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Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)

Infection in Children and Adolescents
A Systematic Review
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Stefano Perlini, MD; Francesca Rovida, PhD; Fausto Baldanti, MD; Gian Luigi Marseglia, MD

IMPORTANCE The current rapid worldwide spread of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection justifies the global effort to identify effective preventive
strategies and optimal medical management. While data are available for adult patients with
coronavirus disease 2019 (COVID-19), limited reports have analyzed pediatric patients
infected with SARS-CoV-2.

OBJECTIVE To evaluate currently reported pediatric cases of SARS-CoV-2 infection.

EVIDENCE REVIEW An extensive search strategy was designed to retrieve all articles published
from December 1, 2019, to March 3, 2020, by combining the terms coronavirus and
coronavirus infection in several electronic databases (PubMed, Cochrane Library, and
CINAHL), and following the Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines. Retrospective cross-sectional and case-control studies, case series
and case reports, bulletins, and national reports about the pediatric SARS-CoV-2 infection
were included. The risk of bias for eligible observational studies was assessed according to
the Strengthening the Reporting of Observational Studies in Epidemiology reporting
guideline.

FINDINGS A total of 815 articles were identified. Eighteen studies with 1065 participants (444
patients were younger than 10 years, and 553 were aged 10 to 19 years) with confirmed
SARS-CoV-2 infection were included in the final analysis. All articles reflected research
performed in China, except for 1 clinical case in Singapore. Children at any age were mostly
reported to have mild respiratory symptoms, namely fever, dry cough, and fatigue, or were
asymptomatic. Bronchial thickening and ground-glass opacities were the main radiologic
features, and these findings were also reported in asymptomatic patients. Among the
included articles, there was only 1 case of severe COVID-19 infection, which occurred in a
13-month-old infant. No deaths were reported in children aged O to 9 years. Available data
about therapies were limited.

CONCLUSIONS AND RELEVANCE To our knowledge, this is the first systematic review that
assesses and summarizes clinical features and management of children with SARS-CoV-2
infection. The rapid spread of COVID-19 across the globe and the lack of European and US
data on pediatric patients require further epidemiologic and clinical studies to identify
possible preventive and therapeutic strategies.
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n late December 2019, the first pneumonia cases of unknown

origin were identified in Wuhan, the capital city of Hubei prov-

ince in central China.' The causative pathogen has been iden-
tified as a novel enveloped RNA betacoronavirus.? Given the phy-
logenetic similarity to the previously isolated severe acute respiratory
syndrome coronavirus (SARS-CoV), the new virus has been named
SARS-CoV-2.3

The World Health Organization declared coronavirus disease
2019 (COVID-19), the disease caused by SARS-CoV-2, a pandemic
health emergency.* Person-to-person transmission of SARS-
CoV-2 occurs primarily through close contact with an infected
person, mainly via respiratory droplets and after touching con-
taminated objects. Additional routes of transmission are currently
under investigation, including fecal viral shedding.®> One of the
putative mechanisms of viral entry depends on binding of the
viral spike (S) proteins to angiotensin-converting enzyme 2 cellu-
lar receptors and on S protein priming by the host cellular serine
protease TMPRSS2.6 The understanding of the host-virus immu-
nologic interaction is still incomplete.

The current rapid worldwide spread of SARS-CoV-2 infection and
the severity of some cases of COVID-19 mimicking that of SARS jus-
tify the global effort to identify effective preventive strategies and
optimal medical management, including the implementation of tar-
geted therapies and vaccine development.

At present, defining the clinical characteristics and severity of
the disease in large cohorts of patients is an urgent need. While
data are available for adult patients with COVID-19, limited
reports analyze pediatric patients infected with SARS-CoV-2. In
this context, we performed the first systematic review, to our
knowledge, of COVID-19 in children and adolescents to evaluate
clinical features, diagnostic tests, current therapeutic manage-
ment, and prognosis.

Methods

Outcome

The primary outcome of this study was the systematic evaluation
and characterization of currently reported pediatric cases of SARS-
CoV-2 infection. In particular, the primary analysis focused on age,
clinical manifestations, diagnostic and therapeutic management, and
prognosis of children with COVID-19.

