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abstractBACKGROUND AND OBJECTIVES: Understanding how severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) interacts with other respiratory viruses is crucial for developing effective public
health strategies in the postpandemic era. This study aimed to compare the outcomes of
SARS-CoV-2 and seasonal viruses in children and adolescents hospitalized with severe acute
respiratory infection (SARI).

METHODS: This population-based, retrospective cohort study included children and adolescents
hospitalized with SARI from February 2020 to February 2023 in Brazil. The main exposure of
interest was viral etiology. The primary outcome was in-hospital mortality. Competing risk
analysis was used to account for time dependency and competing events.

RESULTS: A total of 235829 patients had available results of the viral tests, with SARS-CoV-2 pre-
dominance. According to the competing-risk survival analysis, the estimated probability of a fatal
outcome at 30 days of hospitalization according to the viral strain was 6.5%, 3.4%, 2.9%, 2.3%,
2.1%, and 1.8%, for SARS-CoV-2, coinfection, adenovirus, influenza, other viruses, and respiratory
syncytial virus, respectively. Individuals with a positive test for SARS-CoV-2 had hazard of death
3 times higher than subjects with a negative test (hazard ratio, 3.3; 95% confidence interval,
3.1–3.5). After adjustment by the competing-risk multivariable analysis, admission in Northeast
and North regions, oxygen saturation <95%, and the presence of comorbidities were risk factors
for death in all viral strains.

CONCLUSIONS: SARS-CoV-2 infection had the highest hazard of in-hospital mortality in this pediat-
ric cohort hospitalized with SARI. Regardless of viral etiology, the presence of underlying med-
ical conditions was a risk factor for death.
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WHAT’S KNOWN ON THIS SUBJECT: The coronavirus
disease 2019 pandemic and the implementation of mitigation
measures have affected circulation of seasonal respiratory
viruses. Little is known about the comparative outcomes of
severe acute respiratory syndrome coronavirus 2 and
common respiratory viruses in children.

WHAT THIS STUDY ADDS: Among children hospitalized
with acute respiratory infection, severe acute respiratory
syndrome coronavirus 2 infection presented the highest
risk of in-hospital mortality compared with seasonal
viruses. The presence of underlying medical conditions
was a risk factor for death for all viruses.
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Acute respiratory infection in children is a significant global
health problem, with heterogeneous clinical manifestations
and pathogens involved, including respiratory syncytial
virus (RSV) and influenza.1 The emergence of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
in 2020 has had an evident impact on the epidemiology
of acute respiratory infections worldwide, underscoring
the importance of data that directly compare the burden
of SARS-CoV-2 infection and other viral etiologies.2 Previ-
ous studies, mainly in adults, have shown that coronavi-
rus disease 2019 (COVID-19) is associated with a higher
risk of death and utilization of health care resources than
other viruses.3,4 Understanding how SARS-CoV-2 interacts
with other respiratory viruses and how it affects chil-
dren and adolescents is important in the postpandemic
era. In this context, a comprehensive assessment of the
outcomes caused by emergent and seasonal viruses is
pivotal to setting preventive measures, including vacci-
nation strategies.5

In this retrospective cohort study, we used the Brazilian
national epidemiologic surveillance system to compare
clinical outcomes of SARS-CoV-2 and seasonal virus infec-
tions and risk factors of death among children and adoles-
cents hospitalized with severe acute respiratory infection
(SARI).

METHODS

Study Design and Participants

We analyzed all cases hospitalized with SARI recorded in
the Influenza Epidemiologic Surveillance Information Sys-
tem (SIVEP-Gripe). SIVEP-Gripe is a nationwide database
established by the Ministry of Health to keep surveillance
of SARI in Brazil.6 To be registered in the SIVEP-Gripe da-
tabase, patients must present with a flu-like syndrome and
at least 1 of the following criteria: Dyspnea, respiratory
distress, oxygen saturation <95% in room air, and cyano-
sis. For pediatric cases, child-specific symptoms (intercos-
tal retractions, nasal dilation, dehydration, and lack of
appetite) are also considered for inclusion in the database.
SARI is a notifiable disease in Brazil, and it must be re-
ported to the health authorities within 24 hours of suspi-
cion. The notification is compulsory, and the information is
recorded in the SIVEP-Gripe database, which receives data
from patients admitted to both public and private hospi-
tals. Upon admission, cases were tested for SARS-CoV-2
and other common seasonal respiratory viral etiologies
using reverse transcriptase-polymerase chain reaction
or antigen testing. Detailed information regarding the
SIVEP-Gripe database, including report form, data dictio-
nary, codes, and all deidentified data, are publicly available
at https://opendatasus.saude.gov.br/dataset. Additional in-
formation regarding this data set, including the steps of
the data retrieving and management, is provided in detail

in Supplemental Information 1. The inclusion criterion was
pediatric patients (aged <18 years old) registered in the
database between February 2020 to February 2023. The
information about included and excluded cases is displayed
in Fig 1.

