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Background: Data on the long-term impact of SARS-CoV-2 infection in children and young people (CYP) 

are conflicting. We assessed evidence on long-term post-COVID symptoms in CYP examining prevalence, 

risk factors, type and duration. Methods: Systematic search of published and unpublished literature us- 

ing 13 online databases between 01/12/2019 and 31/07/2021. Eligible studies reported CYP ≤19 years 

with confirmed or probable SARS-CoV-2 with any symptoms persisting beyond acute illness. Random 

effects meta-analyses estimated pooled risk difference in symptom prevalence (controlled studies only) 

and pooled prevalence (uncontrolled studies also included). Meta-regression examined study characteris- 

tics hypothesised to be associated with symptom prevalence. Prospectively registered: CRD42021233153. 

Findings: Twenty two of 3357 unique studies were eligible, including 23,141 CYP. Median duration of 

follow-up was 125 days (IQR 99–231). Pooled risk difference in post-COVID cases compared to controls 

(5 studies) were significantly higher for cognitive difficulties (3% (95% CI 1, 4)), headache (5% (1, 8)), loss 

of smell (8%, (2, 15)), sore throat (2% (1, 2)) and sore eyes (2% (1, 3)) but not abdominal pain, cough, 

fatigue, myalgia, insomnia, diarrhoea, fever, dizziness or dyspnoea. Pooled prevalence of symptoms in 

post-COVID participants in 17 studies ranged from 15% (diarrhoea) to 47% (fatigue). Age was associated 

with higher prevalence of all symptoms except cough. Higher study quality was associated with lower 

prevalence of all symptoms, except loss of smell and cognitive symptoms. 

Interpretation: The frequency of the majority of reported persistent symptoms was similar in SARS-CoV-2 

positive cases and controls. This systematic review and meta-analysis highlights the critical importance 

of a control group in studies on CYP post SARS-CoV-2 infection. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Research in context 

Evidence before this study 

While there has been much recent interest in persistent 
symptoms in children and young people (CYP) post SARS- 
CoV-2 infection, the majority of studies to date have been 

open to significant bias. The lack of a control group in many 
studies has made it hard to separate symptoms due to infec- 
n Association. This is an open access article under the CC BY-NC-ND license 
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tion from those due to the pressures of a pandemic. Prior to 
our study, a search of Medline, Cochrane, medRxiv and PROS- 
PERO identified one published narrative review and no meta- 
analyses specifically examining persistent symptoms in chil- 
dren and young people following SARS-CoV-2 infection. 

We systematically searched published and unpublished 

literature using 13 online databases on 31/07/2021 to identify 
studies reporting symptoms in CYP ≤19 years persisting be- 
yond acute SARS-CoV-2 infection. Although all studies were 
analysed, our meta-analysis primarily focused on pooled risk 
difference in symptom prevalence in controlled studies (with 

SARS-CoV-2 negative CYP). 

Added value of this study 

We did a systematic review of 22 studies from 12 coun- 
tries including 23,141 CYP. We found that although the 
pooled prevalence of symptoms across all studies was high, 
when we restricted our meta-analysis to only those with 

a SARS-CoV-2 negative control group, most reported persis- 
tent symptoms were equally common in SARS-CoV-2 positive 
cases and SARS-CoV-2 negative controls. Higher study quality 
was associated with lower prevalence of all symptoms, except 
loss of smell and cognitive symptoms. 

Small but significant increases in the pooled risk differ- 
ence were seen for cognitive difficulties (3% (95% CI 1, 4)), 
headache (5% (1, 8)), loss of smell (8%, (2, 15)), sore throat 
(2% (1, 2)) and sore eyes (2% (1, 3)) in CYP following con- 
firmed SARS-CoV-2 infection compared to negative controls. 

Implications of all the available evidence 

To the best of our knowledge, this is the first study to 
systematically review and meta-analyse persistent symptoms 
following SARS-CoV-2 infection in CYP. Our study shows that 
estimates of symptom prevalence are considerably lower in 

controlled studies, highlighting the importance of scientific 
quality in investigating emerging phenomena such as post- 
COVID syndromes. 

ntroduction 

Children and young people (CYP) are more likely to be asymp- 

omatic or develop a mild, transient illness following SARS-CoV-2 

nfection compared to adults, whose risk of severe COVID-19, hos- 

italisation and death increases with age. Whilst most CYP recover 

uickly, a small proportion may have on-going symptoms persist- 

ng for weeks to months after SARS-CoV-2 infection. 

There are a number of terms in use to describe post-COVID 

ymptoms. “Long-COVID” is a term created by patients in May 

020 as a hashtag on social media outlet Twitter. 1 , 2 Other de- 

criptions include “long-haul COVID”, “Post COVID-19 syndrome”, 

Chronic COVID syndrome (CCS) and “post-acute sequelae of 

OVID-19 (PASC), the latter a term mostly used in the United States 

US). 3–5 Persistent post-COVID symptoms are emerging as a broad 

pectrum of manifestations in adults and CYP. The syndrome has 

een described as a complex multisystem disease appearing during 

he typical convalescent phase of illness, with persistent, heteroge- 

ous and recurring symptoms which may wax and wane, lasting 

eyond four weeks from the date of SARS-CoV-2 infection. 6 , 7 There 

s no universally accepted standardised case definition of the syn- 

rome, but despite this lack of consensus, different categorisations 

re emerging. In the United Kingdom, the National Institute for 

ealth and Care Excellence (NICE) working guidelines have devel- 

ped terminology that can be used to describe post COVID-19 syn- 

rome. 4 “Ongoing symptomatic COVID-19 ′′ is defined as signs and 

ymptoms that persist between 4 and 12 weeks from onset of the 
159 
nfection and “Post COVID-19 syndrome” is defined as signs and 

