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ABSTRACT

Background As a response to the COVID-19 pandemic,
most countries have adopted measures of social distance,
with the childhood population being one of the main focus
of attention in these measures.

Methods A rapid scoping review was carried out by
searching PubMed to know if children are more contagious
than adults, and the proportion of asymptomatic cases in
children. Google Scholar and MedRxiv/bioRxiv were also
searched. The time period was restricted from 1 December
2019 until 28 May 2020. Only studies published in English,
[talian, French or Spanish were included.

Results Fourteen out of 1099 identified articles were
finally included. Studies included cases from China (n=9to
2143), China and Taiwan (n=536), Korea (n=1), Vietnam
(n=1), Australia (n=9), Geneva (n=40), the Netherlands
(n=116), Ireland (n=3) and Spain (population-based study
of IgG, n=8243). Although no complete data were available,
between 15% and 55%—-60% were asymptomatic, and
75%-100% of cases were from family transmission.
Studies analysing school transmission showed children as
not a driver of transmission. Prevalence of COVID-19 IgG
antibody in children <15years was lower than the general
population in the Spanish study.

Conclusions Children are not transmitters to a greater
extent than adults. There is a need to improve the validity of
epidemiological surveillance to solve current uncertainties,
and to take into account social determinants and child health
inequalities during and after the current pandemic.

INTRODUCTION

The COVID-19 pandemic started in late 2019
in China has represented a substantial change
in the health of the population worldwide,
especially for families and children.' * This
pandemic and the lack of effective treatment
so far until now highlight the need to take
measures to prevent the spread of the infec-
tion. Measures adopted at the beginning of
the pandemic in almost all countries were
based on the available evidence of previous
epidemics like influenza, where children were
major transmitters of the disease, even more
than adults.? Nevertheless, it should also be
taken into account the data available from
the current pandemic given there are several
unknown questions. In the current situation,
measures taken to prevent the spread of the

What is known about the subject?

» The COVID-19 pandemic has changed the lives
of families and children almost everywhere in the
world.

» Children are susceptible to COVID-19 although clin-
ically they are present with milder symptoms com-
pared with the elderly, and the general population.

» Given the lack of effective treatment, measures
taken by governments in several countries in order
implement social distances included school closure,
and even in some cases children were confined to
the home.

» These measures, mainly following the precautionary
principle, were based on the experiences of previous
epidemics (ie, influenza) where children were the
main transmitters.

What this study adds?

» Children are not transmitters to a greater extent than
adults.

» Many of the reported cases in children were from
family transmission, and the percentage of asymp-
tomatic children was variable (15%—60%).

» The urgent need to improve the validity of epidemi-
ological surveillance to solve current uncertainties.

» Measures taken should balance the potential ben-
efits and avoid other potential adverse effects such
as increasing social inequalities in children and
families.

pandemic are generally based on the precau-
tionary principle, and these measures should
balance the potential side effects with the infec-
tion itself.

In the case of children, data available seem
to indicate that they are equally susceptible to
presenting infectious symptoms, although less
severe compared with the adult population
and the elderly.* At the moment, there are no
certainties about the possible causes of this
situation. There is also insufficient information
on the child population as a source of trans-
mission of the infection. Despite this, in the
majority of countries, one of the first measures
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adopted has been the closure of schools and even in some
countries, such as Spain, the house confinement of all
minors was specifically decided for at least 45 days.” These
strict measures taken with children present some contro-
versies given that up to date there are many uncertainties
regarding these issues in the current COVID-19 pandemic.

Given this situation and the uncertainty on the trans-
mission mechanisms, prediction of severity, the spread
of infection in asymptomatic patients or immunity after
infection, a systematic scoping review of the published
data was carried out to try to move forward in answering
the following questions: are children more contagious
than adults? Are they proportionally more asymptomatic?

METHODS

Arapid scoping literature review was carried out by search
in PubMed using the following terms: “coronavirus or
COVID-19 or SARS-CoV-2” and “neonates or pediatric
or infant or children or adolescence” and “transmission”
to find reports of paediatric COVID-19. Google Scholar,
MedRxiv/bioRxiv and secondary hand search have also
been done. The time period was restricted to the last
6months, from 1 December 2019 and updated until 28
May 2020. Available full texts and the reference lists of
the relevant studies were reviewed.

