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IMPORTANCE The degree to which children and adolescents are infected by and transmit
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is unclear. The role of children
and adolescents in transmission of SARS-CoV-2 is dependent on susceptibility, symptoms, CME Quiz at

. . . jamacmelookup.com and CME
viral load, social contact patterns, and behavior. ) ) P
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Supplemental content

OBJECTIVE To systematically review the susceptibility to and transmission of SARS-CoV-2
among children and adolescents compared with adults.

DATA SOURCES PubMed and medRxiv were searched from database inception to July 28,
2020, and a total of 13 926 studies were identified, with additional studies identified through
hand searching of cited references and professional contacts.

STUDY SELECTION Studies that provided data on the prevalence of SARS-CoV-2 in children and
adolescents (younger than 20 years) compared with adults (20 years and older) derived from
contact tracing or population screening were included. Single-household studies were
excluded.

DATA EXTRACTION AND SYNTHESIS PRISMA guidelines for abstracting data were followed,
which was performed independently by 2 reviewers. Quality was assessed using a critical
appraisal checklist for prevalence studies. Random-effects meta-analysis was undertaken.

MAIN OUTCOMES AND MEASURES Secondary infection rate (contact-tracing studies) or
prevalence or seroprevalence (population screening studies) among children and
adolescents compared with adults.

RESULTS A total of 32 studies comprising 41640 children and adolescents and 268 945 adults
met inclusion criteria, including 18 contact-tracing studies and 14 population screening
studies. The pooled odds ratio of being an infected contact in children compared

with adults was 0.56 (95% Cl, 0.37-0.85), with substantial heterogeneity (I* = 94.6%).

Three school-based contact-tracing studies found minimal transmission from child

or teacher index cases. Findings from population screening studies were heterogenous

and were not suitable for meta-analysis. Most studies were consistent with lower
seroprevalence in children compared with adults, although seroprevalence in adolescents
appeared similar to adults.

CONCLUSIONS AND RELEVANCE In this meta-analysis, there is preliminary evidence that
children and adolescents have lower susceptibility to SARS-CoV-2, with an odds ratio

of 0.56 for being an infected contact compared with adults. There is weak evidence that
children and adolescents play a lesser role than adults in transmission of SARS-CoV-2 at a
population level. This study provides no information on the infectivity of children.
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he degree to which children and adolescents younger

than 20 years are infected by and transmit severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2)isan
unanswered question.' These data are vital to inform na-
tional plans for relaxing social distancing measures, includ-
ing reopening schools.

Children and adolescents account for 1% to 3% of
reported coronavirus disease 2019 (COVID-19) cases across
countries*® and an even smaller proportion of severe cases
and deaths.>° Children appear more likely to have asymp-
tomatic infection than adults, and analyses based on
symptom-based series underestimate infections in children.
The role that children and adolescents play in transmission
of SARS-CoV-2 is dependent on their risk of exposure, their
probability of being infected on exposure (susceptibility),
the extent to which they develop symptoms on infection,
the extent to which they develop a viral load sufficiently
high to transmit, and their propensity for making potentially
infectious contact with others, dependent on numbers of
social contacts across age groups and behavior during those
contacts.

Different study types may provide useful information on
susceptibility and transmission in children compared with
adults, yet each is open to bias. Contact-tracing studies
with systematic follow-up of all contacts to estimate second-
ary attack rates in children and adults can provide strong
evidence on differential susceptibility. Findings from some
contact-tracing studies suggest that children have lower
SARS-CoV-2 secondary attack rates than adults,'© although
others have found no difference by age.!! One study from
South Korea'? has suggested adolescents but not children
may have higher secondary attack rates, although a separate
analysis of child cases from the same population identified
minimal transmission from these individuals."

Population screening studies may identify infection
through viral RNA detection or antibodies indicating prior
infection. However, the prevalence of SARS-CoV-2 in chil-
dren in a population is not a direct indicator of susceptibility
or transmission, as the expected prevalence depends on
exposure, susceptibility, proportions of children in the popu-
lation, mixing rates among children and between adults and
children, and timing of social distancing interventions that
disrupt mixing.

A number of authors have concluded that children and
adolescents may be less susceptible to SARS-CoV-2,%1* al-
though there are multiple sources of bias in each study type,
which can complicate straightforward analysis. In contact-
tracing studies, testing of only symptomatic contacts will in-
troduce significant bias, as will seroprevalence studies drawn
from clinical contact studies (eg, primary care) or residual
laboratory sera. Many studies undertaken quickly during the
pandemic are underpowered to identify age differences.

We undertook a systematic review and meta-analysis of
published and unpublished literature to assess child and ado-
lescent susceptibility to SARS-CoV-2 compared with adults. We
limited this review to contact-tracing studies and population-
based studies, as these are likely to be most informative and
least open to bias.
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Key Points

Question What is the evidence on the susceptibility to and
transmission of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) among children and adolescents compared with
adults?

Findings In this systematic review and meta-analysis including
32 studies, children and adolescents younger than 20 years had
44% lower odds of secondary infection with SARS-CoV-2
compared with adults 20 years and older:; this finding was most
marked in those younger than 10 to 14 years. Data were
insufficient to conclude whether transmission of SARS-CoV-2
by children is lower than by adults.

Meaning Preliminary evidence suggests that children have a
lower susceptibility to SARS-CoV-2 infection compared with
adults, but the role that children and adolescents play in
transmission of this virus remains unclear.

. |
Methods

Our review question was “What is the susceptibility to SARS-
CoV-2 of children and adolescents compared with adults?” We
undertook a rapid systematic review and included contact-
tracing studies or prevalence studies in published or preprint
form as well as data from a national public health website re-
porting government statistics and studies. Studies were re-
quired to provide data on proven SARS-CoV-2 infection (by
polymerase chain reaction or serology) and report either rate
of secondary infections in children and adolescents com-
pared with adults or infection prevalence or seroprevalence
in children and adolescents separate from adults. We ex-
cluded reports of single household or single institution out-
breaks; studies of hospitalized patients, clinical studies, and
cohorts defined by symptoms; studies of unconfirmed cases,
ie, cases based on self-report or symptoms, including contact-
tracing studies where only symptomatic contacts were traced;
modeling studies or reviews, unless these reported new data;
and prevalence studies with ascertainment based on clinical
contact and seroprevalence studies of residual sera, as these
are likely to underrepresent children. This study followed the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) reporting guideline.

Where studies were drawn from populations that over-
lapped, we excluded studies where the time periods overlapped
butincluded studies where time periods did not overlap. We did
notinclude seroprevalence studies only in children in this review,
as these did not allow comparison with adults.

We searched 2 electronic databases, PubMed and the medi-
cal preprint server medRxiv, on May 16, 2020, and updated this
on July 28, 2020. We used the following search terms in
PubMed: (“COVID-19”[tw] OR “2019-nCoV”[tw] OR “SARS-
CoV-2”[tw]) AND ((child* OR infant*) OR (“transmission”[tw]
OR “transmission” [mh]) OR (“Disease Susceptibility”[tw] OR
“susceptibility”(mh)) OR (“epidemiology”[tw] OR “epidemi-
ology” [mh]) OR (“contact tracing”[tw] or “communicable dis-
ease contact tracing”[mh])). In medRxiv, we undertook
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Figure 1. PRISMA Flow Diagram for Search

‘ 3465 Studies identified on PubMed ‘ ‘

10461 Studies identified on medRxiv ‘

v

v

‘ 113 Studies screened and deemed potentially eligible ‘ ‘ 90 Studies screened and deemed potentially eligible ‘

9 Studies included
104 Excluded <«

7 Studies included
—> 83 Excluded

v

‘ 16 Studies included from searches ‘

6 Studies identified and included from
reference checking
10 Studies identified and included from
professional contacts

32 Studies included in analysis

separate searches for “child and covid-19,” “covid-19 and epi-
demiology,” “covid-19 and susceptibility,” and “covid-19 trans-
mission,” as more complex Boolean searches are not available.

Figure 1shows the PRISMA flow diagram. One researcher
(R. M. V.) screened studies based on titles and abstracts toiden-
tify potentially eligible studies for full-text review. Full-text
studies were then reviewed by 2 researchers for eligibility (R.
M. V.and O. T. M. or C. W.), and data were extracted indepen-
dently by 2 researchers (R. M. V. and either O. T. M. or C. W.).
We hand searched cited references in all potentially eligible
studies for additional studies and identified additional stud-
ies through authors’ professional networks. Data were ex-
tracted on country, study type, study context with regards so-
cial distancing measures and school closures at the time of the
study, case definition, testing method, sampling method, and
infection rates in adults and children.