ymptoms persisting beyond 12 weeks from the date of onset. 4 

lternatively, the US Centres for Disease Control and Prevention 

CDC), define “Post COVID-19 Conditions” as an umbrella term for 

 wide range of health consequences that are present more than 

our weeks after acute infection. 8 Furthermore, the UK National In- 

titute for Health Research (NIHR) has proposed that post COVID- 

9 syndrome may consist of different clinical syndromes compris- 

ng of post-intensive care syndrome, post-viral fatigue syndrome, 

ong-term COVID-19 syndrome and chronic illness which may arise 

rom organ damage due to COVID-19, with patients potentially suf- 

ering from more than one syndrome and some experiencing dif- 

erent clusters and patterns of symptoms. 9 , 10 An Italian study fol- 

owing hospitalised patients after discharge noted three different 

yndromes, separating those related to post-viral chronic fatigue to 

hose due to post-critical illness syndrome or post-traumatic stress 

isorder. 11 , 12 

Whilst CYP generally experience less severe COVID-19 than 

dults, there is emerging evidence that CYP may also develop post- 

cute symptoms of COVID-19. This condition is distinct from “Pae- 

iatric Inflammatory Multisystem Syndrome Temporally Associated 

ith SARS-CoV-2 (PIMS-TS)” or “Multisystem Inflammatory Syn- 

rome in Children (MIS-C)”, a novel paediatric hyperinflammatory 

isease phenotype with features of Kawasaki disease and Toxic 

hock Syndrome that typically occurs 2–4 weeks after SARS-CoV-2 

nfection in CYP. 13–18 

Follow-up of adults with COVID-19 has identified multiple per- 

istent and highly variable longer-term symptoms, including fa- 

igue, persistent cough, low-grade fever, headache, chest pain, hair 

oss, loss of taste and smell amongst many others. 7 , 19 , 20 CYP 

ave also been reported to develop similar symptoms after acute 

ARS-CoV-2 infection, including fatigue, chronic cough, myalgia, 

eadache, cognitive impairments, dyspnoea and chest pain. 21,35,39 

ecause of a lack of consensus about case definitions, estimates 

f post COVID-19 syndrome prevalence range from very low to 

ery high rates across different studies, and the existing literature 

s dominated by small, uncontrolled and often single-centre stud- 

es, although controlled studies are beginning to emerge. The high 

revalence of many somatic symptoms in healthy teenage popula- 

ions, particularly headache and fatigue, 22 means that uncontrolled 

tudies may inflate post COVID-19 syndrome prevalence, making 

omparison with non-infected control groups critical. While narra- 

ive reviews are beginning to emerge, 23 there is an urgent need for 

ystematic review and meta-analysis of existing literature, particu- 

arly focusing on controlled studies. 

This systematic review and meta-analysis was undertaken to 

stimate the prevalence of persistent symptoms following SARS- 

oV-2 infection compared with uninfected controls and to identify 

otential risk factors associated with development of post-COVID 

ymptoms in CYP. 

ethods 

This systematic review was performed according to PRISMA 

uidelines, 24–26 the protocol was registered with PROSPERO on 01 

ar 2021 (Reference: CRD42021233153). 

ligibility 

Studies meeting the following criteria were included: 

1 Population: CYP aged ≤19 years with confirmed evidence of 

SARS-CoV-2 infection (Reverse transcription polymerase chain 

reaction (RT-PCR), lateral flow antigen test (LFT) or serology) 

or probable COVID-19 (clinician defined or suspected COVID-19) 

who have persistent symptoms as defined by the study authors. 
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We included studies reporting participants from any source but 

excluded studies where all participants were admitted to inten- 

sive care to increase generalisability. Studies including partici- 

pants of all ages but reporting CYP outcomes separately were 

eligible. 

2 Study type: any study design excluding systematic reviews or 

other reviews. We included published, preprint and grey litera- 

ture. 

3 Outcomes: the type, prevalence and duration of persistent 

symptoms in the study population or risk factors for develop- 

ment of persistent symptoms in CYP. We included all symptoms 

described in each eligible study and included all studies of per- 

sistent symptoms regardless of time after infection. 

There were no restrictions or limitations on language, date of 

cceptance or of publications of studies. Google translate was used 

o translate any non-English publications. 