Covariables and Definitions

SIVEP-Gripe provides clinical and demographic data, in-
cluding age, sex, ethnicity, country regions, date of symp-
tom onset, date of admission, signs and or symptoms at
admission, oxygen saturation, and comorbidities. For
analysis, age was categorized into 3 groups (aged <2
years, 2–11 years, and 12–17 years). Additional informa-
tion regarding data preparation, definitions of covariates,
and missing management are detailed in Supplemental
Information 2.

Exposure of Interest

The primary exposure of interest was the virus strain
identified by the laboratory tests at admission.

Outcomes

The primary outcome was in-hospital mortality. The clin-
ical course was reported regarding respiratory support
(none, noninvasive oxygen support, and invasive ventila-
tion), admission to the ICU, and death.

Statistical Analysis

The analysis was conducted in 3 consecutive stages. First,
we used summary statistics to describe the clinical and de-
mographic characteristics of the population included in the
analysis. For this stage, descriptive data are presented as
means (and SDs), medians (and interquartile ranges),
counts, and proportions. We used the F test and the v2 test
for comparisons between groups when appropriate. In the
second step, we evaluated the effect of viral etiology on
the survival of children and adolescents with SARI. For this
step, we carried out a competing-risk survival analysis, us-
ing the cumulative incidence function (CIF)7 and the Fine-
Gray model8 to estimate the cumulative incidence of the
primary outcome over time. In this analysis, in-hospital
mortality was the primary outcome, and hospital discharge
was considered a competing event. Finally, we conducted a
multivariable competing-risk survival analysis for each vi-
ral strain to identify independent risk factors of death. All
models were adjusted by sex, ethnicity, year of admission,
region of hospitalization, oxygen saturation at admission,
and comorbidities. The results are expressed as adjusted
hazard ratios (HRs) and 95% confidence intervals (CIs). All
statistical tests were 2-tailed, and statistical significance
was set at P < .05. The study followed the Strengthening
the Reporting of Observational Studies in Epidemiology re-
porting guideline for cohort studies.
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Ethical Aspects

We accessed data in SIVEP-Gripe, which are already dei-
dentified and publicly available. The study was approved
by the Federal University of Minas Gerais institutional re-
view board (Research Ethics Committee, reference num-
ber 6.127.414).

RESULTS

Participants

Between February 16, 2020, and February 21, 2023,
3515224 cases of SARI were reported in the SIVEP-Gripe.
Among them, 411400 patients (11.7%) were <18 years of

age at admission. A total of 175707 cases were excluded.
Therefore, the final sample consisted of 235829 hospitalized
pediatric patients (Fig 1). We performed a sensitivity analy-
sis for those cases without information on viral etiology tests
(described in detail in Supplemental Information 3).

The demographic and clinical characteristics of the
235829 pediatric patients hospitalized with SARI according
to viral etiology are shown in Table 1. The overall mean age
at admission was 3.8 years (SD 4.5). Regarding viral etiol-
ogy, there was a higher proportion of positive cases for
SARS-CoV-2 in adolescents, whereas RSV cases predominate
in infants. Regarding clinical outcomes, 54 962 (25.6%)
patients were admitted to the ICU, 105 401 (50.63%)
required noninvasive oxygen support, 18 472 (8.9%)

FIGURE 1
Flow diagram of cohort selection.
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TABLE 1 Demographic Features, Clinical Characteristics, and Outcomes of Children and Adolescents According to the Laboratory-Confirmed Viral Etiology

Overall (%) Test Negative SARS-CoV-2 RSV (%)

Rhinovirus

(%)

Influenza

(%)

Adenovirus

(%)

Coinfection

(%)a
Other Viruses

(%)b P

235 829 (100) 119 171 (31.0) 56 364 (14.6) 32 298 (8.4) 10 588 (2.7) 7431 (1.9) 3836 (1.0) 1180 (0.3) 4961 (1.3)

