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INTRODUCTION

In December 2019, a novel coronavirus,
SARS-CoV-2, emerged in Wuhan City,
China, causing a cluster of cases of severe
pneumonia (COVID-19), and becoming
a global pandemic. Individuals of all ages
are susceptible to SARS-CoV-2, but older
age and underlying comorbidities are
known to be associated with increased risk
of disease severity and mortality. However,
despite the rapidly increasing amount of
data on SARS-CoV-2 infection and COVID-
19, data on how SARS-CoV-2 affects chil-
dren and adolescents remain limited and
conflicting, with an increased spectrum
of disease manifestations emerging (eg,
multisystem  inflammatory  syndrome).
Critical research needs have emerged with
important public policy implications.

LACK OF DATA HINDERS A FULL EPIDEMIOLOGIC
ASSESSMENT OF COVID-19/SARS-COV-2
INFECTION IN CHILDREN

In initial data from China, children had
significantly lower rates and severity of
COVID-19 than adults; 2% of cases were
aged 0-19 years, 0.9% <10 years, with no
child deaths." Children continue to consti-
tute a low proportion of those diagnosed
with COVID-19 in reports for Europe
and USA. However, the exact prevalence
of COVID-19 in children is difficult to
ascertain, as there is no single place to
obtain country comparable age-related
data. Global data are not readily available
disaggregated by age, and country data
likewise lack age breakdown or may only
provide data for those <20 years. Data on
the proportional age breakdown between
birth and 19 years are limited, and existing
reports often use different and overlap-
ping age categories.
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» The initial impression that paediatric infection is un-
common and generally mild has been replaced by
a more nuanced understanding of infectious man-
ifestations in children across countries and by in-
come group, with recognition of a widening disease
spectrum.

» Critical knowledge gaps remain that have significant
public policy and programme implications.

» Insufficient age and race/ethnicity disaggregated
data are hindering efforts to assess fully the preva-
lence of SARS-CoV-2 infection and COVID-19 in chil-
dren and the role of children in transmission.

» Potential biologic differences in susceptibility to in-
fection and transmissibility between children and
adults need to be explored.

» Determination of mother-to-child SARS-CoV-2
transmission requires appropriate samples obtained
with proper timing, lacking in most studies.

» Predictors of disease progression and morbidity and
mortality in children need to be determined, partic-
ularly as the pandemic moves to low-income and
middle-income countries.

» The full spectrum of SARS-CoV-2 infection in chil-
dren remains to be defined, and surveillance for and
investigation of the pathogenesis of postinfectious
sequelae, such as multisystem inflammatory syn-
drome, are vital.

Data from various country-specific online
surveillance databases, dashboards and
reports indicate that there is a broad spec-
trum of COVID-19 burden among those
<20 years as a share of national caseloads,
ranging from 23% in Paraguay to just
1% in Spain (figure 1 and online supple-
mental table 1 in Annex). Accurate, age-
disaggregated data are critical to better
understand the geographic variations and
age distribution in paediatric cases.

In adults, a higher proportion of
COVID-19 and mortality has been reported
among black and ethnic minorities
compared with Caucasians in the USA and
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COVID-19 cases among children and adolescents <20 years as a percentage of the total national reported cases (all ages)
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Figure 1
widely among countries and by income group.

UK.? There are limited data on COVID-19 and race/
ethnicity in children, since it is not reported in most
paediatric studies. Several reports from the USA and
UK suggest minority race/ethnicity is significantly
associated with SARS-CoV-2 infection and disease in
children.” * While these data may represent social
determinants of infection among minority popula-
tions, the disproportionate representation of minority
and vulnerable groups is concerning as the pandemic
is emerging in Africa and Asia. At a minimum, studies
of SARS-CoV-2 in children should report disaggre-
gated data by race/ethnicity and age.

TRANSMISSION TO CHILDREN: ARE CHILDREN LESS
SUSCEPTIBLE THAN ADULTS TO SARS-COV-2?

The true incidence of paediatric SARS-CoV-2 infec-
tion is unknown. This is due to SARS-CoV-2 screening
being predominantly symptom-based, and surveil-
lance data primarily reflecting individuals diagnosed
with COVID-19. It is unclear whether the lower
reported incidence of paediatric infection is because
children are less likely to be tested because they have
atypical/milder symptoms than adults; less likely to
be exposed to infected individuals given mitigation
measures such as school closures; or there is lower
biologic susceptibility.

