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OBJECTIVES: Previous studies focusing on pediatric patients hospitalized with severe coronavirus disease 2019
(COVID-19) have been limited to small case series. We aimed to evaluate the characteristics of a large population
of pediatric patients with severe COVID-19 and compare them with patients with severe cases of influenza and
other respiratory viruses (ORV).

METHODS: We performed a cross-sectional study of Brazilian data from the National Epidemiological Surveillance
Information System, gathered from January 1st to July 14th, 2020. The sample included 4,784 patients (2,570 with
confirmed COVID-19, 659 with influenza, 1,555 with ORV). Outcome measures included clinical features,
preexisting comorbidities, pediatric intensive care unit admissions, need for ventilatory support, and death.

RESULTS: Compared with the influenza and ORV groups, the COVID-19 group had a higher proportion of
newborns and adolescents, as well as lower frequencies of fever, cough, dyspnea, respiratory distress, and
desaturation. Although use of invasive ventilatory support was similar among groups, death rate was highest
for COVID-19 (15.2% vs. 4.5% vs. 3.2%, p<0.001), with death risk more than three times the other groups
(adjusted OR=3.7 [95% Cl 2.5-5.6]). The presence of two or more comorbidities further increased this risk
(OR=4.8 [95% Cl 3.5-6.6]). Preexisting comorbidities were reported in 986 patients with severe COVID-19 (38%).
Mortality rate among COVID-19 patients was significantly higher for almost all comorbidities reported.

CONCLUSION: Severe COVID-19 had a higher mortality rate than other viral respiratory illnesses, despite the
lower frequency of fever, cough, dyspnea, respiratory distress, and desaturation. Death risk was strongly

associated with preexisting comorbidities.
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B INTRODUCTION

The coronavirus disease 2019 (COVID-19) is caused by a
new agent, the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2). It was first reported in Wuhan, China,
and then spread globally. On March 2020, the World Health
Organization (WHO) declared COVID-19 a pandemic health
emergency (1).

Early studies on Chinese patients reported high morbi-
dity and mortality, especially among elderly patients with
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comorbidities (2,3). The clinical spectrum of COVID-19
ranges from asymptomatic to severe respiratory insufficiency
and death. Approximately 15% of adult Chinese COVID-19
patients developed severe outcomes, and 6% of them
required admission to the intensive care unit, mechanical
ventilation, or died (2).

Pediatric COVID-19 has been reported in Chinese, Italian,
Spanish, and US populations, with a frequency ranging from
1.7% to 2% in population-based studies (4,5,7-10). The vast
majority of children and adolescents with COVID-19 are
asymptomatic or present with mild or moderate manifesta-
tions (4,5,9,11,12). The broad clinical spectrum in pediatric
populations includes fever (41-56%), cough (44-54%), dys-
pnea (11-13%), diarrhea (9-13%), and vomiting (10-11%) (5-9).
In a large nationwide case series in China, severe symptoms
were reported in 5.8% of pediatric COVID-19 patients (10).
Oxygen desaturation ranged from 1.0% to 2.3% (5-6) in
hospital cohorts, and an overall mortality rate of 0.1 to 0.6%
was reported in children and adolescents with this infectious
disease in both hospital and population-based studies
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(5,6,8,10). However, studies focusing specifically on the
clinical features and outcomes of hospitalized children
and adolescents with severe COVID-19, especially with
regard to preexisting comorbidities, have so far been limi-
ted to small case series of patients admitted to the pediatric
intensive care unit (PICU) or general wards in the USA and
Canada (13-15).

Along with Asia, Europe, and the USA, Latin America is
currently an epicenter of COVID-19. On February 26th,
COVID-19 was reported for the first time in Brazil, rapidly
achieving community transmission. On July 26th, the
Brazilian Ministry of Health reported 2,394,513 confirmed
COVID-19 cases, the second highest number of cases
worldwide (16). However, in spite of this, no previous study
has reported the features of COVID-19 in children and
adolescents in a Latin American country. To our knowledge,
no large analysis focusing on the incidence, outcomes, and
preexisting comorbidities of severe acute respiratory illness
(SARI) among pediatric COVID-19 patients has yet been
carried out, nor has there been a study comparing this severe
infectious disease with influenza and other common respira-
tory viral infections. Therefore, the objective of the present
study was to evaluate pediatric patients with severe COVID-
19, particularly focusing on cumulative preexisting comor-
bidities and outcomes. We also compared the features of
pediatric COVID-19 with those of influenza and illnesses
caused by other common respiratory viruses.