Search Strategy

An extensive search strategy was designed to retrieve all articles pub-
lished from December1,2019, to March 3, 2020, combining the ge-
neric terms coronavirus and coronavirus infection in key electronic
bibliographic databases (PubMed, Cochrane Library, and CINAHL),
following the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) reporting guideline.” Search results were
compiled using RefWorks software (ProQuest). In keeping with the
quality standards for reporting systematic reviews and meta-
analysis of observational studies,® 2 independent researchers (R.C.
and M.V.) screened retrieved articles. The same investigators
independently assessed full texts of records deemed eligible for
inclusion. Any discrepancies were resolved by discussion and
consensus. Authors of publications reporting unclear data were
contacted by email for clarification.
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Key Points

Question What are the clinical features of pediatric patients with
coronavirus disease 2019 (COVID-19)?

Findings In this systematic review of 18 studies with 1065
participants, most pediatric patients with SARS-CoV-2 infection
presented with fever, dry cough, and fatigue or were
asymptomatic; 1infant presented with pneumonia, complicated
by shock and kidney failure, and was successfully treated with
intensive care. Most pediatric patients were hospitalized, and
symptomatic children received mainly supportive care; no deaths
were reported in the age range of O to 9 years.

Meaning Most children with COVID-19 presented with mild
symptoms, if any, generally required supportive care only, and
typically had a good prognosis and recovered within 1to 2 weeks.

Box. Inclusion and Exclusion Criteria

Inclusion criteria

1. Population: children and adolescents (age <19 y) with
confirmed severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection

2. Study design: retrospective studies (cross-sectional studies,
case-control studies, case series, and case reports), bulletins,
and national reports

3. Outcome: evaluation of clinical symptoms of patients with
coronavirus disease 2019 (COVID-19); description of the
sources and the possible mechanisms of infection; description
of diagnostic tests and therapeutic strategies; patients’
prognosis

Exclusion criteria

1. Clinical guidelines, consensus documents, clinical trials,
reviews, systematic reviews, and conference proceedings

2. Studies about other serotypes of severe acute respiratory
syndrome coronavirus and Middle East respiratory syndrome
coronavirus infection

Study Selection and Risk of Bias Assessment

Therisk of bias for eligible observational studies (cross-sectional and
case-control) was assessed according to the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE) reporting
guideline.® The risk was evaluated using a question tool explicitly
designed for this review, which asked (1) Did the patients meet
inclusion criteria (O- to 19-year-old participants affected by SARS-
CoV-2)? (2) Were the diagnoses free from outcome misclassification?
Twoinvestigators (R.C. and M.V.) independently assigned an overall
risk of bias to each eligible study, and if they disagreed, a third
reviewer (A.L.) was consulted. Studies with risks of bias were
excluded. Study inclusion and exclusion criteria are detailed in
the Box.

Data Extraction

Twoindependent reviewers (R.C. and M.V.) extracted data from each
eligible study using a standardized data extraction sheet and then
proceeded to cross check the results. Disagreements between re-
viewers regarding extracted data were resolved through discus-
sion and consensus of a third reviewer (A.L.). The following infor-
mation was extracted: first author name, date of publication, country,
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Figure. Flow Diagram of Study Selection

815 Records identified through database searching 0 Additional records identified through
(PubMed, Cochrane Library, CINHAL) other sources

| |
]

‘ 776 Records after duplicates removal ‘

690 Records excluded
167 Articles focused on different serotypes of
coronavirus and other viruses
149 Editorial articles and reviews on global
SARS-CoV-2 infection and transmission
132 Articles on diagnostic tests, treatments, and
proposed management guidelines
79 Animal studies
75 Molecular aspects and pathogenesis of COVID-19
33 Retrospective studies, case series, and case reports
of adults with COVID-19
22 Clinical trials
15 Articles on mental health status during COVID-19
11 Travel guidelines
4 Interview

