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Clinical characteristics and risk factors for death among
hospitalised children and adolescents with COVID-19 in
Brazil: an analysis of a nationwide database

Eduardo A Oliveira, Enrico A Colosimo, Ana Cristina Simdes e Silva, Robert H Mak, Daniella B Martelli, Ludmila R Silva, Hercilio Martelli-JGnior,
Maria Christina L Oliveira

Summary

Background COVID-19 is usually less severe and has lower case fatality in children than in adults. We aimed to
characterise the clinical features of children and adolescents hospitalised with laboratory-confirmed SARS-CoV-2
infection and to evaluate the risk factors for COVID-19-related death in this population.

Methods We did an analysis of all patients younger than 20 years who had quantitative RT-PCR-confirmed COVID-19
and were registered in the Influenza Epidemiological Surveillance Information System (SIVEP-Gripe, a nationwide
surveillance database of patients admitted to hospital with severe acute respiratory disease in Brazil), between
Feb 16, 2020, and Jan 9, 2021. The primary outcome was time to recovery (discharge) or in-hospital death, evaluated
by competing risks analysis using the cumulative incidence function.

Findings Of the 82055 patients younger than 20 years reported to SIVEP-Gripe during the study period,
11613 (14-2%) had available data showing laboratory-confirmed SARS-CoV-2 infection and were included in the
sample. Among these patients, 886 (7-6%) died in hospital (at a median 6 days [IQR 3-15] after hospital admission),
10041 (86-5%) patients were discharged from the hospital, 369 (3-2%) were in hospital at the time of analysis,
and 317 (2-7%) were missing information on outcome. The estimated probability of death was 4-8% during the first
10 days after hospital admission, 6-7% during the first 20 days, and 8-1% at the end of follow-up. Probability of
discharge was 54 -1% during the first 10 days, 78 - 4% during the first 20 days, and 92-0% at the end of follow-up. Our
competing risks multivariate survival analysis showed that risk of death was increased in infants younger than 2 years
(hazard ratio 2-36 [95% CI 1-94-2-88]) or adolescents aged 12-19 years (2-23 [1-84-2-71]) relative to children aged
2-11 years; those of Indigenous ethnicity (3-36 [2-15-5-24]) relative to those of White ethnicity; those living in the
Northeast region (2-06 [1-68-2-52]) or North region (1-55 [1-22-1-98]) relative to those in the Southeast region; and
those with one (2-96 [2-52-3-47]), two (4-96 [3-80—6-48]), or three or more (7-28 [4-56-11-6]) pre-existing medical
conditions relative to those with none.

Interpretation Death from COVID-19 was associated with age, Indigenous ethnicity, poor geopolitical region, and
pre-existing medical conditions. Disparities in health care, poverty, and comorbidities can contribute to magnifying

the burden of COVID-19 in more vulnerable and socioeconomically disadvantaged children and adolescents in Brazil.

Funding National Council for Scientific and Technological Development, Research Support Foundation of Minas
Gerais.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
The emergence of COVID-19 was first recognised in
January, 2020, and the disease rapidly spread worldwide,
being declared a global pandemic by WHO in March, 2020.!
Brazil has been one of the countries most severely affected
by COVID-19, with more than 16 million cases and
450000 deaths reported by May, 2021. A new surge in
cases and deaths began in February, 2021, mainly related
to a failure to mitigate the spread of a novel SARS-CoV-2
variant of concern, P.1, first recognised through genomic
surveillance in the city of Manaus in January, 2021.%
Although COVID-19 occurs in all age groups,
epidemiological evidence has consistently shown that
children typically have less severe disease than adults.””
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Nevertheless, with the progression of the pandemic
worldwide, severe and life-threatening manifestations
of the disease in paediatric patients have emerged,
including multisystem inflammatory syndrome in
children (MIS-C).*” In addition, a systematic review has
highlighted a greater impact of paediatric COVID-19
fatality in low-income and middle-income countries
compared with high-income countries.® To date, how-
ever, few paediatric cohort studies have directly investi-
gated the risk factors associated with severe COVID-19.
Further understanding these issues in children could
provide important insights and guide the development
of therapeutic and vaccination strategies for target
groups.
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Research in context

Evidence before this study

Preliminary evidence, mostly from high-income countries,
suggests that the clinical outcomes of COVID-19 are more
favourable in children than in adults. Several studies in adults
have shown that the compounding issues of racial and
health-related disparities are strongly associated with the
incidence and outcomes of COVID-19. We searched PubMed,
Google Scholar, medRxiv, and bioRxiv on Feb 20 2021, for
studies published in English since Feb 1, 2020, that described
the outcomes of children with COVID-19. We used the search
terms “"COVID-19", “children”, “race”, "heath disparity”,

and related synonyms. Scarce data are available on the effects
of ethnicity, comorbidities, social inequalities, and health
disparities on outcomes in children infected with SARS-CoV-2
from middle-income or low-income countries.

