


















heart disease, type 1 diabetes
mellitus, cancer, and chromosomal
disorder(s). These conditions were
more frequent among hospitalized
children and adolescents with
COVID-19 than those diagnosed with
COVID-19. This is in line with
previous studies suggesting that
children with comorbidity history

have a higher risk of critical care
admission.21,24

The frequency of reported
symptoms in our study is
generally lower than what has
been previously reported in the
pediatric literature,8,21,24

suggesting an underestimation in

the register of symptoms in the
form of structured data in busy
actual care settings. An important
finding is that children and
adolescents diagnosed with
COVID-19 presented with higher
rates of dyspnea, anosmia, and
gastrointestinal symptoms than
children with seasonal influenza.

FIGURE 4
Thirty-day in-hospital use of treatments among children and adolescents (<18 years of age) with COVID-19. A, Repurposed drugs. B, Adjunctive therapies.
ACE, Angiotensin converting enzyme; H2, histamine; Xa, xabans.
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This information is clinically
relevant for differential diagnosis
between COVID-19 and influenza
among children and adolescents.

We observed great heterogeneity
across countries in the use of in-
hospital treatments among
children and adolescents with
COVID-19, which is in line with
previous studies in adults.25 Our
analysis suggests little use of
antiviral therapies overall, with
�5% of children and adolescents
hospitalized with COVID-19 using
lopinavir-ritonavir in South Korea
(but none in the United States), a
variable proportion of use of
oseltamivir (1%–5%) in the United
States (but none in South Korea),
a 4% to 6% use of azithromycin,
and limited use of
hydroxychloroquine, ranging from
1% to �4% in both countries.
These values are lower than what
we previously reported in adults
(eg, use of hydroxychloroquine
was 57.9% in the overall
population versus 1% in children
and adolescents in Premier)25 but
are in line with recent European
cohort studies in hospitalized
children and adolescents with
COVID-19. In a study in the United
Kingdom, researchers reported
that 6% (38 of 591) of hospitalized

children and adolescents with
COVID-19 received antiviral drugs
(30 received acyclovir, 7 received
remdesivir, and 3 received
chloroquine or
hydroxychloroquine),21 whereas
researchers in a study of 25
European countries including 582
children and adolescents found
that 7% were treated with
hydroxychloroquine, 3% with
remdesivir, 1% with lopinavir-
ritonavir, and 1% with
oseltamivir.8 In contrast, we
observed substantial use of
different adjunctive therapies;
corticosteroids were used in 25%
to 35% in the United States but 7%
in South Korea. Famotidine
(2%–20%), aspirin (10%–30%), and
vitamin D (2%–15%) were used in
the United States but not in South
Korea. Antibiotics were also
commonly used, with ceftriaxone
and amoxicillin among the most
commonly prescribed. This is
consistent with the previous study
in the United Kingdom, where
antibiotics were given to 69% (415
of 601) of hospitalized children
with COVID-19.21

It is reassuring that occurrence of
severe outcomes during the 30
days after diagnosis of COVID-19
was rare in our study, which is in

line with previous studies.8,20,21,24

MIS-C was relatively uncommon,
affecting 0.5% to 3.1% of all
patients diagnosed with COVID-19
but up to 0.9% to 7.6% of those
hospitalized with COVID-19. These
results are in line with previous
studies from Europe and the
United States, which have
suggested that COVID-19 may be
associated with MIS-C in
children.26–28 In a separate cohort
study, researchers found recently
that 11% of children with COVID-
19 admitted to hospitals in the
United Kingdom developed MIS-
C.21 These findings are of special
relevance given the severity of
this condition. Overall, all
outcomes were more frequent in
children and adolescents with
COVID-19 diagnosis than those
with a diagnosis of seasonal
influenza in 2017–2018,
suggesting more severe disease
prognosis in children with COVID-
19 than influenza. Future research
is needed to characterize and
determine the long-term outcomes
of children and adolescents
affected with COVID-19.

This study has some limitations.
First, this study is descriptive in
nature. The observed differences
between groups should therefore

FIGURE 5
Main 30-day outcomes among children and adolescents (<18 years of age) diagnosed compared with hospitalized with COVID-19. Hospitalized children and
adolescents could also be included in the diagnosed cohorts.
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not be interpreted as causal
effects. Second, our results are
based on secondary data from
electronic records collected for
administrative and clinical
management purposes and reused
for research, which may affect the
completeness of data recorded (eg,
lack of information on the degree
of prematurity or mortality) and
may have erroneous entries,
leading to potential
misclassification. Such
incompleteness could be
differential in some instances (eg,
hospital versus primary care
settings) and risk information bias
for the proposed comparisons. The
underreporting of symptoms
observed in these data is a key
finding of this study and should be
taken into consideration in
previous and future similar reports
from real-world cohorts. This could
be due to the high workload in
health care systems caused by the
pandemic, coding practices, or
difficulty of ascertainment of
symptoms among preverbal
children. Another limitation of this
study is the inability to
differentiate between children and
adolescents tested for SARS-CoV-2
because of the presentation of
symptoms versus those tested as
part of surveillance campaigns.
Finally, the currently available data
are restricted to the first 6 months
of 2020 coinciding with the peak of
the COVID-19 pandemic in the
studied countries; therefore, we
were not able to evaluate the
possible changes in treatment and
prognosis over time.

This study is unique because our
approach to characterizing
children with an international
scope allows for a wide range of
variation in health care systems
and policies against the COVID-19
pandemic. This enables a more

complete understanding of the
implications of the pandemic for
different countries and regions in
scope of an international
comparison. It also poses a layer
of heterogeneity that needs to be
considered in the interpretation
of our findings, opening a window
for new research questions that
need to be addressed, particularly
around the public health approach
for controlling the pandemic
spread and severity in children
and adolescents and overall. This
study represents, to our
knowledge, the largest cohort
study on pediatric COVID-19 to
date and the only study used to
provide a comparison with
children and adolescents with
seasonal influenza in 2017–2018.
Our data confirm low rates of
complications in children with
COVID-19, with severe cases
clustering among children with
previous comorbidities. Despite
the large sample size available,
MIS-C appears rare.

CONCLUSIONS

COVID-19 affects children and
adolescents of all ages, but severe
outcomes are reassuringly
uncommon. There is variability
across health care systems in
different regions of America, Asia,
and Europe that may explain the
observed differences in the
epidemiology and clinical
management of the disease as well
as observed outcomes. Despite
negligible fatality, complications
including hospitalization,
hypoxemia, and pneumonia are
more frequent in children and
adolescents with COVID-19 than
with influenza. Dyspnea, anosmia,
and gastrointestinal symptoms
could help differential diagnosis.
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