3 Systematic review and meta-analyses

86 Records screened

68 Full-text articles excluded

34 Adult patients

14 Editorials and comments
9 Proposed guidelines for the management of

the pediatric COVID-19

6 Articles on other serotypes of coronavirus
4 Pediatric reviews
1 Retracted article

18 Studies included in qualitative synthesis ‘

COVID-19 indicates coronavirus
disease 2019; SARS-CoV-2, severe
acute respiratory syndrome
coronavirus 2.

type of study (retrospective study, case report, case series), age (0-19
years) and sex of affected children, diagnostic tests (nasopharyn-
geal swab, chest radiograph, and lung computed tomography [CT]),
clinical symptoms, therapies, and prognosis (hospitalization, inten-
sive care unit admission, or death).

. |
Results

The search found 815 articles. After removing 39 duplicates, 776 ar-
ticles were reviewed based on the title and abstract, and of those,
690 articles were excluded. Eighty-six full texts were assessed for
eligibility, with 68 excluded based on article type (reviews, system-
atic reviews, editorials, guidelines), topic (other viral agents), and
population (adult patients with COVID-19). One of these 68 ex-
cluded articles was retracted. Eighteen articles met the inclusion cri-
teria and were analyzed for the systematic review (Figure). In-
cluded cross-sectional studies showed low risk of bias.

Study Characteristics and Demographic Features

All the included articles were published in February 2020 except 1
article published in March 2020.'° Seventeen studies were con-
ducted in China'©2® and 1in Singapore.?” We found a total of 1065
pediatric cases of SARS-CoV-2 infection. All included articles re-
ported the age at onset of the infection. In particular, 444 were cases
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of children younger than 10 years, 1419:22:24.26.27 anq 553 were chil-

dren ranging from age 10 to 19 years.'03142024 Ty articles de-
scribed the cases of 2 newborns,'>?? and 5 other articles reported
infant cases.'?'®"827 Twelve articles stated the sex of involved
patients, 0116232627 gpecifically, 24 children were boys, and 32 were
girls. Seventeen articles reported that patients had a history of travel
in Wuhan, China, or contact with affected family members
(Table)'10-23,25-27

Clinical Symptoms, Therapeutic Management,

and Prognosis

Sixteen articles reported clinical symptoms.'01214-23.2527 patients
were symptomaticin 14 studies, 121418.20-23.25-27 \y hile 2 articles re-
ported 3 clinical cases of asymptomatic children aged 12, 10, and 7
years.'®"° Fever and cough were the main symptoms, with both re-
ported in 6 of the included studies."'21423:25:26 Also, fever was a
symptom described in 12 articles,™121416-18.20.21.23.25-27 \\ han re-
ported, respiratory symptoms appeared mild, except for 1study of
a severe SARS-CoV-2 infection in a 13-month-old infant.” This pa-
tient developed vomiting, diarrhea, fever, and pneumonia, compli-
cated by shock with metabolic acidosis and kidney failure that re-
quired intensive care and assisted ventilation.'” A history of
gastrointestinal symptoms was described in 2 articles, with vomit-
ing the primary clinical manifestation.”?2 We found 2 articles that
reported cases of neonatal COVID-19.™?2 One article described a case

JAMA Pediatrics Published online April 22,2020

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Wisconsin -Madison User on 04/23/2020

E3


http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.1467

SARS-CoV-2 Infection in Children and Adolescents

Clinical Review & Education Review

(panunuod)

‘suoljedldwod

91935 Aue pey 10 Uo(1e)13UdA
1BdIUBYIALW 10 8D DAISUIIUI

paJinbal sjuejul 6 ay3 Jo aUON
*swo3dwAs uo ejep a)qe]ieAe ou 3Jam
943U} ‘spuanied ¢ 104 ‘swoidwAs ou
pey T pue ‘swodwAs 3oe.3 A1ojelidsal
Jaddn pjiw pey g ‘1ana4 pajodal