Added value of this study
We describe the clinical outcomes and risk factors for death
in 11613 hospitalised children and adolescents with

In a previous study based on a nationwide database,
Ranzani and colleagues® retrospectively analysed the
first 250000 hospital admissions for COVID-19 among
patients aged 20 years or older in Brazil. Using the same
database, we investigated paediatric cases of COVID-19,
with the aim of characterising the features of hospitalised
children and adolescents (aged <20 years) with laboratory-
confirmed SARS-CoV-2 infection and evaluating the risk
factors for COVID-19-related death in this population.

Methods
Study design and participants
We analysed all COVID-19 cases in hospitalised children
and adolescents (aged <20 years) recorded in the Influenza
Epidemiological Surveillance Information System, SIVEP-
Gripe (Sistema de Informagio de Vigildncia Epidemiologica
da Gripe), a nationwide database established by the
Brazilian Ministry of Health in 2009 for the surveillance of
severe acute respiratory infections.”" SIVEP-Gripe has
been the primary source of information on COVID-19-
related hospital admissions and deaths in Brazil.
COVID-19 notification is compulsory in Brazil, and SIVEP-
Gripe receives notifications of patients admitted to both
public and private hospitals. For all patients enrolled in the
system, data regarding demographic and clinical features
are systematically registered. Our period of analysis
was from Feb 16, 2020, to Jan 9, 2021 (epidemiological
week 8, 2020, to epidemiological week 1, 2021). We
included all patients consecutively registered in SIVEP-
Gripe who were younger than 20 years, had a positive
quantitative RT-PCR (RT-qPCR) test result for SARS-CoV-2,
and had been admitted to hospital.

To enter the SIVEP-Gripe database, cases must present
with flu-like symptoms and at least one of the following:

laboratory-confirmed SARS-CoV-2 infection in Brazil. To our
knowledge, this is the largest clinical study of COVID-19 in
the paediatric population to date. The data provide evidence
of the effects of regional and geographical inequalities,
health disparities, poverty, and ethnicity on outcomes of
hospitalised children and adolescents with COVID-19 in a
middle-income country.

Implications of all the available evidence

Hospitalised children and adolescents at the more severe end of
the spectrum of COVID-19 in a middle-income country appear
to have worse clinical outcomes than those in higher-income
countries. Social and biological factors might act synergistically
to increase the burden of the disease and its outcomes for this
vulnerable population. The specific needs of more susceptible
subgroups of paediatric patients should be considered in the
context of future directions for preventive and therapeutic
strategies in these populations.

dyspnoea, respiratory distress, oxygen saturation less
than 95% in room air, cyanosis, or symptoms specific
to children (intercostal retractions, nasal flaring, de-
hydration, or inappetence). Additionally, they must
have been admitted to hospital or died without hospital
admission. Detailed information about SIVEP-Gripe is
available in the appendix (p 1). Through a preliminary
analysis of SIVEP-Gripe data, we found that only around
60% of the selected sample met these strict criteria for
database entry; therefore, we created a subset comprising
only cases that fulfilled the criteria. In this subset, we did
a sensitivity analysis to ascertain the robustness of our
analysis (described in detail in the appendix [p 2]).

Data in SIVEP-Gripe are deidentified and publicly
available. Following ethically agreed principles on open
data, this analysis did not require ethical approval in
Brazil.

