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a b s t r a c t

Background: The accurate etiological diagnosis of lower respiratory tract infections (LRTI) is essential for 
their effective clinical management. The extensive use of molecular methods during the COVID-19 pan
demic has enabled massive data acquisition on viral lower respiratory tract infections. The current study 
aims to identify clinical features associated with eight viral agents among children presenting severe LRTI.
Methods: retrospective cohort study of data from the Brazilian Influenza Epidemiological Surveillance 
Information System. Patients under 20 years-old who had severe LRTI with etiological confirmation through 
RT-PCR between 2020 and 2022 were included. Binary logistic regressions were used to examine associa
tions between pathogens and symptoms.
Results: 60,657 cases were assessed. The main viral agents detected were Sars-CoV-2 (COV2) (41.2%), 
Respiratory Syncytial Virus (29.1%), Human Rhinovirus (HRV) (12.1%), and Influenza (FLU) (5.5%). A general 
mortality rate of 4.3% was observed. The multivariate analysis evidenced that COV2 less likely presented 
with cough (OR: 0.34; 95%CI: 0.32–0.36), respiratory discomfort (Adjusted Odds Ratio (aOR): 0.61; 
95%Confidence Interval (CI): 0.59–0.64), and desaturation (aOR: 0.71; 95%CI: 0.69–0.75). RSV strongly as
sociated with cough (aOR: 2.59; 95%CI: 2.45–2.75) and respiratory discomfort (aOR: 1.54; 95%CI: 1.46–1.62), 
whereas FLU was linked to fever (aOR: 2.27; 95%CI: 2.06–2.50) and sore throat (aOR: 1.48; 95%CI: 
1.34–1.64).
Conclusions: The viral agents responsible for severe LRTI have distinct associations with clinical features in 
children.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li
censes/by-nc-nd/4.0/).

Introduction

Acute respiratory infections (ARIs) are common in children, with 
most experiencing three to six episodes annually regardless of 
country or economic situation [1]. These infections can range from 
mild upper respiratory illness to lower respiratory tract infections 

(LRTI), which require special attention, as it progresses in severity. 
LRTIs ranks among the leading causes of death in children aged zero 
to nine years worldwide [2]. In Brazil, they significantly contribute to 
the overall burden of respiratory diseases in pediatric populations.

Respiratory viruses are a common cause of LRTIs in children, and 
the most associated viruses include respiratory syncytial virus (RSV), 
influenza (FLU), parainfluenza virus (PIV), human metapneumovirus 
(HMPV), and human rhinovirus (HRV) [3]. However, the emergence 
of SARS-CoV-2 (COV2) in 2020 introduced a new etiological agent to 
consider in the diagnosis of LRTI. Molecular detection methods, such 
as real-time polymerase chain reaction assays (RT-PCR), are often 
employed for accurate diagnosis [4]. During the COVID-19 pandemic, 
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the widespread use of RT-PCR has facilitated the monitoring of dis
ease burden and the evaluation of control measures, such as vaccine 
introduction and the implementation of respiratory precautions. it 
has also enabled targeted therapeutic management for symptomatic 
infections [5–7].

In Brazil, the monitoring of viral ARIs has been a national public 
health policy since 2009 [8]. The extensive use of RT-PCR during the 
COVID-19 pandemic has enabled massive data acquisition on the 
burden of severe LRTI caused by various viruses. This information is 
important for the development of control and prevention strategies 
by health authorities [9]. Nonetheless, a need remains for the 
comprehensively characterization of severe LRTIs to guide evidence- 
based clinical practices and public health interventions [10–12]. The 
aim of this study is to evaluate severe cases of viral respiratory in
fections among children reported in a national surveillance system 
for influenza-like illness during the COVID-19 pandemic in Brazil 
and identify the main virus-specific clinical characteristics. The hy
pothesis of the study was that there are clinical and epidemiological 
differences between the viral agents causing severe LRTI.

Materials and methods

Study design

This retrospective cohort study used public data made available 
by the Brazilian Ministry of Health. All cases of severe viral LRTI in 
individuals up to 19 years of age with laboratory confirmation of the 
etiological agent were analyzed from February 21, 2020, to August 
21, 2022, according to data availability. These cases were registered 
in the SIVEP-Gripe (Influenza Surveillance Epidemiological System) 
database.