H MATERIAL AND METHODS

This study was conducted in accordance with the ethical
standards of our institutional ethics committee (CAPPesq —
CAE 33118820.0.0000.0068).

This is a cross-sectional study of data routinely collected
by Brazilian health authorities and made accessible to the
public through the National Epidemiological Surveillance
Information System. In Brazil, it is compulsory to report all
cases of SARI by filling out a data form. Our definition of
pediatric SARI was based on modified WHO guidelines and
encompassed all cases of flulike symptoms that required
hospitalization, including fever, cough, sore throat, and signs
of respiratory impairment (difficulty breathing, dyspnea, or
desaturation) (17-19). All SARI patients included in the study
had symptoms severe enough to require admission to the
general ward or PICU of a Brazilian hospital.

Patients were considered eligible for the study if they were
less than 20 years old and had a viral infection confirmed by
laboratory tests. Ongoing cases were excluded, as either the
clinical symptomatology or the outcome might change after
the end of data collection.

We found 4,784 closed cases of SARI patients with
confirmed viral etiology reported from January 1st up to
July 14th, 2020. “Closed cases” were defined as those with
reported final outcomes (death or cure). We divided the
patients into three groups according to the viral agent: SARS-
CoV-2 (N=2,570), influenza (N=659), and other respiratory
viruses (ORV; N=1,555). Patients were assigned to the ORV
group if an immunofluorescence assay or polymerase chain
reaction (PCR) test returned a positive result for respiratory
syncytial virus (RSV), adenovirus, parainfluenza 1, parain-
fluenza 2, parainfluenza 3, parainfluenza 4, metapneumo-
virus, bocavirus, or rhinovirus. The most frequent viral agents
in the ORV group were RSV (35.5%), thinovirus (22.5%), meta-
pneumovirus (14.5%), and adenovirus (10%). SARS-CoV-2
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infection was confirmed by real-time reverse-transcription
PCR (RT-PCR), while influenza was confirmed by either
positive PCR or positive immunofluorescence assay.

All variable fields in database entries were assessed for
missing data. Entries in the SARI database have data fields
that are “mandatory” (absence of data makes it impossible to
include the record in the system), “essential” (although not
mandatory, the data are necessary for the investigation of the
case or the calculation of an epidemiological or operational
indicator), “internal” (not appearing on the form and
automatically filled in by the system), and “optional” (filled
in only if necessary). Because of this, there is great variability
in the completeness of the information in the system. If more
than 20% of entries were missing data for a variable, the lack
of data was considered to have an important impact.

SARI data forms are filled out during hospital admission,
when the patient is assessed for comorbidities. As the most
likely reason for not reporting a clinical feature (e.g., chronic
cardiovascular disease) was its absence, we considered the
pattern of empty data fields to be nonrandom, rendering it
impossible to apply multiple imputation. Instead, we
assumed that if information on a specific clinical feature
was not reported, this implied its absence, and only entries
stating “information not known” would correspond to miss-
ing data. A similar approach has been adopted in previously
published studies (19). The SARI database included entries
for the following categories of preexisting pediatric comor-
bidities: Down syndrome, diabetes mellitus, immunodepres-
sion, chronic cardiovascular diseases, chronic hepatic diseases,
chronic neurological conditions, chronic kidney diseases,
chronic hematologic diseases, asthma, and chronic pneu-
mopathies. There was no mention of a specific diagnosis in
most of the entries.