Covariables and definitions

Demographic patient data included age, sex, ethnicity,
and geopolitical macroregion (North, Northeast, Central-
West, Southeast, and South, between which there are
historical differences in social, economic, and health
system capacity and coverage). Ethnicity was self-
identified and based on the five classifications defined by
the Brazilian Institute of Geography and Statistics: Branco
(White), Preto (Black), Pardo (Brown), Amarelo (Asian),
or Indigena (Indigenous).” Clinical data included the
date of symptom onset (defined as the day when the
first symptom or sign occurred) and the date of admission
to hospital. Signs and symptoms at presentation (fever,
cough, respiratory distress, gastrointestinal symptoms,
and reduced oxygen saturation) and presence of pre-
existing comorbidities (heart disease, pulmonary disease,
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asthma, kidney disease, neurological disorder [including
developmental delay], haematological disease, diabetes,
obesity, immune deficiency, malignancy, post-transplant
status, and chromosomal abnormality or syndromes)
were also recorded. For analysis, the presence of co-
morbidities was dichotomised (yes or no) and categorised
into four levels (none, one, two, and three or more
pre-existing medical conditions). The presence of other
risk factors, including pregnancy and puerperal period
in adolescents, was also described. Clinical course
was reported in terms of respiratory support (none,
non-invasive oxygen support, and invasive ventilation),
admission to an intensive care unit (ICU), recovery,
death, and ongoing clinical situation. Date of death or
discharge was also registered.

Information regarding clinical and demographic data
available in SIVEP-Gripe and the recodification process
are available in the appendix (p 1).

We had no access to hospital record data to allow the
inclusion of information regarding pharmacotherapies,
laboratory results, or the detailed clinical course of
the patient. To minimise some of these limitations,
one author (EAO) carefully reviewed the registry forms
of all cases included in the study, including a thorough
evaluation of the observations text field, which provided
invaluable information about comorbidities and other
clinical issues.

Outcomes

The primary outcome was time to in-hospital death.
Survival time was defined from the day of admission until
death or discharge. We also evaluated admission to ICU
or provision of respiratory support (none, non-invasive,
or invasive).

Statistical analysis

The sample included all patients younger than 20 years
who had COVID-19 and were registered in the database
between epidemiological week 8, 2020, and week 1, 2021.

Complete data were not available for all variables, especially
ethnicity and symptoms at presentation, so denominators
differ between analyses. We did not impute missing data
for these analyses. For those with missing data on a given
comorbidity, we assumed that clinical condition to be
absent.

We used medians and IQRs or means and SDs
to summarise continuous variables, and calculated
frequencies and proportions for categorical variables. We
examined the spatial and temporal development of the
COVID-19 epidemic (total cases and deaths) throughout
the country by dividing our sample into quartiles,
corresponding to four intervals of epidemiological weeks:
8-23, 24-30, 31-40, and 41-52 (including epidemiological
week 1 of 2021).

Death was evaluated by competing risks analysis using
the cumulative incidence function.” Discharge was ana-
lysed as a competing event by competing risks analysis.
The proportional sub-distribution hazards model by Fine
and Gray was fitted to estimate the effect of covariates on
mortality.** Covariates used in multivariate analyses
were chosen on the basis of having a p value of less than
0-10 in the univariate analysis. Variables in the final
model with a p value of less than 0-05 were considered
statistically significant. The results are expressed as
adjusted hazard ratios (HRs) and 95% Cls.

Role of the funding source

The funder of the study had no role in study design
or conduct; data collection, management, analysis, or
interpretation; or writing of the report.

Results

Between Feb 16, 2020, and Jan 21, 2021, 1134873 cases of
severe acute respiratory illness were reported in SIVEP-
Gripe. Among them, 10184 (0-9%) cases were caused by
other laboratory-confirmed viruses. 82055 (7-3%) of
the remaining 1124689 patients were younger than
20 years at presentation. Of these patients, we excluded

First quartile
500

400 —

300

200

Number of cases

100

5 8 26

Second quartile

Third quartile Fourth quartile

Died in hospital
I No
I Yes

29 32 35 38
Epidemiological week

Figure 1: Incident cases of COVID-19 and deaths in hospitalised children and adolescents through 46 epidemiological weeks in Brazil
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Patients (n=11613)
Age, years
Median (IQR) 51 (1.0-14-3)
Mean (SD) 7-5(6-9)
<2 4051 (34-9%)
2-11 3973 (34-2%)
12-19 3589 (30-9%)
Sex
Male 6032/11600 (52-0%)
Female 5568/11 600 (48-0%)
Macroregion
Southeast 4065/11613 (35:0%)
South 963/11613 (8-3%)
Central-West 1356/11613 (11-7%)
Northeast 3388/11613 (29-2%)
North 1841/11 613 (15-9%)
Ethnicity
White 3191/9181 (34-8%)
Black or Brown 5784/9181 (63-0%)
Asian 79/9181 (0-9%)
Indigenous 127/9181 (1-4%)
Signs and symptoms at presentation
Fever 7604/10212 (74-5%)
Cough 6673/9905 (67-4%)
Respiratory distress 5056/9296 (54-4%)
Oxygen saturation <95% 3685/8967 (41-1%)
Dyspnoea 5527/9601 (57-6%)
Odynophagia 2038/8512 (23:9%)
Anosmia 336/4601 (7-:3%)
Ageusia 316/4600 (6-9%)
Diarrhoea 1800/8619 (20-9%)
Vomiting 1983/8651 (22-9%)
Abdominal pain 668/4767 (14-0%)