Age (y)

Median (IQR) 1.9 (0.5–5.4) 2.4 (0.7–5.7) 2.8 (0.6–9.3) 0.4 (0.2–1.2) 2.4 (0.8–5.2) 4.0 (1.3–8.6) 1.8 (0.9–3.3) 0.6 (0.3–2.0) 1.3 (0.5–2.8) <.001

Mean (SD) 3.8 (4.5) 3.9 (4.2) 5.3 (5.7) 1.0 (1.7) 3.5 (3.5) 5.4 (4.8) 2.6 (2.5) 2.0 (3.4) 2.2 (2.8) <.001

Age group (y)

<2 118 698 (50.3) 53 430 (44.8) 24 715 (43.8) 27 351 (84.7) 4677 (44.2) 2468 (33.2) 2041 (53.2) 874 (74.1) 3142 (63.3) <.001

2–11 96 955 (41.1) 57 551 (48.3) 21 314 (37.8) 4805 (14.9) 5549 (52.4) 4013 (54.0) 1746 (45.5) 262 (22.2) 1715 (34.6)

12–17 20 176 (8.6) 8190 (6.9) 10 335 (18.3) 142 (0.4) 362 (3.4) 950 (12.8) 49 (1.3) 44 (3.7) 104 (2.1)

Gender (n 5

235 729)

Female 106 486 (45.2) 53 876 (45.2) 25 837 (45.9) 14 493 (44.9) 4551 (43.0) 3279 (44.1) 1623 (42.3) 516 (43.7) 2311 (46.6) <.001

Male 129 243 (54.8) 65 242 (54.8) 30 493 (54.1) 17 798 (55.1) 6032 (57.0) 4 151 (55.9) 2213 (57.7) 664 (56.3) 2650 (53.4)

Admission y

2020 46 768 (19.8) 28 010 (23.5) 14 768 (26.2) 1255 (3.9) 1198 (11.3) 798 (10.7) 260 (6.8) 54 (4.6) 425 (8.6) <.001

2021 77 905 (33.0) 37 991 (31.9) 19 537 (34.7) 12 686 (39.3) 3047 (28.8) 2279 (30.7) 533 (13.9) 330 (28.0) 1 502 (30.3)

2022 104 975 (44.5) 50 106 (42.0) 21 132 (37.5) 16 882 (52.3) 6015 (56.8) 4191 (56.4) 2965 (77.3) 759 (64.3) 2925 (59.0)

2023 6181 (2.6) 3046 (2.6) 927 (1.6) 1475 (4.6) 328 (3.1) 163 (2.2) 78 (2.0) 37 (3.1) 109 (2.2)

Region

Southeast 115 185 (48.8) 65 809 (55.2) 23 945 (42.5) 16 379 (50.7) 1178 (16.8) 3663 (49.3) 1034 (27.0) 613 (51.9) 1964 (39.6) <.001

South 45 972 (19.5) 20 305 (17.0) 7529 (13.4) 8779 (27.2) 4657 (44.0) 1192 (16.0) 1785 (46.5) 257 (21.8) 1468 (29.6)

Central-West 22 581 (9.6) 8741 (7.3) 5638 (10.0) 3736 (11.6) 2180 (20.6) 821 (11.0) 501 (13.1) 126 (10.7) 838 (16.9)

Northeast 38 492 (16.3) 19 497 (16.4) 12 464 (22.1) 2622 (8.1) 1631 (15.4) 1513 (20.4) 253 (6.6) 154 (13.1) 358 (7.2)

North 13 599 (5.8) 4819 (4.0) 6788 (12.0) 782 (2.4) 342 (3.2) 242 (3.3) 263 (6.9) 30 (2.5) 333 (6.7)

Ethnicity (n 5

188 105)

White 88 409 (47.0) 43 998 (46.3) 18 808 (41.2) 14 230 (56.4) 4276 (51.3) 2928 (49.0) 1728 (56.5) 481 (51.4) 1960 (50.4) <.001

Brown 90 597 (48.2) 46 300 (48.7) 24 389 (53.5) 9939 (39.4) 3790 (45.4) 2757 (46.2) 1233 (40.3) 408 (43.6) 1781 (45.8)

Black 6665 (3.5) 3721 (3.9) 1517 (3.3) 815 (3.2) 183 (2.2) 211 (3.5) 67 (2.2) 37 (4.0) 114 (2.9)