We compared the frequencies of all demographic and
clinical variables among patients in the three viral agent
groups, testing for significant differences using the chi-
square test. We also performed crude and adjusted logistic
regression to determine the odds of negative clinical out-
comes among the ORV and SARS-CoV-2 groups as compared
with the influenza group, which was considered the baseline.
We tested the association between preexisting comorbidity
and the outcomes of death, PICU admission, invasive venti-
latory support, and noninvasive ventilatory support using
Fisher’s exact test. Finally, we calculated the number of
reported comorbidities for each patient and determined how
this affected the risk of death in the three viral agent groups,
again with the influenza group as baseline. We set the
probability of rejecting the null hypothesis at 5%. Data
analysis was performed using Stata statistical software
(release 14; StataCorp LP, College Station, TX, USA).

All procedures were reviewed and approved by the
Research Ethics Committee of the FMUSP Academic Medical
Center (Hospital das Clinicas, School of Medicine, University
of Sao Paulo, Brazil).

B RESULTS

As of July 14th, 2020, 165,051 SARI patients with
laboratory-confirmed SARS-CoV-2 (both closed and open
cases) had been reported in Brazil, of whom 161,748 (98%)
were adults and 3,303 (2%) were under 20 years of age.
The Brazilian states reporting the highest number of
pediatric SARI cases caused by SARS-CoV-2 were Sdo Paulo
(N=1,117, 33.8% of the total), Pernambuco (N=349, 10.8%),
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Rio de Janeiro (N=316, 9.6%), Mato Grosso (N=312, 9.4%),
and Amazonas (N=133, 4.0%).

Table 1 shows the distribution of demographic and clinical
characteristics and outcomes according to viral agent. Chi-
square tests were used to obtain p values for the significance
of the differences among the three groups. The proportion
of males was lower in the SARS-CoV-2 group than in the
influenza and ORV groups (52.0% vs. 54.6% wvs. 57.0%,
p=0.01), while the proportion of newborns and adolescents
was higher in the SARS-CoV-2 group than in the other
groups (p<0.001). The frequencies at presentation of fever,
cough, dyspnea, respiratory distress, and oxygen desatura-
tion were lower in COVID-19 patients than in the influenza
and ORV groups (p <0.001), while the frequency of diarrhea
was higher (p<0.001). Invasive ventilatory support rates
were similar among groups, but COVID-19 patients had a
lower rate of noninvasive ventilatory support use, especially
when compared to the ORV group. However, the death rate
was higher in the SARS-CoV-2 group than in the influenza
and ORV groups (15.1% vs. 4.8% vs. 3.6%, p <0.001) (Table 1).

Table 2 compares the risk of PICU admission, ventilatory
support, and death among the three groups using both crude
and adjusted odds ratios, with influenza patients as the
reference. While the adjusted model found no significant
differences in PICU admission risk, it found that the ORV
group had greater odds of needing invasive or noninvasive
ventilatory support. The risk of death was comparable
between the influenza and ORV group, but the SARS-CoV-
2 group had more than three times the risk compared to the
other two groups (adjusted OR=3.74 [CI 2.5-5.6], p<0.001)
(Table 2).

A greater number of comorbidities significantly increased
the risk of death for all groups. For patients in the SARS-
CoV-2 group, the risk of death was almost five times higher
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when two or more comorbidities were present than in
patients without preexisting conditions (OR=4.81 [95% CI
3.48-6.63]), and the same was true for influenza (OR 5.73
[95% CI 2.04-16.11]) (Table 3).

Preexisting comorbidities were reported in 986 infants,
children, and adolescents with severe COVID-19 (38% of the
total). We analyzed the death rate among patients with each
type of preexisting pediatric comorbidity. With the exception
of asthma and chronic hematologic diseases, all underlying
diseases were significantly associated with a higher death
rate. However, the frequency of death was significantly
lower in severe COVID-19 patients with asthma than in
those without this respiratory condition (5.6% wvs. 15.8%,
p=0.001) (Table 4).

Chronic cardiovascular diseases, Down syndrome, chronic
hepatic diseases, neurological conditions, chronic pneumo-
pathies, and immunodepression were all associated with a
significantly higher chance of needing invasive ventilatory
support (Table 4).

H DISCUSSION

To our knowledge, this is the largest study evaluating
pediatric patients with severe COVID-19, and also the first to
compare this emerging infectious disease with other respira-
tory viral infections. COVID-19 patients showed higher
mortality in spite of lower frequency of fever, cough,
dyspnea, oxygen desaturation, and respiratory distress at
admission compared with other viral agents. Death risk in
these patients was strongly associated with cumulative
preexisting comorbidities. Almost all underlying diseases
increased the risk of death; a notable exception was asthma.

