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Background The burden and seasonal patterns of respiratory syncytial virus (RSV), influ-
enza, and COVID-19 remain poorly characterised in Brazil and other Latin American coun-
tries. Understanding their epidemiological patterns is essential to inform public health
i interventions and preventive strategies. We aimed to assess respiratory virus seasonality
using national surveillance data to guide vaccination timing and strengthen preparedness
strategies in Brazil.

Methods We conducted a retrospective, observational, descriptive population-based study
using national surveillance data collected through the SIVEP system between 2019 and
2023. We analysed confirmed cases, hospitalisations, and deaths attributed to RSV, influ-
i enza, and COVID-19. We performed time-series decomposition and seasonal trend analysis
using the multiple seasonal-trend decomposition via locally estimated scatterplot smooth-
ing method. We calculated monthly mean values for each aetiology component to assess
i their seasonal burden.

Results There were 69,389 RSV, 45,881 influenza, and 2,299,712 COVID-19 cases among the

i laboratory-confirmed severe acute respiratory infection (SARI) cases reported in SIVEP.

i Each year, more than 90% of RSV diagnoses were reported in children aged 0-10 years,
{ while influenza and COVID-19 were more common among older adults. The proportion of
i deaths in children related to RSV increased from 19.2% in 2020 to 62.0% in 2023. Season-
i al peaks occurred from March to June for RSV, influenza cases peaked in January, while

i COVID-19 showed less consistent seasonality. Geographic variation was observed, with

i higher case concentrations in the Southeast and South regions of Brazil.

Conclusions The burden of respiratory viruses among SARI cases reported in the national
surveillance system in Brazil differed by pathogen, age group, region, and season, and may
be influenced by variations in testing strategies. Strengthening diagnostic capacity and
{ surveillance s critical, particularly for adult RSV cases, which are likely underreported due
to limited testing and reduced diagnostic sensitivity. Seasonal vaccination programmes,
i such as those for influenza, remain essential and may be further enhanced by integrating
! new preventive measures, such as RSV vaccination for older adults and maternal immu-
nisation to protect infants.

Keywords respiratory syncytial virus; influenza virus; COVID-19; seasonality; surveillance
data analysis; Brazil

Respiratory virus infections are a major cause of morbidity and mortality in Brazil and
globally [1]. Respiratory syncytial virus (RSV), influenza, and COVID-19 are among
the most important aetiological agents of viral respiratory diseases due to their per-
sistent circulation, high transmissibility, and significant impact on public health [1].
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These three pathogens are responsible for substantial hospitalisations and deaths across all age
groups. While anyone can be infected, at-risk groups such as children, older adults, and indi-
viduals with underlying medical conditions account for the majority of the disease burden [2].
They are also more vulnerable to severe complications, which can lead to hospitalisation and,
in many cases, death [3].

Recent years have seen the emergence of the so-called ‘tripledemic’, characterised by the con-
current circulation of RSV, influenza, and COVID-19 [4]. This phenomenon has placed substan-
tial strain on health systems, particularly in regions with limited surveillance infrastructure and
variable access to diagnostic testing [5]. Brazil’s mandatory national epidemiological surveillance
information system (Sistema de Informacdo da Vigildancia Epidemioldgica da Gripe (SIVEP-Gripe))
provides an important source of data for assessing the epidemiology of severe acute respiratory
infections (SARI) attributed to these viruses, offering insights that are also relevant for other
countries in the Americas [6].
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Despite advances in vaccination and preventive measures, critical gaps remain in the character-
isation of disease burden and seasonality for RSV, influenza, and COVID-19 in Latin America [7],
hindering the development of targeted public health interventions and the optimisation of vac-
cination strategies. Brazil’s recent inclusion of maternal RSV vaccination in its national immu-
nisation programme exemplifies how approaches to prevention evolve over time, but also points
to a need for robust epidemiological evidence to guide the implementation of such policy [4].

We aimed to describe the clinical and demographic profile, mortality, and hospitalisation bur-
den of SARI cases attributed to RSV, influenza, and COVID-19 in Brazil from 2019 to 2023. With
this in mind, we formulated the following research questions:

1. How did the epidemiological burden of RSV, influenza, and COVID-19 compare across age
groups with respect to cases, hospitalisations, and deaths?

2. How did the distribution and seasonality of these viruses differ across Brazil’s five macrore-
gions?

3. How did the temporal patterns of virus circulation change from 2019 to 2023, encompassing
the prepandemic, pandemic, and postemergency phases of COVID-19?

By analysing national surveillance data and seasonal trends, we wanted to inform the timing of
vaccination campaigns, resource allocation, and preparedness strategies for respiratory virus
outbreaks in Brazil and other countries in the Americas.

METHODS

We conducted a retrospective, observational, descriptive study using national surveillance data
on SARI cases attributed to RSV, influenza, and COVID-19 reported in SIVEP-Gripe between
January 2019 and December 2023.