(Table 1 continues in next column)

70442 (85-8%) on the basis of SARS-CoV-2 RT-qPCR test
data (49417 negative for SARS-CoV-2, 9995 still awaiting
results, 4307 not tested, 402 with inconclusive results, and
6321 with test information missing from the database).
The final sample comprised 11613 patients younger than
20 years who were hospitalised and had a confirmed
positive RT-qPCR test result for SARS-CoV-2 (appendix p 3).

Cases of laboratory-confirmed SARS-CoV-2 infection
and deaths among hospitalised people younger than
20 years over time are shown in figure 1. It took around
16 weeks (epidemiological weeks 8-23) to reach the
first quartile of cases (n=3006), 6 weeks (epidemiological
weeks 24-30) to reach the second quartile (n=3172),
9 weeks (epidemiological weeks 31-40) to reach the
third quartile (n=2730), and 12 weeks (epidemiological
weeks 41-52) to reach the fourth quartile (n=2705).
A significantly higher proportion of patients died in
hospital (12-1%) in the first quartile (epidemiological
weeks 8-23) than in the subsequent quartiles (6-7% in

Patients (n=11613)
(Continued from previous column)
Number of comorbidities
0 8352/11613 (71:9%)
1 2780/11613 (23:9%)
2 403/11613 (3-5%)
=3 78/11613 (0-7%)
Type of comorbidity
Asthma 867/11613 (7-5%)
Pulmonary disease 240/11613 (2:1%)
Neurological disorder 706/11613 (6-1%)
Malignancy 581/11613 (5:0%)
Heart disease 379/11613 (3-3%)
Haematological disease 269/11613 (2:3%)
Kidney disease 173/11613 (1-5%)
Diabetes 210/11613 (1-8%)
Obesity 162/11613 (1-4%)
Syndrome or chromosomal aberration 219/11613 (1-9%)
Data are n/N (%) of those with available data. For comorbidities, we assumed
missing data to indicate the absence of the given clinical condition.
Table 1: Demographic and clinical characteristics of children with
quantitative RT-PCR-confirmed SARS-CoV-2 infection

the second quartile, 5-9% in the third quartile, and
6-5% in the fourth quartile; p<0-0001).

The median age at admission was 5-1 years
(IQR 1-0-14-3; table 1). Patients were roughly evenly
distributed among the three age groups (<2 vyears,
2-11 years, and 12-19 vyears]). There was a slight
predominance of boys (6032 [52-0%] of 11600 with
available data), and Black or Brown patients accounted
for about half of the sample (5784 [63-5%] of 9109). The
most frequent signs and symptoms were fever, cough,
respiratory distress, and dyspnoea. Respiratory distress
was strongly associated with low oxygen saturation
(p<0-0001). Among 11613 cases, 8352 (71-9%) individuals
had no pre-existing medical conditions, 2780 (23-9%)
cases had one comorbidity, and 481 (4-1%) individuals
had two or more pre-existing medical conditions. The
most common conditions were asthma, neurological
disorders, malignancies, and heart disease (table 1).
Clinical and demographic characteristics by geopolitical
macroregion are shown in the appendix (p 4). Among
the general population of young people in each region,
COVID-19 cases were most prevalent in the North region
(330-4 cases per million) and Central-West region
(330-0 cases per million). Among the study sample of
hospitalised young people with COVID-19, the proportion
of patients of Black or Brown ethnicity was highest in
the North region (1501 [85-3%] of 1759 patients) and
Northeast region (2204 [85-4%] of 2581), and the
proportion of those of Indigenous ancestry was highest
in the North region (90 [5-1%)] of 1759).