Apms 020t

VN VN VN sjuaned ¢ ‘syusied jejouIng ‘sosp 4 /N OWTT-T 0 6 6 BUIYD  9AI}d3dsS0.13RY ‘T Alenigay  gr1e 39 19
'sishjelp pue 'sisAje1p ay3 paJinbai
‘U0J34J93uI paziingau ey} ainjiey A3UpD| 3INde pamoys
‘Sp10.a1s pue 9|A| osje juanied ay| UOIIL]IIUBA PaISISSe
‘IIAILWLeY3SO ‘(pNozaul pue ‘uonelpAyas Al ‘(duiwedop)
pue wauadoJau) sBbnJp aA112BOSEA JO UOIIRJISILIWPE
Adeiayy dn301q13ue Yym 33 pue 2Jed dAIsuIUI paJinbal
pajealy sem juaiied ayy 1eU3 SISOPIJe D110qeIaW Y3IM 3I0Us
‘0S]Y "UOIIB]IIUBA PalsIsse “ejuownaud padojanap juaied sy “Alebawoleday
pue ‘uoisnjsuesy poojq bunsabbns ‘buiuaddiyy 1D pue pue ‘sisouekd ‘eaudsAp ‘1anay
‘uonedpAyal A| ‘suiedop  buny Jo B3R JUBIBIIP ydesboipes pamoys ay 9104aq p 9 eayJJelp pue 020¢ /1B R
pa41nbal y20ys ‘Ssp pamoys buibeuw| 159D Buiiwon padoianap juaiied ay3 ‘Sap W ow ¢T 0 1 1 eulyd 110d31 3se) ‘11 Areniga4 usy)
"aled
9A11I0ddns pue ‘Adesayy
10S0.3e ‘(3wipizelyad pue
upAwoJy3ize) sanoiqiue 1D pue
‘Adetayy jediniue ydesboipe.s 020¢C o118 1
paJinbaJ juaiied ay ‘sap Buiusyd1yl jeryduolg 1594) *19A34 padolanap juaiied ayy !sep 4 ow ¢ 0 1 1 eulyd 1odau ase) ‘1T Aenigeq bueyz
*uo[dUNy JaA1 ainjesayn grlueyesn
syde.bolpel ydeiboipes JO Sa1}jewIouqe pamoys pue yiealq JO M3IASL YUM 00T pue
VN 159U Jewouqy 153Y) O $SauIoys padolanap uesul ayy Sop VN yog 0 1 1 euiy) 110dau ase) ‘01 Arenuga4 Z34emydS
*PIIUD J3Y30 3Y3 104 pariodal a1am
swo3dwAs oN ‘sisoubelp 6T-aIA0D
910J3q p €T 404 ybnod Jua3sisiad
pue M T 10J J9AD) JUIIIWLIDIUI 0¢0¢ pr1€ 1
VN VN SaA  pey (A g abe) juaiied 3s8bunoh ayy ‘sz VN AGT-T 1 1 e eulyd S9143S 9Se) ‘4 Keniga4 buey)
Apms 020t ALEE]
VN VN 1233534) VN VN Aot T 0 T BUIYD  2A1}DdSO13RY ‘9 Aren.gay buos
'suoI3I94ul
12643 A1ojelidsal 1amo) pey sjuaized
M3} e AJUQ 195U0 JSeISIP 19148 )M 7 0}
T UIYHM paJanodal pue sisouboid poob
pey Asy] “eluownaud 10 13A3) INOYUM
‘swoldwAs pyiw pey syusiied d1ijelpad
1SO|\ "Bau.ie1p pue ‘BullWoA ‘easneu
‘ejuownaud 1o se yans swoldwiAs jeunssjuloliseb
Aydedo ssejb-punolb LWOP]Ss pue ‘sou Auund ‘uol3sabuod
10 sbupyjew 1eseu buipn)dul swoldwAs A1o03eidsal
buny Jo asea.dul piw Jaddn Jay30 Aq patuedwodde ‘ybnod
EIEELEI R ETTSIC] Kip pue ‘anbije} ‘19A3) yam pajuasald A/T 020¢ z1PueA
VN buibewi bun- SOA Anenpelb syusiied 1eI9AIS ‘S VN -ow T VN VN 8T eulyd EIIENEN ) ‘G Aieniqa4 pue usys
1D pue '91139dde Jo sso) pue
ydesboipels ‘easneu ‘eaudsAp ‘asou Auunu ‘ybnod 020C
9Jed 9A1I0ddns !sap Buiuaydiul jeiyduolg 1594) ‘19AR) UM pajuasaid pliyd ay3 ‘sap N ks 0 1 1 eulyd 1Jodau ase) ‘p Aenigey eI 1R)
Rdesayy o adfy sbuipui4 S1591 swoldwAs jo adAy Xas aby K61-0T A0T>09by sjuaned Anuno) adAy Apn1s  91ep uonedignd 924n0S
‘(ou/sak) Adesay ‘(ou/sak) swoydwAs aby
J160)j01pey ON