Population

We included all laboratory-confirmed cases of SARI due to RSV, influenza, or SARS-CoV-2 that
were reported in SIVEP-Gripe between January 2019 and December 2023, regardless of age or
diagnostic method (e.g. reverse transcription polymerase chain reaction, rapid antigen testing,
and viral panel testing). We applied no additional exclusion criteria.

The analysis was based on cases reported to SIVEP based on routine standard-of-care testing [8].
The clinical case definition used for reporting to SIVEP follows Brazil’s national criteria for SARI,
which align with World Health Organization standards [9]. Specifically, a case of SARI is defined
as an individual who presents flu-like symptoms such as fever, cough, sore throat, or other res-
piratory symptoms, together with at least one sign of severity (e.g. dyspnoea, persistent chest
pain, oxygen saturation below 95% on room air, or cyanosis of the lips or face).
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Data source

We obtained data from the publicly accessible SIVEP-Gripe database, which is managed by the
Brazilian Ministry of Health [10]. The database contains anonymised records of all reported SARI
cases, is updated regularly, and is available through the OpenDataSUS platform [11]. Data are
managed in compliance with Brazil’s General Data Protection Law (law no. 13,709/2018).

SIVEP-Gripe primarily captures hospitalised SARI cases and SARI-related deaths. However, not
all records represent hospital admissions, as deaths may occur outside hospital settings and cases
may be reported prior to or without admission. We, therefore, determined hospitalisation sta-
tus using the corresponding SIVEP-Gripe variable, rather than assuming that all reported cases
involved hospital admission.

PAPERS

Testing variability and selection bias

SIVEP-Gripe does not provide standardised indicators of testing intensity. We restricted the anal-
yses to laboratory-confirmed cases and interpreted the findings considering differences in diag-
nostic coverage but did not adjust for testing intensity. For RSV, we reported results using abso-
lute counts, proportions, and seasonal timing, rather than population rates.

Outcomes

Primary outcomes included the frequency and demographic distributions of laboratory-con-
firmed RSV, influenza, and COVID-19 cases, hospitalisations, and deaths. Secondary outcomes
included case fatality rates (CFRs), calculated as the proportion of deaths among laboratory-con-
firmed cases, and hospitalisation rates per 100,000 population, stratified by age group, year, and
region. For RSV, we did not calculate hospitalisation rates, mortality rates or CFRs due to limited
testing and diagnostic coverage among adults.

We identified hospitalisations using the hospitalisation status recorded in the SIVEP database
under the variable ‘hospitalised’. Because not all reported SARI cases were hospitalised, we ana-
lysed hospitalisation as a separate outcome rather than an inherent characteristic of the dataset.
We identified deaths through the outcome variable ‘evolution’, which includes deaths occurring
both in hospital and outside hospital settings. These records represent deaths among confirmed
SARI cases, but do not establish that the pathogen was the primary or direct cause of death.
SIVEP does not adjudicate causality, and deaths may involve patients with multiple comorbidi-
ties or coinfections.

Statistical analysis

We summarised demographic characteristics by age (primarily stratified into ten-year intervals),
sex, race or ethnicity, and region. We also conducted prespecified analyses for all ages combined,
children younger than two years, adults aged 60 years or older, and adults aged 70 years or older.
We assessed geographic variation using ArcGIS, version 10.5 (Esri, Redlands, California, USA)
and official Brazilian territorial shapefiles [12]. We calculated absolute and relative frequencies
of cases, hospitalisations, and deaths.

For influenza and COVID-19, we calculated CFRs and hospitalisation rates per 100,000 population,
with 95% confidence intervals (CIs). We did not calculate CFRs, mortality rates, or hospitalisa-
tion rates for RSV due to substantial under-ascertainment in adults and highly selective testing
among children, which would make the metric epidemiologically misleading. To evaluate the
contribution of each virus to hospitalisations and deaths, we calculated the proportion of events
attributable to RSV, influenza, or COVID-19 within each age group. We divided the number of
events attributed to each virus by the total number of events attributed to all three viruses and
multiplied the result by 100. We restricted the analyses to laboratory-confirmed diagnoses and
did not attribute events among untested cases to pathogens.
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Seasonality analysis

We assessed seasonality using monthly raw counts of laboratory-confirmed cases and hospital-
isations. We did not use rates or proportions because SIVEP-Gripe lacks reliable denominators
for testing intensity or total number of tests by pathogen, region, or age group. Therefore, the
decomposition reflects seasonal patterns in reported surveillance activity, not incidence.