Methodological quality of included studies was assessed
independently by 3 authors (R. V. M., O. T. M., and C. W.) based
on a critical appraisal checklist for prevalence studies.' We as-
sessed risk of bias using 2 additional criteria: whether symp-
tomatic contacts (in contact-tracing studies) or individuals (in
population screening studies) were more likely to participate
than asymptomatic ones and whether the obtained sample was
more than 75% of the intended sample. Studies were catego-
rized as high quality if they met all quality criteria and had low
risk of bias on both criteria; medium quality if they had low
risk of bias on 1 or more criteria and met 5 or more of 7 quality
criteria; low quality if they met less than 5 quality criteria; or
uncertain quality if multiple domains could not be scored.

Contact-tracing studies and population prevalence stud-
ies were considered separately. Random-effects meta-
analysis with restricted maximum likelihood estimation was
undertaken using the meta commands in Stata version 16
(StataCorp). Odds ratios (ORs) were used as the primary met-
ric for contact-tracing studies. Prevalence ratios were used as
the primary metric in population-based studies. We planned
subgroup analyses using restricted maximum likelihood based
on quality of study and age of children and adolescents. Pval-
ues were calculated using x? tests. Significance was set at a
Pvalue less than .05, and all P values were 2-tailed.

jamapediatrics.com

. |
Results

The PubMed search resulted in 3465 studies and the med-
Rxiv search resulted in 10 461 studies, of which 113 and 90 stud-
ies, respectively, were examined in full, and 16 studies in-
cluded (Figure 1). We identified a further 6 studies through
reference checking and 10 studies through professional net-
works. In total, 32 studies comprising 41 640 children and ado-
lescents and 268 945 adults were included (Table),”10:12:16-45
with quality and bias assessments shown in eTable 1 in the
Supplement and weblinks for included studies shown in
eTable 2 in the Supplement. A total of 18 studies were contact-
tracing studies (CTSs),”1°-1216-31 with 3 based in schools,2°3!
and 14 studies were population screening studies.”-32-4°
Two were high quality,®*>> 22 were medium quality,!%-12-16-
21,22,24-27,29-32,34,36,38,40-45 7 were low quality,!7-20:23.2839
1 was uncertain quality.”>”

and

Contact-Tracing Studies
A total of 6 studies were from mainland China,
2 from the US,?*>2¢ and 1 each from Taiwan,'” Japan,'® South
Korea,?Israel,?! the Netherlands,”?8 Brunei,?” and India,?* with
3 CTSs based in schools from Australia,?® Ireland,?° and
Singapore.® Lower secondary attack rates in children and ado-
lescents compared with adults were reported by 11 studies:
5 from provinces of China, including Hunan,'®22 Hubei,'®'® and
Beijing,2° and 6 from other countries, including Taiwan,'”
Japan,'® the US,%-26 Israel,?! and the Netherlands,”-?® although
confidence intervals were wide in some studies.

Nosignificant differences in secondary attack rates by age
were reported in 3 studies from Guangdong province, China,?*
Brunei,?” and the states of Tamil Nadu and Andhra Pradesh in
India,?® with 1 study from South Korea!? reporting high sec-
ondary attack rates in those younger than 19 years. In 3 of these
studies,'>232” secondary attack rates in younger children were
low compared with adults, but those among teenagers were
as high as or higher than adults.

We undertook a random-effects meta-analysis of secon-
dary attack rates in children and adolescents compared with

10,16,18,20,22,24

JAMA Pediatrics February 2021 Volume 175, Number 2

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/29/2022

145


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.4573?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.4573
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.4573?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.4573
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.4573

Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents Compared With Adults

Research Original Investigation

(panunuod)
'$1283U0D
ne K2
ale asayy
s15966ns
(ased
Xapui Jad
8) S10e3U0d
'Paqli3sap jou 0 Jaquinu 'S}IBJUOD JO UO[3E]0S] UO S]ieap ON "020T ‘£ Yyd1eN Aq ¥dd-1y 0¢0¢
$10e1U00 JO bu1sa) 10) A111q1bne pue *S1283U0I 35012 961C 18101 3y | “U3AIB 10U JUBWIUIRLIRISE JO poylIdW Aq pawijuod pue palinboe P ]
K0zz'A61-0 $5920.d "Yd- 1Y U0 Sbuipuly an13Isod 1191 pue Sase) €€ 'paiels 10N pue ‘uoI}IUIIP ‘S3SEI XBpUI JO S10BIU0)  A]1BII11SILIOP BI9M ey S3Se) ueder oownzip
"195qns e
"T-N\0D-SYYS 'S1223U0D 1sn[ 1o pajdwes a1am jeaidsoy
10} 1521 10U 3J3M S1IBIUOI PloYISNOY ployasnoy ST pue WoJ Sased 1]e J1 Jea)d 10N
J0 %€ € INQ ‘PIILIS 10U SEM SI9QLUDW pajoJua a4am syuanred '020C ‘v pue €T Aienigad pamalna.
‘pauyap ployasnoy bui3sal 10j $s9301d "Sqems  Gg 3y} 01 buipuodsa.iod $123U0) ‘P T 104 panIasqo ‘syuaijed uo (G8 = u) 1eudsoH uoiun euly)  J9ad pue 070C
jou abe plIYy)  1e0Jy3 pue YId-1Y uo sbuipuly aA1IISOd Sp1oyasnoH 8 ployasnoH pazijedsoy ay3 Jo S32e3U0d PIOYaSNoH ui pazijeydsoy syuanzed  ‘duinoid ueynpy - paysignd - g 1e 32 buem
‘9sed
Xapul 3y} 03 31nsodxa 1se] JIay3 Jaye p T
J10j dwoy je pauljuesenb 3Jam S30e3U0d
35012 11V "(s9sed dnewoidwAse 1oy a1ep
1591 10 135U0 woidwAs 03 Joud p 7 03 dn
AneaidAy pue uoijebiisaaul jeatbojolwapida
*pajlodal Jou sem Aq pauysp) poriad uonebisaaul ay3 burinp
USJP]IYd M 1Ry} Sased Ul GT UeY} 3I0W 10J 358D PalIIjuod
onewoldwAs  xapul jo uonsodoid sy © UJ3IM 12B3U0D 3dk-01-938) bulAey
11 pa1sa1 AJuo 31am (%€°69) S10eo0d  ybnoyye ‘A 1T pabe sem 3]lym juawdinba uo13da30.d jeuosiad '020¢
13420 "(%£°0€) S10eIU0D JDJIOM  3SeD Xapul 31sabunoA ay | 91elidoidde team jou pip oym uos.tad e se ‘ST UdJe|y pue g1 Asenuer EJNEINEY]
9Jed y3jeay pue pjoyasnoy 104 buiisal *S1RJU0I 3S0D 19/ T sadAy  paulap pue uoljebiisaaul jedibojoiwapida U39M)3q UBMIE] U S9SeD 199d pue 020¢C
K02z ‘A 61-0 auIIN0Y “YId-1Y uo sbuipuly aA11ISOd pue sased xapu| 00T 12e3U0d Y YN0y} paljIIuaPI 3I9M S3IBIUO0I 350D pawujuod QT 1eniul ay L uemie] paysngnd ;1€ 33 Buay)
"195qns e
1sn[ 1o pajdwes a1am jeaidsoy
‘paylodal Jou sem wo.j sased Jje Ji Jea)d
URJp]IYD 249M OYM S3SeD JON "32uin0id ueynpy 03 Hu
'Sall} ¢ 03  pa1sal alam  xapul jo uolpodoid ay | pey Ajiwey 119y} Jo siaquua
$31023U00 |1y "3uljuesenb Jo ajppiw (26€ = u) 11 PapN)IXa 349M S3sed (A 1q1y) pue
a1 pue buluuibaq ayl e pa1dajod $10eU00 AjlWiey e *Ajlep paJoliuow pue JuaWuIdA0b Xapu| *0¢0¢ ‘€T Atenigay K1) buekoez ui  pamalnal
9.49Mm sa)dwies gems jesabuhieydosen pue spjoyssnoy J1ayy $30e3U0d 1820] ay3 Aq p +T 104 Aj91eIpawiw| 01 T Atenuer wouy sjeydsoy  sjeydsoy) euly)  J49ad pue 020¢C
K812 A /T-0 "¥Dd-1¥ uo sbulpuij aA1Isod  Yam syuaized xapuj SOT ployasnoH pauijuelenb a1am $1223U0D PIOY3SNOY |y 7 WOJ) Paljiuapl Sased xapuj  ‘@duinoad 1I9qnH  paysiignd o1 1B R
'u01323]103
91dwies 10 13suo woldwAs 113y3 91043
P Z Uly3m uo13dajul d1jewoldwAse ue 1o
95BJ PALWLLIJUOD B YUM (W T UIYM) 30eju0d
"Pa3e1s 10U SeM PaISal ‘K GT>sem (%/°0) 95012 pajda304dun pey oym jenpialpul 020¢
$32e3U02 Jo 9beUBIIRd “swoldwAs 95e) Xapu| T "sased U Se PaulJap SeM }DeIU0D 3S0D Y P #T ‘T yoJep pue 9T Asenuer
10 ssa)pJebas Ad11od 1€20] YaM  3DBIU0D €6T/ PUe S35 10} UOI1BAJRSCO 1BIIpaLW Japun padeld  UIaMI13( ]0J1U0) 3seasiq 10} pamalnal
92UBPJ0IIE Ul PRISA] BIIM S}IRIL0D Xapul 9¢ T bunpuasaidal sadAy pue sased pawiu0d Jo buidesy 12e3u0d 193ud) ueuny Aq parsuspl eulyy  Jaad pue 020¢
AGTZ!A¥T-0  9SO12 NV "4Dd-L1Y uo sbuipulj aA11ISOd SIS Y11 12e3U0d Y YBno.y} paljIIuaPI 3I9M $3IBIUO0I 350D S3SED PaWLU0d )y ‘@dulnoid ueuny  paysiiand ;e 32 bueyz
saipnys buidesy-1oe3uo)
abe jjnpe ‘abe Bu13sa} SNIIA pue uoniulap 3se) S3oejU0d pue ‘sased  adA} }oejuo) S12B3U0D JO UOIFR]0SI PUE JUBLIINIIBY S35BI Xapul JO JuUaWINIIBY uoned’n snjeis 924n0S

