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Influenza: temporal trends in
mortality, hospitalization, and
vaccination in the older adults
population aged 60 and more
years, Brazil, 2000-2023

Erly Catarina Moura*?*, Juan Jose Cortez-Escalante?,
Fabricio Vieira Cavalcante’?, Leonor Maria Pacheco Santos'?
and Wallace Enrico Boaventura Gongalves Dos Santos?

!Faculty of Health Sciences, University of Brasilia, Brasilia, Brazil, 2Department of Collective Health,
Brasilia, Brazil, *Pan American Health Organization, Bogota, Colombia

Objective: To evaluate the temporal evolution of mortality rates, hospitalization,
and vaccination coverage for influenza among the population > 60 years of
age in Brazil from 2000 to 2023. Methods A descriptive study with secondary
and anonymous data from the Ministry of Health was collected year by year to
calculate the rates. Data on the composition of the vaccines were also obtained.

Results: The data pointed to: (1) an increase in deaths from influenza, especially
during the COVID-19 pandemic, but a decrease in 2023 with the registration
of 2.5 deaths per 100 thousand inhabitants; (2) reduction in hospitalizations for
influenza, but increase during the Covid-19 pandemic and decrease in 2023,
with a record of 22 hospitalizations per 100 thousand inhabitants; (3) linear
growth in vaccination coverage, reaching 99.4% in 2019, exceeding 100% in
2020 and a sharp drop in subsequent years, reaching the lowest value in the
series (63.3%) in 2023; and (4) formulation of vaccines containing three different
strains in all campaigns.

Conclusion: The impact of Covid-19 on mortality and hospitalization rates
from 2020 beyond is evident. The role of the federal government in controlling
pandemics and the importance of vaccination, among other measures, are
highlighted. Currently, the challenge is to increase immunization against
influenza, a disease with low mortality and hospitalization rates for the
population of this study, but with high transmissibility in the general population,
with an impact not only on health, but also on social and economic wealth.

KEYWORDS

influenza, mortality, hospitalization, vaccine, older adults population

Introduction

The World Health Organization (WHO) estimates that one billion people are affected by
influenza each year (1), a disease responsible for major outbreaks, epidemics, and pandemics
worldwide. Notable events (2) include the Spanish flu in 1918-1919, the Asian flu (subtype
H2N2) in 1957-1958, the Hong Kong flu (subtype H3N2) in 1968, and the swine flu (subtype
H3N2) in 2009, besides a suspected outbreak in the year 412 BC. Influenza is a seasonal acute
respiratory infection, transmissible from person to person, but there is also transmission from
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animals, such as chickens, cows, and pigs, being H3N2 the precursor
of the subtype HIN1 in humans (1).

Typically, the disease manifests one to 4 days after infection and
is mainly characterized by fever, cough, headache, muscle pain,
malaise, sore throat, and runny nose (1, 3). In addition to health
problems, influenza causes difficulties from a social and economic
point of view, due to its high virulence (1, 4), which created the need
for a large-scale preventive measures, leading to the development of
vaccines since 1930 (5).

There are four types of viruses (A, B, C, and D) and more than
30,000 subtypes/lineages. The first three types infect humans, while
type D has only been identified in animals so far. Types A and B are
responsible for pandemics in humans, while C is more contained and
less aggressive (1, 6).

At the end of the last century, type A viruses, subtypes HIN1 (swine
origin) and H5N1 (avian origin), were widely disseminated on the planet
(2), requiring the Brazilian Ministry of Agriculture, Livestock and Supply
to implement a surveillance program for the virus in birds (7). This
action, together with the influenza surveillance measures implemented
by the Ministry of Health in 2000 (8), characterized mainly by the
implementation of sentinel units and the notification protocol, were
fundamental in the rapid control of the HIN1 pandemic in Brazil. These
resolutions probably had an impact on reducing hospitalization rates and
rapidly reducing mortality rates, a successful example of the One Health
strategy, an integrative approach that recognizes the interconnectedness
and interdependence between humans, animals, and the environment (9).

In Brazil, influenza vaccination began in 1999, for those aged
65 years and over, and was expanded to 60 years or older in 2000 (10)
and to other priority population groups. Since then, vaccination
campaigns have become annual and follow recommendations based
on circulating viruses; thus, the vaccine composition changes each
year and cannot be stockpiled (10).

The older adults are very sensitive to contracting the infection,
with high rates of hospitalization and mortality, and are considered a
priority group in public health, with the recommendation of annual
mass vaccination campaigns, according to the circulating viral
subtypes (1).