earches 

A systematic search was conducted by the primary reviewer 

SAB) from 1st December 2019 to 31st July 2021 in 7 electronic 

atabases (MEDLINE (via OVID), EMBASE (via OVID), CINAHL (via 

BSCO), ProQuest Coronavirus Research Database, COVID-19 Liv- 

ng Overview of the Evidence (L-OVE) subset of Episteminokos, 

ochrane Covid-19 Study Registry and the World Health Organiza- 

ion (WHO) Covid-19: Global literature on coronavirus disease) and 

 preprint databases (ZBMed’s preview database of COVID-related 

reprints from medRxiv, bioRxiv, ChemRxiv, ResearchSquare and 

reprints.org). We supplemented searches by a) manual search- 

ng of various COVID-19 specialised sources to identify published, 

npublished and grey literature (NICE evidence reviews, Up to 

ate, COVID-END, CADTH COVID-19 pandemic database, Centre 

or Evidence-based Medicine-Oxford COVID-19 Evidence Service, 

ochrane COVID Review Bank, National COVID-19 Clinical Evidence 

ask Force, John Hopkins centre for humanitarian help, Don’t For- 

et the Bubbles, and BMJ Best Practice COVID-19); cross-examined 

eference lists in published reviews for relevant studies and for- 

ard search of citations through Google Scholar; searching of ref- 

rence lists of all included studies; and identifying studies through 

ur professional networks. Each database was searched by using 

edical subject heading (MeSH) terms and free words includ- 

ng synonyms (in the title and abstract) for the concepts “COVID- 

9 ′′ , “children”, “adolescents”, “long-COVID”, “sequelae” and “per- 

istent symptom” (combined with the Boolean logic operation 

OR”/ “AND”, (Table A2)). 

tudy selection and data extraction 

Titles and abstracts of all studies were screened independently 

y SAB and independently verified by a second reviewer (SF), with 

isagreements resolved by consensus or a third reviewer (OS). Data 

ncluding methods of diagnosis of infection, recruitment source, 

tudy characteristics, symptom prevalence and population demo- 

raphics, were extracted independently by SAB and SB with dis- 

greements resolved by consensus. 

isk of bias 

The methodological quality of included studies was assessed 

ndependently by SAB and a second assessor (AZ) using the 

ewcastle-Ottawa Scale (NOS) for observational studies. 27 , 28 The 

oanna Briggs Institute (JBI) critical appraisal checklist was used for 

he cross-sectional and case-series studies. 29 , 30 
160 
nalyses 

The primary analysis was restricted to controlled studies: par- 

icipants with confirmed SARS-CoV-2 infection (cases) were com- 

ared with subjects who tested negative for SARS-CoV-2 (controls). 

e used random effects meta-analyses to examine the pooled risk 

ifference in prevalence of each symptom or symptom combina- 

ion in cases with confirmed SARS-coV-2 infection compared with 

ontrols. Analyses were undertaken in R using the metafor package. 

 

2 estimates the proportion of the variance across study estimates 

hat is due to heterogeneity and was considered as small if I 2 < 

0%, and large if statistical heterogeneity between the results of 

he studies was I 2 ≥ 50%. Given that different patterns and num- 

ers of symptoms were reported by different studies, meta-analysis 

as only undertaken for symptoms with ≥3 studies providing data. 

he small number of controlled trials meant that we were unable 

o undertake meta-regression of study-level moderators nor exam- 

ne publication bias. 

Our secondary analyses examined the pooled prevalence of per- 

istent symptoms only in CYP post-COVID, including uncontrolled 

tudies and positive cases from controlled trials, and used meta- 

egression to examine study-level factors hypothesised to be asso- 

iated with prevalence of symptoms. Study-level factors included 

ompositional factors related to study population (mean age and 

roportion of females, both of which were hypothesised to be as- 

ociated with higher prevalence), duration of follow-up (hypoth- 

sised to be associated with lower prevalence) and study quality 

actors (study size, risk of bias, recruitment source and degree to 

hich participants had objectively confirmed infection). Because 

here were a wide range of reported persistent symptoms (many in 

nly a small number of studies) we conducted meta-analysis and 

eta-regression only for symptoms where 8 or more studies pro- 

ided data. Because multiple analyses were undertaken, only asso- 

iations with p < 0.01 were considered significant. We did not in- 

estigate publication bias given the recency of this literature and 

ue to poor performance of standard tests in prevalence studies. 31 

ata for symptoms with < 8 studies were described but not pooled. 

here individual studies identified predictors of symptom preva- 

ence, we reported these descriptively, but data did not allow for 

ooling of these results. 

esults 

The search flow is shown in Fig. 1 . We identified 3357 arti- 

les after removal of duplicates 72 were reviewed in full-text and 

2 were included in the review 

32-53 : Half of the studies ( n = 11)

ere identified through databases and registers and the other 

alf through other methods. Included studies are described in 

able 1 . Fifteen (68%) were cohort studies 32,36–38,40,41,43–46,48,50–53 , 

ix (27%) cross-sectional studies 33–35,42,47,49 and one was a case re- 

ort 39 . Eight of the 22 studies included population-based control 

roups 32,36,42,43,46,49,52,53 . Nine (41%) recruited from a mix of previ- 

usly hospitalised and non-hospitalised CYP 34 , 35 , 41–43 , 45 , 48–50 nine 

41%) recruited from non-hospitalised CYP, 32 , 33 , 36 , 38 , 39 , 46 , 40,52,53 

nd four (18%) recruited hospitalised CYP post-discharge. 37 , 44 , 47 , 51 

ne study of non-hospitalised CYP 34 included CYP from an on-line 

ost COVID-19 syndrome support group of participants who con- 

idered their CYP to have post COVID-19 syndrome. 