Asian American 1152 (0.6) 583 (0.6) 336 (0.7) 124 (0.5) 43 (0.5) 31 (0.5) 8 (0.3) 7 (0.7) 20 (0.5)

Indigenous 1282 (0.7) 497 (0.5) 546 (1.2) 106 (0.4) 50 (0.6) 44 (0.7) 25 (0.8) 2 (0.2) 12 (0.3)

Signs and symptoms

at baseline

Fever 154 063 (65.3) 74 962 (62.9) 38 269 (67.9) 20 846 (64.5) 6252 (59.0) 6120 (82.4) 3118 (81.3) 852 (72.2) 3644 (73.5) <.001

Cough 179 352 (76.1) 91 010 (76.4) 36 324 (64.4) 28 910 (89.5) 8685 (82.0) 6003 (80.8) 3160 (82.4) 1014 (85.9) 4246 (85.6) <.001

Respiratory

distress

132 905 (56.4) 69 135 (58.0) 25 252 (44.8) 22 305 (69.1) 6693 (63.2) 3529 (47.5) 2085 (54.4) 752 (63.7) 3154 (63.6) <.001

Dyspnea 132 783 (56.3) 69 949 (58.7) 26 381 (46.8) 20 874 (64.6) 6611 (62.4) 3294 (44.3) 1931 (50.3) 701 (59.4) 3042 (61.3) <.001

Oxygen saturation

<95% (n 5

194 863)

112 218 (57.6) 59 525 (57.7) 20 343 (48.2) 18 917 (69.1) 5624 (65.6) 2806 (48.9) 1703 (56.6) 641 (65.0) 2659 (70.0) <.001

Odynophagia 25 218 (10.7) 12 623 (10.6) 8004 (14.2) 1453 (4.5) 973 (9.2) 1267 (17.1) 432 (11.3) 79 (6.7) 387 (7.8) <.001

Diarrhea 23 995 (10.2) 11 892 (10.0) 7259 (12.9) 2455 (7.6) 724 (6.8) 655 (8.8) 479 (12.5) 118 (10.0) 413 (8.3) <.001

Vomit 38 716 (16.4) 20 479 (17.2) 9671 (17.2) 4161 (12.9) 1491 (14.1) 1337 (18.0) 702 (18.3) 187 (15.8) 688 (13.9) <.001

Abdominal pain 13 582 (5.8) 7364 (6.2) 4139 (7.3) 650 (2.0) 557 (5.3) 455 (6.1) 205 (5.3) 37 (3.1) 175 (3.5) <.001

Number of

comorbidities

None 203 544 (86.3) 102 395 (85.9) 46 345 (82.2) 30 389 (94.1) 9217 (87.1) 6429 (86.5) 3409 (88.9) 1064 (90.2) 4296 (86.6) <.001

1 26 468 (11.2) 13 843 (11.6) 8006 (14.2) 1584 (4.9) 1167 (11.0) 862 (11.6) 359 (9.4) 91 (7.7) 556 (11.2)

2 4842 (2.1) 2440 (2.0) 1649 (2.9) 288 (0.9) 162 (1.5) 124 (1.7) 58 (1.5) 23 (1.9) 98 (2.0)

$3 975 (0.4) 493 (0.4) 364 (0.6) 37 (0.1) 42 (0.4) 16 (0.2) 10 (0.3) 2 (0.2) 11 (0.2)

ICU admission

(n 5 215 060)

No 160 098 (74.4) 83 987 (76.8) 35 512 (72.2) 21 165 (69.2) 7431 (74.3) 4886 (75.8) 2852 (78.0) 718 (64.0) 3547 (75.0) <.001

Yes 54 962 (25.6) 25 357 (23.2) 13 642 (27.8) 9438 (30.8) 2575 (25.7) 1562 (24.2) 805 (22.0) 403 (36.0) 1180 (25.0)
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required invasive ventilation and 7078 (3.0%) individ-
uals had a fatal outcome. Interestingly, although RSV
positive cases had proportionally lower oxygen satura-
tion at entry and required more ICU admission and ox-
ygen support, the in-hospital mortality rate was higher
for SARS-CoV-2 positive cases (Table 1).