The median time from symptom onset to hospital-
isation was 3 days (IQR 1-6). 2759 (23-8%) individuals
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11 613 patients positive for SARS-CoV-2 |
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v
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v
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—>| 405 (4

v v
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oxygen support require oxygen oxygen support require oxygen
support support
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non-invasive invasive ventilation non-invasive invasive ventilation
ventilation ventilation
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Figure 2: Clinical outcomes at the time of database download (Jan 10, 2021), according to ICU admission and oxygen support
0f 513 children with missing data regarding ICU admission, 111 (21-6%) died in hospital. ICU=intensive care unit.

were admitted to ICU, for a median duration of 5 days
(2-12). Among all 11613 patients, 6203 (53-4%) did not
require respiratory support at any stage, 3399 (29-3%)
needed non-invasive oxygen support, 1167 (10-0%)
required invasive ventilation, and for 844 (7-3%) this
information was not available. Figure 2 shows clinical
outcomes according to ICU admission and requirement
for oxygen support. 10410 patients (89.6%) were alive at
the time of analysis (including 10041 [86-5%] who had
been discharged and 369 [3-2%)] who were still in hospital
when the database was analysed), and 317 (2-7%) were
missing information on outcome. 886 (7-6%) patients
died in hospital, at a median 6 days (3-15) after hospital
admission.

The cumulative incidence functions for death and
discharge are shown in figure 3. The estimated prob-
ability of death was 4-8% during the first 10 days after
hospital admission, 6-7% during the first 20 days, and

www.thelancet.com/child-adolescent Vol 5 August 2021

8.1% at the end of follow-up. Probability of discharge
was 54-1% during the first 10 days, 78-4% during the
first 20 days, and 92-0% at the end of follow-up. The
univariate competing risks analysis for death with respect
to demographic characteristics and clinical features in
the study sample are shown in the appendix (p 5). Using
the Fine and Gray model, risk of death was increased
in infants younger than 2 years (HR 1-88 [95% CI
1-58-2-24]) and adolescents aged 12-19 years (1-98
[1-65-2-36]) relative to children aged 2-11 years, and in
patients from the Northeast region (2-03 [1-72-2-38))
and North region (1-53 [1-25-1-87]) relative to those
from the Southeast region. Compared with White
patients, children of Black or Brown ethnicity (1-30
[1-11-1-53]) and Indigenous ethnicity (3-27 [2-17—4-93])
were also at increased risk of death (appendix p 5). With
respect to signs and symptoms at presentation, the pres-
ence of respiratory distress (2-78 [2-35-3-29]) and
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Figure 3: Cumulative incidence functions for death and discharge
Day 0 represents the day of hospital admission. The inset panel shows the cumulative incidence function for death
(the primary outcome) in detail, with the shaded region showing 95% Cl.
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oxygen saturation below 95% (366 [3-11-4-30]) were
strongly associated with death, whereas fever, cough, and
gastrointestinal symptoms were not associated with
death. The presence of any comorbidity and the number
of comorbidities (one, two, or three or more vs none)
increased the risk of death in the univariable analysis, as
did all the main specific pre-existing medical conditions
analysed, with the exception of asthma, which decreased
the risk of death (0-60 [0-42-0-85]).

After adjustment for the competing risk of discharge
through multivariate regression analysis, factors
associated with death were age younger than 2 years
(HR 2-36 [95% CI 1-94-2-88], p<0-0001) or 12-19 years
(2-23 [1-84-2-71], p<0-0001), living in the Northeast
region (2-06 [1-68-2-52], p<0-0001) or North region

(1-55 [1-22-1-98], p<0-0001), Indigenous ethnicity (3-36
[2-15-5-24], p<0-0001), and presence of one (2-96
[2-52-3-47], p<0-0001), two (4-96 [3-80-6-48], p<0-0001),
or three or more (7-28 [4-56-11-60, p<0-0001) pre-
existing comorbidities (table 2). Figure 4 shows the
cumulative incidence functions for death in the presence
of these risk factors.

We did a sensitivity analysis in the subset of 7081 cases
who fulfilled the strict criteria for entry into the SIVEP-
Gripe database. Cases included in this subset had a more
severe spectrum of the disease. 2047 (28-9%) individuals
were admitted to ICU, 964 (13-6%) required invasive
ventilation, and 714 (10-1%) patients died. When discharge
was treated as a competing event, despite the increased
severity of cases in this subset, the results were similar to
those based on the entire set of 11613 cases, with the same
covariates associated with death in the multivariate
analysis: age younger than 2 years (HR 2-31 [95% CI
1-85-2-88, p<0-0001) or 12-19 years (2-47 [1-99-3-01],
p<0-0001), living in the Northeast region (2-18 [1-74-2-73],
p<0-0001) or North region (1-52 [1-16-1-97], p=0-0023),
Indigenous ethnicity (3-24 [2-02-5-17], p<0-0001), and
presence of one (2-58 [2:15-3-09], p<0-0001), two (4-18
[3-13-5-58], p<0-0001), or three or more (6-31[3-85-10- 3],
p<0-0001) pre-existing comorbidities (appendix p 8).
Complete results are presented in the appendix (pp 6-13).