Ten studies were assessed to have high risk of 

ias 34,37,38,40,41,44,45,48,50,51 , six moderate 32,33,35,42,47,49 and six 

ow risk of bias 36,39,43,46,52,53 (Table A4). All studies were pub- 

ished during 2020–21 and included participants from high 

nd upper middle income countries; Australia, Faroe Islands, 

ermany, Italy, Latvia, the Netherlands, Russia, Spain, Sweden, 

witzerland, United Kingdom, and the United States. Eight were 

n pre-print. 32 , 34 , 38 , 41 , 42 , 49 , 53 , 52 Sample size ranged from 5 to 
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Table 1 

Characteristics of Included Studies 

Study ID 

(author) Country 

Sample size 

(n) Study Design 

Age (years) 

mean ±SD 

median (IQR) 

or [Range] Sex (% Female) 

Baseline severity 

of COVID-19 Diagnostic Criteria 

Duration of Follow-up: 

mean ±SD, median 

(IQR) or [Range] 

Pre-existing 

Comorbidities Inclusion Criteria 

Blankenburg 32 Germany 188 

Seropositive 

Cohort 

(Preprint) 

Seropositive: 

15 (14-17) 

55% 

Seropositive 

NR Serology (100%) NR NR 14-17 year-old students in 14 

secondary schools with 

seroprevalence assessment 1365 

Seronegative 

Seronegative: 

15 (14-16) 

56% 

Seronegative 

Brackel 33 The 

Netherlands 

89 Cross-sectional 13 (9-15) NR 18% hospitalised RT-PCR - 53%, 

Serology - 35%, 

CD - 38%, 

Suspected -9% 

≥12 weeks after 

diagnosis of COVID-19 

NR CYP referred to pediatricians 

across hospitals in The 

Netherlands for long-COVID 

assessment 

Buonsenso 

(a) 34 

UK 510 Cross-Sectional 

(Preprint) 

10.3 ±3.8 56% 12% asymptomatic, 

74% managed 

at home, 

4% hospitalised, 

9% attended 

hospital (not 

admitted) 

RT-PCR-28%, 

LFT-1%, 

CD-31%, 

Suspected 41% 

> 4 weeks after 

symptom onset 

56% had comorbidities CYP with symptoms persisting for 

more than 4 weeks included. 

Self-selected from online patient 

group 

Buonsenso 

(b) 35 

Italy 129 Cross-Sectional 11 ±4.4 48% 26% asymptomatic, 

74% symptomatic, 

5% hospitalised, 2% 

PICU 

RT-PCR (100%) 163 ±114 days after 

microbiological 

diagnosis 

10% neurological, 5% 

skin problems, 4% 

asthma, 3% allergic 

rhinitis 

All CYP ≤18 years diagnosed with 

microbiologically confirmed 

COVID-19 presenting to single 

hospital 

Chevinsky 36 USA 305 inpatients 

2,368 

outpatients 

Matched cohort Range [ ≤1-17] 44% inpatient 

51% outpatient 

NR CD (100%) [Range: 31-120 days] 

after diagnosis of 

COVID-19 

NR CYP aged < 18 years identified 

from all payer databases including 

inpatient and outpatient data from 

April-June 2020 

Denina 37 Italy 25 Cohort 7.8 

[Range: 0.4-15] 

52% 28% mild, 56% 

moderate, 16% 

severe 

Serology or RT-PCR 130 days from discharge 

(IQR 106–148) 

1 cystic fibrosis 

1 congenital heart 

disease 

CYP admitted with COVID-19 from 

March 1 to June 1, 2020 

Dobkin 41 USA 29 Cohort 13.1 ±3.9 

[Range: 4-19] 

59% 93% symptomatic, 

14% hospitalised, 

3% MIS-C 

RT-PCR or confirmed 

close household 

contacts with positive 

SARS-CoV-2 testing 

3.2 ± 1.5 months 

[Range: 1.3-6.7 months] 

after SARS-CoV-2 PCR 

testing or confirmed 

close household contact 

62% overweight 

/ obese, 

38% asthma 

CYP referred to pulmonary clinic 

at single hospital with history of 

SARS-CoV-2 positivity or 

confirmed close household contact 

( continued on next page ) 

1
6

1
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Table 1 ( continued ) 

Study ID 

(author) 

Country Sample size 

(n) 

Study Design Age (years) 

mean ±SD 

median (IQR) 

or [Range] 

Sex (% Female) Baseline severity 

of COVID-19 

Diagnostic Criteria Duration of Follow-up: 

mean ±SD, median 

(IQR) or [Range] 

Pre-existing 

Comorbidities 

Inclusion Criteria 

Knoke 42 Germany 73 SARS-CoV-2 

+ 

45 SARS-CoV-2 

- 

Cross-sectional 

(Preprint) 

SARS-CoV-2 + : 

10.8 ±-3.3 

SARS-CoV-2 - : 

10 ±3.5 

52% 

62% 

36% symptomatic, 

64% asymptomatic 

Serology or RT-PCR 2.6 months [Range 

0.4–6.0] “following 

COVID-19”

SARS-CoV-2 + : 23% 

pulmonary disease 

SARS-CoV-2 -10% 

pulmonary disease 

SARS-CoV-2 positive CYP 5-18 

years, both inpatients and 

outpatients or seropositive from 

community study. Seronegative 

children served as controls 

Ludvigsson 39 Sweden 5 Case report 12 [Range: 

9-15] 

80% 100% mild disease CD (100%) 6-8 months after 

clinical diagnosis of 

COVID-19 

1 comorbidity (asthma, 

allergies and mild 

autism spectrum 

disorder) 

Inclusion of CYP whose parents 

contacted the study author after 

experiencing symptoms more than 

2 months after clinical diagnosis 

of COVID-19 

Miller 38 England and 

Wales 

4678 (175 with 

evidence of past 

or present 

SARS-Cov-2 

infection) 