Epidemic Curve

Figure 2 shows the cases hospitalized with SARI over time
in patients <18 years of age with laboratory-confirmed viral
etiology, stratified by age group and year of hospitalization.
The first laboratory-confirmed SARS-CoV-2 infection was re-
ported in Brazil on February 16, 2020. Figure 2 shows that
SARS-CoV-2 infection became prevalent in all age groups
around the 14th epidemiologic week of 2020 and main-
tained a prevalence >80% throughout 2020. During the
second year of the pandemic, SARS-CoV-2 infection was still
prevalent in children, but RSV became dominant in infants
around the 10th epidemiologic week. During the third year
of the pandemic, with the emergence of the omicron variant,
SARS-CoV-2 infection became predominant again, regardless
of age, until around the ninth epidemiologic week, when
RSV returned to predominate in infants (Fig 2).

Risk Factors of Fatal Outcome

According to the competing-risk survival analysis, the
overall estimated probability of death of the entire co-
hort was 3.2%. Figure 3 illustrates the CIF according to
viral etiology. The estimated probability of a fatal out-
come at 30 days of hospitalization according to the viral
strain was 6.5%, 3.4%, 2.9%, 2.3%, 2.1%, and 1.8%, for
SARS-CoV-2, coinfection, adenovirus, influenza, other vi-
ruses, and RSV, respectively. For those cases with a nega-
tive test at admission, the probability of death was
estimated as 2.4% (Fig 3).

In the competing-risk univariate analysis, children
with a positive test for SARS-CoV-2 had a hazard of
death 3 times higher compared with individuals with a
negative test (HR, 3.3; 95% CI, 3.1–3.5). Cases with coinfec-
tion (HR, 1.7; 95% CI, 1.2–2.4) and a positive test for ade-
novirus (HR, 1.4; 95% CI, 1.2–1.7) also had a significantly
increased death hazard compared with the reference cate-
gory. On the other hand, cases with a positive test for RSV
(HR, 0.57; 95% CI, 0.51–0.65) and rhinovirus (HR, 0.79;
95% CI, 0.69–0.94) had a relatively reduced hazard of
death during hospital stay (Fig 4).

Figure 5 shows the multivariable competing risk analysis
models of death risk factors for each of the main viral
strains (Fig 5A–D). For RSV-positive cases, the following co-
variates were associated with fatal outcome, age (12–17
years), Indigenous ethnicity, admission in Northeast or
North regions, oxygen saturation <95% at admission, and
presence of comorbidities (Fig 5A). For influenza-positive
cases, age (12–17 years), admission in Northeast or North
regions, oxygen saturation <95%, and presence of comor-
bidities (Fig 5B). For adenovirus cases, covariates associated
with the primary outcome were Indigenous ethnicity, ad-
mission in Northeast or North regions, oxygen saturation
<95%, and presence of comorbidities (Fig 5C). For SARS-
CoV-2–positive cases, age (<2 years and 12–17 years), In-
digenous ethnicity, admission in Northeast or North regions,
oxygen saturation <95%, and presence of comorbidities
were risk factors of death. Of note, admission after 2021
was increasingly protective against death for cases positive
for SARS-CoV-2 (Fig 5D).

DISCUSSION

In this population-based study conducted over the 3 years
of the COVID-19 pandemic in Brazil, we analyzed a nation-
wide database of hospitalized children and adolescents with

TABLE 1 Continued

Overall (%) Test Negative SARS-CoV-2 RSV (%)

Rhinovirus

(%)

Influenza

(%)

Adenovirus

(%)

Coinfection

(%)a
Other Viruses

(%)b P

235 829 (100) 119 171 (31.0) 56 364 (14.6) 32 298 (8.4) 10 588 (2.7) 7431 (1.9) 3836 (1.0) 1180 (0.3) 4961 (1.3)

Oxygen support

(n 5 208 239)

None 84 366 (40.5) 42 041 (40.1) 24 528 (50.7) 7709 (25.8) 3306 (34.3) 3110 (49.5) 1637 (46.6) 338 (31.3) 1697 (37.1)

Noninvasive 105 401 (50.6) 54 081 (51.5) 18 889 (39.1) 19 439 (65.1) 5626 (58.3) 2701 (43.0) 1581 (45.0) 614 (56.9) 2 470 (54.1) <.001

Invasive 18 472 (8.9) 8794 (8.4) 4943 (10.2) 2734 (9.1) 712 (74) 468 (7.5) 293 (8.3) 127 (11.8) 401 (8.8)

In-hospital mortality

rate (n 5

234 337)

No 227 259 (97.0) 115 729 (97.7) 52 379 (93.9) 31 847 (98.8) 10 366 (98.2) 7232 (97.8) 3716 (97.1) 1138 (96.9) 4852 (97.9)