Data source

The Influenza Surveillance Epidemiological System was im
plemented in response to the Influenza A(H1N1) outbreak in 2009 
and was designed to monitor and track cases of LRTIs to assist in the 
control and prevention of the disease. Within this framework, no
tification of individuals hospitalized with severe LRTIs is mandatory, 
regardless of whether they are in a public or private healthcare 

institution in Brazil. Doctors and nurses are responsible for com
pleting standardized reporting forms when a diagnosis of LRTI is 
suspected. These forms are updated as significant patient develop
ment occur (laboratory confirmation, hospitalization, ICU admission, 
discharge, or death). In the system, each patient receives a unique 
identification code that is updated as new notifications are made, 
thereby allowing the longitudinal evaluation of cases [13].

Variables definitions

Severe viral LRTI was defined as a flu-like syndrome with dys
pnea, or persistent pressure in the chest, or O2 saturation less than 
95% in room air, or cyanosis. In children, additional markers include 
nasal flaring, cyanosis, intercostal indrawing, dehydration and lack of 
appetite [13]. For each case, self-reported symptoms, comorbidities, 
and sociodemographic data were collected. Dates of hospital and 
intensive care unit (ICU) admission, need for ventilatory support, 
and clinical outcome were also recorded. All variables were defined 
according to the manual provided by the Brazilian Ministry of Health 
and are further described in Supplementary File 1. Brazil’s territory 
was divided into five regions according to the official division of the 
country as established by the Brazilian Institute of Geography and 
Statistics. The dates of case occurrences were stratified by season. 
Variables with more than 10% missing data, such as race, educational 
levels, imaging test results, and use of antiviral medication were not 
included in the analysis. The proportion of missing data in the re
maining variables is displayed in Supplementary File 1.

Statistical analysis

Median values with interquartile ranges (IQR) were used as 
measures of central tendency and dispersion, respectively. The 
Kolmogorov-Smirnov test was used to compare continuous vari
ables. Categorical variables were presented as absolutes numbers 
and frequencies (%) and were compared using Fisher’s exact test. The 
Bonferroni adjustment for multiple comparisons was employed. 
Binary regression analyses, backwards stepwise method, assessed 
the association between clinical features and the etiologic agent, 
considering potential confounders. All variables with statistical re
levance (p  <  0.1 in the univariable analysis) were included in the 

Fig. 1. Flowchart of the study. Abbreviations: SARS-CoV-2 (COV2), Respiratory Syncytial Virus (RSV), Parainfluenza Virus (PIV), Human metapneumovirus (HMPV), Adenovirus 
(ADV), Human Bocavirus (HBOV), Human Rhinovirus (HRV), Influenza (FLU).
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model. Differences with p-values below 0.05 were considered sta
tistically significant. Statistical analyses were performed in SPSS 
(version 26.0.0.0) and R (version 4.1.1) with the packages 
compareGroups (version 4.5.1) and fmsb (0.7.3). The map was de
signed using qGIS (version 3.24.3).

Ethics statement

All data analyzed in this study were obtained from a public 
government program. They were pre-processed by the Brazilian 
Ministry of Health and published in https://open
datasus.saude.gov.br/. The datasets are verified for duplicate regis
tration, consistency, and completeness of registered data, following 

the regulations dictated by Resolution No. 466/12 on Research Ethics 
of the National Health Council, Brazil.

Results

Patient enrollment and viral etiology

There were 296,752 entries in the national registry for in
dividuals younger than 20 years between February 2020 and August 
2022. Of these, 60,657 had a viral infection confirmed by RT-PCR. The 
main viral agents detected in the period were COV2 (43.2%), RSV 
(29.1%), HRV (13.1%) and FLU (5.5%). Most cases were younger than 5 
years (55.1%; median age 1.56; IQR: 0.38–5.69), males (54.4%), from 

Fig. 2. Case notifications according to the Brazilian macro-region. (A) Choropleth map showing case density per macro-region of Brazil. (B) Bar chart representing viral prevalence 
per macro-region of Brazil. (C) Viral occurrences by date. Each line represents the viral incidence per month. Gray bars represent the seasons. Abbreviations: SARS-CoV-2 (COV2), 
Respiratory Syncytial Virus (RSV), Parainfluenza Virus (PIV), Human metapneumovirus (HMPV), Adenovirus (ADV), Human Bocavirus (HBOV), Human Rhinovirus (HRV), Influenza 
(FLU), Summer (Sum), Autumn (Aut), Winter (Win), Spring (Spr).
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the southeastern region of Brazil (41.2%) and occurred in the autumn 
(36.4%). Regarding unfavorable clinical outcomes, 15,495 (25.6%) 
patients were admitted to the intensive care unit (ICU), 5397 (8.9%) 
required mechanical ventilation, and 2636 (4.3%) died. The sample 
composition was represented in Fig. 1.