Viner and colleagues conducted a systematic
review exploring the issue of susceptibility in publi-
cations reporting contact investigations following an
index COVID-19 case and limited population-based

** Brazil includes cases reported on admission to hospital only.
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Source: Authors’ analysis based on COVID-18 cases reported by various context-specific online databases, dashboards and reports (see Appendix for list
of countries, areas and territories and web links to data sources).
Note: * Uses different age definitions, intervals or overlapping categories: Italy age range is 0—18 years; India age ranges overlap (010 years and 10-20

COVID-19 infections among children and adolescents (under 20s) as a share of total national caseloads varies

surveillance studies, identifying 18 relevant publica-
tions.” Meta-analysis of nine contact-tracing studies
found children/adolescents aged <20 years had 56%
lower risk of infection after index exposure than
adults >20 years (pooled OR 0.44, 95% CI 0.29-
0.69), with substantial between-study heterogeneity.
The authors noted there were insufficient data to
do analyses separating younger from older children
because few studies reported sufficient age disaggre-
gation. Although some population-based studies are
emerging, their findings so far are inconsistent, and
most include only small numbers of children and
adolescents. Therefore, there are currently insuffi-
cient data to draw definitive conclusions regarding
SARS-CoV-2 infection incidence in children.
Susceptibility to SARS-CoV-2 may be related to host cell
expression of the viral receptor, angiotensin-converting
enzyme-2 (ACE-2) and protease-cleaving enzymes such
as transmembrane serine protease 2 (TMPRSS2), which
facilitates viral-cell membrane fusion. A recent study eval-
uated ACE-2 gene expression in nasal epithelial speci-
mens from 305 individuals aged 4-60 years collected in
a study of patients with asthma.’ Children aged 4-9 years
had significantly lower expression of ACE-2 in the nasal
epithelium compared with older children 10-17 years,
young adults 18-24 years and adults >25 years. A sepa-
rate study evaluated several public gene-expression data-
sets and reported that gene expression for ACE-2 and
TMPRSS2 was lower in children compared with adults in
nasal and bronchial tissue.” If confirmed, these findings
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could account for potential decreased susceptibility to
SARS-CoV-2 acquisition and/or replication in children.

TRANSMISSION FROM CHILDREN TO ADULTS AND OTHER
CHILDREN WITHIN SCHOOLS: IMPORTANCE REMAINS
UNDEFINED AND FURTHER INVESTIGATION IS REQUIRED

Data are conflicting regarding risk of SARS-CoV-2 trans-
mission from children to adults, and to other children.
While children are more likely to have mild or asymp-
tomatic disease, transmission has been demonstrated to
occur from asymptomatic as well as symptomatic individ-
uals, including children within family clusters.®? There
are only limited comparative studies of viral load in
respiratory secretions in children compared with adults,
and the correlation between SARS-CoV-2 real-time poly-
merase chain reaction (rtPCR) viral load and transmis-
sibility, or what constitutes an infectious SARS-CoV-2
inoculum, is unknown.'” A higher proportion of chil-
dren have SARS-CoV-2 faecal shedding than adults, and
for more prolonged periods; it is unclear whether faecal
rtPCR viral detection represents active viral replication
or residual non-infectious viral genomic material and
whether there is potential for faecal-oral viral transmis-
sion."!

Child-to-adult transmission has been documented in
small case reports.” However, other reports suggest chil-
dren have not played a substantive role in household
SARS-CoV-2 transmission.'” There are limited data on
school-related contact tracing; two studies from France
and Australia suggest that children have not played a
significant role in school SARS-CoV-2 transmission.'” *
Further evaluation is needed to determine whether chil-
dren (and schools) will play a more substantive role once
mitigation measures are eased, and whether children are
less infectious than adults.

MOTHER-TO-CHILD TRANSMISSION OF SARS-COV-2
For in utero transmission, the pathogen must be present
in blood and be able to cross the placenta and infect the
fetus. Viraemia secondary to SARS-CoV-2 appears rare.'”
In the few cases in which viraemia occurs, allowing the
virus to reach the placenta, it may be possible to cross the
placenta and infect the fetus, as the ACE-2 receptor has
been identified in both placental and fetal tissues.'® While
SARS-CoV-2 infection has been reported to be detected
in a small number of infants born to pregnant women
with COVID-19, determination of in utero infection is
complex, and requires sampling of appropriate tissues
or fluids near the time of birth."” Most studies have not
collected appropriate samples with proper timing

The University of Birmingham is conducting a ‘living
systematic review’ of publications related to SARS-CoV-2/
COVID-19 in pregnancy and effect on pregnancy and
infant outcomes.'® As of 16 June 2020, 52/869 infants
born to women with COVID-19 had SARS-CoV-2 detected
following exposure to the virus. Of these, only eight had
a positive nasopharyngeal swab collected within 12hours

after birth; none had virus detected in cord/neonatal
blood, amniotic fluid or the placenta.'®*' There have
been a small number of reports of SARS-CoV-2 detection
in cord blood, placenta and breast milk, or SARS-CoV-2
IgM antibody detection in neonatal blood; in all instances,
the infants had negative nasopharyngeal tests, no symp-
toms and/or IgM turned negative by 12-28 days. Thus,
from the available data, while mother-to-child trans-
mission of SARS-CoV-2 is possible, it has not yet been
confirmed.