Yes 7078 (3.0) 2726 (2.3) 3377 (6.1) 371 (1.2) 193 (1.8) 161 (2.2) 110 (2.9) 37 (3.1) 103 (2.1) <.001

Data (n) in the first column represent the available data for those variables with missing values (gender, ethnicity, oxygen saturation, ICU admission, ventilatory support, and
death). IQR, interquartile range.
a Coinfection: SARS-CoV-2/RSV, 874; SARS-CoV-2/influenza, 176; and SARS-CoV-2/adenovirus, 150.
b Other virus: Meta, 2154; parainfluenza, 1872; and boca, 1373 (some cases with >1 virus identified).

PEDIATRICS Volume 153, number 2, February 2024 5

Downloaded from http://publications.aap.org/pediatrics/article-pdf/doi/10.1542/peds.2023-064326/1591362/peds.2023-064326.pdf
by guest
on 18 January 2024



SARI and confirmed viral etiology. To our knowledge, this re-
port is the first large-scale study assessing competing risks
of death in children and adolescents with SARI associ-
ated with SARS-CoV-2 and other seasonal respiratory
viruses. After accounting for competing events and
confounding factors, patients infected with SARS-CoV-2
had the highest risk of death compared with those
with a negative test. Positive tests for adenovirus, in-
fluenza, and coinfections were also associated with an
increased risk of death. Other risk factors for death in-
cluded hospitalization in the poorest regions of Brazil,
low oxygen saturation at admission, and presence of
comorbidities.

The COVID-19 pandemic has dramatically affected the ep-
idemiology of acute respiratory infections. The measures
taken to mitigate the pandemic have affected the spread of
respiratory viruses, like RSV, influenza, and parainfluenza,
leading to a decrease in infections and hospitalizations.9–13

During the analyzed period from 2020 to 2023, we ob-
served an apparent alternating trend in dominance between
SARS-CoV-2 and RSV in infants, whereas for adolescents,
SARS-CoV-2 was the leading cause of hospitalization. Some
studies have reported an RSV surge when physical distanc-
ing measures were eased, and schools reopened, resulting
in a shift in the peak season and increased infections in
older children.14–17 Interestingly, in our cohort, a positive
test for RSV was associated with an overall comparatively
lower risk of death in our cohort. However, we must em-
phasize that RSV was related to 327 deaths in Brazil in the
period analyzed, and RSV-associated morbidity and mortal-
ity is a substantial health care burden worldwide.18–21

Additionally, staggered COVID-19 vaccination campaigns
may have affected the circulation and transmission of the
SARS-CoV-2.5,22 Interestingly, we observed that hospitaliza-
tion after the second year of the pandemic conferred a sig-
nificant protection against death, which may be related to a
range of factors, including a steep learning curve regarding
COVID-19 and the vaccine programs. In this regard, our
previous studies have shown that, despite limited protec-
tion against SARS-CoV-2 infection, the vaccine schedules
conferred significant protection against hospitalization and
death.23–25

Our analysis showed that, among all viral etiologies,
SARS-CoV-2 had the highest hazard of death among children
and adolescents hospitalized with SARI. Compared with
subjects with a negative test at admission, positive cases
for SARS-CoV-2 had a crude HR of 3.3 (95% CI 3.1–3.5).
Importantly, we also found in the competing-risk survival
analysis that not only SARS-CoV-2 infection but also adeno-
virus, influenza, and cases with coinfection had a significant
hazard of death. Notably, in the United States, an epidemio-
logic analysis of all infectious and respiratory diseases from
2019 to 2022 revealed that COVID-19 ranked the first
cause of death in children and adolescents, followed by in-
fluenza and pneumonia.26 In a French nationwide, popula-
tion-based study, Piroth and colleagues3 showed an overall
in-hospital mortality higher in patients with COVID-19 than
in those with influenza (16.9% vs 5.8%). Of note, in ado-
lescents, the in-hospital mortality was 10 times higher for
COVID-19 than for influenza.3 In adults, Ludwig et al27

found an overall in-hospital mortality more than twofold
higher in COVID-19 versus influenza (14% vs 6%) in

Age group
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FIGURE 2
Incident cases of SARI in children and adolescents according to the viral etiology, age, and year of admission during the 3 years of the COVID-19 pandemic in
Brazil.
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Germany. Using a similar methodology to our study, Port-
mann and colleagues4 reported that the adjusted HR for
in-hospital death for the SARS-CoV-2 omicron variant versus
influenza was 1.54 (95% CI 1.18–2.01) in a cohort of

hospitalized patients in Switzerland. Interestingly, regarding
coinfection, Agathis et al28 reported that respiratory virus
codetections increased disease severity among children <5
years of age hospitalized with SARS-CoV-2 infection.