juadsajope/pliyd

Xapul ‘s133sn)2 40 “ON

SIPN3S papn|au| JO sJnsLdldeIRY) "d|qeL

JAMA Pediatrics February 2021 Volume 175, Number 2 jamapediatrics.com

146

© 2020 American Medical Association. All rights reserved.

/jamanetwork.com/ on 05/29/2022

Downloaded From: http:


http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.4573

Original Investigation Research

Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents Compared With Adults

(panunuod)
*(Kep sisoubelp
Xapul je1Hul ‘a1 ‘0 Aep U0 pajsal UM %Et)
*pa1sa} a4am uolodo.d 9SeD Xapul J33je p 0T 03 O PRIS9] S1eIU0D) '020¢C
1eYM pajels Jou ‘Usnamoy ‘huiisal ¥dd *buiysal ¥Ydd 104 91q16119 1am S3oeIU0d ‘T 03 T YaJey woly ¥ydd A1D)OIOA  pamalnal 020¢
10 9]q16119 949M S12PIUOD pIoyasnoy *$310e3U0) ployasnoy proyssnoy 11y “siuawiedap yieay Aq sased pawjuod Ajjeriul M3N buipnpdxa  J19ad pue P R E]
K812 A /T-0 NV "¥Dd-1Y uo sbuipuly 9AIlSOd  £4€ pue Sased Xapu| 67 ployasnoH  93e3s pue A3unod Aq buideiy 39302 AAINIY 67 PRIPNIS pue palyiuap| 91B1S )I0A MAN  paysiignd biaquasoy
jorderd
(%86) S12€3U0D ‘GT yaJepy 01 gT Atenuer
086 TT papn)aul siskjeuy 'Su0I3e1S pPazieliuad W01} 1013U0D 3SEASIP 10}
‘pauijuesenb pue Ul pauijueienb a1am S12e3U0I JO %18 ‘P #T 193U32 1820] Aq 3dUB))IBAINS PENEINEY]
'SQeMS Je0JYl  PadeJ] S}Oeu0d 898 TT 104 SAep May AI9A3 U|E} SCBMS 1RO LWO.) 1euo1bal aaIsuaul euiy) ‘@duinosd  19ad pue 020¢
K0z ‘A6T-0 w04y Ydd -1y uo sbuipuly 9A1}ISOd  pue pariodal sase) T9ET $12e3U00 1Y ¥Dd UM palojuow pue pade.} s3oeauod) Aq paiyuapl sased 1y fuopueny  paysngnd yz 1838 N0
“elpu] ‘ysapeld elypuy
“JuaWINJIIRIUOU u1 ‘0zoz ‘6 Aep 03 G yatep
uo uaAlIb j1e3ap ‘AQT< UM  wouy pue ‘elpu| ‘npe jiwe|
ou YyHMm ‘(%ET) sased paJedwod A gT> ased xapul Jad S3oeju0d Ul ‘0z0T ‘v dunf 03 G yaIep
18301 85 €€ J0 papn)dul 95012 AueLl Se 3d1M] 919M .13Y3 1By} 10N Wwo.y 93e3s Yaea uj sajpuabe
$9s5ed 907 Ajuo 330N ‘papinaoud 1e3ap juaidinsu| ~ainsodxs yeay dngnd Aq pade.y elpu| 020¢
*swo3dwAs 4o ssa)plehal s30e3u0d 'S}2BJU0D TEQ 19 pue JO P GT pUB G U3IMID( PaISa) pue  SIDBIUOD pue Sali3sIBal 91eys  ‘ysapeld elypuy P R C)
K812 A £T-0 118 J0 YDd-1¥ uo sbuipuly aAI1S0d S9SD PaWLIU0) 90T speod |y sapuabe yyesy ongnd Aq padesy s30ejuo) L0} P3I13UBPI SASED Xapu| pue npe jiwej udald  ueAeseujwixe
"(PR159 S10B3L0D JO %0G Ajd3ewixoldde) '020¢ ‘T 1Hdy
910J2q pa3sa) 2JaM S30eIU0d djewoldwAs 03 9T Alenuer wody aduirold
Auo Inq ‘pa3sa) SI9m S30eU0D 118 ueuny ul waisAs buiyiodal
‘0202 ‘/ A1eniga4 493y "aunuelenb  Saseasip snoldajul ajqeliou
'S}OBJU0D 879 GT BuLINp 32U0 3SED] 3B YDd Y3IM Pa3sa} 93} Woly paijauspl alam euiydy 0¢0¢
K0z 'A6T-0 “420d-1Y uo sbuiput) aA1Isod J13Y3 pue sase) 8/ 1T $10e3U0D )Y pue p #T 10} pauljuelenb a1am S3oe3U0)  S]ILIBP 1DBIUOD UM S3SeI ||y ‘@dulrodd ueuny udasg 2z 1B NH
"Xapul
a3 buiaq synpe 1o ‘papnyaul 319M ‘020¢ ‘T
uaJp1Iyd Jo saiiqeqold Aepy 113un aseqelep 6T-AIAOD
pajewysa paiddns 1198JS| 943 YBNOJUY3 paLyiauap!
WIO0J PIAIIBP 2I3M {7 pue SpjoyasnoH ‘sbuipuiy
‘€ 'z saunbi4 "papnidul 3A131S0d pey SI3qLuaL 310w
3Jam spioyasnoy 10 T pue ydd Aq pa1sal uaaq
21916113 1Y "2-A0D-SHYS pey siaquist pjoyasnoy
'S31DBJUOD pUB S3SEI Xapul 104 dA1Hs0d 319m QTS T 11 219YMm “)aelS| Heig
Buipn)aul ‘siaquiaw pjoyasnoy e woym Jo ‘aydoad €6€¢€ ‘A 0z> 21om uoneindod 4o %16 J0 1101  19ug 4O A11D B3 Ul Spjoyasnoy 0202
K072 ‘A6T-0 40 BuIISa) YDd-1Y U0 SBUIpuly dAINSOd  Buisiidwod sasnoH /€9 ployasnoH ‘papn)aul S1aquiaw pjoyasnoy 1y 1]e JO UOI3ed1}13UBP| 19e1S| juudald 4,12 39 Jauneq
‘papn|dul 949Mm
polsad sy uj pariodal "MIIARL SIUY
$95B) Jeuolleu 796 0T u1 papn)aul
J0 %G AUO ‘I9AMOY  313M S}DBILO0D
papnioul 919M $30e3u0d ployasnoy
alow J0 T pajsodal oym uo ejep ‘P OT 4O UedW € 10} '020C ‘ST Aepy 03 0T
J13ewoldwAs $95ed Xapul AjuQ 'sased  AjuQ 's30e3uod PAAIISQO pue WIISAS  Alenuer Wo.y043u0) aseasiq
41 3159} AUO S10RIU0D JBYIQ  X3Ppul 90/G 40 (S12BU0D  ployasnoyuou Bujde.13-30R1U0) 1RUOIIRU DAISURYRIdLWOD 104 193Ud) B3I0Y| BY] Y}M PENEINEY]
“¥Jd-1¥ Aq pa1say A]auiinod s30eU0d  p1oyasnoy a1am 765 0T) pue e ybnoJy} 10J3u0?) 3SeaSI( 104 JIUI) BII0Y pa.Ja1s16a1 B3I0Y| U] S3SED J19ad pue 020¢
K02z ‘A 61-0 J)I0M 3JBD UY}BaY pUB PloYasnoH  SI2BIU0I €/0 65 PAIPMS ploYasNoH  Yim palalsihal Sased Xapul Jo S}e3U0d 1y pawiiyuod-A103elioqe) )Ny £3J0) YyINos  paysiignd 2B 33)1ed
1043U0)
95eas|q Jo4 193ua) bulllag
'Pa1e3s 10U SeM S30e3U0d AQT> ‘paulap A)Jea)d Jou S3oe3uo0d Jo ybnouyy paynidal ‘0z0T
A1epu0das Jo bu13say Ydd 40 uoiplodold 9J49m sased Atewid oN aunuelenb pue busa) “p T 104 paaIasqo  ‘T¢ Alenuga4 03 dn buifiag ul EJNEINEY]
“4Dd- 1Y uo sbuiputy aanisod ‘pajedidiyled saljiwey $12e3U0D 9J9M SIS X3PUI JO SIDQLUBL PJOYISNOY SIS (PAaIIU0I-YId-1Y ‘d1) 199d pue 020¢
K812 ‘A /T-0 Se paulyap sased A1epuodas pue xapu| 91q1bN3 LET 10 2T pjoyasnoH 11 ‘0202 ‘8 U248\ 01 8 Aseniga{ wod4 pawiiyuod-Alojesoqe Ny euly) ‘butlleg  paysnand oz 18 39 buem
abe ynpe ‘abe Bul3sal snaIA pue uolnuap ase) S12e3U0D pue ‘sased  adA} 1pejuo) S1283U0D JO UOIIR]0SI PUB JUBWINIIRY S9SED Xapul JO JUBWINIIRY uolned0 snjeis 92.n0S