CLINICAL ASPECTS OF SARS-COV-2 IN CHILDREN: MOSTLY
MILDER OR NO SYMPTOMS COMPARED WITH ADULTS
Children and young adults appear to have milder
COVID-19 than adults. In a systematic review of 62 papers
reporting on COVID-19 in 1780 children, primarily from
Italy (44%), USA (34%) and China (18%), children
showed mainly mild (42%, upper respiratory symptoms
without pneumonia) and moderate (39%, pneumonia
without complications) signs of infection; 15% were
asymptomatic.”® Severe symptoms and critical disease
(need for invasive ventilation, shock or multiorgan
failure) were reported in only 2% and 0.6%, respec-
tively, and overall mortality was uncommon, 0.8%. A
higher proportion of neonates/infants age <3 months
had severe illness (12%) compared with older children.
In contrast, in the Chinese Center for Disease Control
and Prevention report on 44 672 COVID-19 cases in
China (included 965 children <19 years, 2.2%), 1% had
asymptomatic infection, 81% mild to moderate (non-
pneumonia and pneumonia combined), 14% severe and
5% critical disease, with 2.3% mortality.* It is important
to note that most studies have focused on symptomatic
or hospitalised patients, and the true spectrum of disease
among adults and children in the overall population
remains to be defined.

While symptoms of COVID-19 in children were similar
to those of adults, with fever, cough and sore throat being
the most common, children had lower rates of these
symptoms compared with adults (figure 2); dyspnoea was
uncommon in children.****

CLINICAL ASPECTS OF SARS-COV-2 IN CHILDREN: SEVERE
DISEASE CAN OCCUR

Despite generally milder disease than adults, children
can be extremely ill and when requiring intensive care,
have elevated mortality. Among 92 children admitted to
paediatric intensive care units (PICUs) in North America,
France, South America, Europe and USA, 33%-47%
required invasive ventilation and mortality ranged from
6% to 18%.%

While data on chronology of complications and
predictors of mortality are available in adults, there are
currently limited data in children. Pre-existing health
conditions, while less frequent in children than adults
with COVID-19, were observed in 61% of hospitalised
children in the USA, most commonly obesity, asthma
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Disease Symptoms in 1,780 Children and Adolescents
0-18 Years with SARS-CoV-2 Infection
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Figure 2 Disease symptoms of SARS-CoV-2 infection in children differ markedly from those in adults.

and neurologic disease.** Children admitted to the PICU
have high comorbidity rates (70%-83%); however, of the
nine reported deaths in these studies, three were in chil-
dren without any comorbidity.*?’

Which comorbidities are associated with elevated
mortality in children remain to be defined. Several studies
report pre-existing asthma was not different between
children testing positive or negative for SARS-CoV-2 nor
associated with hospitalisation risk.” ** However, obesity
has been a consistent risk factor for severe disease in both
adults and children.”” It is important to note that the
interaction of SARS-CoV-2/COVID-19 with comorbidi-
ties commonly seen in low-income and middle-income
countries, such as malnutrition, HIV and other infectious
conditions such as tuberculosis and malaria, remains
undefined. Preliminary data from South Africa suggest
higher mortality due to COVID-19 in HIV-infected adults;
there are no data available for children.”

THE EVOLVING SPECTRUM OF SARS-COV-2 IN CHILDREN: FULL
EXTENT OF PAEDIATRIC DISEASE IN CHILDREN REMAINS TO BE
ELUCIDATED

In mid-late April 2020, reports from Western Europe
identified a new febrile paediatric entity termed multi-
system inflammatory syndrome temporally associated
with SARS-CoV-2 infection, consisting of systemic hyper-
inflammation, multiorgan involvement, gastrointestinal
symptoms, Kawasaki disease-like features, prominent
cardiogenic shock and rarely death.” Most children had
either a respiratory sample positive for SARS-CoV-2 or
IgM and/or IgG SARS-CoV-2 antibody, although they may
not have had symptoms of infection. This syndrome may
be a postinfectious inflammatory process precipitated
by prior SARS-CoV-2 infection and immune complex-
mediated. Multiple similar case series from the USA, Italy,
UK and France have been published. These data indicate
a widening spectrum of SARS-CoV-2-related disease in

children, ranging from asymptomatic or mild infection;
persistent fever with inflammation; postinfection Kawa-
saki disease-like syndrome; and rarely, the paediatric
inflammatory multisystem syndrome. The potential for
such postinfectious sequelae, and geographic and racial/
ethnic differences, must be factored in considering the
burden of SARS-CoV-2 infection in children.

CONCLUSION

There is much remaining to be learnt about SARS-CoV-2
in children. The initial impression that paediatric infec-
tion is uncommon and generally mild has been replaced
by a more nuanced understanding of infectious mani-
festations in children across countries and by income
group, with recognition of a widening disease spectrum.
Critical knowledge gaps remain that have significant
public policy and programme implications. For example,
if children are less susceptible to infection and/or less
likely to transmit, the effectiveness of school closures to
reduce viral spread may be limited. Long-term effects
will need to be evaluated to find whether mother-to-child
viral transmission occurs. As the spectrum of disease in
children becomes better elucidated, it will be impor-
tant to understand geographic and racial/ethnic differ-
ences, particularly as the pandemic moves to low-income
settings, where comorbidities and other vulnerabilities
are more frequent among children.

Twitter Priscilla Idele @Priscillaldele
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