The Brazilian Ministry of Health reorganized its surveillance
infrastructure in 2003 (11, 12) bringing together surveillance,
prevention and control of communicable diseases, previously
dispersed, such as the National Immunization Program created in
1973 (13), and the National Center of Epidemiology. The National
Immunization Program was expanded, granting, free of charge,
annual vaccine availability (13). However, challenges remain to ensure
high coverage and to reduce regional disparities in healthcare access.
Additionally, new surveillance systems created, including that for
monitoring severe acute respiratory infections, “SIVEP-gripe” (14)
plays a crucial role in responding to influenza outbreaks among the
older adults; it also proved instrumental in the early stages of the
Covid-19 pandemic (15). These changes were important for public
health in general, and especially influenza control, mainly among the
older adults. Broadening the approach, in 2024 Brazil established the
Interinstitutional Technical Committee of One Health, involving
various ministries and institutions to prepare and revise the National
Action Plan (16).

This article focuses on influenza in Brazil in the 21* century
among individuals aged 60 years or older, aiming to assess trends in
mortality, hospitalization, and vaccination.
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Methods

A descriptive study of time series was carried out with secondary
and anonymous data, involving all residents aged 60 years or older.
Official data were obtained directly from the Ministry of Health,
stratified by year.

Data from the Mortality Information System (17) were used to
identify deaths from influenza when the underlying cause was coded as
J09 (Influenza A - HIN1), J10 (influenza due to another viruses), or J11
(influenza due to unidentified viruses), according to the International
Classification of Diseases and Related Health Problems (ICD-10) (18).

All hospital admissions were obtained from the Hospital
Morbidity of the Brazilian Unified Health System (SUS) (19), with
influenza-related hospitalizations identified using the same ICD-10
codes (20).

Vaccination coverage rates for influenza (expressed as percentages)
were obtained from the Immunization Program Evaluation System
(2000-2010) (21) and the National Immunization Program
Information System (2011-2022) (21). Data for 2023 were obtained
from the Ministry of Health’s official influenza campaign portal (22).

Rates of all-cause mortality (per 100,000 inhabitants), influenza
specific mortality (per 100,000 inhabitants), all-cause hospitalization
(per 100,000 inhabitants), influenza-specific hospitalization (per
100,000 inhabitants), and influenza vaccination coverage (per 100
inhabitants) were calculated using population estimates based on the
most recent national census data (23).

This study does not require the approval of the Ethics Committee
for Research with Human Beings, as only secondary and anonymous
data were used (24).

Results

Since 2000, all-cause mortality rates among individuals aged
60 years and over in Brazil have ranged between 2.5 and 3.5 per 100,000
inhabitants. During the Covid-19 pandemic (2020-2021), these rates
rose to 4.0 per 100,000 inhabitants, before decreasing to just above 3.0
per 100,000 in 2023 (Figure 1). Influenza-specific mortality showed a
slight decline over the preceding 3 years (2000-2003), followed by an
upward trend beginning in 2007. Notable peaks occurred in 2009, 2016,
and 2022, reaching over 8 deaths per 100,000 inhabitants in 2022.

Figure 2 displays trends in all-cause and influenza-specific
hospitalization rates. Overall, all-cause hospitalizations declined from
14 per 100,000 inhabitants in 2000 to 9.7 in 2020, with an increase
observed over the subsequent 3 years. In 2023, the all-cause
hospitalization rate reached 11.7 per 100,000 inhabitants. Mandatory
reporting of influenza-related hospitalizations began in 2002 in the
“SIVEP-gripe” system. Initially, rates rose to 70 per 100,000
inhabitants, followed by a marked decline, reaching approximately 19
per 100,000 inhabitants in 2019. Peaks were observed in 2009 (43.7),
2020 (32.9), and 2022 (37.6), with a subsequent decrease in 2023.

Influenza vaccination coverage among individuals aged 60 years
and over was 72.5% in the first year of vaccination (2000), showing a
general increasing trend in the period evaluated (Figure 3). Average
coverage was approximately 80% from 2000 to 2008, 85% from 2009 to
2015, and 97% between 2016 to 2019. Coverage exceeded 120% in 2020,
indicating people with more than one dose, followed by a sharp decline,
reaching a low of 63.3% in 2023—the lowest rate in the entire series.
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FIGURE 1
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Table 1 presents the composition of influenza vaccines used in
Brazil between 2000 and 2023. All formulations included three
strains: two type A (HIN1 and H3N2) and one type B. Over the
study period, 7 HIN1 strains, 16 H3N2 strains and 13 distinct B
strains were used.

Table 2 condenses all the data from this study.