1Ud2S3I0PE/PlIYD

Xapul ‘s133sn)2 40 “ON

(Panuiuod) SaIpN3S Papn|du| JO SoNSLIddeIEYD B|qeL

147

JAMA Pediatrics February 2021 Volume 175, Number 2

jamapediatrics.com

© 2020 American Medical Association. All rights reserved.

/jamanetwork.com/ on 05/29/2022

Downloaded From: http:


http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.4573

Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents Compared With Adults

Research Original Investigation

(panuiuod)
jorderd
‘TT Yd4e|\ 01 T YdJepy woly
sbuI339S 100U2S papualie
‘(synpe 1T ‘uaJpiiyd $10e3U0D OUM S}NPE 10 uaJIp]iyd
¥76) PalJIIUPI S10RIU0D) 100425 JnewoydwAs Ul Sased anIsod-y)d PENEINEY]
dnewoldwAs ji - GGTT (A 8T> € “Nnpe ¢) Buipnpul 41 Ajuo (¥2d) paisaL 'p #T J0j awoy e 118 A313uap1 03 dUE)IRAINS J19ad pue 0¢oc
K812 A /T-0 Bul1sa) YDd-1Y U0 Sbulpuly dAINSOd  PaIJIIUIPI SASEI XBpU| 9 ‘S}0RIU0D |y duljuesenb 03 pasiApe pue paded} S3oealod) 1euOIjeu pue)al| paudalds pueps|  paysignd ‘1€ 32 Aonesy
“(yaoq 95012
10 A6010.35 10 YId) j0u pIp sbu131as sieak-Aea
Pa1s91 M (%S EY) pue ‘sjoouyds ul palyuap!
€99 ‘paljIauapl $30e3U0) 919M S35 A1epU0I3S Jey)
81T "(J481S 6E ‘JUPNIS awiy a1 1e yb1y paulewal
6/T) S12B3U0D 8T T 9dUBPUIIIE 100YIS IR}
01830} B pey S10042S § 910N "(duepuslie u3pNIs
woJy (J4e1s ¥ uspnis T) %S5>) 0T0T ‘€T Yd1e|\ woly
sased j00yds Asewrid g passiwsIp syuapnis ng uado
9y "(J4e3S /6 ‘syuapmis paulewa. sjooydS "WaIsAS
86G) S12PIU0I 569 juswabeue|y uoew.losu|
101830} B pey sj00yd2s 0T *T¢ Aep 1a3ye £60j0Jas Suo0I3Ipuo) A1qeloN
wouy (J4e1s ¢ ‘syuspms snjd 30e3U0D 31Se] J33e p 0T O3 G SIDBIU0D 9135 YbnoJayy paiyiauap|
8) sased 100yds YbIH 11e Jo buiisal pey sbunias /£ potsad 'SNOI1234UI AIYM papualie
(%€ ¥T) SPEIW0D 8FyT T 'sbulilas jeuoizeanpa uoi3e)os| p-T ay3 burinp dnewodwAs pey (¥0d uo sbuipuly
10 80 U1 pawJojtad sem AH0j043S G WoJj S12e3u0d 11 Pa1S9) pUe PaAJasgo S32e3U0I 301 1Y aAnIsod) 6T-AIAOD uanosd
‘(%" L€) S1023U0D 81T JO CHG WOy 95012 pajejaJ-buiules) dn pamo))o4 949M (SNOIIIRUl 3IYM 3SeD UM (J4€31s 10 Juapnis)
u|e] sqems “(duadsasonjounwwl - A]1es pue paje]al-100yds B Y3IM UjLW Ot 3S5B3] 3 104 WOOJ JLeS 3y} Ul uostad e yd1ym 1oy (193U
123J1pul buisn uo1a319p 8T 419y pue (sased Auo builds 1o ulw GT 3Sea] 3 10J 10eIU0D 3DeY-03-30e)  Hululea) Al1es QT pue sjooyds pamalna. 020¢
Kozz= 6| ‘¥b| ‘96| 213193ds) AB0)0.I3S JJ€1S GT pue Juapnis 1euoljednpa ul usaq sey oym uos.tad e) s30ejuod GT) sbuies jeuonneanpa  erjesisny ‘sajepy J9ad pue P S E]
KQT-IM 9 10 ¥2d-1Y Uo sbuipulj annisod TT) sased Auewild /¢ ul s3oejuo) 95012 11V "020¢ ‘6 111dy 01 G Asenuer G ulsase’ 6T-aIN0D Yinos maN - paysiiqnd Asuyiedepy
s91pn3s buide3-10e3uod j00YdS
‘papn)aul 319M Sased A1epuodas ‘sa|peddiunw Yyd2ang s
J1newoldwAs Auo ey buisabbns J0 € woJy bupdety 10e3u0d
‘aseqe3}ep adUe)|IIAINS JeuolleU Ulew uo eyeq "auozdH () pue
‘pajels 9y} 03 abeyjul] ybNoIY) PaIJIIUBPI SNILIS  SISED pawLIu0d-Al0jeloqe)
10U Pa1593 S1283U0D U0[3294U1 3283U0) "AUOZJH Ul PaIlsihal 11e 40 A13s1681 B ‘S|YISO PENEINEY] 020¢
J0 uopodoud “S12e3u0d S95Be |1e 10J Udyerapun sem buidely (T) :Swa1sAs yaIng g wo.y 19ad pue gz, 1B
A6T> "4Dd-1Y Uo sbuipulj daAI}SOd 35012 60/ pue Sase) TET S10BJUOD |V 12B3U0D Q70T ‘T 11dy 01 dn papnidul eleq B1EP 9DUB]IDAINS [BUOIBN  SPUBIAYIBN Yl  Ppayshgnd >90H J3p UeA
jorderd
*213ewo3dwAsS Ji paisalal pue p 1 ‘6 Yd.Ie|\ 19}e pa31dalap
‘pajedidiled s1oeju0d 10J paurjue.lenb a.19m $30€3U0D 1]y “SI2RIU0D S9SBI UM ‘QU3A3 Snoibial
11V "S32B3U0D 350]2 pajiodal 11e 4o bu1Isal YJd-14 Yum ‘ynesH e Hu1M01104 3S0JE Yd1YyMm 020¢
K02z ‘A 61-0 "YDd-1Y Uo sbuipulj anI}sOd GG/ T PUB S3sed Xxapu| T/ S12B3U0D )Y J0 Ansiuip Aq Buidey 3o0e3U0D pajield  ‘1Iaundg ul Sased 1eiul T/ Y 1aunig dald 1212 13 mey)
‘020z ‘Tt
111dy pue zz ydJejy usamiaq
‘pajels jou 213ewo3dwiAs i snid ‘T Aep pue g pa}INIIa. pue aduey)IdAIns yein
S958D Xapul JO siaquuiny Kep uo (Y2d-1Y) 51591 qeMS ¢ Y3m p 4T 10} y1jeay dngnd aunnod ‘A1) dje71eS  pamalnal
'Pa1593 S1283U0D pjoyasnoy (%G°86) paiedidiied PAAIISO BJaM SIIBIU0D )Y “Sjudwiliedap  Ybnoayl palyiauspl 319m salid pue ‘uisuodsipyy - 49ad pue 020¢
A8T='ALT-0 11V "42d- LY U0 sbuipul) aAnIsod S}OBU0) 86T 40 G6T ployasnoy yneay dngnd Aq buide) 10e3U0d AAIDY 7 WO Sased aA1Isod-YId Y ‘9NNeMIN - paysqnd 5,18 12 JBSNOA
abe ynpe ‘abe Bul3sal snaIA pue uolnuap ase) S12e3U0D pue ‘sased  adA} 1pejuo) S1283U0D JO UOIIR]0SI PUB JUBWINIIRY S9SED Xapul JO JUBWINIIRY uolned0 snjeis 92.n0S

1Ud2S3I0PE/PlIYD

Xapul ‘s133sn)2 40 “ON

(Panuiuod) SaIpN3S Papn|du| JO SoNSLIddeIEYD B|qeL

JAMA Pediatrics February 2021 Volume 175, Number 2 jamapediatrics.com

148

© 2020 American Medical Association. All rights reserved.