Cohort 

(Preprint) 

Age < 2: 7% 

Age 2-11 

years: 54% 

Age 12-17 

years: 39% 

41% NR 63% RT-PCR, 27% 

serology, 10% RT-PCR 

and serology 

≥28 days after 

symptom onset 

8% had at least 1 

comorbidity 

Household cohort study. CYP ≤17 

years who “a) had answered the 

questions about persistent 

symptoms in the 3 rd monthly 

survey or b) whose household had 

participated in at least 3 weekly 

surveys in a 5-week period before 

20th of January 2021”

Molteni 43 UK 1734 cases 

1734 controls 

Cohort Cases: 13 

(10-15) 

Controls: 13 

(10-15) 

Cases 50%, 

Controls 50% 

2% of cases visited 

hospital 

2% of controls 

visited hospital 

RT-PCR or lateral flow 

test 

≥28 days after 

diagnosis of COVID-19 

13% cases had asthma 

13% controls had 

asthma 

Data from a mobile smartphone 

application. Cases: CYP 5-17 years 

with positive SARS-CoV-2 test 

Controls: CYP 5-17 years with 

negative SARS-CoV-2 test 

Nogueira 

López 40 

Spain 8 Cohort 11.8 (9.8-13.9) 50% None hospitalised 25% RT-PCR, Otherwise 

CD or confirmed 

COVID-19 contact 

52.5 (25–60.5) days 

after diagnosis with 

COVID-19 

13% had comorbidities CYP ≤18 years old with confirmed 

or probable diagnosis of COVID-19 

followed up after discharge from 

hospital between March and June 

2020 

Osmanov 44 Russia 518 Cohort 10.4 (3–15.2) 52% None hospitalised, 

3% required 

ventilation 

RT-PCR (100%) 256 days (223-271) 

after hospital admission 

27% had 1 

comorbidity, 17% had 

≥2 comorbidities 

CYP ≤18 years old with RT-PCR 

confirmed SARS-CoV-2 infection 

admitted to single hospital 

between April and August 2020 

Petersen 45 Faroe Islands 21 Cohort [Range: 0-17] NR None hospitalised RT-PCR (100%) 125 ± 17 days 

[Range: 45-153] after 

symptom onset 

NR All consecutive RT-PCR positive 

patients in the Faroe Islands from 

March to April 2020 

Radtke 46 Switzerland Seropositive 

109 

Cohort [Range: 6-16] 53% 

seropositive, 

None hospitalised Serology (100%) > 4 weeks, 

> 12 weeks and 

6-month follow-up after 

serological testing 

16% had 1 comorbidity 

in seropositive group 

Children from 55 randomly 

selected primary and secondary 

schools in Zurich in 

October/November 2020. 

Seropositive (cases) and 

seronegative (controls) 

Seronegative 

1246 

54% 

seronegative 

20% had 1 comorbidity 

in seronegative group 

( continued on next page ) 
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Table 1 ( continued ) 

Study ID 

(author) 

Country Sample size 

(n) 

Study Design Age (years) 

mean ±SD 

median (IQR) 

or [Range] 

Sex (% Female) Baseline severity 

of COVID-19 

Diagnostic Criteria Duration of Follow-up: 

mean ±SD, median 

(IQR) or [Range] 

Pre-existing 

Comorbidities 

Inclusion Criteria 

Rusetsky 47 Russia 79 Cross-sectional 12.9 ±3.4 53% All hospitalised RT-PCR (100%) 60 days after hospital 

discharge 

NR CYP ≥5 years admitted with 

SARS-CoV-2 at single hospital 

Sante 49 Italy 12 Long- 

COVID 

Cross-sectional Long-COVID: 

10.3 ±4.5 

33% 

Long-COVID 

Long-COVID: 8% 

asymptomatic 92% 

mild, 0% 

hospitalised 

RT-PCR (100%) 98.5 ± 41.5 “days after 

acute SARS-CoV-2 

infection”

Long-COVID: 25% had 

comorbidities 

CYP “fully recovered or with PASC 

assessed in a dedicated 

post-COVID outpatient service”

17 Recovered Recovered: 

7.7 ±5.5 

36% Recovered Recovered: 12% 

asymptomatic, 59% 

mild, 18% 

moderate, 12% 

severe, 29% 

hospitalised 

Recovered: 18% had 

comorbidities 

Say 48 Australia 12 Cohort 3.7 ±3.5 42% 92% mild, 8% 

severe 

50% admitted to 

hospital 

“Children who tested 

positive for 

SARS-CoV-2”

[Range 3-6 months] 

after diagnosis 

17% chronic 

respiratory condition, 

8% congenital cardiac 

disease 

CYP aged ≤18 years referred to a 

dedicated COVID-follow up clinic 

Smane 50 Latvia 30 Cohort 9.2 ±5.2 

Range [3 

months-17 

years] 

43% 17% asymptomatic 

80% mild, 3% 

moderate, 

17% hospitalised 

RT-PCR (100%) 101 ± 7 days after 

infection 

23% had comorbidities SARS-CoV-2 positive CYP 0-17 

years enrolled at a post-acute 

outpatient centre 

Stephenson 53 England 3065 RT 

-PCR + 

3739 RT-PCR - 

Cohort 

(Preprint) 

Age: 11-15 

PCR + (56%) 