One of the major strengths of the present study was the
inclusion of a large number of patients affected by different

Table 1 - Demographic and clinical details of pediatric patients with severe acute respiratory infection according to viral agent.

SARS-CoV-2 (N=2,570)

ORV (N=1,555) Influenza (N=659)

Variable N % N % N % p*
Male sex 1,340 52.0 886 57 360 54.6 0.010
Age

<30 days 161 6.3 45 2.9 9 1.4 <0.001

30 days to 2.00 years 934 36.3 1,176 75.6 278 42.2

2.01-10.00 years 544 21.2 268 17.2 271 411

10.01-15.00 years 391 15.2 37 24 64 9.7

15.01-19.99 years 540 21.0 29 1.9 37 5.6
Nonwhite ethnicity 1,100 59.7 553 49.9 307 61.0 <0.001
Fever 1,820 76.9 1,364 89.3 634 96.6 <0.001
Cough 1,544 68.0 1,425 92.8 603 92.6 <0.001
Dyspnea 1,227 56.3 1,143 76.8 418 66.0 <0.001
Respiratory distress 1,166 54.7 1,283 85.5 508 79.6 <0.001
Oxygen saturation <95% 806 39.4 999 68.2 300 48.5 <0.001
Diarrhea 360 18.3 143 10.1 84 14.1 <0.001
Vomiting 375 19.1 246 17.3 97 16.4 0.198
PICU 644 31.0 539 35.7 188 31.0 0.008
Ventilatory support

Invasive 298 13.7 206 14.1 70 12.1 <0.001

Noninvasive 637 29.3 784 53.6 197 34.1 <0.001

None 1,242 57 470 32.2 311 53.8 <0.001
Death 353 15.2 49 33 27 4.5 <0.001

Data represent closed cases entered into the National Epidemiological Surveillance Information System between January 1st and July 14th, 2020.

Ethnicity was determined on the basis of self-declared skin color.
*Chi-square test.

PICU=pediatric intensive care unit; ORV=other respiratory virus (respiratory syncytial virus, adenovirus, parainfluenza 1, parainfluenza 2, parainfluenza 3,

parainfluenza 4, metapneumovirus, bocavirus, rhinovirus).
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Table 2 - Risk of negative outcomes according to viral agent in pediatric patients with severe acute respiratory illness.

Crude model Adjusted model*

Outcomes OR 95% ClI P OR 95% Cl p
PICU

Influenza 1.00 1.00

ORV 1.23 1.00-1.50 0.04 1.15 0.94-1.42 0.16

SARS-CoV-2 1.00 0.82-1.21 0.98 1.03 0.85-1.25 0.76
Invasive VS

Influenza 1.00 1.00

ORV 1.94 1.43-2.65 <0.001 1.81 1.33-2.47 <0.001

SARS-CoV-2 1.10 0.80-1.42 0.66 1.1 0.83-1.49 0.47
Noninvasive VS

Influenza 1.00 1.00

ORV 2.63 2.12-3.25 <0.001 2.41 1.95-3.00 <0.001

SARS-CoV-2 0.81 0.66-0.99 0.04 0.85 0.69-1.04 0.116
Death

Influenza 1.00 1.00

ORV 0.71 0.44-1.15 0.163 0.72 0.45-1.17 0.186

SARS-CoV-2 3.78 2.53-5.66 <0.001 3.74 2.50-5.60 <0.001

Data represent closed cases entered into the National Epidemiological Surveillance Information System between January 1st and July 14th, 2020.

*Adjusted for sex and age.

PICU=pediatric intensive care unit; ORV=other respiratory virus (respiratory syncytial virus, adenovirus, parainfluenza 1, parainfluenza 2, parainfluenza 3,
parainfluenza 4, metapneumovirus, bocavirus, rhinovirus); OR=odds ratio; 95% CI=95% confidence interval; VS=ventilatory support.

Table 3 - Relationship between number of comorbidities and risk of death according to viral agent in pediatric patients with severe

acute respiratory infection.