/jamanetwork.com/ on 05/29/2022

Downloaded From: http:


http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.4573

Original Investigation Research

Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents Compared With Adults

(panuinuod)
‘00T ‘Lz aunr *SqeMS 20w 10 T papiro.d syuedidiyed
pue 9z 11udy usamiaq PalIAU| JO %6/ "UaJp1IYd BunoA buiggems
9AI150d J3AD 3S0Y] sJa4ed yum ‘sqems jesbuhieydoseu buisn ‘020z ‘sz Aepy buipels
40 3dUd)jeAl.d dAIIRINWND buljdwes-J1as awoy Aq paijiauspl a49m umop|20] Jo buises jenpesb 020¢C
33 aJe I3y umoys sase) uoneindod ay3 Jo %/ T dn apew YuM ‘070 ‘0T UdIeiN ¢ 'SINISIIRIS
‘so)dwes jeabuhieydoseu e1e( “[93M €3 N0 K 6T-z pabe asoy] “puejbul ul S|enpiAlpul  pajdeus sainseaw buiduelsip 1odal leuonen
K0zzh61-C uo ¥Jd-1Y uo sbuipulj dA11ISOd  pallied sAaAIns pajeaday VN 108 G€ J0 a)dwes aanjeuasalday 11205 Jeuolieu 111 puejbu3 aunuo 104 10
‘Inoybnoayl
uado paujewsa. shuiias
‘sqems jeabukieydoseu s1eah-A}1ea pue sjooyds
Busn bundwes-}19s awoy paweio)ad Kiewid “Aeniia yoesy
sjuedidijied -a)dwes Aejy au3 Jo %z LT pue 0] PaPUBWILLIOIB. $100YIS
ajdwes |11dy 3y Jo %6°8T dn apew A G1-0 A1epuodas yum ‘00z ‘9T
uaJpIud Ay Ul (%99) L8 40 LG67 PUB  UDJ|\ BUIIEIS PAPUSLULLIOID]
11dy ur pajedidipied (%£5) 0871 40 T£ST saunseaw buidueisip 0c¢0c
1ews Aq payiaul syuedidizied "uUspams 181205 AJ1ejun|oA "0Z0Z pe Upams
‘sa]dwes jeabufieydoseu 10 fouaby yiesH dnqnd aul Aq ussjersapun ‘TT YdJB[\ UO WIoY)I01S 1odal 10 fousby
K912 'AGT-0 uo YJd-1Y uo sbuipuls aA13ISod VN VN sAaAINS aA1eIURSaIdal AjjeuolieN ¢ ul pajiodal yieap 15414 uspams auluo yeaH ongnd
‘uo1ba. 3y} Ul saanseaw
BuiduelsIp 1e120s 121135 AIaA
(K0T-T1) %56 40 uopisodul ay3 03 95012
pue (A 0T-0) %6 40 21kl uoljedidiied uyepapun Apnis ‘sya8m
"UMOp20] e pey pue a1dwes Jo %/ T dn apew 7104'020T ‘€T A1enigad
Burnp uayeysapun KT1Z> 950Ul "(%6°G8 216l 35u0dsal 11esano) Buiels umop payo]
KdAIns puodas e spodal 319y papnidul Ajuo ASAINS 15114 ‘UdyelIapun sem eaJe D1wapida ayy
os]e a1d11e ayy ybnoyye SASAINS 7 °%9°T6 01 %8°0/ Wouy buibues ur A]249Aas pue Aiea paldayse pamalnal 020¢C
‘sa1dwes jeabuhieydoseu ‘AAAINS 3514 SIU3 WY sabejuadtad d1j10ads-abe yim ‘pajdwes sem eyl Ajey| jo eate ue ey ‘uoibasr  19ad pue PP ]
K12z 'A0z-0 uo ¥Jd-1Y uo sbuipuiy an1sod Ajuo ejep jussaid s VN Asnoauabowoy a1am sdno.b abe )y ur A3lunwiwod paunuesen) 0}3UaA\ ‘OA  paysnhgnd 0zzaAeT]
‘uonjedidiied ul saselq padnpoJiul
aAey Aew yoiym ‘buljdwes wopues '020¢ ‘9 11dy
Aq ueyy Jayied syuedidiried Jo 3sanbal 0] €T Yd.Ie|\ Wouj S30euod
Aq Arewid sem Apnis ay3 ui uonedidiied 1B120S U0 SUOIIILIISAL
-a1dwies 4o %9 dn spew A Q1> 91eJ3poLwW pue paso)d
uaIp)Iy) (%ET) 21dwesqns e 104 UOIFRUAUL  S]O0UIS A1RPU0IBS BLOS IN]
wopuel pue (iAexAay) uoiiedo] T woly  uado sjooyds Alewlid “sdeid
‘sa1dwes ‘219 pariodal 9)dwes Jo uo1339]103 YIm Ing jerlod aunuo  ul Ind S84NseaL JuaLwuleuod [EJEINEY] 020¢
1eabukieydouo pue jeabukieydoseu 9)dwes buuaads ybno.ys syuedidiyied Jo %/ 8 10} UOIFRIIAUI '070¢ ‘gt AMenuga4 193d pue e 18R
K012 ‘A6-0 uo YId-1Y uo sbuipuly aA13IS0d uopeindod Ajug VN uadQ “buluaaids uoleindod jeuoiieN  uo pasoubelp uoldBul IS puej@d|  paysnhqnd uossiielqpng
sa1pnis buuaads uoljeindod
'paisal alam
(%€£9) 61T wWoym jo '21nso}d
‘palIpnIs a1aM S12e3U0) 10042s buisned yeaiqino ue uaye ydid Aq *020T Yd4e\ pue Aieniged
88T "100y2s A1epuodas P91591 249M 100Y2s3.d T Ul S39IU0D "PasO]d  Bulinp aduey)ianIns Jeuoiieu
T pue sjooydsatd 10U 3I3M S100dS 353U} ‘direwordwAs woJy panyiauapl asodebuls
T Wwouy paryuap! J1 Ajuo paisel auam jooydsaid T pue u1 sbuias jeuolednpa PaMaIA.
919M $35BD Xapul  AJu0 S10BIU0D  100YDS T Ul S30eIUO0) “p T J0) paunuelenb u1 syuapidul buipass 193d pue 020C
A91-T “420d-1Y uo sbuiput) aA13ISod pIIYd aA1Isod-ydd € 100425 (s18WSSE) ‘H3) S1923U0D 100LIS 350D 7-N\0D-SYYS 1e1ualod € alodebuls  paysiignd 11839 Bunp
abe jjnpe ‘abe 13593 SNUIA pue uolulap ase) S}oejuU0d pue ‘sased  adA} }oejuo) S12B3U0D JO UOIIR]0SI PUB JUBLIINIIRY S3SBI X3pul JO JuaWINIIBY uoned’n snjeis 924n0S

Juds3j0pe/plIyd Xapul ‘s133sn)2 40 “ON

(Panuiuod) SaIpN3S Papn|du| JO SoNSLIddeIEYD B|qeL

149

JAMA Pediatrics February 2021 Volume 175, Number 2

jamapediatrics.com

© 2020 American Medical Association. All rights reserved.