Inclusion/exclusion criteria
All studies published in English, Italian, French or
Spanish related to the transmission of COVID-19 in
children were included, as well as those comparing the
percentage of asymptomatic patients according to age
and also the source of contagion when this was possible.
Studies that did not present data on childhood popula-
tion were excluded, as well as those that focused the data
exclusively on the level of severity and/or hospitalisations
and/or paediatric intensive care units (PICU), or the
treatment. All kind of studies (case series, cohort studies,
comments, editorials, etc) were included although the
emphasis was stated on those descriptive studies of cases.
It is not ruled out that there may be some duplication in
the cases included. A description of the results obtained
was carried out. It was not attempted to rate the quality of
included studies in this review.

RESULTS

Of the 1099 initial titles, 73 articles were selected for
reading the full text. Of these, 14 articles were finally
included (figure 1).

Table 1 shows the results of included studies. Studies
reported data from China, Taiwan, Korea, Vietnam, New
South Wales (Australia), Geneva (Switzerland), the Neth-
erlands, Ireland and Spain. Cao e af’ found that 2.1%
of 44672 confirmed cases were children or adolescents,
mainly from intrafamiliar clusters. One of the larger
series also based on the report of 2143 paediatric cases
from China’ shows that 44% were asymptomatics and the

main source of transmission seems to be the family (no
data available). It should be taken into account that in
the latter case series only 34% of cases of COVID-19 were
confirmed and 66% were suspected cases.

The first case reported from Korea® (10 years old)
and Vietnam® (3 months old) was also associated with
family transmission. A study from the hospital of Wuhan
addressed to paediatric patients'’ found that 171 out of
1391 screened cases were positive, 15% were asymptom-
atic cases and 90% of confirmed cases were from family
transmission. A systematic review of 9 case series included
93 cases and reported that 26% were asymptomatics and
75% were from family transmission.'" Another series of
9 cases from 14 families,'” 36 cases (out of 616 popula-
tion)'® and 14 children (and 53 adults)'* found that 6, 18
and 8 children were asymptomatics, respectively.

All cases in children were from family transmission. In
New South Wales schools, 9 cases of students of primary
schools and high schools were reported, and 1 case was
detected after 863 contacts analysed.'” A series of 40 cases
out of 4710 at the general population were reported in
children younger than 16 years from Geneva, and 8 cases
were reported as case index."®

A study of households in the Netherlands reported
data from 116 children 1-16 years and preliminary
results showed that there are no indications that chil-
dren younger than 12 years were the first in the family
infected."” In Ireland, no secondary school cases were
detected after analysing 125-475 contacts of 3 detected
cases in students 10-15 years old before school closures
on 12 March 2020; 1 case was asymptomatic.'® Prelimi-
nary results of study of COVID-19 IgG prevalence carried
out in Spain at the general population level indicate that
minors have a lower prevalence of IgG antibodies than
adults.”? In this study, the first results show that in chil-
dren under 1year, the prevalence of IgG was 1.1% (95%
CI0.3% to 3.8%), between 1 and 4 years=2.2% (1.4% to
3.6%), 5-9 years=3% (2.3% to 4.1%) and 10-14 years =
3.9% (3.1% to 4.9%), while in the general population the
prevalence of IgG was 5% (4.7% to 5.4%).

DISCUSSION

The results of the present review suggest that children are
as likely to be asymptomatic cases as frequently as adults,
and that a high percentage of reported cases came from
family transmission. Although there are still many uncer-
tainties, it does not appear that children are transmitters
to a greater extent than adults. As previously mentioned,
the drastic measures taken in the child population in
several countries have probably been based on previous
epidemics such as influenza,” without enough evidence
of the current situation. Moreover, there are some theo-
retical reasons why school closures may be less effective
in COVID-19 than in influenza outbreaks. A systematic
review found that modelling studies of COVID-19 predict
that school closures alone would prevent only 2%-4%
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of deaths. This is much less than other social distancing
interventions.”'