Frontiers in Public Health

Discussion

This study showed that influenza-specific mortality among older
adults people aged 60 years and older in Brazil is relatively low
compared to all-cause mortality, according to 5 years moving average
for linear regression, although notable peaks were observed in 2009
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vaccination coverage
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TABLE 1 Formulation of influenza vaccines according to strains recommended by the Ministry of Health and year of vaccination campaigns, Brazil,

2000 to 2023.
Strains
Type A (HIN1) Type A (H3N2)
2000 Beijing/184/93 New Caledoni20/99 Moscow/10/99
2001 Sichuan/379/99
2002
2003 Hong Kong/330/2001
2004 Fujian/411/2002
2005 Shanghai/361/2002 Wellington/1/2004
2006 Malaysi2506/2004 Californi7/2004
2007 Wisconsin/67/2005
2008 Florid4/2006 Solomon Islands/3/2006 Brisbane/10/2007
2009 Brisbane/59/2007
2010 Brisbane/60/2008 Californi7/2009 Perth/16/2009
2011
2012
2013 Wisconsin/1/2010 Victori361/2011
2014 Massachusetts/2/2012 Texas/50/2012
2015 Phuket/3073/2013 Switzerland/9715293/2013
2016 Brisbane/60/2008 Hong Kong/4801/2014
2017 Michigan/45/2015
2018 Phuket/3073/2013 Singapore/INFIMH-16-0019/2016
2019 Colorado/06/2017-like virus Switzerland/8060/2017
2020 Washington/02/2019 Brisbane/02/2018 South Australi34/2019
2021 Victori2570/2019 Hong Kong/2671/2019
2022 Austril359417/2021 Darwin/9/2021
2023 Sydney/5/2021
Frontiers in Public Health 04 frontiersin.org
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TABLE 2 Influenza data (mortality, hospitalization and vaccination
coverage) in individuals aged 60 years and over, Brazil, 2000 to 2023.

Year Mortality Hospitalization Vaccination
(rate per (rate per coverage (%)
100,000) 100,000)
2000 1.05 2.36 72.5
2001 0.69 1.42 82.1
2002 051 70.89 74.1
2003 0.49 68.15 82.1
2004 0.46 75.06 85,0
2005 0.61 38.59 83.9
2006 0.75 31.34 85.7
2007 0.77 28.36 76.0
2008 0.67 33.58 75.1
2009 1.52 43.91 82.8
2010 0.66 37.16 79.1
2011 0.69 35.92 84.4
2012 0.79 31.90 82.1
2013 1.29 33.37 88.0
2014 0.78 31.55 86.1
2015 0.83 29.04 89.1
2016 2.48 25.51 97.1
2017 1.50 24.15 94.6
2018 2.12 22.63 97.2
2019 1.98 19.13 99.4
2020 2.84 32.58 120.7
2021 3.46 25.80 70.9
2022 8.09 38.32 70.2
2023 250 22,07 63.3

and 2022, in line with WHO global estimates (1). Both, in 2009 when
the WHO declared the Public Health Emergency of International
Concern for HIN1 (2), and in 2022 during the Covid-19 epidemic,
which may partly reflect Covid-19-related mortality misclassified as
influenza, given that older adults represent the age group at highest
risk for severe outcomes and death from SARS-CoV-2 infection.

The peak in influenza-specific mortality may include false-positive
reports due to limited availability of confirmatory molecular testing,
which hampered differential diagnosis between influenza and Covid-
19, meanwhile, both for HIN1 (25), and Covid-19 (26), the > 60-year-
old population were considered as a risk group. It is possible that
Covid-19 deaths were mistaken for viral influenza infection. In 2023,
with the possibility of the correct laboratory identification of the
coronavirus, there is a drop in the influenza mortality rate.

Regarding hospitalization rates, it is remarkable that the
registration of influenza as a cause of hospitalization had a great
advance after 2001, following the first vaccination campaign in 2000.
Possibly sensitized not only by the campaign itself, but also by the
comprehensive mass media dissemination, health services likely
became more attentive to properly coding influenza-related
hospitalizations, especially after mandatory reporting began. After the
fifth annual campaign, there was a marked reduction in
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hospitalizations due to influenza between 2004 and 2005. Vaccination
is the main responsible to limit the burden of the disease and
consequently reduce hospitalization in the >60-year-old population
(27). As with mortality rates, the impact of the Covid-19 pandemic on
hospital admissions is observed, with a slight increase in 2020,
possibly due to greater surveillance, individual and health services, for
cases of respiratory infection.

The reduction in reported hospitalization reflects the
implementation of annual vaccination campaigns and the mandatory
notification of influenza, aiming at the development of strategies to
mitigate cases (1). The Brazilian Universal Health System’s
regionalization defines the flow of patients according to the complexity
level of health services in the territory (geographic regions and health
macro-regions), looking optimizer municipalities installed capacity
and people transport availability (28, 29), essential in the prevention
of serious outcomes, especially among the older adults population.
Disparities in health infrastructure across regions of Brazil may have
influenced hospitalization rates (30), because differences in installed
capacity (equipment, hospital beds, and health professionals),
particularly low in the North and Northeast regions of the
country (31).

Otherwise, the Covid-19 pandemic was accompanied by a wave
of infodemic, reaching various groups in the Brazilian society,
stressing disease magnitude and severity (32). Numerous conspiracy
theories emerged during the Covid-19 pandemic period, for instance:
anti-vaccination demonstrations (33), government discourses
encouraging the use of drugs proven to be ineffective against Covid-19
(34), and inspiring agglomeration of people.