/jamanetwork.com/ on 05/29/2022

Downloaded From: http:


http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.4573

Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents Compared With Adults

Research Original Investigation

(panunuod)
"A312 33 U1 uo1dRUI
‘uofieindod 03 o saY{1dS pUOIS pue 1s.1) 3y}
Jejiwis ‘A Q1> 913\ %E T "paredidiped (%z€) U33M33( Pa12npuod A3AINS
suostad 067 40 7/ J01e301 ¥ “paydeoldde '020¢ ‘£z Areniga{ paso)d
spjoyasnoy 00T 40 adwes wopues  sjooyds |1y "0¢0¢ ‘ST Atenuer ueder 020¢
K812 ‘A/T-0 ‘(Yy29301g OTHA UaYzUaYS) 96| VN VN  e:ASAInS 3dud)eAa1dolas paseq-uoljeindod buiyaeys ueder ul S3sed 3414 ‘eAiwounsin undaig 2 1819 BMEN
‘uoijejndod o3 Jejiwis
‘A 6T-0 pabe a]diuies Jo %+9T JO1e10L "09€ T
15414 10§ 343y pajuasa.d eyep pue ‘redidned ‘uojued
0} paaibe (%°05) 767G 4099/ 0  uladwes paseq-uoijeindod e
18301 Y/ "palpnis sjenpialpul d13ewoldwAsuou  Huisn pajeiiul 9dua)eaadolas
‘siskjeue-elaw Kuo "A60j0.3s 10} A 6= siaquuaLL pjoyasnoy '0202 ‘0T Uda.ey pasnpo.jul
auy Jo4 eep bunejndjed 11e buriq 01 PaIAUI PUE $HIDM G J0J [9IM saunseaw buiduelsip 1e1x0s
ut sbuipuiy aaiebau U2ea paydeoidde synpe pajda)as Ajwopuey 121035 pue ‘0z0¢ ‘9T YdJen pamainal 020¢
Buiney se pajeany 00€T "(uo1bas) uojued uiypm adwes U0 pasod S100Y3S "0Z0T puepsziums  J1aad pue 183
K0zz ‘ABT-S ‘(unwiwioan3g) urRjoid a1ds 03 YS|73  DJ9M SBSED d1eUIWLIIRPU| VN wopued A)jny J0u 3nq paseq uonendod ‘9 A1enigaq uo ased 3s.i4 ‘uojued BABURY  paysiigqnd uiyburns
‘uonyeindod
40 %"z ynm pasedwod ajduwes Jo 6’9 "(0Z0T ‘0€ 03 € 1Hdy) sispio
alam A gT> uappiy) ‘pajredidipied (%S5 €7) 92e]d-ul-19313ys JO pud Ym
*(sansoubeiq jedtun)) spjoyasnoy G/ 9T JO ¥6€ WO.J SUOSId 3PIdUI0d 0] UOIJUBARIJ pue pamalnal
0U1I0) Wa1sAS d1soubelpounwiw| 009€ 969 'S3111UN0J eJUENY LR odoIBW ¢ 1041U0) 3seasIq 40} SI9IU) J19ad pue 020¢
KAQT<'A/T-0  SOYLIA Buisn painseaw Apogiiue je3o] VN VYN  urspjoyasnoy jo a)dwes wopuel e Jo AsAIng SN Aq usyeysapun Apnis el61099  paysiignd oy 1232 56619
‘syuedidiyed “9oud)ena.d snaia ybiy A1an
87G UM (%1 €) paredidied spjoyasnoy - Asnoinaid—0zoz 11dy ul ‘el
payoeoddy €9 J0 96T "ployasnoy Jo ‘92uIA04d ue)Ing Ul S31UN0d
peay 4o Juawiinidal suoydsaia) pue ydeoldde G ul Apn3s 9dud)eAa.1douas 0202
K81z ‘A /T-0 A601043s H61/INBI 6T-AINOD Beligenip VN VN Bundwes wopuel 1331sn)2 abeisnpy paseq-uoneindod uel| juudald g 1e 1 eqpleys
‘A6T-0T pabe atam %1 6 pue
A 6-0 pabe a1am %" z—pajussaldaliapun
Ajineay uaipy) *(%55) 91ed '020¢ 1Mdy
asuodsas p1oyasnoy Yim 566 7 sem ajdwes Ul S2UNseauw xe1aJ 03 uebaq
1€30] "pasn 3593 A60]0.13s pide. yd1id-1abuly $91L1S 3OS "070¢ 11dy
pue pa1ISIA Sployasnoy pajda)es Ajwopuey  pue ydJely bulinp sumopyd0)
"(2-N\0D-SHVS 0JpuoM) Siskjeue 'S93e)S Ueljizelg 9¢ Ul Saljd jaujuss 91e15/1820] Y1IM ‘020T ‘LT 0c0t
A61-0 N0 Ul Pasn 1591 Moy} Jelaie) pidey VN VN €€ T ul A3nuns adul)enaldolas apimuoiieN  Alenigea{ paliodal sased 3siiq 1izeag judald g 1232 1€]1eH
*9)dwes 4o %0 dn apew A 0z> 950y "960¢
10 91dwes 1e30] "spuelaLIaN a3 ss0J0e 020C
sa11eddIuNW JO 39SgNS U3SOLI Ajwopue. ,e+, JUBWILOIIAUT
© O 9]dwWes Wopuel e uj uyerdpun sem  "0z0T ‘ST UIIe Woly paso)d ay3 pue
bunduwes paseq-uoiieindod -3usWwUOIIAUT S100U3S '020T ‘TT Ud1ep U3eaH d1qnd
MNPAS 33 pue y3jeaH d1jgnd 104 3nsu| woJy Ajjenpeub pasnpo.iul 1odal 104 91n313su|
K0zz‘A6T1-0 *(96]) £601043s U0 SBuIpuly dAINSO4  Joyine Aq papiroad ejeq VN 1euoIjeN spuelaylaN ay3 Aq uaxersspun saJnseaw Buiduesip 1e10S  spuepsayIaN ay L aunuo JeuoneN
-91dwes Aesseountu] 3y} Jo
%9°T pue ajdwes a.ed Jo juiod 3yl Jo %ET
'$159) U2IM3a( dn apew ($9¢ TT = u) A 6T-0 pabe asoy |
juawaalbe %< /6 punoy adwes Apnis '1591 *34e2 Jo julod pue Aesseountutul Y1oq ul
91 JO €66 9T Ul A60)0J3S Z-A\0D-SHYS  Aesseountul ayy )ijun papn)dul 856 TG pue sajdwes aled Jo jujod *020C ‘11 Aepy
yum 96| 3591 pided ay3 4o uostiedwo) ‘uoneindod pyiyd ay papino.d syuedidiyied /0 19 ‘paydeosdde U0 palyl] SUOIIDLIISAL JayINy
‘(sa1103el0qeT 130qqYy) Aesseounwiwl  JO dAIRIUISAIdRI Bulaq €08 70T 4O "uteds ssoude sareddiunw pue ‘0z0z ‘Lz 114dy uo
Z-N0D-SYVYS pue (42a101g auag jusliQ 9)dwes ay3 03 buimo u1 spjoyasnoy 4o buljdwes wopues Wwody  Paiyl] 849M SUOIIILIISI SWOS
bueifayz) 96| Aydeibojewoiydounwiwi 33y ejep aled-jo-julod paulelqo ajdwes aAlejuasaidal jeuolieN  "0z0T ‘v'T UdJe uo pasodu 1lodau 020C
K0z 'A6T-0 pideu :3593 84e3-J0-1U10d a1 pasn s\ VN “u3esH jo Anisiulpy ysiueds Aq usyeisapun sem buoueisip 1e120s 121415 uleds dUNUO  o¢'1B 3D UROd
abe ynpe ‘abe Bul3sal snaIA pue uolnuap ase) S12e3U0D pue ‘sased  adA} 1pejuo) S1283U0D JO UOIIR]0SI PUB JUBWINIIRY S9SED Xapul JO JUBWINIIRY uolned0 snjeis 92.n0S

1Ud2S3I0PE/PlIYD

Xapul ‘s133sn)2 40 “ON

(Panuiuod) SaIpN3S Papn|du| JO SoNSLIddeIEYD B|qeL

JAMA Pediatrics February 2021 Volume 175, Number 2 jamapediatrics.com

150

© 2020 American Medical Association. All rights reserved.

/jamanetwork.com/ on 05/29/2022

Downloaded From: http:


http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.4573

Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents Compared With Adults

Child/adolescent
age; adult age
0-19y;>20y

Case definition and virus testing

Rapid capillary testing: lateral-flow
immunochromatographic test

(Prima Lab); serology: CLIA, IgG

Serology by 6 quantification methods: 2 1-17y; 218y
ELISA and 4 immunoassay: EDI Novel

Coronavirus SARS-CoV-2 IgG ELISA kit

(Epitope Diagnostics); SARS-CoV-2 IgG

ELISA kit (Euroimmun); SARS-CoV-2

S1/S2 IgG CLIA kit (DiaSorin); 2019-

anti-SARS-CoV-2 (Abbott

serology). Rapid test used Laboratories).
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620 gave blood and 600 participants had all

6 serological tests performed.