FIGURE 4
Unadjusted hazard of death in children and adolescents with SARI according to the viral strain. Reference category: Negative test at baseline.

FIGURE 3
Cumulative incidence of death in children and adolescents with SARI according to viral strain.
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In the second step of our analysis, we evaluated risk
factors of in-hospital mortality among pediatric patients
with SARI according to the viral etiology. As expected,
the factors related to death varied among the virus
strains. However, of particular interest, in the competing-
risk multivariable analysis, the following 3 covariates
were significantly associated with death in all models:
Presence of oxygen saturation <95% at admission, hospi-
talization in the poorest regions of the country (North-
east and North), and presence of comorbidities. Our
analysis confirmed previous findings regarding factors
associated with in-hospital mortality in children with
SARI. The presence of any chronic medical condition was

identified as a risk factor, consistent with several previ-
ous COVID-19 pediatric studies.29–38 Comorbidities have
been shown to increase the severity of clinical outcomes
and the risk of ICU admission, extended hospitalization,
and mortality in pediatric influenza cases, as well.39 The
importance of hypoxemia as a predictor of mortality in
children with acute lower respiratory infections has been
demonstrated in a meta-analysis conducted before the
COVID-19 pandemic.40 Furthermore, our data revealed
that children and adolescents hospitalized in less-developed
regions of Brazil had a higher hazard of death compared
with those in the wealthiest region. Health disparities, in-
cluding factors like race, poverty, and access to health care,

Adjusted HR (95% CI) PCovariates

Age (years)
2 –11 Reference

.17
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<2
12 –17

1.27
3.41

(.90– 1.79)
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Reference
.82 (.65 –1.03) .10

Ethnicity
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Asian
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.90
.93
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(.43– 2.01)
(.91– 1.65)
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Reference
.87
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3.21
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(.63– 1.22)
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(2.21– 4.62)
(2.01– 5.40)

.44

.11
<.001
<.001

Oxygen satura�on
> 95%
< 95%

Reference
2.31 (1.68 –3.17) <.001

Comorbidi�es
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Present

Reference
4.65 (3.45 – 6.21) <.001

Year admission
2020
2021
2022
2023

Reference
1.07
.86
.38

(.63– 1.82)
(.51– 1.46)
(.13– 1.05)

.79

.59

.06

A

FIGURE 5
Adjusted hazard of death in children and adolescents with SARI according to the viral strain. (A) RSV, (B) adenovirus, (C) influenza, and (D) SARS-CoV-2. Ref-
erence category: Negative test at baseline.

8 DIAS et al

Downloaded from http://publications.aap.org/pediatrics/article-pdf/doi/10.1542/peds.2023-064326/1591362/peds.2023-064326.pdf
by guest
on 18 January 2024



have been strongly associated with COVID-19 outcomes in
several studies.41,42 Brazil is a middle-income country with
significant disparities in the social determinants of health,
including differences in access to and quality of public
health services, as a low coverage of ICU in North and
Northeast regions.43,44

Some aspects of our results deserve further discussion.
As previously mentioned, our findings highlight that
some risk factors for death are shared among all strains
of the virus. However, it should be noted that age was as-
sociated with the primary outcome in almost all models,
except the adenovirus model. We previously reported
that age as a risk factor for COVID-19–related death was
“U” shaped, with infants and adolescents at higher risk

for a worse outcome.30,33,45 In the present analysis, we
found that adolescents were at higher risk of death than
the reference group (aged 2–11 years) in all virus mod-
els, except those who tested positive for adenovirus. Un-
expectedly, infants (aged <2 years) were at an increased
risk of death only in cases positive for SARS-CoV-2, but
not for seasonal viruses. Similarly, indigenous ethnicity
was also strongly associated with death in all models, ex-
cept the flu model. Our previous studies also showed
that indigenous ethnicity was a risk factor for COVID-
19–related death. Therefore, we cannot rule out the pos-
sibility that the relatively small sample size of seasonal
viruses may have hampered the analysis, increasing the
likelihood of false-negative results in some of these