Age: 16-17 

PCR + (44%) 

64% PCR + 

63% PCR - 

65% of 

PCR + asymptomatic 

35% of 

PCR + symptomatic 

RT-PCR (100%) 14.9 weeks (13.1-18.9) 

after testing 

NR SARS-CoV-2 PCR-positive CYP aged 

11-17 years selected from a 

national database of test results 

held by Public Health England 

from January-March 2021 

Age: 11-15 

PCR - (57%) 

Age: 16-17 

PCR - (43%) 

92% of PCR - 

asymptomatic 

8% of PCR- 

symptomatic 

( continued on next page ) 
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164 
804 CYP with a total of 23,141 participants (median 109). Eleven 

tudies included less than 100 participants. All studies assessed 

utcomes at > 4 weeks after infection (range 28- 324 days), with 

5 (68%) assessing outcomes at > 12 weeks. Across all studies, 101 

ymptoms were reported, with 46 symptoms reported in at least 2 

tudies and 32 symptoms reported in at least 3 studies (Table A5). 

ontrolled studies 

Five controlled studies provided sufficient data for meta- 

nalyses 32,43,46,52,53 . Four were community studies 32,46,52,53 and 

ne included a mix of hospitalised and non-hospitalised CYP and 

ospital recruitment 43 . All were rated as good (four studies) or 

air (one study) quality. One study used self-reported evidence of 

ARS-CoV-2 infection 

43 with the other four studies reporting evi- 

ence where results were independently verified 

32,46,52,53 . 

Meta-analyses were undertaken for 14 symptoms within the 

ontrolled studies. Four or more controlled studies provided data 

n cognitive difficulties, headache, abdominal pain, cough, myal- 

ia and fatigue, with forest plots for these meta-analyses shown in 

ig. 2 . There were significantly higher pooled estimates of propor- 

ions of symptoms in the cases with confirmed SARS-CoV-2 infec- 

ion for cognitive difficulties (pooled risk difference 3% (95% CI 1, 

)) and headache (5% (1, 8)) but not for abdominal pain, cough, 

atigue or myalgia. Heterogeneity was low for cognitive difficul- 

ies, abdominal pain and cough but high for headache, fatigue and 

yalgia. 

Pooled estimates for symptoms where only three studies pro- 

ided data are shown in Fig. 3 (insomnia, loss of smell, diarrhoea, 

ore throat, fever, dizziness, dyspnoea and sore eyes). Pooled risk 

ifferences were significant for loss of smell (8%, (2, 15)), sore 

hroat (2% (1, 2)) and sore eyes (2% (1, 3)) but not for insomnia, 

iarrhoea, fever, dizziness or dyspnoea. Heterogeneity was low for 

nsomnia, diarrhoea, sore throat and eyes and fever but high for 

oss of smell, dizziness and dyspnoea. 

Only two studies provided data on multiple persistent symp- 

oms and were, therefore, not eligible for meta-analysis. Both stud- 

es 46 , 53 found no difference in the proportions of cases and con- 

rols with 1 or 2 persistent symptoms. One study 53 which involved 

eenagers completing questionnaires about their own health status, 

ound a significantly higher proportion of cases than controls had 

hree or more persistent symptoms (risk difference 14% (12, 16)), 

hilst another study, 46 which used proxy reporting of symptoms 

y parents, did not find a significant difference (5% (0, 10)). 

Other persistent symptoms were reported by < 3 studies and 

herefore not included in the meta-analyses. These included 

oss of appetite, nausea, vomiting, constipation, swallowing dif- 

culties, joint pain, chest pain/tightness, nasal congestion, tired- 

ess/weakness, chills, palpitations, otalgia, tinnitus, paraesthesia, 

eizures, altered taste, hypersomnia, listlessness, low mood, mood 

wings, anxiety, rash, urticaria, blisters/skin peeling, hoarse voice, 

ommunication difficulties, blurred vision and hair loss. 

revalence and predictors of symptoms in post-COVID CYP 

Across all study types, 10 symptoms had data from ≥8 studies 

llowing meta-analysis and meta-regression: cognitive difficulties, 

eadache, fatigue, fever, myalgia, cough, dyspnoea, abdominal pain, 

iarrhoea and anosmia / altered sense of smell. 

Seventeen studies provided data for these analyses: Five stud- 

es included SARS-CoV-2 positive cases from controlled stud- 

es 32,43,46,52,53 and 12 were uncontrolled studies 33–35,38,40–42,44,48–51 . 

even were community studies 32,33,38,40,46,52,53 , two had hospital 

ecruitment of cases 44,51 and eight had a mix of hospitalised and 

on-hospitalised CYP recruitment 34,35,41–43,48–50 . 
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Fig. 1. PRISMA 2020 flow diagram for included studies. 
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Table 2 shows pooled prevalence (95% CI) of symptoms in SARS- 

oV-2 positive CYP, alongside findings from meta-regressions for 

ypothesised moderators for each meta-analysis. Pooled prevalence 

f symptoms ranged from 15% (diarrhoea) to 47% (fatigue), with 

igh heterogeneity across all symptom analyses. Meta-regression 

f study participant characteristics showed that higher study age 

as associated with higher prevalence of all symptoms with the 

xception of lower prevalence of cough, and that a higher propor- 

ion of female participants was associated with higher prevalence 

f fatigue, headache, myalgia, diarrhoea, loss of smell and dysp- 

oea and lower prevalence of cough and abdominal pain. 