Frequency Crude model Adjusted model*

Number of comorbidities N % OR 95% ClI P OR 95% ClI P
Influenza

0 477 72.4 1.00 1.00

1 143 21.7 2.16 0.87-5.34 0.09 2.12 0.86-5.26 0.103

>2 39 5.9 5.84 2.09-16.38 0.001 5.73 2.04-16.11 0.001
Other respiratory virus

0 876 69.3 1.00 1.00

1 300 23.7 2.47 1.33-4.56 0.004 2.51 1.35-4.69 0.004

>2 88 6.9 2.65 1.06-6.64 0.038 2.71 1.06-6.96 0.037
SARS-CoV-2

0 1584 61.6 1.00 1.00

1 707 27.5 3.01 2.32-3.91 <0.001 3.03 2.34-3.94 <0.001

>2 279 10.9 4.76 3.45-6.56 <0.001 4.81 3.48-6.63 <0.001

Data represent closed cases entered into the National Epidemiological Surveillance Information System between January 1st and July 14th, 2020. Absence
of information on a comorbidity was assumed to indicate absence of comorbidity.

*Adjusted for sex and age.

ORV=other respiratory virus (respiratory syncytial virus, adenovirus, parainfluenza 1, parainfluenza 2, parainfluenza 3, parainfluenza 4, metapneumovirus,

bocavirus, rhinovirus); OR=o0dds ratio; 95% CI=95% confidence interval.

viral agents. All COVID-19 patients in our study had
their diagnosis confirmed by RT-PCR, the gold standard
molecular assay for SARS-CoV-2 infection (20). Laboratory
confirmation was also required for the other viral agent.
By restricting the analysis to patients with a lab-confirmed
diagnosis, our study may provide a more reliable picture of
severe COVID-19 in infants, children, and adolescents. Brazil
is a continent-sized country, making it a challenge to collect
representative data. In the present study, we used a nation-
wide database with reported cases from all states, improving
our ability to obtain data truly representative of the Brazilian
population.

We considered all COVID-19 patients with SARI to be
severe cases, as they required hospital admission and
presented respiratory insufficiency criteria. These criteria
were also used by previous COVID-19 studies to define
critical and severe illness (10,14,21).

Our results agreed with previous studies showing a lower
incidence of severe COVID-19 in children and adolescents
than in adults. Regarding the clinical presentation of
pediatric COVID-19, our analysis supported other reports
showing a high frequency of fever and cough and a low
frequency of gastrointestinal manifestations at disease onset
(5,6,10,13). Children and adolescents with COVID-19 rarely
develop severe disease that leads to respiratory failure
requiring mechanical ventilation (9-10).

Another relevant point is that a considerable percentage
of our pediatric patients with severe COVID-19 did not pre-
sent with fever or cough. In contrast, over 90% of pediatric
influenza patients presented both symptoms in early disease.
Therefore, these symptoms may help pediatricians differ-
entiate between these two conditions.

Notably, a higher mortality rate (15.2%) was observed in
pediatric patients with severe COVID-19 than in the other
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Table 4 - Relationship between preexisting comorbidities and negative outcomes in severe acute respiratory infection caused by SARS-

CoV-2 (N=986).

Death Invasive ventilatory support
Preexisting comorbidity N % p* N % p*
Chronic cardiovascular diseases
No 313 14.0 <0.001 276 18.5 <0.001
Yes 40 45.4 22 44.9
Chronic hematologic diseases
No 340 15.0 0.2 290 19.4 0.96
Yes 13 21.0 8 19.0
Down syndrome
No 344 15.0 0.008 290 19.0 0.01
Yes 9 333 8 44.4
Chronic hepatic diseases
No 347 15.0 0.021 293 19.2 0.03
Yes 6 35.3 5 45.4
Asthma
No 345 15.8 0.001 281 19.3 0.92
Yes 8 5.6 17 19.8
Diabetes mellitus
No 326 14.4 <0.001 288 19.1 0.05
Yes 27 44.2 10 333
Chronic neurologic conditions
No 327 14.8 0.01 256 17.4 <0.001
Yes 26 23.8 42 58.3
Chronic pneumopathies
No 338 14.9 0.002 285 18.8 <0.001
Yes 15 31.2 13 58.5
Immunodepression
No 314 14.4 <0.001 270 18.8 0.03
Yes 39 26.9 28 27.4
Chronic kidney diseases
No 343 15.0 0.034 290 19.1 0.13
Yes 10 27.8 8 30.8

Data represent closed cases entered into the National Epidemiological Surveillance Information System between January 1st and July 14th, 2020.