In both indicators, mortality and hospitalization rates, the peak in
2009 is notable, which can be explained by the HINI (35) pandemic,
characterized by human-to-human transmission and rapid
international spread facilitated by high global mobility, leading the
WHO to declare a state of emergency (36). In 2013 and 2016, the
peaks in influenza mortality were also due to the HIN1 virus.

Comparison with data from other studies needs to be cautious,
because of the possible difference in method and because of the
various characteristics of the population evaluated and the study
period. In the southern region of Brazil, for example, Freitas et al. (37)
estimated that influenza-related deaths were 1.8 per 100,000 due to
excess mortality in 2000 and 4.5 in 2007. However, the present study
points to a reduction from 1.05 to 0.77 in the same period for the
entire country.

In Germany (38), modeling by excess deaths pointed to an
influenza mortality rate of 35.35 per 100,000 and hospitalization of
117.26 per 100,000 for the population aged 60 and over, on average, in
the period from 1996 to 2018. The present study points out, for Brazil,
an average mortality rate equal to 0.98 per 100 thousand in the period
from 2000 to 2018 and an average hospitalization rate equal to 38.89
per 100 thousand in the period from 2002 to 2018.

Data from the United States (39) show, for 2023-2024, in people
aged 65 and over, a mortality rate equal to 32.1 per 100 thousand
inhabitants and 400.5 hospitalization. Despite the age difference, the
mortality rate is like that of Brazil for the year 2022, but the
hospitalization rate is almost 11 times higher, which can be explained
by the difference in age structure and health care.

In Portugal (40), the mean annual hospitalization rate, using the
same ICD-10 (20) classification used in this study, for primary or
secondary diagnosis, was 199.6 per 100 thousand for people aged
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65 years and over, in the period between 2010 and 2018, while our
study presented an average of 30.14, only for primary diagnosis, for
people aged 60 years or older, in the same period. A study close to that
of Portugal indicated a hospitalization rate of 335.3 per 100 thousand
in Spain (41).

About vaccination, there is an increase in coverage over time,
especially in 2020, the year of the Covid-19 eruption, with
coverage above 100%, followed by a drastic decline, possibly
influenced by reduced public trust, vaccine hesitancy, and limited
governmental promotion during the Covid-19 pandemic. The
impact of immunization on the control of mortality and
hospitalization is evident, especially since 2009. Then, coverage
rates above 100% may reflect discrepancies in population
estimates or vaccination of individuals outside the target
age group.

In the United States, vaccination coverage in individuals aged
65 years and over in 2011-12 was equal to 69.4% (42), increasing to
75.2 in 2020-2021 (43), while in Brazil, the average, respectively for
the same periods, was higher than 83% and almost 96%. Foppa et al.
(44), evaluating excess influenza mortality in the United States,
estimated an 88.9% reduction in deaths due to vaccination in people
aged 65 years and over between 2005/2006 and 2013/2014.

Gharpure et al. (45), in a case-control study carried out in 2023,
involving eight countries, including Brazil, found that the influenza
vaccine is effective in reducing hospitalization, but Brazil had efficacy
below 40% for the strains evaluated. This reduced efficacy may
be attributed to a mismatch between vaccine strains and circulating
viruses, as well as potential delays in campaign execution. It is
important to note that the vaccine formulation in Brazil since 2000
has three different strains: one type B and two type A.

In this sense, Lejarazu and Tamames (46) advocate the inclusion
of two strains in the formulation of the influenza vaccine, namely
Yamagata and Victoria, instead of just one. This is reinforced by the
high rates of mutations and antigenic variation, pointing to the need
for annual reformulation of vaccines aiming to increase effectiveness
against the circulating virus (47).

Corroborating the above position, Trigo et al. (48) reported the
advantages of the Quadrivalent vaccine, including one more strain of
the type B in the formulation of the trivalent vaccine. They also show
the enhancement of the cost-effectiveness relationship in reducing
mortality and hospitalization rates and in the impact of the disease
from a health, social and economic point of view.

Following the coronavirus (COVID-19) pandemic, there have
been changes in the global circulation of influenza viruses, leading to
the possible elimination of the type B (Yamagata) (49), which has not
been conclusively detected since April 2020. With the disappearance
of this lineage, the use of the quadrivalent vaccine is no longer
justified. Although it has become common in Europe, but not
in Brazil.

Andrew et al. (50), considering the reduction in immune function
and inflammatory responses with aging, advocate not only increasing
vaccination coverage in the older adults, but also improving the
efficacy of vaccines, pointing out the need to reformulate them, a
position also defended by Uyeki et al. (51).

In 2010, in response to the emergency alert decreed by the WHO,
Brazil, in a collective effort of the government, vaccinated 42% of the
total population against influenza, a value much higher than that
observed in other countries such as the United States: 26%, Mexico:
24%, Switzerland: 17%, Argentina: 13%, France: 8% and Germany:

Frontiers in Public Health

10.3389/fpubh.2025.1615503

6% (39). This action, combined with the vaccine formulation
containing three different types of strains, made it possible to control
the disease in Brazil. However, recent data show very low vaccination
coverage in the country, the appearance of new strains in the region
of the Americas (52), and the early onset of seasonal outbreaks
(53, 54).