MBIARY D11BLLIRISAS JO S)NSY "3|qeL

jamapediatrics.com

JAMA Pediatrics Published online April 22,2020

E4

© 2020 American Medical Association. All rights reserved.

https://jamanetwor k.com/ by a University of Wisconsin -Madison User on 04/23/2020

Downloaded From


http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.1467

Review Clinical Review & Education

SARS-CoV-2 Infection in Children and Adolescents

9]qe|IeAe J0U YN ‘d[ew ‘|A ‘ulinqojSountuwi SNOUSABIIUL 'DIA| ‘SNOUBARIUI A ‘B[ewsy | ‘AydeiSowol paindwod ‘| ) ‘6107 95e9SIP SNIIABUOIOD ‘6l-QIAQD :SUOIIBIABIGQY
orle ¥
VN ‘ON VN VN *J13ewo3dwAse sem jusiied ay3 ‘oN W Az1 1 0 1 eulyd syi0da13se)  0z0T ‘€ Ydtepy buoy
Do C6E03D0 L7LE
woJy buibuel 1ana4 4o djead ay3 ym
‘Adesay3 onjoignue 195U0 JaA3) 191JE U 177 PIAJ0SAI 19N
1e211dws pa *SSaUN)I 40 954n02 3y bulinp eaudsAp
ejuownaud yim syusied 10 eay.ielp pey syuaied ay3 Jo aUoN
Mmaj e pue ‘Adessyy  *(%0#%) sausiied QT Jo ‘eay.ioulys pue buizasus pey (%02)
uabhAX0 JO paau ou ym ¥ ul a1ea1qjut Aydied Z pue ‘asou Aynis pey (%0¢€) € ‘1eolyl
juswieas) dijewoldwAs 1eJaje)iun pajeanalt ydesboipels 910s pey (%0v) ¥ ‘ubnod pey (%09) ow 020¢
paAiadal syualied Jje ‘sap ydeiboipes 3say) 1s94D 9 193} pey (%08) syusined g 'sap 4 9/IN ¥ TET-€ 0 0T 0T eulydy S91495 95e) ‘gg henigpy g9 18D
(9p0s1da T) J, 678 4O dunjesaduid) 0207
Adeiayy ou ‘oN VN VYN  1udisued) e padojanap juaiied ay3 ‘Sap W ow 9 0 1 T  3Jodebuls 110d34 3se) ‘gz Alenigay e 33 wey|
(A 1> 'abe
1uaiied) eaudsAp papnidul ased aJaA3S
[uQ ‘aydepeay pue ‘esudsAp ‘enbije)
‘4bn0d I9A3Y 3JAM 13SUO SSBUN|! Apms 00T
VN VN VN J0 swo3dwAS UOWWOI 3S0W AU ‘SAA VN KZ1-0 VN VN T euly)  aA11dadso.1Ry ‘gz fenigey e 3@ uel]
Apms 020 4,zUeh009d|
VN VN VN VN VN A61-0 675 91v 596 BUIYD  9A13I3dsS0.133Y ‘vz Aenigad pue n\
131
uo11eI0SSY
1831pay
19qnH
*SwoydwAs urew a1am buriwon K 020¢C J0 ydueig
VN VN VN pue ‘easneu ‘anbije) ‘ybnod “9Ad) ‘SOA 48/IN9  PTI-OWw 9 VN VN s euiy) EIIENEN ) ‘7z Aenaga4 J143e1pad
‘eluownaud
buinsabbns ‘ejiy
buny Jo Juswabiejus
*3.4ed dAl3loddns pue pue BuiuaydIyy 1D pue
uonespAyat Al pasinbal  bun) Jo eaJe JuIBHIP ydesboipes *BuilWoA pue siuiys 020¢ [ B T
uI10qMaU 3Y3 ‘SIA pamoys buibeuw| 159D 40 A103S1Y B pey uiogmau 3yl ‘Sap W pLI 0 1 1 eulyd 1odaJ ase) ‘4T AsenigaS buaz
‘punoy
2Jam saiydedo sseb
punoJb papjaads jo
sased g pue sanedo
sse1b puno.b Jejnpou
11BWS JO S3SED UIAJS
'SUO0IS3] UoewWe)ul
Kseuownnd
pey sjuaijed
6 9]1ym ‘suoisa)
ou pey sjuaiied J11ewoldwAse a1am QT pue ‘a)1iqay 4 Apms 00T PELERE
VN 9 ‘sebeuw [)1sayd 3y 1J3s8y) 213M UBIPYIYD G ‘sudnjed e jou ‘Sap  OT/IN G AyT-y VN VN ST BUIYD  2A1}D3dSO13RY ‘9T Alenigad buay
ydesboipels anbiyey Apnis 020¢ ozl ¥
VN VN 159D pue 13/ padojaAap juaiied sy ‘Sap W AgT 1 0 1 eUIYD  9AI1RdS0119Y ‘g1 Aienuga4 bueyz
‘sanedo bun)
ssej6-puno.b pamouys n A Kpms 020¢C pAC]
VN juaijed pjo-A-QT1 |yl 17159y J13ewoldwAse a1am sjuainied ‘oN plo-A-0T QT pue /£ 0 4 e eUIYD  9AI1RdsS0.119Yy ‘GT AsenigaS ueyd
Adesayy jo adfy sbuipui4 S1591 swoldwAs jo adAy Xas aby K6T-0T A0T>09by sjaned Anuno) adAy Apn1s  91ep uonednqnd 924n0S
!(ou/sak) Adesay L !(ou/sak) swordwAs aby
J160)j01pey ON