We performed decomposition using the multiple seasonal-trend decomposition via locally esti-
mated scatterplot smoothing (MSTL) method with a 12-month period. We selected this approach
to accommodate pathogen-specific and non-stationary seasonal patterns, which changed sub-
stantially during the COVID-19 pandemic, making traditional single-season decomposition meth-
ods less suitable for capturing the complex temporal variations in respiratory virus circulation
observed during the study period [13-15].
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We applied the robust option of the MSTL decomposition, which uses locally estimated scatter-
plot smoothing to reduce the influence of extreme COVID-19 peaks. Decomposition diagnostics
included visual evaluation of the seasonal, trend, and residual components to verify stability and
determine whether the 2020-2021 structural break introduced artificial seasonality. We used
MSTL results solely for descriptive interpretation.

For visualisation, we extracted the annual seasonal component from the MSTL models and aver-
aged the monthly seasonal values across the study years. We displayed these averages using heat-
maps to identify months contributing most to annual increases in hospitalisations due to res-
piratory viruses and to compare seasonal patterns across Brazil’s five regions: North, Northeast,
South, Southeast, and Midwest [16,17].

RESULTS

The SIVEP-Gripe surveillance system recorded 69,389 RSV cases, 45,881 influenza cases, and

2,299,712 COVID-19 cases in Brazil between

Table 1. Demographic and geographic characteristics of cases of 2019 and 2023. RSV diagnoses were predom-
i - i i - * . . .

RSV, influenza and COVID-19 in Brazil, 2019-2023 inantly reported in children aged 0-10 years

(92.9%), with a median age of 0 years (inter-

RSV Influenza COVID-19

Age quartile range (IQR)=0-1). Influenza and
Valid observations 69,389 (100.0) 45,881 (100.0) 2,299,712 (100.0) COVID-19 diagnoses were more frequently
% (SD) 4.7 (16.2) 40.6 (31.7) 58.0 (19.6) reported among older adults, with median
Mdn (range; IQR) 0.0 (506(111(()))9.0; 40'(;((?_'(7)(‘)101)0'0; 59?5((()).?7_31%)?0; ages of 40 years (IQR=7-70) and 59 years
Gender — — — (IQR=45-73), Fespectively. The Southe.aast
Valid observations 69,378 (99.9) 45,874(99.9) 2,299,432 (99.9) and South regions accounted for the high-
Female 31,537 (45.5) 23,972 (52.3) 1,039,005 (45.2) est proportion of cases for all three viruses
Male 37,841 (54.5) 21,902 (47.7) 1,260,427 (54.8) (Table 1).
Race or colour
Valid observations 56,494 (81.4) 37,607 (81.9) 1,880,327 (81.7)
White 29,646 (52.5) 20,475 (54.4) 983,958 (52.3) T_emPOI'a_l trends and age
Black 1,796 (3.2) 1,645 (4.4) 97,284 (5.2) distribution
ii?:;n 24;?;5;7((()4;'2) 14;2611(533)‘8) Zig: glz')l) The number of RSV cases increased more
Indigenous 388 (0.7) 165 (0.4) 4,585 (0.2) than fourfold between 2019 and 2023, from
Region of residence 6,225 cases to 28,246. The proportion of RSV
Valid observations 69,389 (100.0) 45,881 (100.0) 2,299,712 (100.0) cases among children aged 0-10 years also
North 3,370 (4.9) 1,916 (4.2) 152,648 (6.6) increased, from 90.1% in 2019 t0 95.7% in 2023,
Northeast 9,540 (13.7) 8,709 (19.0) 381,812 (16.6) while diagnoses in older age groups remained
South 19,034 (27.4) 8,825 (19.2) 392,460 (17.1) consistently low (Table 2). Influenza cases
Southeast 28,930 (41.7) 20,988 (45.7) 1,140,914 (49.6) fl d v, with 1 .
Midwest 8,515 (12.3) 5,443 (11.9) 231,878 (10.1) uctuate annualy, with increases in 2021

. . . . . and 2022, with children aged 0-10 years and
IQR - interquartile range, Mdn - median, RSV - respiratory syncytial virus, SD .
_ standard deviation, % - mean adults aged 61 years or older accounting for
*Presented as n (%) unless specified otherwise. the largest proportions of reported cases.
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Table 2. Frequency and age distribution of RSV, influenza, and COVID-19 cases in Brazil, by year of notification, 2019-2023*