Discussion

We evaluated a nationwide database of hospitalised
children and adolescents with symptomatic laboratory-
confirmed COVID-19 during the first year of the
pandemic in Brazil. To our knowledge, this is the largest
clinical study of COVID-19 in a paediatric population to
date. The inclusion of such a substantial number of cases
was made possible because of mandatory reporting of
all cases of severe acute respiratory illness in Brazil,
established by the Ministry of Health in 2009 during
the HIN1 influenza pandemic.®" With the arrival of
COVID-19, the registry form of the Brazilian Ministry of
Health was updated to include information on
SARS-CoV-2, allowing this study to provide one of the
most detailed epidemiological datasets of COVID-19 in
hospitalised children and adolescents. Patients younger
than 20 years accounted for 82022 (7-3%) of the
1124689 cases in the SIVEP-Gripe database overall,
but represented 11613 (1-5%) of the 781365 laboratory-
confirmed cases of COVID-19 in the database—a
percentage similar to those reported in the USA (1-7%),"*
the UK (0-9%),” and China (2%)."

In our sample, 23-8% individuals were admitted to the
ICU, 10-0% required invasive ventilation, and 7- 5% died.
The proportion of patients admitted to critical care in our
sample was higher than those reported in the UK (18%),”
in a multicentre multinational European study (13%),”
and in the USA (10%).* Mortality was also higher than
that reported in other paediatric studies.”” Previous
reports have shown that COVID-19 in children has a less
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Discharge In-hospital death
Events, n (%) HR (95% Cl) p value Events, n (%) HR (95% Cl) p value
Overall* 10041 (91-9%) 886 (81%)
Age, years
<2 3558/10 041 (35-4%)  0-82(0-78-0-86) <0-0001 194/886 (21-9%) 2:36(1-94-2-88) <0-0001
2-11 3453/10 041 (34-4%) 1 (ref) 354/886 (40-0%) 1 (ref)
12-19 3030/10 041 (30-2%) 073 (0-70-0-77) <0-0001 338/886 (38-1%) 2:23 (1-84-2.71) <0-0001
Macroregion
Southeast 3648/10 041 (36:3%) 1 (ref) 236/886 (26:6%) 1 (ref)
South 881/10 041 (8-8%)  1-03 (0-95-1-13) 0-41 63/886 (7-1%) 116 (0-87-1-55) 0-227
Central-West 1183/10 041 (11-8%)  0-69 (0-65-074)  <0-0001 49/886 (5-5%) 0-80 (0-56-1-13) 0-202
Northeast 2751/10 041 (27-4%) 066 (0-63-071)  <0-0001 377/886 (42-6%) 2:06 (1-68-2:52) <0-0001
North 1578/10 041 (15:7%)  0-82(0-76-0-87)  <0-0001 161/886 (18-2%) 155 (1-22-1-98) <0-0001
Ethnicityt
White 2854/7964 (35:8%) 1 (ref) 214/741 (28-9%) 1 (ref)
Black or Brown 4941/7964 (62:0%)  0-95 (0-90-1-00) 0-072 493/741 (66-5%) 112 (0-92-1:35) 0-213
Asian 69/7964 (0-9%) 0-90 (0-71-1-14) 0-42 8/741 (1-1%) 1-45 (0-71-2-99) 0-312
Indigenous 100/7964 (1-3%) 0-70 (0-56-0-88) 0-0026 26/741 (3:5%) 3-36 (2:15-5-24) <0-0001
Number of comorbidities
0 7399/10 041 (73-7%) 1 (ref) 438/886 (49-4%) 1 (ref)
1 2291/10 041 (22:8%) 072 (0-68-0-76)  <0-0001 347/886 (39-2%) 2:96 (2:52-3-47) <0-0001
2 298/10 041 (3-0%)  0-49 (0-43-055)  <0-0001 81/886 (9-1%) 496 (3-80-6-48)  <0-0001
=3 53/10 041 (0-5%) 0-37 (0-28-0-49) <0-0001 20/886 (2:3%) 7-28 (4-56-11-60) <0-0001
369 cases were still hospitalised (censored in the analysis). *317 cases were missing primary outcome data. t2222 cases were missing ethnicity data.
Table 2: Multivariate competing risks analysis of discharge and in-hospital death

severe pattern of disease then adults, with a small
proportion of patients requiring intensive care.’” In
Wang and colleagues’ meta-analysis of COVID-19 among
11671 children,” only 3-3% (95% CI 2-03—4-94) of cases
were severe and mortality was 0-28% (0-19-0-39).
However, unlike our study, most of these series reported
data from mild, non-hospitalised, or even asymptomatic
cases. In the context of hospitalised paediatric patients
with COVID-19, Swann and colleagues™ prospective
cohort study in the UK showed that 116 (18%) of
632 hospitalised children were admitted to the ICU, and
six (1%) of 627 patients (all six of whom had comorbidities)
died in hospital.