(PaNuIIU0d) MBIASY J11eWISAS JO S}NSay d|qeL

E5

JAMA Pediatrics Published online April 22,2020

jamapediatrics.com

© 2020 American Medical Association. All rights reserved.

https://jamanetwor k.com/ by a University of Wisconsin -Madison User on 04/23/2020

Downloaded From


http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.1467

E6

Clinical Review & Education Review

of anewbornaged 30 hours who acquired SARS-CoV-2 from the mother
who had been infected, and the newborn developed mild respiratory
distress with abnormalfindings at chest radiography.’ The other neo-
natal case was a 17-day-old infant who developed intermittent vomit-
ing that required intravenous rehydration and supportive care.??

Patients (both symptomatic and asymptomatic children) were
hospitalized."121416-23.25-27 Ey capt for the single case of severe in-
fection, none of the included patients required oxygen or assisted
ventilation. Five articles reported the administration of treatments
to 14 children."®1722.26 The 3 asymptomatic patients did not re-
quire any therapy.'®?” Most included patients needed supportive
therapy. In 2 articles, children with pneumonia were treated with
antibiotics.’®2° The infant hospitalized in the pediatricintensive care
unit for shock and acute kidney failure was successfully treated with
an aggressive resuscitation therapy, assisted ventilation, intrave-
nous dopamine, blood transfusion, dialysis, intravenous immuno-
globulins, antibiotics (meropenem and linezolid), and oseltamivir."”
Ingeneral, included patients had a good prognosis; however, 1death
was reported in the age range of 10 to 19 years.?*