The influenza epidemic experiences of countries such as Germany,
Portugal, and Spain highlighted the importance of robust syndromic
surveillance systems, decentralization of access to laboratory
diagnosis, and health promotion strategies that motivate timely search
(38, 40). In this regard, Brazil increased investments in laboratory
diagnosis through the Growth Acceleration Program in 2023 (55), and
the signing of a proposal agreement established by the WHO with
more than 120 countries to face future pandemics (56). Brazil is a
model in terms of vaccination campaigns (39), providing annual
vaccination based on circulating viral composition, aligned with the
strengthening of sentinel units (8).

The vaccine has been considered the best protection against
influenza, but coverage is still low, including among health
professionals (57, 58). However, studies point to the lack of knowledge
and timid public policies as the biggest obstacles (59). A possible
explanation is the population’s lack of knowledge about the possible
adverse effects of the vaccine and the need for health units to notify
them. Monteiro et al. (60) described the adverse effect surveillance
system as simple, but with low sensitivity and overestimation of
severe effects.

Gil-de-Miguel et al. (54) argue that the impact of influenza on
society is underestimated. In a review study carried out in Spain and
Portugal, they point out the need to reduce the impact of the disease,
particularly in the older adults, and the presence of comorbidities
increases the risk regardless of age.

In addition to underreporting, Costa and Merchan-Hamann (2)
warned in 2016 of the importance and need for an articulated Brazil
government response, involving health system managers at the three
levels of government, likewise to scientific institutions in the area. The
federal government is the main responsible for combating scientific
denialism and vaccine hesitancy, encouraging studies to reformulate
the flu vaccine, in addition to the challenge of expanding vaccination
coverage and articulation between the different levels of government
in the fight against influenza.

The influenza response in Brazil, as recommended by the WHO
(1), is characterized by continuous monitoring, including virus
identification, vaccine development, hospitalization, and death
surveillance. In Brazil, the population aged 60 years and over grew
from 8.5% of the country’s total population in 2000 to 15.6% in 2023.
With the demographic transition and changes in population pyramids,
this situation will become an immense challenge to face the Unified
Health System in the coming years. This increase requires
differentiated attention to the older adults population with specific
actions for health promotion and protection, risk prevention and
individual care. The recent drop in influenza vaccine coverage from
2021 onwards is worrying, alerting the new Brazilian health authorities
(who took office in 2023) to the need for emergency actions in
this matter.

Brazil’s prior experience with avian influenza surveillance and
coordinated responses during the HIN1 pandemic exemplify the
effectiveness of its integrative “One Health” approach. To sustain and
expand these efforts, Brazil should prioritize enhanced multisectoral
collaboration among public health, veterinary, and environmental
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sectors, supported by integrated surveillance systems for early
detection and response to emerging zoonotic diseases. Strengthening
environmental monitoring to address ecological changes driven by
climate change and biodiversity loss, which heighten zoonotic risks,
is also essential. Additionally, policies promoting continuous training
and community engagement in “One Health” principles can further
reinforce national preparedness. These integrated strategies will
enable Brazil to proactively manage emerging zoonotic threats, as
well as to antimicrobials in an increasingly vulnerable
global environment.

This study presents some limitations: data about “influenza-
specific mortality” and “influenza-specific hospitalization” may
include false- positives due to limited availability of confirmatory tests;
lack of a direct causal relationship between exposure and outcome,
making it is not possible to accurately infer the causal factors
associated with influenza cases and deaths in the population aged
60 years and over.

Specifically, during pandemic periods such as the 2009 HIN1
outbreak and the Covid-19 pandemic years of 2020 to 2022, the
availability of supplies and access to molecular diagnostic tests for
influenza confirmation were severely limited. This situation inevitably
affected the precision of case identification, increasing the likelihood
of false-positive reports or misclassification of cases, particularly
between influenza and Covid-19 infections, which share similar
clinical presentations. This diagnostic uncertainty is a recognized
limitation and highlights the urgent need for strengthening diagnostic
infrastructure and laboratory capacity in public health
surveillance systems.

Improvements, like incorporating confidence intervals, sensitivity
analyses, and multivariate approaches, are possible for future.
Research efforts will enable a more robust and comprehensive
understanding of the relationship between influenza vaccination and
health outcomes in the older adults population in Brazil, ultimately
contributing to more effective public health policies and interventions.

Furthermore, the dataset utilized - Hospital Information System
of the Brazilian Unified Health System - is an administrative database
primarily designed for billing and management purposes. Unlike
electronic health records, Hospital Information System lacks
comprehensive clinical details such as patient comorbidities,
vaccination history, laboratory results, and other relevant individual-
level data that would enable more nuanced analyses. This limitation
constrains the depth of the investigation possible and precludes the
ability to perform more sophisticated multivariate analyses that
adjust for confounding factors.