2019 2020 2021 2022 2023 Overall
RSV
Frequency 6,225 (9.0) 1,725 (2.5) 14,264 (20.5) 18,929 (27.3) 28,246 (40.7) 69,389 (100.0)
Age group in years
0-10 5,611 (90.1) 1,315 (76.2) 13,050 (91.5) 17,462 (92.2) 27,040 (95.7) 64,478 (92.9)
11-20 65 (1.0) 17 (1.0) 141 (1.0) 110 (0.6) 188 (0.7) 521 (0.8)
21-35 100 (1.6) 60 (3.5) 108 (0.8) 110 (0.6) 82 (0.3) 460 (0.7)
36-45 56 (0.9) 55 (3.2) 96 (0.7) 80 (0.4) 76 (0.3) 363 (0.5) E
46-60 117 (1.9) 78 (4.5) 210 (1.5) 204 (1.1) 162 (0.6) 771 (1.1) Il
61-80 163 (2.6) 143 (8.3) 421 (3.0) 590 (3.1) 426 (1.5) 1,743 (2.5) A
>81 113 (1.8) 57 (3.3) 238 (1.7) 373 (2.0) 272 (1.0) 1,053 (1.5) ﬁ
Influenza
Frequency 6,847 (14.9) 2,366 (5.2) 11,803 (25.7) 12,014 (26.2) 12,851 (28.0) 45,881 (100.0)
Age group in years
0-10 2,088 (30.5) 668 (28.2) 1,815 (15.4) 3,223 (26.8) 5,509 (42.9) 13,303 (29.0)
11-20 385 (5.6) 154 (6.5) 588 (5.0) 849 (7.1) 1,268 (9.9) 3,244 (7.1)
21-35 859 (12.5) 416 (17.6) 1,416 (12.0) 953 (7.9) 942 (7.3) 4,586 (10.0)
36-45 690 (10.1) 271 (11.5) 835(7.1) 615 (5.1) 893 (6.9) 3,304 (7.2)
46-60 1,123 (16.4) 313 (13.2) 1,174 (9.9) 1,072 (8.9) 1,174 9.1) 4,856 (10.6)
61-80 1,224 (17.9) 382 (16.1) 3,408 (28.9) 3,188 (26.5) 1,995 (15.5) 10,197 (22.2)
>81 478 (7.0) 162 (6.8) 2,567 (21.7) 2,114 (17.6) 1,070 (8.3) 6,391 (13.9)
COVID-19
Frequency NA 743,239 (32.3) 1,254,807 (54.6) 247,299 (10.7) 54,366 (2.4) 2,299,712 (100.0)
Age group in years
0-10 NA 11,013 (1.5) 14,790 (1.2) 18,636 (7.5) 8,323 (15.3) 52,762 (2.3)
11-20 NA 6,861 (0.9) 9,231 (0.7) 4,560 (1.8) 1,137 (2.1) 21,789 (0.9)
21-35 NA 56,677 (7.6) 111,129 (8.9) 15,385 (6.2) 2,995 (5.5) 186,187 (8.1)
36-45 NA 88,711 (11.9) 193,133 (15.4) 14,383 (5.8) 2,773 (5.1) 299,000 (13.0)
46-60 NA 184,837 (24.9) 380,261 (30.3) 32,326 (13.1) 6,125 (11.3) 603,549 (26.2)
61-80 NA 285,707 (38.4) 418,475 (33.3) 88,967 (36.0) 17,879 (32.9) 811,028 (35.3)
>81 NA 109,433 (14.7) 127,788 (10.2) 73,042 (29.5) 15,134 (27.8) 325,397 (14.1)

NA - not applicable, RSV - respiratory syncytial virus
*Presented as n (%) unless specified otherwise.

COVID-19 cases peaked in 2020 and 2021, during the initial years of the pandemic, with adults
aged 61-80 years accounting for the largest proportion of reported cases (Table 2).

States in the Southeast and South regions accounted for the largest proportion of reported cases,
while states in the North region generally accounted for smaller proportions (Figure 1). For RSV,
Sdo Paulo in the Southeast region (n=20,056, 28.9%) and Parand in the South region (8,373, 12.1%)
recorded the largest numbers of cases; Mato Grosso in the Midwest region (n=99, 0.1%) and
Alagoas in the Northeast region (n=418, 0.6%) recorded the smallest numbers of notified RSV
cases.

Hospitalisation and mortality

Hospitalisations and deaths attributed to RSV, influenza, and COVID-19 showed distinct age-re-
lated patterns. RSV accounted for most hospitalisations among children aged 0-10 years, while
the proportion of RSV-attributed deaths increased from 52.2% in 2019 to 62.0% in 2023. Influenza
deaths were more evenly distributed between children and older adults. COVID-19 mortality was
concentrated among individuals aged 61 years or older, with individuals aged 81 years or older
accounting for more than 50% of reported deaths (Figure 2, Table 3). Detailed age-specific per-
centages of deaths per year are provided in Table S2 in the Online Supplementary Document.

Hospitalisation rates for influenza and COVID-19 were highest among individuals aged 81
years and older, at 151.3 and 7,803.9 per 100,000 population, respectively (Table S1 in the Online
Supplementary Document). The CFR also increased with age for both viruses, reaching 14.4%
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Figure 1. Geographic variation in the frequency of respiratory syncytial virus, influenza, and COVID-19 according to fed-
erative unit of residence in Brazil, 2019-2023. Panel A. Respiratory syncytial virus cases. Panel B. Influenza cases. Panel
C. COVID-19 cases.