The differences in unfavourable outcomes between
this study and previous studies might be related to some
of the features of our sample. First, the SIVEP-Gripe
database captured data from children and adolescents
who were managed within the hospital setting. In
addition, testing capacity for SARS-CoV-2 in Brazil is
lower than clinical demand and, therefore, many
hospitalised children with symptoms consistent with
COVID-19 are not appropriately tested*—for instance, of
82055 patients younger than 20 years included in the
database, 49417 had a negative test, 11163 had a positive
test (our sample), but around 10000 individuals did not
yet have results available, 4000 were not tested, and
6000 had this information missing from the dataset.
Taken together, these characteristics suggest that our
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sample tends to represent individuals at the more severe
end of the disease spectrum, because patients with more
severe disease were also more likely to be prioritised
for testing. Second, Brazil is a middle-income country
with substantial socioeconomic disparities, which might
affect the quality of regional health services (including
the availability of paediatric ICUs) and, thus, the likeli-
hood of unfavourable clinical outcomes. For example, of
the 838 patients who died in our study, 261 (31%) were
not admitted to the ICU, probably because of the lack of
these facilities, reflecting regional economic disparities
even within the same region. The proportion of children
who died without ICU support was about 36% in the
poorest regions (Northeast and North), compared with
about 23% in the richest regions (Southeast and South).
Notably, in the systematic review reported by Kitano and
colleagues,® among 138 countries, Brazil had the highest
rate of deaths in the young population, reaching about
23-6 per 1000000 children. Consequently, the high
mortality observed in our sample is likely to reflect both
the inclusion of hospitalised individuals at the more
severe end of the spectrum and an apparent inability to
provide the highest level of care to the most critically ill
patients, especially in less developed regions.”

This study, to our knowledge, is the first large-scale
study to assess competing risks in children and ado-
lescents with COVID-19. In competing risk univariate
and multivariate analyses, higher risk of death was
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Figure 4: Cumulative incidence functions for death of children and adolescents with COVID-19 according to age group, macroregion, ethnicity, and number

of comorbidities

significantly associated with age group (infants and
adolescents), poor geopolitical macroregions (North and
Northeast), ethnicity (Indigenous), and comorbidities. In
the COVID-19 setting, because patients can recover, die,
or still have an ongoing clinical situation, analysis of
survival data is complicated by competing risks, and,
therefore, commonly used survival analysis techniques
(eg, the Kaplan-Meier method) are often not appropriate

for such real-time situations.® The competing risks
model recognises effective and non-effective predictors
of the outcome. Of note, in our analysis, a complex
interaction emerged between social and clinical risk
factors for fatal outcome. Among social factors, patients
from the poorestregions of the country and of Indigenous
ethnicity had a significantly higher risk of poor outcomes.
Importantly, Black or Brown ethnicity was also associated
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with poor outcomes in the univariate analysis, but did
not remain significantly associated with death after
adjustment in the multivariate analysis. A possible
explanation for this finding is that patients of Black or
Brown ethnicity represented about 50% of our overall
sample, but 85% of the sample from the North and
Northeast regions (data not shown). Therefore, both
variables are probably providing similar information
related to social inequalities and low socioeconomic
status. Several studies have showed that the interweaving
issues of race, social inequality, and health disparity are
strongly associated with the incidence and prognosis
of COVID-19, whether in high-income or lower-income
countries or in adult or paediatric populations.”*
Accordingly, Baqui and colleagues™ preliminary analysis
of the SIVEP-Gripe dataset including all Brazilian age
groups showed increased mortality in the North region
and in those of Black or Brown ethnicity.