Comparison of baseline characteristics

The distribution of severe respiratory virus infections varied by 
region (Fig. 2A and B). The southeast had the highest number of 
cases, COV2 (51%) and RSV (29%) were the most prevalent viruses. 
The north had similar proportions of COV2 (43%) and RSV (29%), but 
the smallest number of cases. The south had the second highest 
number of cases, with RSV (36%) being the most common, followed 
by COV2 (27%) and HRV (21%). In the Midwest, COV2 (32%), RSV 
(30%), and HRV (21%) were the most common viruses. The northeast 
had the highest proportion of COV2 cases (62%), followed by RSV 
(21%) and FLU (11%). Seasonally, there were more notifications in late 
summer and early autumn of the southern hemisphere, ex
ceptionally PIV and FLU were more prevalent in spring and ADV and 
BOV were in winter (Figs. 2C and S1).

The population was categorized into five age groups to assess 
their proportion of viral involvement (Fig. 3). There were 25,293 

cases of children under one year (median: 0.29 [IQR: 0.13 – 
0.57]). In this group there was a major prevalence of RSV (48.7%), 
followed by COV2 (31.2%) and HRV (9.0%). The age group of 1–4 
years (median: 2.22; IQR: 1.52–3.23) presented greater diversity 
of viral involvement. The main viruses reported were COV2 in 
34.7%, RSV in 24.8% and HRV in 19.2%. Between 5 and 9 years 
(median: 5.87; IQR: 8.33–12.32) 6425 cases were observed. The 
COV2 was notified in 52.8%, HRV in 22.4% and FLU 10.7%. The 
smallest group consisted of cases aged 10–14 years (median: 
12.3; IQR: 11.1–13.8). In this group, COV2 was more common 
(72.6%), followed by FLU (10.9%) and HRV (9.9%). Finally, in the 
age group of 15–20 years (median: 18.0; IQR: 16.7–19.1), COV2 
corresponded for 90.7% of the cases, FLU for 4.9% and HRV for 3%. 
In summary, COV2 was predominant in al-most all age groups, 
except for the children under one year, for this group RSV was the 
most prevalent.

There were 11,631 (19.2%) children with at least one comorbidity. 
Asthma was the most prevalent comorbidity, and it was significantly 
higher in patients diagnosed with HRV (13.2%), FLU (8.8%) and COV2 
(6.1%). Neuropathy and immunosuppression frequencies were 
higher in patients with COV2 and PIV. In addition, heart disease, 
obesity and diabetes were higher only in children with COV2. As this 
was not an exclusive database for evaluating children, data on 

Fig. 3. Viral occurrences by age strata. (A) Each bar represents the absolute viral incidence by age. (B) Boxplot showing age distribution (median and interquartile range) in each 
stratum. Abbreviations: SARS-CoV-2 (COV2), Respiratory Syncytial Virus (RSV), Parainfluenza Virus (PIV), Human metapneumovirus (HMPV), Adenovirus (ADV), Human Bocavirus 
(HBOV), Human Rhinovirus (HRV), Influenza (FLU).
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Table 1 
Population characteristics. 

Characteristics General  
population 
[n = 60,657]

SARS2 
[n = 26,212] 
(a)

RSV 
[n = 17,677] 
(b)

PIV 
[n = 1221] 
(c)

ADV 
[n = 1481] 
(d)

HMPV 
[n = 1561] 
(e)

HBOV 
[n = 1262] 
(f)

HRV 
[n = 7920] 
(g)

FLU 
[n = 3323] 
(h)

p-value

Season no. (%) < 0.001
Summer 17,803 (29.4) 8200 (31.3) 

b c d e f g
5043 (28.5) 
c d e f g

202 (16.5) 
f

277 (18.7) 
f

373 (23.9) 
c d f

119 (9.4) 1739 (22.0) 
c f

1850 (55.7) 
a b c d e f g

Autumn 22,052 (36.4) 9100 (34.7) 
c h

7701 (43.6) 
a c d f g h

265 (21.7) 
h

529 (35.7) 
c h

1002 (64.2) 
a b c d f g h

410 (32.5) 
c h

2679 (33.8) 
c h

366 (11.0)

Winter 12,169 (20.1) 6289 (24.0) 
b e h

2304 (13.0) 
e h

319 (26.1) 
b e h

426 (28.8) 
a b e h

102 (6.5) 
h

474 (37.6) 
a b c d e g h

2121 (26.8) 
a b e h

134 (4.0)