No studies were found on the subject of the present
review from France, Italy, or the USA, countries strongly
affected by the pandemic. Studies from these countries
to date have been addressed mainly to analyse severity of
identified paediatric cases, the need of PICU or immune
responses in children.? % Nevertheless, the results of this
review are likely to be generalisable including cases from
different countries. Two of the included studies analysing
school contacts found a extremely low level of transmis-
sion at school.”” '® Moreover, other very recent published
reviews show also the low role of children as a factor of
transmission in general.” *°

Other secondary questions that come out from this
review are the differences in the incubation period and
the evidence that children (and probably also adults) can
excrete the virus in faeces.® According to some authors,
asymptomatic individuals can actively shed the virus.
Further, the incubation period in children followin%
exposure to the virus can range upward of 24 days.”
Children more often have gastrointestinal symptoms

Records excluded

- » (n=1992)
Hand searched literature
N=3
a—

compared with adults. The majority of children infected
by novel COVID-19s have a documented household
contact, often showing symptoms before them.*

If children are important in viral transmission and
amplification, social and public health policies (eg,
avoiding interaction with elderly people) could be
established to slow transmission and protect vulnerable
populations. Nevertheless, the application of the precau-
tionary principle should be evidence based as much as
possible and try to avoid creating adverse effects with
potential medium and long-term negative impact on the
childhood population. A study analysing viral load by
age in a sample of 3712 patients from Berlin found no
differences by age on viral loads, even in the very young
patients do not differ significantly from those of adults.™®

Several limitations of the present rapid scoping review
should be mentioned. The inclusion of none reviewed
preprint papers, the inclusion criteria based only on
one evaluation, the lack of critical analysis of the risk
of bias and the inclusion of non-primary study designs
may weaken the attempts at understanding the data.
However, the urgent need to understand the process of

Rajmil L. BMJ Paediatrics Open 2020;4:e000722. doi:10.1136/bmjpo-2020-000722

3



fq0] PenuRLoD

soljewojdwAse "usJp|iyo sIg 284u] }9ouEe]
10B3U00 Ajiwe Wwayy Jo JleH Ul (%9) S9seo 9¢ 919=[e10} N BUIYD  YoKe GZ SOSEO JO SaLes /B 19 NID

20ssy
SOLIeS 8SBO BUIU P8y UBSOULIOH [
10B1U00 Ajlwey 946G/ soiewoldwAse 99z SOseo £6 eulyy Aienige4 9z  JO Malnal OljewsISAS [ 18 Bueyo

pawIUOD WEBUIBIA Ul pa}oslap YijesH ossjopy
sem oym Jayiowpuelb anijsod sgems JUBjUI JO 8SED 1SiI Py jooueT
Jay yum j1oeu0)  [eabukieydoseN ‘B pjo yuuow-¢g WeUIBIA Yo\ €2 Apnis aseo vy Jele e

uonusAald pue
|oJju0D) esessiq

SOSED pajoadsns JO} JBjuaD

JO ©24N0S UleW 8y} 8q 2,99 ‘PAWLIUO % e BUIYD 84y}
0} SWeas UoIssIWsuel} ‘panodal sased woJ} pajinioal soseo soujelpaed soLjelpad
Ajlwey 1ng pawluod 10N soiewoldwAse oyt oueipaed gy Lg saseo/euIyD) yaueiN 2L Jo ABojoiwepidg ,[e 1@ BuoQ

(/7]

(7]

w suoneA1asqo sonewojdwAsy  sosed oujeipaed uone|ndod |ejoy N Anunop a)ep Apnis jo adA} leuanof
% Juoissiwsuei} Jo JaquinN uoneolgnd /aoyine 1sii4
c JO 924nog

o

o

o

Rajmil L. BMJ Paediatrics Open 2020;4:e000722. doi:10.1136/bmjpo-2020-000722



Open access

*Z SNJIIABUOIOD 8WwolpuAs Alojelidsal 8)nNoe 8I1anss ‘Z-\0D-SHYS ‘SPUBBYISN 8Y} JUSWUOIIAUT 8y} pUe Yl[esaH 2ljgnd 40} 8In}isu| [euolieN ‘NAIY
{s1uUN aJed aAIsuaiul ouleIpaed ‘NDId (S8IBM UINOS MSN 90UB|[I9AINS pUB YOoJBasay UOBZIUNWW| 0} 811U8)) [eUOllEN ‘SHION ‘2-AOD-SHVS Jo ABojoiwspida-oias uo Apnis [euoneN ‘INI