Diagnostic Tests
Inallincluded studies, patients underwent the nasopharyngeal swab,
which tested positive for SARS-CoV-2. The reason for performing the
SARS-CoV-2 molecular test was reported in all articles and included
a history of contact with infected parents or other family members
and/or with people from Wuhan, China.'023.2>27
Children underwent radiologic tests in 12 articles.
Three articles reported chest CT,'>'°?' 3 articles mentioned chest
radiographs,’>2°26 and 4 articles reported bothimaging tests.161722
Radiologic findings differed from article to article and were mainly
characterized by bronchial thickening (described in 4 articles), 161722
ground-glass opacities (reported in 3 articles),”>'*2' or inflamma-
tory lung lesions.™>2®

11-1719-22,26

|
Discussion

The current rapid worldwide spread of SARS-CoV-2 infection re-
quires continual improvement of knowledge about the epidemiol-
ogy and clinical characteristics of COVID-19. Since December 2019,
when the disease was reported in Wuhan city and quickly spread
throughout China, data on the clinical characteristics of the af-
fected patients have been reported mainly from adult patients. At
present, only limited reports analyze pediatric patients infected with
SARS-CoV-2. In this context, we performed the first systematic re-
view of COVID-19in children and adolescents to evaluate clinical fea-
tures, diagnostic tests, current therapeutic management, and prog-
nosis, to our knowledge.

Seventeen articles reported studies performed in China, and 1
article reported a clinical case from Singapore, 10f the countries with
the highest number of confirmed COVID-19 casesin the Western Pa-
cific Region after the Republic of Korea and Japan.2® Although SARS-
CoV-2infectionis currently spread throughout China and has widely
diffused across other countries, complete reports on pediatric cases
are still lacking. Generally, clinical data from affected Chinese adult
patients have been available since January 2020, but pediatric ret-
rospective studies and case reports were not published before Feb-
ruary 2020, to our knowledge.
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This systematic review of pediatric cases of COVID-19 shows that
most children and adolescents who were infected by SARS-CoV-2
(ie, tested positive by nasopharyngeal swab) presented with mild
symptoms.2-3 Frequent clinical manifestations included fever, dry
cough, and fatigue accompanied by other upper respiratory symp-
toms, such as nasal congestion and runny nose.3' Moreover, the main
gastrointestinal symptoms were nausea, vomiting, and diarrhea,
which were reported in a few cases, particularly in a newborn and
infants.3" In our analysis, only 1 pediatric case presented with se-
vere lower respiratory tract infection (COVID-19 pneumonia), com-
plicated by shock and kidney failure, and fortunately, it was success-
fully treated with intensive care.” Unlike adults,3>3# children do not
seem to be at higher risk of severeillness based on age and sex. How-
ever, at present, no data are available on the role of comorbidities
in the severity of pediatric COVID-19.

In general, pediatric patients with COVID-19 had a good prog-
nosis and recovered within1to 2 weeks after disease onset, and cases
of pediatric death from COVID-19 were not reportedin the age range
of O to 9 years. One death was reported in the age range of 10to 19
years, but no more information was provided about this patient.243°
Our results confirmed the current knowledge about the disease se-
verity of COVID-19 in children.?°-33>

It is worth noting that COVID-19 infection might affect new-
borns who acquired the infection from the mother, suggesting a pos-
sible perinatal-peripartum transmission.” However, Chen et al*® re-
cently reported 9 cases of pregnant women with COVID-19 who
underwent cesarean delivery, without transmitting COVID-19 to their
infants. In addition, viral infections might be acquired during vagi-
nal delivery or through postpartum breastfeeding, but respiratory
viruses, including Middle East respiratory syndrome coronavirus and
SARS, did not show infection through vertical (intrauterine) and pe-
ripartum transmission or through breastfeeding.'>3”

For COVID-19, there continue to be conflicting data asto therole
of breastfeeding on transmitting neonatal-maternal infection. UNI-
CEF recommends continuing with breastfeeding, while applying nec-
essary precautions to prevent transmission of infection.® In con-
trast, the Chinese Working Group for the Prevention and Control of
Neonatal SARS-CoV-2 Infection recommends milk formula for ev-
ery child of a mother who has been infected.®

Our analysis showed that pediatric patients acquired infec-
tions mainly through close contact with their parents or other fam-
ily members who lived in Wuhan, China, or had traveled there.'®!
This finding aligns with results of a February 2020 report by Wang
et al,*® in which 31 patients, all pediatric, and all from provinces in
Northern China, underwent nasopharyngeal swab to detect SARS-
CoV-2 in respiratory secretions. Furthermore, the nasopharyngeal
swab was performed in asymptomatic children with a history of con-
tact with infected family members.*° In our analysis, we included 3
cases of asymptomatic patients who tested positive for SARS-
CoV-2 by nasopharyngeal swab, as part of an effort to perform a his-
tory of close contact with infected people.