Spring 8633 (14.2) 2623 (10.0) 
e

2629 (14.9) 
a e

435 (35.6) 
a b d e f g h

249 (16.8) 
a e

84 (5.4) 259 (20.5) 
a b e

1381 (17.4) 
a b e

973 (29.3) 
a b d e f g

Country region 
no. (%)

< 0.001

North 2766 (4.6) 1369 (5.2) 
b e g h

558 (3.2) 76 (6.2) 
b e g h

167 (11.3) 
a b c e g h

43 (2.8) 190 (15.1) 
a b c e g h

248 (3.1) 115 (3.5)

Northeast 9095 (15) 4996 (19.1) 
b c d e f g

1719 (9.7) 
d f

125 (10.2) 
d f

79 (5.3) 
f

117 (7.5) 
f

17 (1.3) 1100 (13.9) 
b c d e f

942 (28.3) 
a b c d e f g

Midwest 8747 (14.4) 2814 (10.7) 2695 (15.2) 
a f h

225 (18.4) 
a d f h

198 (13.4) 
a

410 (26.3) 
a b c d f h

133 (10.5) 1888 (23.8) 
a b c d f h

384 (11.6)

Southeast 25,011 (41.2) 12,926 (49.3) 
b c d e g h

7278 (41.2) 
d e g

518 (42.4) 
d e g

480 (32.4) 
e g

325 (20.8) 778 (61.6) 
a b c d e g h

1389 (17.5) 1317 (39.6) 
d e g

South 15,038 (24.8) 4107 (15.7) 
f

5427 (30.7) 
a c f h

277 (22.7) 
a f h

557 (37.6) 
a b c f h

666 (42.7) 
a b c f h

144 (11.4) 3295 (41.6) 
a b c f h

565 (17.0) 
f

Male sex no. (%) 32,996 (54.4) 13,880 (53.0) 9737 (55.1) 
a e

664 (54.4) 823 (55.6) 787 (50.4) 718 (56.9) 
e

4565 (57.7) 
a b e

1822 (54.8) <  0.001

Age no. (%) < 0.001
[ <  1]. years 25,293 (41.7) 7894 (30.1) 

h
12,312 (69.6) 
a c d e f g h

540 (44.2) 
a d f g h

463 (31.3) 
h

689 (44.1) 
a d f g h

409 (32.4) 
h

2291 (28.9) 
h

695 (20.9)

[0–4]. years 18,910 (31.2) 6557 (25) 4681 (26.5) 
a

523 (42.8) 
a b h

868 (58.6) 
a b c e g h

706 (45.2) 
a b h

735 (58.2) 
a b c e g h

3630 (45.8) 
a b h

1210 (36.4) 
a b

[5–9]. years 6425 (10.6) 3395 (13) 
b c d e f

497 (2.8). 95 (7.8) 
b

105 (7.1) 
b

116 (7.4) 
b

96 (7.6) 
b

1436 (18.1) 
a b c d e f

685 (20.6) 
a b c d e f

[10–14]. years 4057 (6.7) 2947 (11.2) 
b c d e f g

136 (0.8). 46 (3.8) 
b f

31 (2.1) 
b

36 (2.3) 
b

19 (1.5) 400 (5.1) 
b d e f

442 (13.3) 
a b c d e f g

[15–19]. years 5972 (9.8) 5419 (20.7) 
b c d e f g h

51 (0.3) 17 (1.4) 
b f

14 (0.9) 
b

14 (0.9) 
b

3 (0.2) 163 (2.1) 
b f

291 (8.8) 
b c d e f g

Hospital acquired 
infection no. (%)

1347 (2.2) 829 (3.2) 
b d e g h

194 (1.1) 51 (4.2) 
b d e g h

16 (1.1) 16 (1.0) 30 (2.4) 
b

145 (1.8) 
b

66 (2.0) 
b

<  0.001

Symptoms no. (%)
Fever 40,590 (66.9) 17,617 (67.2) 