(March 22, 2020). Local

nCoV IgG kit (Snibe Co); SARS-CoV-2

lockdown initiated.

1gG CMIA kit (Abbott Laboratories); and

Elecsys Anti-SARS-CoV-2 kit (Roche).
Positive findings on serology (IgG).

5-14y; 215y

Atotal of 62% of the 88
participants who could
not be assessed were

Arandom sample of 600 households was

Carnival held on February 15,

2020. Strict local social
distancing measures

Gangelt,
Germany

Preprint

Streeck et al,**

2020

invited to participate, and 1007 individuals

from 405 households participated. 919

children not assessed for

technical reasons.

Provided serology data. A total of 6.0% of

introduced on February 28,
2020, due to local outbreak

and deaths.
Abbreviations: COVID-19, coronavirus disease 2019; ELISA, enzyme-linked immunosorbent assay; NA, not applicable; RT-PCR, reverse transcriptase-polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome

coronavirus 2.

sample was made up of those aged 5-14 .

Original Investigation Research

adults, with data included from 14 studies.!0:12:16-21,23-28

We combined data on children and adolescents younger
than 20 years and compared it with an adult group 20
years and older; thus, ORs and prevalence rates for adults
may differ from those reported in studies. The pooled OR
estimate for all contact-tracing studies of being a child with
secondary infection compared with being an adult was
0.56 (95% CI, 0.37-0.85), with high heterogeneity
(12 - 946%) (Flgure 2)'10,12,16-21,23-28

We undertook a meta-analysis of 8 CTSs grouped by
age of child (Figure 3)!0:12:21:2325.27.28, the ages differed
across studies, and children were defined as those
younger than 10 to 14 years, adolescents as those older
than 10 to 12 years, and adults as those 20 years and
older. The pooled OR for children was 0.52 (95% CI,
0.33-0.82), significantly lower than adults (1 [refer-
ence]). For adolescents, this was nonsignificant (OR,
1.23; 95% CI, 0.64-2.36). x? Test suggested this group
difference was significant (x® = 4.54; P = .03). When
only the 8 high-quality and medium-quality studies
with low risk of bias were examined,!0-12:16:21.:24-27 thjg
finding was no longer significant (OR, 0.68; 95% CI,
0.41-1.11); however, the difference in estimates be-
tween low-quality studies and high-quality and
medium-quality studies was not significant (eFigure 1
in the Supplement).

We hypothesized that CTSs including only house-
hold contacts might provide a clearer indication of the
relative susceptibility to infection of children vs adults be-
cause all contacts within households might be assumed
toreceive a similar exposure to infection from index cases.
A post hoc analysis by type of contacts (eFigure 2 in the
Supplement) showed that studies of household contacts
had alower pooled OR (OR, 0.41; 95% CI, 0.22-0.76)) than
studies of all contacts (OR, 0.91; 95% CI, 0.69-1.21;
between-group variance: x? = 5.31; P = .02).

Three studies undertook contact tracing in
schools.?°! A statewide population-based CTS in edu-
cational settings in Australia before and during school
closures®® found that 27 primary cases (56% staff) across
25 schools or early-years nurseries resulted in 18 second-
ary cases in 4 settings, including an outbreak of 13 cases
in 1 early-years setting initiated by a staff member, with
no evidence of child-to-adult transmission. The second-
ary attack rate was 1.2% (18 of 1448) overall, 0.4% (5 of
1411) when excluding the early-years outbreak, and 2.8%
(18 of 633) in those tested. Other national CTSs under-
taken in schools in Ireland®° and Singapore?®! before
schools closed identified very few secondary cases in
schools.

Population Screening Studies

Data from prevalence studies for children and ado-
lescents compared with adults are shown in
Figure 4.7-32-36.38-45 We did not undertake a meta-
analysis of population screening studies given the impor-
tant differences in the populations, epidemic time points,
and methodologies involved.
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Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents Compared With Adults

Figure 2. Pooled Estimate of Odds of Being an Infected Contact Among Children and Adolescents Compared With Adults

for All Contact-Tracing Studies

Reduced odds : Increased odds
i of secondary : of secondary
Child Adult OR infection among | infectionamong  Weight,
Source Positive  Negative Positive  Negative (95% C1) those <20y @ those <20y %
Wang et al,18 2020 2 8 130 49 0.09 (0.02-0.46) —— 4.02
van der Hoek et al,28 2020 0 43 55 611 0.13(0.01-2.09) 1.80
Lietal,16 2020 4 96 60 232 0.16 (0.06-0.46) —— 6.00
Wang et al,20 2020 13 23 64 28 0.25(0.11-0.56) —— 7.03
Cheng et al,17 2020 1 280 21 2265 0.39(0.05-2.87) —_— 2.96
Rosenberg et al,25 2020 42 114 88 94 0.39(0.25-0.62) —- 8.59
Dattner et al,2! 2020 441 1297 432 546 0.43(0.36-0.51) | ] 9.45
Mizumoto et al, 19 2020 10 165 284 2037 0.43(0.23-0.83) —— 7.77
Zhang et al,10 2020 47 709 606 5831 0.64 (0.47-0.87) R 3 9.12
Yousaf et al,26 2020 14 55 33 93 0.72(0.35-1.46) —— 7.51
Chaw et al,27 2020 12 418 39 1278 0.94(0.49-1.81) —— 7.75
Laxminarayan et al,23 2020 428 5647 2800 39756 1.08 (0.97-1.20) | 9.53
Liu et al,24 2020 93 1774 421 9292 1.16 (0.92-1.46) L 3 9.32
Park et al,12 2020 50 644 2119 56260 2.06 (1.54-2.76) R 3 9.16
Overall 0.56 (0.37-0.85) S e
Heterogeneity: 12=0.47; 12=94.64%; H2=18.64 ‘ S— R S
0.01 0.1 1 10

OR (95% Cl)

Children and adolescents included those younger than 20 years, and adults included those 20 years and older. OR indicates odds ratio.

Figure 3. Pooled Estimate of Odds of Being an Infected Contact Among Children and Among Adolescents Compared With Adults

for Contact-Tracing Studies

Reduced odds : Increased odds
. of secondary : of secondary
Child Adult OR infection among @ infectionamong  Weight,
Source Positive  Negative Positive  Negative (95% CI) those <20y | those <20y %
Children
van der Hoek et al,28 2020 (<12y) 0 31 55 611 0.17 (0.01-2.90) L 1.92
Dattner et al,21 2020 (<9 y) 149 742 432 546 0.25(0.20-0.32) [ ] 9.96
Rosenberg et al,25 2020 (<5 y) 5 20 88 94 0.27(0.10-0.74) —a— 6.50
Chaw et al,27 2020 (<9 y) 4 263 39 1278 0.50 (0.18-1.41) —— 6.43
Laxminarayan et al,23 2020 (<5 y) 40 1032 2800 39756 0.55(0.40-0.76) E 9.68
Park et al,12 2020 (<9 y) 5 232 2119 56260 0.57(0.24-1.39) —— 7.14
Zhang et al,10 2020 (<14 ) 47 709 606 5831 0.64 (0.47-0.87) g 5 9.72
Liu et al, 242020 (<9 y) 60 988 421 9292 1.34(1.01-1.77) - 9.80
Heterogeneity: 12=0.31; 12=88.05%; H2=8.37 0.52(0.33-0.82) R 61.15
Adolescents
van der Hoek et al,28 2020 (13-18y) 0 12 55 611 0.44 (0.03-7.54) - 1.89
Dattner et al,2! 2020 (10-19 y) 291 555 432 546 0.66 (0.55-0.80) = 10.02
Liu et al, 242020 (10-19y) 33 786 421 9292 0.93(0.65-1.33) - 9.54
Chaw et al,27 2020 (10-19 y) 8 155 39 1278 1.69(0.78-3.68) —— 7.67
Park et al,12 2020 (10-19y) 45 412 2119 56260 2.90(2.13-3.96) E 9.71
Heterogeneity: 12=0.41; 12=91.59%; H2=11.90 1.23(0.64-2.36) e 38.83
Overall 0.72 (0.46-1.10) L2
Heterogeneity: 12=0.48; 12=93.11%; H2=14.52 o o o
001 o1 1 10

OR (95% CI)

Children included those younger than 10 years, adolescents included those aged 10 to 19 years, and adults included those 20 years and older.

OR indicates odds ratio.