*Fisher’s exact test.

virus groups. This level of mortality is novel in the literature,
with previous studies reporting death rates lower than 5%.
In a retrospective study of 46 children with COVID-19
admitted to a tertiary-care medical center in New York,
Chao et al. reported only one death (2.1%), a child with
metastatic cancer whose life-sustaining therapy was with-
drawn (13). Shekerdemian et al. retrospectively studied 48
patients admitted to the PICU in 46 North American centers,
reporting two deaths (4.2%), both of critically ill children
who required mechanical ventilation and had preexisting
comorbidities. The high death rate reported in our study
might be related to the fact that, despite the government’s
efforts to increase hospital capacity, the high number of cases
in the country has strained the Brazilian health system,
often leading to inadequate health support in a country that
already suffers from an inequitable distribution of health
professionals and PICU bed capacity, reflecting deep socio-
economic disparities. Indeed, in a cross-sectional observa-
tional study using the same SARI databank, Baqui et al.
reported socioeconomic and health access inequalities as the
genesis of different mortality rates among Brazil’s ethnicities
and regions (19).

Furthermore, the prevalence of chronic pediatric diseases
has been increasing in recent years, resulting in considerable
morbidity and mortality, including a higher risk of severe
COVID-19 infection (22-24). Indeed, in our study, more than
one-third of pediatric COVID-19 patients with SARI had
at least one preexisting comorbidity. With the exception of
asthma and chronic hematologic diseases, all underlying

diseases were significantly associated with a higher mortality
in patients with severe COVID-19, as well as a greater chance
of needing invasive ventilatory support. Shekerdemian et al.
reported at least one previous comorbidity in 85% of
pediatric patients with severe COVID-19 hospitalized in
the PICU, with immunosuppression/cancer being particu-
larly common (14). On the other hand, studies with pediatric
COVID-19 patients seldom list asthma as a comorbidity,
suggesting that it may not be an aggravating factor for
COVID-19 (25). Interestingly, our data showed a lower death
rate in the asthma group compared with patients without the
disease.

Our study has certain limitations. Our national surveil-
lance databank had a high rate of missing data, especially
regarding preexisting pediatric comorbidities, and had no
data on laboratory and imaging abnormalities and their
possible impact on COVID-19 outcomes. Even when
statistically significant, results regarding comorbidities must
be considered with caution, as we chose to assume that lack
of reported data meant absence of comorbidity. Although a
similar approach can be found in previously published
studies, it is not possible to ascertain if this method reflects
reality. Additionally, as the comorbidity section of the
surveillance form is usually filled in when the patient is
admitted, the odds that some fields will be missing data
are not correlated with outcomes. This may introduce a
nondifferential systematic error; however, the error’s main
effect is likely to be reduction of the effect size rather than
generation of false associations. Another limitation of our
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study is the division of viral agents into only three groups,
including one group representing nine different viruses that
may be associated with diverse clinical features and out-
comes. Finally, the databank we used did not include enough
data for us to evaluate multisystem inflammatory syndrome
in our patients (26).

We must emphasize that the clinical presentation and
outcomes described in this study concern only a subset of
pediatric COVID-19 patients: hospitalized children and
adolescents with severe symptoms. Therefore, our results
cannot be generalized to all children with COVID-19. Large
population studies are needed to evaluate the broad impact
of COVID-19 on children’s health.

Bl CONCLUSIONS

In conclusion, a higher mortality rate was observed in
patients with severe COVID-19 compared with other viral
diseases, despite the lower frequency of fever, cough,
dyspnea, oxygen desaturation, and respiratory distress.
Death risk in COVID-19 patients was strongly associated
with cumulative preexisting pediatric comorbidities.
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