b g
11,354 (64.2) 
g

856 (70.1) 
b g

1164 (78.6) 
a b c f g

1268 (81.2) 
a b c f g

845 (67.0) 
g

4699 (59.3) 2787 (83.9) 
a b c d f g

<  0.001

Cough 46,396 (76.5) 16,586 (63.3) 15,782 (89.3) 
a c d f g h

1015 (83.1) 
a

1225 (82.7) 
a

1385 (88.7) 
a c d g h

1074 (85.1) 
a

6553 (82.7) 
a

2776 (83.5) 
a

<  0.001

Sore throat 6580 (10.8) 3634 (13.9) 
b c e f g

989 (5.6) 88 (7.2) 183 (12.4) 
b c e

124 (7.9) 
b

113 (9.0) 
b

824 (10.4) 
b c

625 (18.8) 
a b c d e f g

<  0.001

Dyspnea 42,648 (70.3) 15,714 (59.9) 14,482 (81.9) 
a c d g h

855 (70) 
a

998 (67.4) 
a

1251 (80.1) 
a c d h

1007 (79.8) 
a c d h

6161 (77.8) 
a c d h

2180 (65.6) 
a

<  0.001

Desaturation 28,377 (46.8) 9982 (38.1) 9956 (56.3) 
a c d g h

545 (44.6) 
a h

701 (47.3) 
a h

942 (60.3) 
a c d g h

702 (55.6) 
a c d h

4252 (53.7) 
a c d h

1297 (39.0) <  0.001

Diarrhea 6174 (10.2) 3338 (12.7) 
b c e g h

1403 (7.9) 88 (7.2) 211 (14.2) 
b c e g h

131 (8.4) 131 (10.4) 
g

572 (7.2) 300 (9.0) 
g

<  0.001

Vomiting 9382 (15.5) 4440 (16.9) 
b c g

2363 (13.4) 158 (12.9) 271 (18.3) 
b c g

229 (14.7) 183 (14.5) 1149 (14.5) 589 (17.7) 
b c g

<  0.001

Odynophagia 829 (1.4) 663 (2.5) 
b c d e f g h

73 (0.4) 4 (0.3) 8 (0.5) 7 (0.4) 2 (0.2) 42 (0.5) 30 (0.9) 
b

<  0.001

Ageusia 1006 (1.7) 765 (2.9) 
b c d e f g h

106 (0.6) 4 (0.3) 12 (0.8) 7 (0.4) 6 (0.5) 71 (0.9) 35 (1.1) <  0.001

Abdominal pain 3073 (5.1) 1834 (7.0) 
b c e f g

425 (2.4) 34 (2.8) 73 (4.9) 
b

50 (3.2) 48 (3.8) 416 (5.3) 
b c e

193 (5.8) 
b c e

<  0.001

Myalgia 1051 (1.7) 883 (3.4) 
b c d e f g

24 (0.1) 5 (0.4) 7 (0.5) 3 (0.2) 1 (0.1) 49 (0.6) 
b

79 (2.4) 
b c d e f g

<  0.001

Arthralgia 49 (0.1) 42 (0.2) 
b g

1 (0.0) 0 (0.0)1 0 (0.0)1 0 (0.0)1 0 (0.0)1 1 (0.0) 5 (0.2) 
b g

<  0.001

Headache 1815 (3) 1488 (5.7) 
b c d e f g h

55 (0.3) 13 (1.1) 
b

15 (1.0) 
b

11 (0.7) 5 (0.4) 119 (1.5) 
b f

109 (3.3) 
b c d e f g

<  0.001

Comorbidities no. (%)
Heart disease 1595 (2.6) 975 (3.7) 

b d g h
254 (1.4) 32 (2.6) 

b
31 (2.1) 44 (2.8) 

b
27 (2.1) 167 (2.1) 

b
65 (2.0) <  0.001

Hematologic disease 607 (1) 409 (1.6) 
b g

52 (0.3) 16 (1.3) 
b

9 (0.6) 12 (0.8) 7 (0.6) 52 (0.7) 
b

50 (1.5) 
b g

<  0.001

Down syndrome 779 (1.3) 424 (1.6) 
b g h

169 (1.0) 16 (1.3) 25 (1.7) 
g

36 (2.3) 
b g h

17 (1.3) 62 (0.8) 30 (0.9) <  0.001

Liver disease 204 (0.3) 116 (0.4) 
b

30 (0.2) 10 (0.8) 
b

6 (0.4) 2 (0.1) 5 (0.4) 23 (0.3) 12 (0.4) <  0.001

(continued on next page) 
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prematurity were absent. It is important to notice that 2.2% of the 
cases were acquired in a health care unit, and COV2 and PIV stood 
out as the main etiological agents in these cases. Detailed char
acteristics of the study subjects are shown in Table 1.