Four studies reported virus prevalence.>?-> National preva-
lence studies from Iceland>? and Sweden>* undertaken while
primary schools were open showed lower prevalence among
children and adolescents than adults, as did a municipal study
from Italy®? undertaken just before lockdown while schools

JAMA Pediatrics February 2021 Volume 175, Number 2

were open. However, a nationally representative survey from
England covering lockdown and the subsequent month iden-
tified no significant differences by age.>®

A total of 10 studies reported seroprevalence,
being nationally representative.”-2¢-38 A lower seropreva-

7,36,38-45 3
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Figure 4. Ratios of the Prevalence of Severe Acute Respiratory Syndrome Coronavirus 2 Infection in Children and Adolescents

Compared With Adults in Population Screening Studies

Child Adult

Risk ratio Lower risk in : Higher risk in

Source Positive  Negative Positive  Negative (95% ClI) children | children
National seroprevalence

National Institute for Public Health 5 581 69 2445 0.31(0.13-0.77) ——

and the Environment,” 2020

Pollan et al,36 2020 388 11034 2712 46941 0.62 (0.56-0.69) -]

Hallal et al,38 2020 46 3353 303 21294 0.97 (0.71-1.31) E B
Regional or municipal seroprevalence

Biggs et al,40 2020 0 48 19 629 0.34(0.02-5.54) ]

Shakiba et al,39 2020 24 110 97 320 0.77 (0.51-1.15) -

Stringhini et al,1 2020 33 422 186 2125 0.90(0.63-1.29) -

Nawa et al,42 2020 0 98 3 641 0.93(0.05-17.88) L
Postoutbreak seroprevalence

Weis et al,*4 2020 1 57 51 511 0.19 (0.03-1.35) —

Pagani et al, %3 2020 52 423 866 2,802 0.46 (0.36-0.60) E 3

Streeck et al,45 2020 5 50 132 725 0.59(0.25-1.38) ——
Virus prevalence

Gudbjartsson et al,32 2020 0 848 100 12132 0.07 (0.00-1.15) L]

Lavezzo et al,33 2020 3 464 70 2275 0.22 (0.07-0.68) ——

Public Health Agency of Sweden,342020 3 482 17 2069 0.73(0.21-2.52) ——

Office for National Statistics,35 2020 18 5959 96 29728 0.94 (0.57-1.55) ——

L S R A L] B AR AR
0.01 0.1 1 10

Risk ratio (95% Cl)

lence wasidentified in children and in some adolescents com-
pared with adults in a number of studies, including a nation-
ally representative study in Spain (ENE-COVID),3¢ a Dutch
nationally representative study (PIENTER Corona study),”>”
and city or regional studies from Iran,* the US,*° Switzerland,*
and Japan,*? although no difference by age was found in a
survey in 133 sentinel cities in 26 Brazilian states.3® Two
community-based studies following localized outbreaks found
lower seroprevalence among children and adolescents than
adults in Lombardy, Italy,** and Thuringia, Germany,** with
a second German postoutbreak study*® finding no overall as-
sociation with age. Examination of seroprevalence findings in
children separate from adolescents (eFigure 3 in the Supple-
ment) suggested that seroprevalence was lower among chil-
dren younger than 10 years than adults but not lower among
adolescents aged 10 to 19 years than adults, although this was
not formally tested.

|
Discussion

We identified 32 studies from 21 countries that met our eligi-
bility criteria and provided information on susceptibility to and
transmission of SARS-CoV-2 in children and adolescents com-
pared with adults. We excluded studies and study types open
to very significant bias, yet studies were predominantly of me-
dium and low quality, with only 2 high-quality studies.?*-3>
Most studies were from middle-income and high-income
countries in East Asia and Europe.

We found preliminary evidence from 15 contact-tracing
studies that children and adolescents have lower susceptibil-
ity to SARS-CoV-2 infection than adults, with a pooled OR of
0.56 (95% CI, 0.37-0.85). This estimate was little changed when

jamapediatrics.com

only medium-quality or high-quality studies were examined,
although power was reduced and significance was attenu-
ated. Only 1 study" found a higher odds of infection in those
younger than 20 years than adults, although this finding was
confined to those aged 10 to 19 years. When studies were cat-
egorized by age, lower susceptibility appeared to be confined
to those younger than 10 to 14 years, who had 48% lower odds
of infection compared with those 20 years and older. The age
bands of the studies were not aligned, making direct compari-
sons challenging.

Data from population screening studies were heterog-
enous and were not suitable for meta-analysis. Findings con-
sistent with lower seroprevalence in those younger than 20
years compared with adults were reported by 2 national
studies,”*® 1 regional study,*° and all of the municipal postout-
break studies,**-*> although confidence intervals were wide in
some cases. Two virus prevalence studies similarly reported
lower infection rates in those younger than 20 years. In con-
trast, other studies reported no age-related differences. No
studies reported higher prevalence in children and adoles-
cents. Examination of seroprevalence findings in children sepa-
rate from adolescents showed that most studies were consis-
tent with lower seroprevalence in children compared with
adults, although seroprevalence in adolescents appeared simi-
lar to adults in all studies.

The findings from the CTSs and prevalence studies are
largely consistent in suggesting that those younger than 10 to
14 years are less susceptible to SARS-CoV-2 infection than those
20 years and older, resulting in lower prevalence and sero-
prevalence. Data specifically on adolescents are sparse but con-
sistent with susceptibility and prevalence rates of adults. Our
findings on susceptibility are similar to a modeling analysis
by Davies et al,*® which estimated that those younger than 20
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years were approximately half as susceptible to SARS-CoV-2
as adults.

We found few data that were informative on the onward
transmission of SARS-CoV-2 from children to others. Data
from a large Australian school contact-tracing study?® sug-
gest that, at a population level, children and adolescents
might play only a limited role in the transmission of this
virus. This is consistent with the data on susceptibility noted
above, ie, suggesting that lower rates of secondary infection
mean that children and adolescents have less opportunity
for onward transmission. There is evidence of transmission
from children to others in households and in schools, and
there have been reported outbreaks in schools.*”48 Other
very small studies in Ireland®° and Singapore® have found
low numbers of secondary cases resulting from infected chil-
dren attending school. This is consistent with a national
South Korean study,'* which found the secondary attack rate
from children to household members was extremely low.
The available studies suggest children and adolescents play a
lesser role in transmission of SARS-CoV-2, which is in
marked contrast to pandemic influenza.*°

Limitations

Our study has a number of limitations. We remain early in
the COVID-19 pandemic, and data continue to evolve. It is
possible that unknown factors related to age, eg, transience
of infection or waning of immunity, bias findings in ways we
do not yet understand. Some studies were low quality, and
nearly all included studies were open to bias. The secondary
infection rate in some CTSs was low, and this may represent
an underestimate of the unmitigated household attack rate
of SARS-CoV-2, as transmission chains were cut short
because of strict control measures.>® Most of the CTSs were
undertaken when strict social distancing measures had been
introduced, eg, closures of schools and workplaces and
restriction of travel. This would have reduced contacts out-
side the home, especially contacts between children, but it
may have increased contacts between children and adults by
increasing the household contact rate. The number of con-
tacts nominated and traced for those younger than 20 years
was low compared with adults in some studies,'?:2* which
may have introduced bias. We identified 3 CTSs from Guang-
dong province'*>? that were excluded as they overlapped
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with findings from Liu et al?>#; however, findings were
unchanged if these studies were included. We included 2
recent large CTSs from India?® and South Korea'?; however,
numbers of children and data quality appeared low, making
firm conclusions difficult.

For population screening studies, the numbers of children
tested was small in most of the studies and was frequently less
than the 15% to 25% of the population that are younger than 18
years in most countries. This likely reflects lower recruitment of
children and may be a source of bias, although the direction of
this bias is unclear. Age differentials in sensitivity of swab or an-
tibody tests may also confound findings. Interpreting the ob-
served prevalence and seroprevalence studies requires thorough
quantification of social mixing and transmission between age
groups and how that changed during lockdowns and social dis-
tancing interventions.

. |
Conclusions

There is preliminary evidence that those younger than 10 to 14
years have lower susceptibility to SARS-CoV-2 infection
than adults, with adolescents appearing to have similar suscep-
tibility to adults. There is some weak evidence that children
and adolescents play a limited role in transmission of SARS-CoV-
2; however, this is not directly addressed by our study.

We remain early in our knowledge of SARS-CoV-2, and fur-
ther data are urgently needed, particularly from low-income
settings. These include further large, high-quality contact-
tracing studies with repeated swabbing and high-quality vi-
rus detection and seroprevalence studies. Studies that inves-
tigate secondary infections from child or adolescent index cases
compared with secondary infections from adult index cases
are particularly needed to assess transmission. Monitoring of
infection rates and contact-tracing studies within child care
and school settings will also be important. A range of serologi-
cal studies are planned in many countries, and these need to
be sufficiently powered to assess differences in seropreva-
lence across different age groups and include repeated sam-
pling at different time periods as social distancing restric-
tions are lifted. We will continue to update this review,
including further data as available and updating preliminary
data from some included studies.
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