Another important clinical question highlighted by our
results is the negative effect of the presence of any pre-
existing medical condition. In our study, the prevalence
of comorbidity was around 30% in the overall sample,
but around 50% in patients who died. When the number
of comorbidities was categorised as none, one, two, or
three or more, a step gradient effect was observed in the
multivariate analysis, with risk of death increasing with
number of pre-existing medical conditions. However, the
presence of asthma was associated with a decreased risk
of death. The presence of pre-existing medical conditions
has been shown to be strongly associated with the
prognosis of COVID-19 in adults,” but the evidence in
the paediatric setting is limited by the paucity of data. In
a European multicentre study including 582 children
and adolescents, multivariable analysis showed that
the presence of pre-existing medical conditions was
associated with ICU admission (odds ratio 3-27 [95% CI
1-67-6-42], p=0-0015).” Additionally, Shekerdemian and
colleagues® reported that 40 (83%) of 48 paediatric
patients admitted to US and Canadian paediatric ICUs
had significant pre-existing comorbidities.

Our study is unique in terms of the large sample size of
paediatric patients with laboratory-confirmed COVID-19,
allowing analysis of the clinical characteristics, risk
factors, and outcomes of SARS-CoV-2 infection in
hospitalised children. However, it has several limitations.
First, the sample comprised only hospitalised children,
who are at the more severe end of the disease spectrum.
Second, the likelihood of inappropriate selection of
patients within the database could have biased the
findings. Of the 32638 patients younger than 20 years
with clinically suspected COVID-19, 21025 cases had
no laboratory confirmation of the disease, for several
reasons. We did several preliminary analyses to compare
the clinical features and outcomes between patients with
versus without laboratory-confirmed infection, and found
significant differences between them, with a more favour-
able outcome for the not-confirmed group in terms of
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in-hospital death. Consequently, we decided to exclude
patients without laboratory confirmation of SARS-CoV-2
infection, but this option might have contributed further
to the selection of patients at the more severe spectrum of
the disease for our study sample.

Another important limitation of our study is that mild
cases in which the patient is not hospitalised are not
included in the registry. Therefore, the main limitation
concerns the generalisability of the results. Our sample
comprised hospitalised children, mortality was limited to
in-hospital death, and discharged patients were assumed
to still be alive during the study period. Consequently, the
reported clinical outcomes should be interpreted with
consideration of this fundamental limitation. In addition,
we were unable to assess some relevant information
regarding the treatment and management of the patients,
for which data were unavailable because of the nature of
the database. We had no access to hospital record data to
include laboratory results or information on the detailed
clinical courses of the patients; therefore, for example,
only four cases of possible MIS-C were anecdotally
reported in the observations field of the record, but
without relevant clinical details.

Missing data are inherent to the nature of a registry
based on point-of-care case report forms. In this regard,
around 20% of patients in our study sample were missing
data on ethnicity; this percentage reached about 40% for
infants. This finding is somewhat expected because of
the difficulties in ascertaining this characteristic in small
children in a self-report survey. Nevertheless, we cannot
exclude the introduction of bias in the analysis of ethnicity.
For instance, the missing data might account for absence
of an association between Black or Brown ethnicity and
the primary outcome in the multivariate analysis, as
shown in adult cohorts. In addition, our multivariate
analysis did not include variables related to some
symptoms at presentation because of the heterogeneity in
the data captured and the amount of missing information.

Finally, another important limitation was the absence
of a national audit system, under the scope of the
Brazilian Ministry of Health, to verify the consistency of
the SIVEP-Gripe data. To try to overcome some of the
limitations of missing variables, we carefully reviewed all
forms for all cases in the study, including a thorough
evaluation of the observations text field, which provided
invaluable information about comorbidities and other
clinical issues. We also did a sensitivity analysis in a
subset of cases that met the strict criteria for entry into
the SIVEP-gripe database. Our analyses showed similar
results in both datasets.

In this analysis of a large, nationwide database of
hospitalised children and adolescents with laboratory-
confirmed COVID-19, our data showed that death was
associated with age younger than 2 years or 12-19 years,
Indigenous ethnicity, living in the poorest macroregions,
and presence of pre-existing medical conditions.
Therefore, health-care disparities and social inequalities,
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exacerbated by interweaving comorbidities, might have
contributed synergistically to magnify the COVID-19
burden for more socioeconomically deprived and vulner-
able individuals. Additionally, rates of poor outcomes
in patients from Brazil, a middle-income country, were
higher than those found in other studies from higher-
income countries. These findings provide evidence for the
effects of regional and geographical inequalities on
outcomes. Furthermore, our analysis identified subgroups
of higherrisk paediatric patients whose characteristics
should inform the direction of preventive and therapeutic
strategies for this population.
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