Comparison of Signs and symptoms

The most common signs or symptoms reported were cough 
(76.5%), respiratory discomfort (70.3%), fever (66.9%) and desatura
tion (46.8%). To evaluate the potential bias of communication ability, 
the age of 5 years was used as a cutoff point. In general, the dis
tribution pattern of clinical manifestations was similar when clas
sified for etiologic agents and the patient’s age group (Table S1 and 
Fig. S2). As expected, ageusia, anosmia, headache, arthralgia, or 
myalgia were fewer than 1% for any virus among children under 5 
years of age. For those over 5 years old, the percentage of arthralgia 
cases remained less than 1% for all viruses (Table S2).

After adjusting for country region, seasonality, comorbidities, 
and age, significant differences were found in the clinical pre
sentation of viral infections. COV2 was associated with the less 
likelihood to present cough (aOR: 0.34; 95%CI: 0.32–0.36), re
spiratory discomfort (aOR: 0.61; 95%CI: 0.59–0.64) and desa
turation (OR: 0.71; 95%CI: 0.69–0.75) when compared to other 
viruses. Also, it was the only virus to present a positive association 
with anosmia (aOR: 1.40; 95%CI: 1.14–1.73), ageusia (aOR: 1.74; 
95%CI: 1.37–2.19), headache (aOR: 1.60; 95%CI: 1.39–1.85), 
myalgia (aOR: 1.80; 95%CI: 1.48–2.19) and abdominal pain (aOR: 
1.13; 95%CI: 1.03–1.23). The presence of diarrhea was associated 
with cases of COV2 (aOR: 1.14; 95%CI 1.10–1.19) and ADV (aOR1.34; 
95%CI 1.15–1.56). Sore throat stood out positively only among FLU 
cases (aOR: 1.48; 95%CI: 1.34–1.64). Similarly, respiratory dis
comfort and desaturation were positively associated with RSV, 
HMPV, HBOV and HRV. The presence of fever was negatively as
sociated in RSV (aOR 0.89; 95%CI 0.85–0.93) and HRV (aOR 0.58; 
95%CI 0.55–0.61) cases. Vomiting was not associated with any 
viral manifestation (Figs. 4 and S3).

Discussion

In this retrospective cohort study, severe lower respiratory virus 
infections in pediatric patients during the COVID-19 pandemic were 
characterized by comparing the age of occurrence, seasonal profile, 
and clinical presentation of eight viral species from laboratory- 
confirmed cases in the Brazilian National Influenza Surveillance 
Epidemiological System from February 2020 to August 2022. To the 
best of current understanding, this is the largest study on this issue 
to date.

Viral pathogens play a significant role in the incidence of LRTIs, 
and technological advances have improved our understanding about 
them and their identification on common respiratory illnesses, as 
well as, during outbreak scenarios [14,15]. Thus, in the early 2000 s, 
it was possible to identify new viruses related to LRTI, such as 
human metapneumovirus and bocavirus. Studies have been con
ducted to establish their clinical relevance and severity [16–18]. 
Respiratory syncytial virus and human rhinovirus were identified as 
the most prevalent viral agents of LRTI, present in 22.7% and 22.1% of 
cases respectively, by a meta-analysis of laboratory-confirmed viral 
infections, from 1995 to 2019, in 152,000 children younger than 19 
years old with community-acquired pneumonia [19]. Similarly, a 
multicentric Brazilian study that evaluated 507 children under 24 
months with LRTI also found a higher prevalence of RSV (40.2%) and 
HRV (17%) between 2012 and 2013 [20]. Influenza and coronaviruses, 
while less common causes of pneumonia in these studies, can cause 
severe respiratory disease and outbreaks, as previously seen in the 
SARS-CoV-1 pandemic in 2003 and the H1N1 influenza pandemic in 
2009 [19]. Brazilian national data corroborate that the influenza 
virus was the main agent related to severe respiratory disease in 
2019, among all age strata [21]. Whereas it is worth noting that in 
Brazil, before the COVID-19 pandemic, the use of viral panels was 
often restricted, so in this period studies on this subject were 
limited.