(95% CI=13.1-15.7) for influenza and 21.2% (95% CI=19.9-22.4) for COVID-19 among individu-
als aged 81 years and older (Figure 3; Table S3 in the Online Supplementary Document). The
impact of each virus on hospitalisations is described in Figure S1 in the Online Supplementary
Document, and all percentages of hospitalisations by age group and year are available in Table
S4 in the Online Supplementary Document.

Hospitalisation seasonality differed across high-risk age groups. Among children younger than
two years, RSV demonstrated marked and recurrent seasonal peaks (Figure S3, Panel A in the
Online Supplementary Document), whereas among adults aged 60 years or older and 70 years
or older (Figure S3, Panels B and C in the Online Supplementary Document), seasonal patterns
were driven primarily by influenza and COVID-19, with RSV contributing a smaller proportion
of hospitalisations.

Seasonality and regional variation

We observed distinct seasonal patterns for each virus (Figure S2, Panels A-C and Figure S3, Panels
A-Cin the Online Supplementary Document). RSV hospitalisations peaked between March and
June, with the highest intensity in April. Influenza hospitalisations showed annual peaks in
January across all regions. COVID-19 hospitalisations did not follow a clear seasonal pattern but
instead showed multiple peaks corresponding to pandemic waves.
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(A)  Percentage of deaths among all RSV, influenza, and COVID-19 (B) Percentage of deaths among all RSV, influenza, and COVID-19
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Figure 2. Percentage distribution of deaths attributed to respiratory syncytial virus, influenza, and COVID-19 across age
groups in Brazil, 2019-2023. Panel A. Distribution of deaths across all age groups. Panel B. Distribution of deaths among
children aged 0-10 years. Panel C. Distribution of deaths among adults aged 61-80 years. Panel D. Distribution of deaths
among adults aged 81 years or older.

Regional analyses revealed that the Southeast and South regions of Brazil had the high-
est frequencies of hospitalisations and deaths for all three viruses (Figure S4 in the Online
Supplementary Document). RSV hospitalisations peaked earlier in the North region, with
a January increase, while the Northeast region showed pronounced influenza peaks during
the same month. These regional differences in seasonal timing and burden were consistent
throughout the study period.

The heatmap analysis further demonstrated distinct temporal and regional patterns in hospital-
isations across pathogens. RSV showed consistent seasonal increases between March and June,
with earlier activity in the North and Northeast regions, whereas influenza displayed more con-
centrated seasonal peaks, particularly in January. COVID-19 hospitalisations were characterised
by marked temporal variability associated with successive pandemic waves and showed less con-
sistent seasonality across regions (Figures S2-4 in the Online Supplementary Document). Overall
hospitalisation frequency was largely driven by COVID-19 during 2020-2022, with substantially
lower levels observed thereafter (Figure S5 in the Online Supplementary Document).

DISCUSSION

Here we analysed the epidemiological and seasonal patterns of laboratory-confirmed SARI cases
attributed to RSV, influenza, and COVID-19 reported to the SIVEP-Gripe surveillance system in
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Table 3. Deaths and mortality rates among cases of respiratory syncytial virus, influenza, and COVID-19 in Brazil, by age
group and year of notification, 2019-2023*