Consequently, the current study did not include statistical
measures such as confidence intervals or sensitivity analyses, nor did
it employ multivariate modeling techniques that could provide
greater insight into the independent effects of vaccination on
hospitalization and mortality outcomes. The inclusion of these
analytical methods would significantly enhance the rigor and
interpretability of the findings by better quantifying uncertainty and
controlling for potential confounders.

Although, his study provides a comprehensive analysis of long-
term influenza trends among older adults in Brazil, highlighting
critical impacts of the Covid-19 pandemic on mortality, hospitalization,
and vaccine uptake. The findings reinforce the urgent need for
reinvigorated immunization policies, improved public communication
strategies, and sustained investment in surveillance infrastructure.

Frontiers in Public Health

10.3389/fpubh.2025.1615503

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found at: http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sih/
cnv/nruf.def.

Ethics statement

This study does not require the approval of the Ethics Committee
for Research with Human Beings, as only secondary and anonymous
data were used.

Author contributions

EM: Formal analysis, Validation, Project administration,
Writing - original draft, Visualization, Investigation, Methodology,
Supervision, Conceptualization. JC-E: Conceptualization, Writing -
Validation,
Methodology. FV: Visualization, Formal analysis, Validation,

review & editing, Investigation, Visualization,
Methodology, Writing - review & editing, Investigation. LS:
Methodology, Writing - review & editing, Investigation, Formal
Validation.

Investigation, Validation, Formal analysis, Writing - review & editing,

analysis, Visualization, WD: Conceptualization,

Visualization, Methodology.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. We thank to the University
of Brasilia (UnB) for its support, and to the Foundation for Research
Support of the Federal District (FAPDF) for its partnership in enabling
this publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1615503
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sih/cnv/nruf.def
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sih/cnv/nruf.def

Moura et al.

References

1. World Health Organization. Influenza (seasonal). Geneva: WHO (2023).

2. Costa LMC, Merchan-Hamann E. Pandemias de influenza e a estrutura sanitdria
brasileira: breve histdrico e caracterizagdo dos cendrios. Rev Pan Amaz Saude. (2016)
7:11-25. doi: 10.5123/S2176-62232016000100002

3. Gaitonde DY, Moore FC, Morgan MK. Influenza: diagnosis and treatment. Am Fam
Physician. (2019) 100:751-8.

4. Keilman LJ. Seasonal influenza (flu). Nurs Clin North Am. (2019) 54:227-43. doi:
10.1016/j.cnur.2019.02.009

5. Moisset PA, Pederson J, Landry N. Analysis of influenza vaccines In: B Nunnally,
V Turula and R Sitrin, editors. Vaccine analysis: Strategies, principles, and control.
Berlin: Springer (2015). 113-85.

6. Bi Y, Yang J, Wang L, Ran L, Gao GF. Ecology and evolution of avian influenza
viruses. Curr Biol. (2024) 34:R716-21. doi: 10.1016/j.cub.2024.05.053

7. Mota MA, Lima FS, Oliveira PFN, Guimaraes MP. A¢oes de vigilﬁncia para
influenza avidria desenvolvida no Brasil, no periodo de 2004 e 2007. Arq Bras Med Vet
Zootec. (2013) 65:1265-73. doi: 10.1590/S0102-09352013000500001

8. Ministério da Saude (BR). Guia de vigilancia epidemioldgica. 7th ed. Brasilia:
Ministério da Satude (2009).

9. Pitt SJ, Gunn A. The one health concept. Br J Biomed Sci. (2024) 81:81. doi:
10.3389/bjbs.2024.12366

10. Cunha SS, Camacho LAB, Santos AC, Dourado I. Influenza vaccination in Brazil:
rationale and caveats. Rev Saude Publica. (2005) 39:129-36. doi:
10.1590/50034-89102005000100017

11. Silva Junior JB. A nova face da vigilancia epidemioldgica. Epidemiol Serv Satide.
(2003) 12:5-6. doi: 10.5123/51679-49742003000100001

12. Maciel ELN, Maciel ELN. 20 anos da Secretaria de Vigilancia em Satde e
Ambiente: anélise de duas décadas e perspectivas. Epidemiol Serv Saude. (2023)
32:€2023373. doi: 10.1590/82237-962220230004000016.EN

13. Valadares PM, Martins P, Silva TS, Barbosa TC, Leticia G, Martins BCE. Challenges
of the National Vaccination Program in Brazil In: Perspectives on health: Knowledge for
life: Seven Editora (2025). 94-7.

14. OpenDataSUS. 2022 - banco de dados de sindrome respiratoria aguda grave —
incluindo dados da COVID-19 [Internet]. Brasilia: Ministério da Satde (2021).