Meta-regression analyses of study characteristics found that 

ome study quality markers (higher proportion of objectively con- 

rmed cases; low risk of bias; community compared with a mix 

f hospitalised and non-hospitalised CYP recruitment) were con- 

istently associated with lower prevalence of all symptoms, except 

oss of smell and cognitive symptoms. However, study size was in- 

onsistently associated with symptom prevalence. 

The duration of persistent symptoms was reported in 13 stud- 

es 34–36 , 38–41 , 43 , 44 , 48 , 50 , 51 , 53 with a median of 125 days (IQR 99–

31) after acute SARS-CoV-2 infection. In meta-regression, longer 

ollow-up duration was associated with lower prevalence of cough, 

eadache, cognitive difficulties, abdominal pain but higher preva- 
h

165 
ence of fatigue, myalgia, loss of smell and dyspnoea. Not all these 

ssociations were significance, hence should be taken as indicative. 

Small/limited number of available studies at present meant that 

e were unable to undertake meta-analysis of number of persis- 

ent symptoms nor of a range of other symptoms. These symptoms 

re reported in Table A6. 

isk factors 

Few studies examined risk factors associated with persistent 

ost-COVID symptoms in CYP. Osmanov et al. reported that persis- 

ent symptoms were more common amongst CYP aged 6–11 (odds 

atio 2.74, 95% CI, 1.37 to 5.75) and those 12–18 years (OR 2.68, 

5% CI, 1.41 to 5.4) compared to those aged < 2 years, as well 

s amongst CYP with a history of allergic diseases (OR 1.67, 95% 

I, 1.04 to 2.67). 44 Molteni et al. reported that older CYP (12–17 

ears) were more likely to manifest symptoms ≥28 days in com- 

arison with younger CYP (5–11 years) (5.1% vs. 3.1%). 43 Miller 

t al. reported that persistent symptom prevalence was higher in 

emales (OR 1.79 [95% CI, 1.07 to 2.99]), teenagers (OR 2.67 [95% 

I, 1.56 to 4.57]) and CYP with long-term health conditions (OR 

.95 [95% CI, 1.59 to 5.45]). 38 Females also reported a consistently 

igher prevalence of neurocognitive and pain symptoms compared 
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Fig. 2. Meta-analyses of risk difference in symptom prevalence between cases and control participants in controlled studies: analyses including symptoms reported in 4 or 

more studies. 
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o males in Blankenburg et al., with age being positively correlated 

ith nearly all neurocognitive and pain symptoms. 32 Stephenson 

t al. reported that for both SARS-CoV-2-positive and SARS-CoV-2- 

egative CYP, in those assigned to the latent class with “multiple 

ymptoms” at three months, being female, older and having poorer 

hysical and mental health before COVID-19 were important risk 

actors. 53 

iscussion 

In this comprehensive systematic review and meta-analysis of 

2 studies, we identified 101 symptoms reported to be persis- 

ent after SARS-CoV-2 infection in CYP, across cardiovascular, res- 

iratory, gastrointestinal, musculoskeletal, skin and nervous sys- 

ems as well as general somatic symptoms. Our analyses focused 

n persistence of individual symptoms and combination of symp- 

oms where these were reported by multiple studies. Data were 

ufficient for us to examine 14 of the most common symptoms 

n controlled studies and 10 symptoms in uncontrolled analyses. 

he lack of an agreed case definition means that we were unable 

o comment on the prevalence of post COVID-19 syndrome(s) in 

YP. 
166 
The majority of the included studies were of poor quality, pre- 

ominantly uncontrolled and retrospective, and open to selection 

ias. There are a number of reasons why symptoms reported in 

any of these studies may not be specific to SARS-CoV-2, includ- 

ng the high prevalence of somatic symptoms such as fatigue and 

eadache in healthy CYP, the overlap of symptoms such as fatigue, 

oor concentration and headache, with mental health symptoms 

which rose during the pandemic), and potential attribution bias. 

ur primary analysis therefore focused on controlled studies and 

ound that the frequency of the majority of reported persistent 

ymptoms was similar in SARS-CoV-2 positive cases and controls. 

isk differences for abdominal pain, cough, myalgia, insomnia, di- 

rrhoea, fever, and dizziness were each very close to zero and not 

ignificant. However, loss of smell occurred in 8% more cases than 

ontrols, as did headaches (5%), cognitive difficulties (3%) and sore 

hroat and eyes (2% each). Fatigue occurred in 7% more cases than 

ontrols although confidence intervals included zero. Combinations 

f persistent symptoms could not be included in meta-analyses but 

he two studies that considered this found no difference between 

ases and controls in the proportions with 1 or 2 persistent symp- 

oms. Estimates of the excess proportion of cases with 3 or more 

ymptoms were 5 and 14% in these studies. 
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Fig. 3. Meta-analyses of risk difference in symptom prevalence between cases and control participants in controlled studies: analyses including symptoms reported in 3 or 

more studies. 
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The excess in the proportion of cases with specific symptoms 

ompared to controls was much lower than the pooled estimates 

f symptom prevalence in the secondary analyses of cases alone. 

his was true across all symptoms studied. Pooled estimates were 

articularly high for fatigue (47%) and headache (35%), approxi- 

ately 7-fold higher than in controlled studies, highlighting the 

mportance of including a control group. 