Remarkably, in another recent article, Xu et al° reported that 8
pediatric patients tested positive on rectal swabs, even after naso-
pharyngeal testing was negative, suggesting viral shedding through
gastrointestinal tract and the possibility of fecal-oral viral transmis-
sion. However, these preliminary results need to be confirmed by
larger studies. Of note, no patients included in our analysis under-
went rectal swab.
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Recently, the group study at Johns Hopkins Bloomberg School
of Public Health showed that children are at similar risk of infection
as the general population, although they are less likely to have se-
vere symptoms. This finding should be considered in analyses of
transmission and control.* These preliminary data, coupled with our
results, may suggest that children, even when presenting with mild
symptoms or are asymptomatic, might be a source of viral
transmission.'®>' This underscores the importance of extensive pre-
ventive strategies that include quarantining and limitation of play-
ing and school activities. Further studies focused on the pediatric
population are needed to confirm this hypothesis.

Chen et al®' report that the main radiologic features are bron-
chial thickening, ground-glass opacity, or inflammatory lung le-
sions, suggestive of pneumonia. These pulmonary findings were also
found in patients with mild symptoms or who were asymptomatic,
suggesting that COVID-19 induces a primary inflammation of lower
respiratory tract airways.?® Although mild respiratory symptoms
were mainly reported, several patients underwent chest CT. Cur-
rently, there are no studies that compare the chest radiograph with
CT or other radiologic tests (lung ultrasonography) to assess
COVID-19 in children, to our knowledge.>' Biologic effects of ioniz-
ing radiations are widely known; therefore, pediatricians should
evaluate and choose the best radiologic options based on clinical con-
ditions and possible adverse events.

Data about therapies were quite limited. Patients with mild respi-
ratory symptoms, pneumonia, and fever were treated with antibiot-
ics and supportive care. Except for the infant hospitalized in the pedi-
atricintensive care unit, none of the patients required oxygen therapy.
Currently, many therapeutic questions in children with COVID-19 re-
main unanswered, so in the interim, pediatric knowledge stems from
the management of other respiratory infectious diseases. 34243

ARTICLE INFORMATION

Review Clinical Review & Education

Limitations and Strengths
This study has several limitations. First, the research occurred over
abrief 3-month period. Second, nearly all the articles came from Chi-
nese reports, as European and US studies in children with COVID-19
were not available, to our knowledge, at the time this review was
conducted. As a result, we could not assess possible clinical, diag-
nostic, and therapeutic differences, and compare pediatric results
with data from adults with SARS-CoV-2 infection. Third, we were un-
able to evaluate any possible correlation between viral burden and
clinical symptoms. Fourth, the included studies were observa-
tional designs, and many were simple case series or case reports.
Akey strength of this systematic review is the absence of popu-
lation bias (all patients tested positive for SARS-CoV-2). Also, to our
knowledge, this is the first systematic review that summarized the
current evidence on new SARS-CoV-2 infection in children, clarify-
ing the clinical and therapeutic lack of knowledge.

. |
Conclusions

This systematic review assesses and summarizes clinical features and
management of children with COVID-19. Currently, the majority of
evidence results from studies and clinical cases from China, where
the outbreak of COVID-19 first started. Children mainly acquire SARS-
CoV-2 infection from their family members but seem to experience
less severe COVID-19 than adults, presenting mild symptoms, if any,
good prognosis, and recovering within 1to 2 weeks after disease on-
set. The quick worldwide spread of SARS-CoV-2 infection and the
lack of European and US data on pediatric patients require further
epidemiologic and clinical studies to identify possible preventive and
therapeutic strategies.
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