Brazil is currently the third most affected country in COVID-19 
pandemic, with 36 million confirmed cases and 695,000 related deaths 
until December 2022 [22]. Our study demonstrates that, between 2020 

Table 1 (continued)           

Characteristics General  
population 
[n = 60,657]

SARS2 
[n = 26,212] 
(a)

RSV 
[n = 17,677] 
(b)

PIV 
[n = 1221] 
(c)

ADV 
[n = 1481] 
(d)

HMPV 
[n = 1561] 
(e)

HBOV 
[n = 1262] 
(f)

HRV 
[n = 7920] 
(g)

FLU 
[n = 3323] 
(h)

p-value

Asthma 3716 (6.1) 1602 (6.1) 
b c d e

544 (3.1) 41 (3.4) 60 (4.1) 61 (3.9) 73 (5.8) 
b

1042 (13.2) 
a b c d e f h

293 (8.8) 
a b c d e f

<  0.001

Diabetes 580 (1) 487 (1.9) 
b c d e f g h

23 (0.1) 3 (0.2) 3 (0.2) 3 (0.2) 4 (0.3) 28 (0.4) 
b

29 (0.9) 
b g

<  0.001

Neurologic disease 2377 (3.9) 1426 (5.4) 
b e f g

273 (1.5) 68 (5.6) 
b

53 (3.6) 
b

52 (3.3) 
b

41 (3.2) 
b

316 (4.0) 
b

148 (4.5) 
b

<  0.001

Lung disease 1071 (1.8) 520 (2.0) 
b

194 (1.1) 23 (1.9) 26 (1.8) 30 (1.9) 20 (1.6) 202 (2.6) 
b

56 (1.7) <  0.001

Immunodepression 1347 (2.2) 878 (3.3) 
b d e f g h

150 (0.8) 43 (3.5) 
b d e f h

16 (1.1) 15 (1.0) 17 (1.3) 168 (2.1) 
b

60 (1.8) 
b

<  0.001

Kidney disease 521 (0.9) 350 (1.3) 
b d f g

50 (0.3) 13 (1.1) 
b

5 (0.3) 9 (0.6) 4 (0.3) 66 (0.8) 
b

24 (0.7) 
b

<  0.001

Obesity 758 (1.2) 683 (2.6) 
b c e f g h

31 (0.2) 3 (0.2) 0 (0.0) 1 (0.1) 1 (0.1) 33 (0.4) 
b

6 (0.2) <  0.001

Cancer 300 (0.5) 174 (0.7) 
b

56 (0.3) 2 (0.2) 1 (0.1) 4 (0.3) 6 (0.5) 38 (0.5) 19 (0.6) <  0.001

ICU admission no. (%) 15,495 (25.5) 7149 (27.3) 
b c d e g h

4571 (25.9) 
d e h

271 (22.2) 306 (20.7) 293 (18.8) 315 (25.0) 
e h

1926 (24.3) 
e h

664 (20.0) <  0.001

Mechanical 
ventilation 
no. (%)

5397 (8.9) 2650 (10.1) 
b g h

1464 (8.3) 94 (7.7) 
g

135 (9.1) 130 (8.3) 111 (8.8) 555 (7.0) 258 (7.8) <  0.001

Death no. (%) 2636 (4.3) 1987 (7.6) 
b c d e f g h

222 (1.3) 20 (1.6) 58 (3.9) 
b c g

45 (2.9) 
b

33 (2.6) 
b

148 (1.9) 
b

123 (3.7) 
b c g

<  0.001

Table note: Results are based on bilateral tests. A letter was consecutively assigned for each viral agent. For each pair of columns, the column proportions are compared, and 
Bonferroni adjustments are used to adjust the significance values. For each significant pair, the letter of the smaller category is placed under the column with the larger proportion 
(e.g., if the latter b appears under the column a, it means that the columns a has a significant higher proportion than b for that specific comparison. Significance level for lowercase 
letters (a, b, c): p  <  0.05.
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and 2022, COV2 was the most detected virus in children (43.2%), except 
for those younger than 1 year old. For this group, RSV remained the 
major cause of respiratory tract infections, which emphasizes the im
portance of this pathogen in this age group, already evidenced in pre
vious studies [23]. We found that children between the ages of 1–4 had a 
greater diversity of viruses causing respiratory tract infections, which is 
expected, given the increased social exposure of this age group, in
cluding increased contact with other children in day care centers and 
leisure areas, as well as immunological immaturity [24]. We also ob
served that COV2 infection was predominant in adolescents in the pre- 
vaccine period, with a significant drop in cases as vaccination for this 
population progressed.

The first cases of COV2 in Brazil were reported in February 2020. 
Its first wave was preceded by smaller outbreaks of other respiratory 
viruses, such as FLU, RSV, HRV and HMPV. During the first 9 months 
of the pandemic, most severe cases were caused by COVID-19. 
Importantly, this period coincided with the autumn and winter 
months in the southern hemisphere when viral respiratory infec
tions such as RSV-related disease are typically expected. Authors 
from United States, Canada, China, Australia and Belgium also re
ported a decrease in normal seasonal illness attributable to other 
respiratory viruses in children during these early months of the 

pandemic, which may be attributed to the implementation of pro
tective measures to control the spread of COVID-19, as well as, 
changes in healthcare seeking behavior [25–28].