Adjusted HR (95% CI) PCovariates
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.91
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.73

.80
<.001
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North
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.68
1.48
3.68
4.06

(.32 –1.45)
(.70 –3.14)
(1.67 –7.01)
(1.90 –6.99)

.32

.30
.001

<.001

Oxygen satura�on
> 95%
< 95%
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3.15 (1.79 –5.54) <.001

Comorbidi�es
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Reference
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2023

Reference
3.32
1.61
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(1.20 –7.00)
(.61 – 4.26)
(.53 – 7.00)
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FIGURE 5
Continued
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models. However, despite these issues possibly related to
study power, we must emphasize that our results high-
light more susceptible subgroups of pediatric patients,
whose characteristics may need to be considered in fu-
ture epidemics, regardless of viral etiology.

The strength of this study is its large cohort size,
which allowed comparisons of clinical characteristics,
outcomes, and risk factors for death in children and
adolescents with SARI caused by SARS-CoV-2 and other
respiratory viral infections. However, our study has
several limitations. First, a major limitation is the lack
of essential information on viral etiology tests for many
patients, most labeled in the database as “awaiting test
results.” To address this issue, a sensitivity analysis
was performed for patients with an unknown viral eti-
ology. In this analysis, there was no discernible pattern

in the clinical outcomes in cases with unknown viral
etiology, except for cases labeled as inconclusive, with
a mortality rate similar to the cases with positive SARS-
CoV-2 test results. Secondly, another relevant issue
concerns the heterogeneity of testing for other viruses
in Brazil during the pandemic period. The testing strat-
egies varied widely between Brazilian regions, depend-
ing on test availability. During periods of high demand,
the viral testing panel provided by the Ministry of
Health focused on the most prevalent viruses; namely,
SARS-CoV-2, influenza, and RSV. Therefore, the true
prevalence of other viruses such as adenovirus may
have been underestimated in our cohort. Although all
models were controlled for region and year of admis-
sion, we cannot rule out the possibility that this may
have introduced bias into the analysis. For example,

Adjusted HR (95% CI) PCovariates
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.07
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FIGURE 5
Continued
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some patients with severe clinical conditions or immu-
nosuppressive diseases may have been investigated in
more detail for the presence of adenovirus, and this
characteristic may have influenced survival analysis.
Third, information on vaccination status was not in-
cluded in the analysis because of the heterogeneity of
vaccination campaigns among different age groups. This
decision was made because many pediatric cases were not
vaccinated, because vaccine schedules were not available
for children and adolescents in 2020 and most of 2021.
Finally, we must consider that, despite the size of the
cohort included in the analysis, the study setting may
limit the generalizability to other populations. Consistent

with our previous analyses of successive COVID-19 pan-
demic waves in Brazil,30,33,45 the mortality rate (6.1%)
from SARS-CoV-2 infection in children was much higher
than that in developed countries, which reported an
overall mortality rate of <1% in hospitalized patients.46

We found that these findings are mainly related to the
lack of access to health care in regions of the country
with poor socioeconomic conditions, especially in vul-
nerable ethnic groups such as indigenous individuals. In
this sense, we believe that these peculiar aspects of a
middle-income country like Brazil may hinder the gen-
eralization of our findings to a certain extent. There-
fore, further comparative studies on the outcomes of
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SARS-CoV-2 and seasonal viruses in diverse scenarios
are required.

CONCLUSIONS

In this analysis based on a national multicenter registry that
obtained information on various clinical aspects of children
and adolescents hospitalized with SARI of laboratory-
confirmed viral etiology, we found that SARS-CoV-2 infection
had the highest mortality rate among virus strains. Our anal-
ysis showed heterogeneous viral circulation among different
age groups during the 3 years of the pandemic in Brazil.
Risk factors for death varied between different strains of the
virus. However, an increased risk of death was uniformly as-
sociated with comorbidities, hospitalization in the poorest
regions of Brazil, and low oxygen saturation at admission.
Presumably, SARS-CoV-2 will eventually become an endemic
seasonal pathogen, but little is known about how SARS-CoV-2
will behave in this new environment in terms of equilibrium
dynamics with seasonal viruses. In this context, our findings
highlight the importance of monitoring and understanding vi-
ral epidemiology in the post–COVID-19 era to establish timely

preventive measures to lessen the severity of upcoming sea-
sonal outbreaks of respiratory viruses.
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