2019 2020 2021 2022 2023 Overall
RSVt
Overall 270 (100.0) 125 (100.0) 359 (100.0) 423 (100.0) 484 (100.0) 1,661 (100.0)
Deaths stratified by age groups
0-10 141 (52.2) 24 (19.2) 136 (37.9) 165 (39.0) 300 (62.0) 766 (46.1)
11-20 2(0.7) 0(0.0) 8(2.2) 3(0.7) 6(1.2) 19 (1.1)
21-35 16 (5.9) 6 (4.8) 9 (2.5) 7(1.7) 7(1.4) 45 (2.7)
36-45 9(3.3) 8 (6.4) 12 (3.3) 13 (3.1) 6(1.2) 48 (2.9)
46-60 26 (9.6) 16 (12.8) 35(9.7) 35 (8.3) 17 (3.5) 129 (7.8)
61-80 45 (16.7) 40 (32.0) 91 (25.3) 109 (25.8) 82 (16.9) 367 (22.1)
281 31 (11.5) 31 (24.8) 68 (18.9) 91 (21.5) 66 (13.6) 287 (17.3)
Influenza
Overall 1,152 (100.0) 311 (100.0) 1,711 (100.0) 1,596 (100.0) 1,138 (100.0) 5,908 (100.0)
Deaths stratified by age group
0-10 122 (10.6) 21 (6.8) 37(2.2) 51(3.2) 144 (12.7) 375 (6.3)
11-20 31(2.7) 11 (3.5) 26 (1.5) 23 (1.4) 55 (4.8) 146 (2.5)
21-35 78 (6.8) 28 (9.0) 68 (4.0) 56 (3.5) 52 (4.6) 282 (4.8)
36-45 124 (10.8) 24 (7.7) 80 (4.7) 55 (3.4) 82(7.2) 365 (6.2)
46-60 338 (29.3) 60 (19.3) 184 (10.8) 185 (11.6) 168 (14.8) 935 (15.8)
61-80 331 (28.7) 105 (33.8) 668 (39.0) 632 (39.6) 370 (32.5) 2,106 (35.6)
>81 128 (11.1) 62 (19.9) 648 (37.9) 594 (37.2) 267 (23.5) 1,699 (28.7)
Mortality rate per 100,000 population (95% CI) stratified by age groups
0-10 0.4 (0.3-0.5) 0.1 (0.0-0.1) 0.1 (0.1-0.2) 0.2 (0.1-0.2) 0.5 (0.4-0.6) 1.3 (1.1-1.4)
11-20 0.1(0.1-0.1) 0.0 (0.0-0.0) 0.1 (0.1-0.1) 0.1(0.0-0.1) 0.2 (0.1-0.2) 0.5 (0.4-0.6)
21-35 0.1(0.1-0.2) 0.1 (0.0-0.1) 0.1 (0.1-0.2) 0.1(0.1-0.1) 0.1 (0.1-0.1) 0.6 (0.5-0.7)
36-45 0.3 (0.3-0.4) 0.1 (0.0-0.1) 0.2 (0.2-0.3) 0.2 (0.1-0.2) 0.3 (0.2-0.3) 1.1 (1.0-1.3)
46-60 0.9 (0.8-1.0) 0.2 (0.1-0.2) 0.5 (0.4- 0.6) 0.5 (0.4-0.6) 0.4 (0.4-0.5) 2.5(2.4-2.7)
61-80 1.3 (1.1-1.4) 0.4 (0.3-0.5) 2.6 (2.4-2.8) 2.4 (2.2-2.6) 1.4 (1.3-1.6) 8.1(7.8-8.5)
>81 3.2 (2.7-3.8) 1.6 (1.2-1.9) 16.3 (15.0-17.6) 14.9 (13.7-16.1) 6.7 (5.9-7.5) 42.7 (40.7-44.8)
COVID-19
Overall deaths - 232,834 (100.0) 384,076 (100.0) 63,649 (100.0) 9,651 (100.0) 690,210 (100.0)
Deaths stratified by age groups
0-10 NA 679 (0.3) 743 (0.2) 641 (1.0) 187 (1.9) 2,250 (0.3)
11-20 NA 574 (0.2) 761 (0.2) 265 (0.4) 55(0.6) 1,655 (0.2)
21-35 NA 4,942 (2.1) 13,476 (3.5) 1,287 (2.0) 214 (2.2) 19,919 (2.9)
36-45 NA 10,856 (4.7) 31,474 (8.2) 1,923 (3.0) 360 (3.7) 44,613 (6.5)
46-60 NA 38,208 (16.4) 94,955 (24.7) 6,700 (10.5) 1,023 (10.6) 140,886 (20.4)
61-80 NA 114,466 (49.2) 172,557 (44.9) 25,851 (40.6) 3,926 (40.7) 316,800 (45.9)
>81 NA 63,109 (27.1) 70,110 (18.3) 26,982 (42.4) 3,886 (40.3) 164,087 (23.8)

Mortality rate per 100,000 population (95% CI) stratified by age groups

0-10 NA 2.3 (2.1-2.5) 2.5(2.4-2.7) 2.2 (2.0-2.4) 0.6 (0.5-0.7) 7.7 (7.4-8.0)
11-20 NA 2.0 (1.7-2.2) 2.7 (2.5-2.9) 0.9 (0.8-1.0) 0.2 (0.1-0.2) 5.8 (5.6-6.1)
21-35 NA 10.6 (10.3-10.9)  28.8 (28.3-29.3) 2.7 (2.6-2.9) 0.5 (0.4-0.5) 42.6 (42.0-43.2)
36-45 NA 34.0 (33.4-34.6)  98.6 (97.5-99.7) 6.0 (5.8-6.3) 1.1 (1.0-1.2) 139.8 (138.5-141.1)
46-60 NA 103.0 (102.0-104.1) 256.1 (254.4-257.7)  18.1 (17.6-18.5) 2.8(2.6-2.9)  379.9 (377.9-381.9)
61-50 NA 442.0 666.3 99.8 15.2 1,223.2
(439.4-444.5) (663.1-669.4) (98.6-101.0) (14.7-15.6) (1219.0-1227.4)
- NA 1,587.8 1,763.9 678.9 97.8 4,128.4
(1575.5-1600.1) (1751.0-1776.9) (670.8-686.9) (94.7-100.8) (4108.8-4148.0)