15. Santos IL, Zimmermann IRC, Donalisio MR, Santimaria MR, Sanchez MN, Carvalho
JLB, et al. Vulnerabilidade social, sobrevida e letalidade hospitalar pela COVID-19 em
pacientes com 50 anos ou mais: coorte retrospectiva de casos no Brasil em 2020 e 2021. Cad
Saude Publica. (2022) 38:¢00159921. doi: 10.1590/0102-311xpt261921

16. Brasil. Decreto n°® 12.007, de 25 de abril de Institui o Comité Técnico
Interinstitucional de Uma Sé Saude. Diério Oficial da Unido [Internet]. (2024). Available
online at: https://www.in.gov.br/en/web/dou/-/decreto-n-12.007-de-25-de-abril-
de-2024-556247737 (Accessed July 13, 2025).

17. Ministério da Satde (BR). Sistema de informagdes sobre mortalidade. Brasilia:
Ministério da Saade (2025).

18. World Health Organization. International statistical classification of diseases and
related health problems:10" revision (ICD-10). 2019-covid-expanded. Geneva:
WHO (2019).

19. Ministério da Saude (BR). Morbidade hospitalar. Brasilia: Ministério da Satude;
(2025). Available online at: http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sih/cnv/nruf.
def (Accessed February 10, 2025).

20. Ministério da Satude (BR). Notas técnicas. Brasilia: Ministério da Saude; (2025).
Available online at: http://tabnet.datasus.gov.br/cgi/sih/Morb_geral_loc_res_2008.pdf
(Accessed February 16, 2025).

21. Ministério da Satde (BR). Sistema de Informagdes do Programa Nacional de
Imunizagdes (PNI). Brasilia: Ministério da Satude (2025).

22. Ministério da Satde (BR). Campanha Nacional de Vacinagio Contra a Influenza
(2023). Available online at: https://infoms.saude.gov.br/extensions/SEIDIGI_DEMAS_
INFLUENZA_2023/SEIDIGI_DEMAS_INFLUENZA_2023.html (Accessed March
15, 2025).

23. Ministério da Saude (BR). Populagio residente. Brasilia: Ministério da Satde;
(2025). Available online at: http://tabnet.datasus.gov.br/cgi/deftohtm.exe?ibge/cnv/
popsvs2024br.def (Accessed February 16, 2025).

24. Brasil. Resolugao n510 CONEP, de 07 de abril de 2016. Brasilia: Ministério da
Saude (2016).

25. Chang LY, Chiu CH, Shao PL. Novel swine-origin influenza virus a (HIN1): the
first pandemic of the 21st century. J Formos Med Assoc. (2009) 108:526-32. doi:
10.1016/S0929-6646(09)60369-7

26. World Health Organization. Coronavirus disease 2019 (COVID-19) situation
report-51. Available online at: https://www.who.int/docs/default-source/coronaviruse/
situation-reports/20200311-sitrep-51-covid-19.pdf (Accessed April 14, 2025)

27. Haq K, McElhaney JE. Inmunosenescence: influenza vaccination and the elderly.
Curr Opin Immunol. (2014) 29:38-42. doi: 10.1016/j.c01.2014.03.008

Frontiers in Public Health

10.3389/fpubh.2025.1615503

28. Ministério da Saude. Resolugdo n° 1, de 29 de setembro de 2011. Estabelece diretrizes
gerais para a instituicdo de RegiGes de Satide no ambito do Sistema Unico de Saude (SUS),
nos termos do Decreto n° 7.508, de 28 de junho de 2011 [Internet]. Brasilia: Saude Legis -
Sistema de Legislago da Satide; (2011). Available online at: https://bvsms.saude.gov.br/bvs/
saudelegis/cit/2011/res0001_29_09_2011.html (Accessed July 13, 2025).

29. Scarpin CT, Steiner MTA, Dias GJC, Steiner Neto PJ. Otimizagao no servigo de
satide no estado do Parand: fluxo de pacientes e novas configuragdes hierarquicas. Gest
Prod. (2008) 15:275-90. doi: 10.1590/50104-530X2008000200006

30. Pereira CCA, Soares FRG, Machado CJ, Frio GS, Alves LC, Herkrath FJ, et al.
Development of an index to assess COVID-19 hospital care installed capacity in the 450
Brazilian health regions. Disaster Med Public Health Prep. (2022) 17:¢275. doi:
10.1017/dmp.2022.214

31. Silva END, Soares FRG, Frio GS, Oliveira A, Cavalcante FV, Martins NRAYV, et al.
Fluxo de internagio por Covid-19 nas regides de satde do Brasil. Saude Debate. (2021)
45:1111-25. doi: 10.1590/0103-1104202113113i

32. Pan American Health Organization. Entenda a infodemia e a desinformagao na
luta contra a COVID-19. Washington, DC: PAHO (2020).

