccolta dati 
compilando ulteriori quesiti, standardizzati ma personalizzati.



LONG COVID

Difficoltà a respirare
Dolore/compressione toracica

Tosse persistente 
Rinorrea

Congestione nasale



Q 1 - 1-3 mesi



Q 3 - 6-12 mesi
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Respiratory symptoms

Neurological symptoms and cognitive dysfunction

Difficoltà di equilibrio
Confusione

Perdita di concentrazione
Svenimento

Problemi di vista
Cefalea

Vertigini 
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• 25% (17% nella nostra casistica) of children and adolescents may be affected by Long Covid

• Fatigue and respiratory symptoms  (cough and exercise intolerance) are the commonest 
symptoms

• Lung function and lung anatomy are not influenced by Covid infection

• Female gender, older age, hospitalization,, obesity and allergic rhinitis are risk factors for Long 
Covid

• Adolescents and girls seem to be most affected by neurological symptoms

• Spontaneous resolution of the condition is common

• Appropriate follow-up protocols are needed for these subjects (and treatment?)

• Vaccination protects against Long Covid

Conclusions 



“Nuovi orizzonti…”
…in Pneumologia Pediatrica



Case-report: ragazza, 14 anni
(Roma, Italia)

Mild-COVID19
(fase acuta)

Febbricola (37,3°C)
Rinite

Anosmia
Ageusia

Dopo 30 giorni

Cefalea
Dolore toracico

Fatigue
Tachicardia

Dopo 7 mesi

RICOVERO
per persistenza di sintomi

1. 6-min walktest  tachicardia nel 1° min (FC >155bpm) + facile 
affaticabilità

2 CPET  lieve ipertensione polmonare

3. EE  ↑ IL-6, IL-1, TNF-α, B-cells
           ↓ regulatory T-cells
4. Sierologia  ↑ IgG e IgA per SARS-CoV2

STATO INFIAMMATORIO



V/Q SPECT (Single photon emission computed tomography) 

DIFETTI DI PERFUSIONE significativi al segmento apicale del lobo destro
NB: non corrispondenza con alterazioni di parenchima alla TC eseguita in contemporanea



Diagnosi: "pulmonary circulation dysfunction with possible peripheral 
microvascular and endothelial damage». 

Terapia: methylprednisolone 2 g/kg once daily for 2 weeks, then 
tapered over the next 4 weeks + low molecular weight heparin with a 
plan of changing to oral anticoagulants and continuation of therapy for 
6–9 months in total.



• Multicenter longitudinal observational cohort study from 60 US health care and community 
settings between March 2022 and December 2023

• 6-11 years vs 12-17 years

• 898 school-age children (751 infected vs 147 uninfected); mean age, 8.6 years;
• 14 symptoms in both school-age children and adolescents were more common in those with 

SARS-CoV-2 infection with 4 additional symptoms in school-age children only and 3 in adolescents 
only.





Cluster 1 had high rates of many symptoms and the 
highest symptom burden. 

Cluster 2 was characterized by high rates of headache 
(95%), body/muscle/joint pain (60%), and daytime 
tiredness/sleepiness or low energy (52%). Cluster 3 was 
characterized by higher rates of trouble sleeping (64%) and 
trouble with memory/focusing (62%).

Cluster 4 was characterized predominantly by stomach 
pain (100%) and nausea/vomiting (61%)

Cluster 1 had high rates of many symptoms, similar to the first 
school-age cluster. 
Cluster 2 was characterized by high rates of daytime tiredness/
sleepiness or low energy (89%) and body/muscle/joint pain
(87%). 
Cluster 3 was characterized by having change/loss in
smell or taste (100%), with relatively low rates of all other
symptoms. 



Rothensteiner M, 2024, Children
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