The second wave of COV2 started in November 2020 and ended in 
December 2021. It is important to note that vaccination against COVID- 
19 in Brazil started in January 2021, initially prioritizing very elderly 
patients and those with comorbidities that may lead to worse outcomes 
from COVID-19. Only in August 2021 the national vaccination for chil
dren under 20 without comorbidities commenced. Simultaneously, 
during this second wave of COV2, there was also an increase in cases of 
RSV from January 2021 to September 2021, outside of this virus’ typical 
seasonality. This characterized a delayed RSV peak also described in 
other countries [23,28]. In the spring, there was a decline in COV2 cases, 
but an increase in notifications of RSV, HRV, PIV, and HBOV, followed by 
an increase in cases of influenza. One of the reasons for this growth was 
the low national FLU vaccine coverage, which reached 72.1% of the target 
audience in 2021 [29].

The third wave of COVID-19 occurred from December 2021 to April 
2022. During the summer, FLU also represented an important proportion 
of new LRTI cases. In the autumn, there was an increase in cases of RSV, 
HRV, and HMPV. In our study, the last wave of COV2 began in August 
2022. Overall, we demonstrated that the epidemiology of respiratory 

Fig. 4. Viral symptom profile. Each axis represents the adjusted odds ratio of a virus being associated with a symptom. The dotted line represents nullity, or an odd of 1. Points 
below this line suggest they refer to an inverse association. Abbreviations: SARS-CoV-2 (COV2), Respiratory Syncytial Virus (RSV), Parainfluenza Virus (PIV), Human me
tapneumovirus (HMPV), Adenovirus (ADV), Human Bocavirus (HBOV), Human Rhinovirus (HRV), Influenza (FLU).
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viruses has been substantially impacted by the COVID-19 pandemic. Of 
note, during the years 2021 and 2022, few studies have been published 
on the burden of severe LRTI cases caused by other respiratory viruses 
and how they have been affected by the COVID-19 pandemic.

By considering seasonal, environmental, and clinical factors, this 
study was able to trace the profiles of the different viral agents that 
cause severe LRTI. Similarly to what we have found about clinical 
manifestations, a Vietnamese study with 4885 patients of all age 
groups found that patients with influenza were more likely to pre
sent fever, sore throat, and myalgia, while those with coronavirus 
infection presented myalgia [30]. Rudge et al. also reported the as
sociation of rhinovirus with headache, which was not corroborated 
in our study. Likewise, other previous studies could not accurately 
identify characteristics related to specific viral agents [31,32].

The presence of desaturation or respiratory distress in previous 
studies showed great variability. In children, studies involving pre-pan
demic coronavirus strains showed that 59–69% had respiratory distress, 
while for SARS-COV-2 this rate was 21% [33–35]. Regarding RSV, HMPV, 
HBOV and HRV, the presence of desaturation ranged from 14% to 82%, 
4–62%, 25–52% and 11–51% [17,32,36–38]. For respiratory distress it 
ranged 70–98%, 62–69%, 65–100% and 61–79% respectively [34,35,38]. 
Diarrhea is a rarely reported symptom with the highest prevalence in 
ADV infections (29%) [39]. Sore throat was reported in 38% of children 
with influenza in the study by Taylor et al. [40]. At last, previous studies 
have demonstrated a prevalence of fever ranging from 42% to 95% and 
36–88% during RSV and HRV infections in children [34,38].

This study has several limitations. First, as it only analyzed 
children with severe LRTI, the validity of the described associations 
in other subpopulations is limited. Furthermore, this was an epide
miological surveillance record that covers all age groups; hence, 
more specific types of data, such as prematurity, were not available. 
Also, the database had a high rate of missing values, such as ethnicity 
and education. Nevertheless, the country regions where the patient 
lives, which were reported in the article, might serve as a proxy for 
inequality. Finally, no information on the specific criteria for RT-PCR 
testing was available. Regardless of such limitations, this is a study 
based on a large national registry with laboratory confirmation by 
molecular test, the notification of which is mandatory.

Conclusions

Our study provides valuable insights into severe lower re
spiratory virus infections in pediatric patients. The results highlight 
the varying degrees of association between viral agents and clinical 
and epidemiological characteristics.
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