CI - confidence interval, NA - not applicable, RSV - respiratory syncytial virus

*Presented as n (%) unless specified otherwise. All age groups are presented in years.
TRSV mortality rates were not calculated because of limitations in testing frequency and diagnostic coverage, particularly among adults.
These limitations compromise the comparability and reliability of RSV mortality estimates.
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(A) CFR of diagnosed RSV, influenza, and COVID-19 cases (B) CFR of diagnosed RSV, influenza, and COVID-19 cases
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Figure 3. Case fatality rates for influenza and COVID-19 across age groups in Brazil, 2019-2023. Panel A. Case fatality
rates among children aged 0-10 years. Panel B. Case fatality rates among adults aged 61-80 years. Panel C. Case fatality
rates among adults aged 81 years or older.

Brazil between 2019 and 2023. We observed clear differences among the three viruses in age dis-
tribution, mortality, hospitalisation rates, and seasonality, with important implications for pub-
lic health planning. However, as our analysis was restricted to severe acute respiratory infection
cases reported to SIVEP-Gripe and does not reflect patterns of infection at the community level,
the results should not be interpreted as estimates of national incidence, prevalence, or popula-
tion-level disease burden.

RSV was predominantly diagnosed in children under ten years of age, who accounted for more
than 90% of reported cases annually. However, this concentration may reflect testing practices,
rather than the true age distribution of the RSV disease. The limited availability and use of RSV
testing in adults, together with lower sensitivity of diagnostic tests in older populations, suggest
substantial underreporting [18]. This diagnostic gap is further supported by the growing propor-
tion of RSV-related deaths among children, which increased from 19.2% in 2020 to 62.0% in 2023.
Furthermore, children aged 0-10 years accounted for the large majority of reported RSV cases
throughout the study period, ranging from 76.2% to 95.7% across years.

Interpretation of temporal trends between 2019 and 2023 must account for the major disruptions
caused by the COVID-19 pandemic, when changes in healthcare-seeking behaviour, testing avail-
ability, notification practices, and viral interference may have influenced the observed patterns.
The reduced circulation of RSV and influenza during 2020-2021 likely reflected the effects of
non-pharmaceutical interventions, school closures, and the prioritisation of SARS-CoV-2 test-
ing rather than the true absence of these viruses [19,20]. Their subsequent resurgence may have
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been partly associated with increased population susceptibility following prolonged reductions
in viral exposure, a phenomenon sometimes described as immune debt’.

Distinct age-specific patterns were observed across pathogens. Influenza cases and deaths were
concentrated among individuals aged 61-80 years, while COVID-19 mortality was highest in indi-
viduals aged 81 years or older. In contrast, RSV hospitalisations occurred predominantly among
young children, particularly those under two years of age. However, less frequent testing among
adults than among infants may have contributed to this observed age distribution.

Influenza hospitalisations peaked in January, i.e. during the summer season in Brazil, consist-
ent with circulation patterns in tropical and subtropical regions. RSV hospitalisations peaked
between March and June, while COVID-19 showed no consistent seasonality, with peaks occur-
ring at various times of the year. These differences may reflect Brazil’s diverse climatic zones,
where viral circulation does not necessarily follow temperate-climate patterns.
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The COVID-19 pandemic significantly influenced the epidemiology of other respiratory viruses.
Studies suggest that SARS-CoV-2 disrupted influenza and RSV patterns, initially reducing cases
before a subsequent resurgence [19]. This shift is partly due to ‘immune debt’, as reduced viral
exposure during quarantine and distancing may have increased susceptibility once restrictions
eased [20]. For RSV and influenza, the near absence of notifications in 2020-2021 likely reflected
pandemic measures, including masking, school closures, mobility restrictions, and the over-
whelming prioritisation of SARS-CoV-2 testing, rather than biological disappearance. The later
resurgence of both viruses was consistent with the well-documented post-pandemic rebound
associated with reduced immunity and with the restoration of social contact patterns.

Our data revealed a variation in the burden of respiratory disease caused by RSV, influenza, and
COVID-19 across age groups from 2019 to 2023. RSV cases increased more than fourfold from 2019
to 2023, with most cases occurring among children, while the burden among adults was likely
underestimated due to limited testing [18]. Influenza cases increased notably in 2021 and 2022
and were concentrated among children and older adults aged 61-80 years. COVID-19 cases were
most frequent in 2020 and 2021, primarily among older adults aged 61-80 years. These patterns
highlight the vulnerability of children and older adults.

Geographic variation was evident in our sample, with the Southeast and South regions report-
ing the highest number of cases for all three viruses. RSV and influenza were most frequently
reported in Sdo Paulo and Parand, while COVID-19 cases were most frequently reported in Sao
Paulo and Minas Gerais. These differences may reflect disparities in population density, health-
care infrastructure, and surveillance performance, rather than differences in viral transmission
alone, highlighting persistent regional inequalities in diagnostic access and reporting.