(%1°G 01 %.L'Y)
9% G=uolje|ndod |eisusn

(%61
0} %1°€) %6°'¢ = sieak
vL-0L/(% LY 0} %E°2) (26809=uone|ndod
%e=s1eak 6-G/(%9°¢ juedioiyed [ejo}
01 %' L) %2 g=SIeak N) uoneindod
7=1/(%8°€ 0} %E€°0 10 obe Aq paynens ysiueds Jo adwes
%G6) % | L =4eak | > swoldwAs uo ‘'sieakg|> anlyejuasaidal e ul anem jsii :Apnis . OINHISU| UiesaH
‘b Jo eoUS[EASId  S|CE|IBAB UO BIED ON uaiplyo egg  Apoagnue HB| jo Apnig ureds Re g1 6L-AINOD-3INT olland |11 soled
0c0¢ Jequiedeq
Alennoadsas g alojeq sieah GL-—0|
‘pasAjeue uaJp|Iyd UO SaSed
pa1091ep Sased ojewoldwAse S}OBJUOD [00YDS 93.U} JO S}OBJUOD AousBiaw3 yyesH E RIS
|[00Yyos Alepuooss oN 9sed auQ GlY ‘gee ‘sel |[ooyos Jo Apnig puejal) Re|N 82 allgnd [euolleN oing g je 3o AenesH
‘pa1odjul 8q S}NPE £ | SOA|OAUI
01 Ajjwey 8y Ul 3s4i 8y} S|y "sejewasnoy
9J9M PO SJedk g| ueyl ‘sieak Gg| Buipnjoul JUsWUOJIAUg
JaBunoA uaip|iyo 1eyl 9| pue | usamiaq ‘syuedioiped geg ay1 pue yiesH 21gnd
SUOI}BDIpUI OU 8Je dJay | elep oN uaIpiyo 9L | :spjoyasnoy ui Apnis spuelayleN Re|N /g Joj 8insu| [euoneN !
siaquuiawl Ajiwey uoneners [endsoH
JBY10 a10jaq swoldwAs sieak Ja1sn|o |eljiwe AlsJanlun BABUSE) soujelipad
padojonsp (g=u) %8 onewoldwAise sauQ 91>(%6°0) SOSED OF 'S9SeD [e101 O LY pueazIms Re\ 2z wouy sesed jo salss g [e 1o 8qleg-Aejsod
jooyos Arewnd judy—yosep
pa1o91ep G pue sjooyos Buunp (syuepnis 6 "S|00YOSs
9SED | :SJUBpNJS JO ybly 0} WO  pue siequIBW |O0YOS S9[BA UINOS MBN
S10BJU0D pasAjeue gog Blep ON S}USpPNIS JO SOseD @ Jels g) sesed g| eljesny judy 92  wou) sesed pauoday ¢, SHION
suoneAIasqo sonewoldwAsy  sosed oujelpaed uonendod |e10} N Auno) ayep Apnis jo adAL |euanol
Juoissiwsuey J0 JaquinN uonesignd /doyine isii4
JO 92In0g

panunuoyd | a|qeL

Rajmil L. BMJ Paediatrics Open 2020;4:e000722. doi:10.1136/bmjpo-2020-000722



transmission and the results obtained provide a reason-
able evidence on the process analysed. Furthermore, the
results of other reviews on the process of infection in
children with similar results to the present study support
the strength of the results obtained. Another limitation
is the current lack of reliable, valid and comparable data
on epidemiological surveillance,” on the diagnostic
tests, and the scarce knowledge on the mechanism of
transmission and prognostic.” *' High-quality epidemio-
logical studies are necessary to solve these questions with
certain plausibility. On the other hand, up to date there
are scarce data on the socioeconomic factors and its
influence on the current pandemic. Social determinants
of child health should be addressed to enhance the posi-
tive effects and avoid the adverse effects of this pandemic
on children’s rights and social inequalities in children’s
health.*
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