Our meta-regressions, whilst performed at study level rather 

han at the level of individual participants, suggested that older 

ge and female sex were associated with increased risk of per- 

istent symptoms. Higher study quality, community recruitment 

nd test-confirmed diagnosis of infection were each strongly and 

onsistently associated with lower prevalence, highlighting the im- 

ortance of scientific quality in investigating emerging phenomena 

uch as post-COVID syndromes. 
M

p

167 
omparison with the literature 

One previous narrative review noted the high prevalence of 

ultiple symptoms in the majority of studies of persistent post- 

OVID symptoms, however this study did not undertake meta- 

nalysis of symptom prevalence. 23 We found that somatic or con- 

titutional symptoms such as fatigue (47%) and headache (35%) 

ere amongst the most commonly reported symptoms in CYP 

ost-COVID. This is consistent with other systematic reviews in 

dults and CYP, 20 , 23 , 54 , 55 yet in controlled studies that accounted 

or high background prevalence in non-infected CYP, we found that 

he excess in cases over controls was much lower at 5% (headache) 

nd 7% (fatigue). It is important to note that post-infection fatigue 

ppears to be common in CYP with post COVID-19 syndrome and 

ave also been reported after other human coronaviruses such as 

iddle East Respiratory Syndrome (MERS) and severe acute res- 

iratory syndrome (SARS) as well as Epstein-Barr, Dengue, Zika, 
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bola and Chikungunya viruses. 56 , 57 Headache is a commonly re- 

orted neurological symptom in acute SARS-CoV-2 infection and 

an persist after acute infection. 58 

We found evidence that female sex, underlying comorbidities, 

nd increasing age were associated with increased risk of persis- 

ent symptoms after SARS-CoV-2 infection in CYP. For sex this is 

onsistent with a higher risk observed with other post-viral syn- 

romes 61 and in adults with post COVID-19 syndrome. 23 , 55 , 62 

imitations 

Our findings are subject to a number of limitations. Low study 

uality is discussed above. The majority of the meta-analyses had 

igh heterogeneity, almost certainly due to both measurement is- 

ues across studies and to differing samples, recruitment strategies 

nd follow-up times. Because of this we used a random effects 

eta-analysis to take account of unmeasured between-study fac- 

ors. Our findings were limited by lack of data for many symptoms, 

articularly combinations of symptoms. Very few studies provided 

ata on the impact of symptoms on daily functioning amongst CYP. 

e were unable to assess publication bias; however, this is likely 

o play less of a role in a highly topical new area. 

Some studies were open to misclassification bias, including sus- 

ected cases without laboratory confirmation of diagnosis. Defini- 

ions and reporting of symptoms differed across studies, and whilst 

e categorized similar symptoms, together this may have intro- 

uced bias. Studies used a mix of child or parent reporting, and 

ome studies had permissive inclusion of symptoms, which may be 

ersistent following acute infection, new-onset of symptoms days 

o weeks after acute infection, worsening of pre-existing symp- 

oms prior to SARS-CoV-2 infection, as well as waxing and waning 

f symptoms during follow-up after acute infection. As all partici- 

ants were aware of their infection status, attribution bias is also 

ikely to have influenced symptom reporting, as seen in other in- 

ections. 63 

Almost all studies (95%) were from high income countries, lim- 

ting generalisability for low and middle-income countries. The 

edian duration of follow-up after COVID-19 symptom onset was 

25 days (IQR 99–231). This led to substantial disparity in the 

imelines for symptom onset and assessment in our systematic re- 

iew and likely influenced the combinability of our estimates of 

revalence and symptom duration. 

mplications 

Persistent symptoms of loss of smell, headaches, cognitive dif- 

culties and sore throat and eyes were estimated to occur in 2 to 

% more CYP after SARS-CoV-2 infection than in those without in- 

ection. Two large controlled studies suggest that 5–14% may have 

ultiple persistent symptoms 4 weeks or more after acute infec- 

ion. However, the majority of the 14 most commonly symptoms 

eported in CYP post-COVID were no more common in those with 

ocumented SARS-CoV-2 infection compared with those without 

nfection. These findings suggest that persistent symptoms occur 

oth singly and in clusters in CYP after SARS-CoV-2 infection, but 

revalence is much lower than suggested by many low-quality un- 

ontrolled studies. 

Our findings confirm the urgent need to provide health and ed- 

cation services for those with significant post-COVID symptoms 

nd our data provide estimates for planning these. Our review also 

hows the paucity of data on many aspects of post-COVID symp- 

oms in CYP, particularly on the pathophysiology of symptoms and 

he functional limitations linked with reported symptoms. Further 

ork is needed to understand frequency of particular clusters of 

ymptoms and severity and functional limitation related to these, 

n order to inform both preventive and treatment strategies. There 
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s also a need to understand the relationship of mental health 

roblems during the pandemic to symptom clusters in order to pri- 

ritise healthcare services and resources to support and minimise 

he consequences of the pandemic in the CYP population. 

Our findings highlight the critical importance of a control group 

n this area of study. Additional research priorities in developing 

reatment programs will need to be targeted to symptoms associ- 

ted with SARS-CoV-2 infection, rather than symptoms which may 

e attributable to pandemic societal pressures. We hope that this 

ork will act as a stimulus for the design of more high quality 

rospective controlled studies in this area. Only with these can we 

eally inform the global policy conversation around the health of 

YP during the pandemic. 
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