High mortality among children younger than two years of age and older adults may reflect their
vulnerability to severe respiratory infections (Figure S3 in the Online Supplementary Document).
Hospitalisation patterns showed a disproportionate burden among young children for RSV and
influenza and among older adults for influenza and COVID-19, reinforcing the need for age-tai-
lored prevention strategies. While limitations in RSV testing precluded reliable estimation of RSV
hospitalisation rates outside paediatric populations, the observed age gradients across pathogens
suggest distinct profiles of risk and disease severity.

Vaccination remains a cornerstone of prevention in these high-risk groups. Annual influenza
vaccination and COVID-19 vaccination are essential for reducing severe outcomes among older
adults [21]. The Brazilian Immunisation Society recommends RSV vaccination for elderly and
other high-risk groups, while the National Immunization Programme has announced the inclu-
sion of maternal RSV vaccination, which protects infants, as the only RSV strategy in the public
programme by the end of 2025 [22,23]. Although we did not evaluate vaccination uptake or effec-
tiveness, or vaccination programmes and their coverage, these findings could provide insights
for future policy decisions aimed at reducing severe RSV outcomes.
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Seasonality analysis revealed substantial heterogeneity in hospitalisation patterns across age
groups and geographic regions of Brazil. The magnitude and duration of seasonal increases var-
ied by pathogen, with RSV showing the sharpest rises, including up to a threefold increase in hos-
pitalisations over a few months [24,25]. Regional differences were also evident, with influenza-re-
lated hospitalisations showing the greatest seasonal amplitude in the Northeast and COVID-19
burden being more variable in the North. Age-specific analyses demonstrated distinct epidemi-
ological profiles, with RSV predominantly affecting young children, whereas seasonal increases
among older adults extended over several months. These findings highlight important demo-
graphic and geographic differences in respiratory virus burden that may inform targeted preven-
tion and healthcare planning. Moreover, seasonal timing should be interpreted in the context of
Brazil’s diverse climatic zones, where viral circulation does not necessarily follow patterns typ-
ical of temperate climates [2,26].

PAPERS

The application of MSTL in our analysis allowed for the decomposition of overlapping and shift-
ing seasonal patterns across pathogens in the context of pandemic-related disruptions, facili-
tating clearer isolation of seasonal signals than would be possible with single-season methods.
However, the MSTL does not correct for surveillance artefacts or variations in testing intensity,
and the results should therefore be interpreted as descriptive patterns.

Study limitations

Several limitations must be acknowledged. Testing intensity varied substantially across patho-
gens, regions, and age groups. SARS-CoV-2 benefited from unprecedented expansion in testing,
while RSV testing was largely limited to paediatric populations. As a result, we could not reliably
estimate RSV hospitalisation and mortality rates, nor could we calculate the related CFR due to a
highly selective denominator. Furthermore, CFR estimates for all pathogens are subject to sur-
veillance bias, as they were calculated only among laboratory-confirmed SARI cases and should
not be interpreted as comparative measures of pathogen virulence. Additionally, deaths recorded
in SIVEP-Gripe do not necessarily imply causal attribution to a specific pathogen, particularly
among older adults with comorbidities or coinfections.

The study period was further characterised by major structural shifts in testing availability and
health care utilisation. We did not undertake multivariable modelling because standardised test-
ing denominators and longitudinal follow-up were unavailable in the SIVEP-Gripe dataset. Given
the supply-driven nature of diagnostic testing during the pandemic, regression approaches could
have conflated testing intensity with epidemiological risk. Accordingly, we restricted our analysis
to descriptive and time-series methods appropriate for surveillance data. Despite these limita-
tions, the more consistent testing and reporting of influenza and COVID-19 allowed more reliable
interpretation of their observed patterns. Time-series models may be better suited to estimate
RSV burden among adults; for instance, Global Burden of Disease analyses suggest RSV-related
hospitalisations among Brazilian adults are substantially underreported, particularly in tropi-
cal and subtropical regions [27].

CONCLUSIONS

This national analysis of laboratory-confirmed SARI notifications in SIVEP-Gripe from 2019 to
2023 describes distinct age-specific and seasonal patterns for RSV, influenza, and COVID-19.
However, the observed differences across pathogens should be interpreted cautiously, as test-
ing intensity and diagnostic strategies varied substantially over time, across regions, and among
age groups. Despite these limitations, the timing of seasonal peaks, particularly for RSV and
influenza, may inform preparedness planning and future evaluations of preventive strategies.
Strengthening and standardising diagnostic testing for respiratory viruses, especially RSV in
adults, would improve the interpretation of surveillance data and support more robust epidemi-
ological assessments.
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