33. Begak R, Guaraty KD, Barroso FJ. O discurso de 6dio em tempos de COVID-19
[Internet]. Rev Jurid. (2021) 2:670-91. doi: 10.21902/revistajur.2316-753X.v2i64.5205

34. Lelles K. Uma analise do discurso do presidente Bolsonaro na solenidade de
assinatura da medida provisoria da vacina contra o Coronavirus (Covid-19). Caderno
Letras. (2022) 41:261-74. doi: 10.15210/cdl.v0i41.21236

35. Centro de Estudos Estratégicos da Fiocruz. Combate a epidemia de HIN1: um
histérico de sucesso.Rio de Janeiro: Fundagdo Oswaldo Cruz; (2021). Available online
at: https://cee.fiocruz.br/?q=node/1314 (Accessed February 16, 2025).

36. Centers for Disease Control and Prevention. Update: novel influenza A (HIN1)
virus infections. MMWR (2009); 84:173-184. Available online at: https://www.cdc.gov/
mmwr/preview/mmwrhtml/mm5817al.htm#:~:text=Since%20recognition%200f%20
the%20novel,0f%201%2C88220confirmed20cases%20worldwide (Accessed February
15,2025).

37. Freitas FT, Souza LR, Azziz-Baumgartner E, Cheng PY, Zhou H, Widdowson MA,
et al. Influenza-associated excess mortality in southern Brazil, 1980-2008. Epidemiol
Infect. (2013) 141:1731-40. doi: 10.1017/50950268812002221

38. Schindler CJA, Wittenberg I, Damm O, Kramer R, Mikolajczyk R, Schonfelder T.
Influenza-associated excess mortality and hospitalization in Germany from 1996 to
2018. Infect Dis Ther. (2024) 13:2333-50. doi: 10.1007/s40121-024-01043-9

39. Centers for Disease Control and Prevention. About influenza (flu). Atlanta:
Centers for Disease Control and Prevention; (2024).

40. Froes F, Carmo M, Lopes H, Bizouard G, Gomes C, Martins M, et al. Excess
hospitalizations and mortality associated with seasonal influenza in Portugal, 2008-2018.
BMC Infect Dis. (2022) 22:726. doi: 10.1186/s12879-022-07713-8

41. Pumarola T, Diez-Domingo J, Martinén-Torres F, Redondo Margiiello E, de
Lejarazu Leonardo RO, Carmo M, et al. Excess hospitalizations and mortality associated
with seasonal influenza in Spain, 2008-2018. BMC Infect Dis. (2023) 23:86. doi:
10.1186/s12879-023-08015-3

42. Lu PJ, Santibanez TA, Williams WW, Zhang J, Ding H, Bryan L, et al. Surveillance
of influenza vaccination coverage--United States, 2007-08 through 2011-12 influenza
seasons. MMWR. (2013) 62:1-29. doi: 10.1016/j.amepre.2019.04.007

43. Centers for Disease Control and Prevention, CDC 2021-2022 flu vaccination
campaign  kickoff.  (2025). Available online at: https://www.cdc.gov/flu/
spotlights/2020-2021/flu-vac-kickoff.htm (Accessed February 15, 2025).

44. Foppa IM, Cheng PY, Reynolds SB, Shay DK, Carias C, Bresee JS, et al. Deaths
averted by influenza vaccination in the U.S. during the seasons 2005/06 through
2013/14. Vaccine. (2015) 33:3003-9. doi: 10.1016/j.vaccine.2015.02.042

45. Gharpure R, Regan AK, Nogareda F, Cheng AC, Blyth CC, George SS, et al.
Effectiveness of 2023 southern hemisphere influenza vaccines against severe influenza-
associated illness: pooled estimates from eight countries using the test-negative design.
Lancet Glob Health. (2025) 13:€203-11. doi: 10.1016/S2214-109X(24)00473-X

46. Lejarazu RO, Tamames S. Vacunacion antigripal. efectividad de las vacunas
actuales y retos de futuro. Enferm Infecc Microbiol Clin. (2015) 33:480-90. doi:
10.1016/j.eimc.2015.06.011

47. Petrova VN, Russell CA. The evolution of seasonal influenza viruses. Nat Rev
Microbiol. (2017) 16:47-60. doi: 10.1038/nrmicro.2017.118

48.Trigo JAL, Mongil RL, Lizaro AM, Chain GM, Villajos NM, Cordero PR.
Vacunacion frente a la gripe estacional en las personas mayores. Evaluacion de la vacuna
tetravalente. Informe de posicionamiento. Rev Esp Geriatr Gerontol. (2018) 53:185-202.
doi: 10.1016/j.regg.2018.06.004

49. Paget J, Caini S, Del Riccio M, van Waarden W, Meijer A. Has influenza B/Yamagata
become extinct and what implications might this have for quadrivalent influenza vaccines?
Euro Surveill. (2022) 27:2200753. doi: 10.2807/1560-7917.ES.2022.27.39.2200753

50. Andrew MK, Bowles SK, Pawelec G, Haynes L, Kuchel GA, McNeil SA, et al.
Influenza vaccination in older adults: recent innovations and practical applications.
Drugs Aging. (2019) 36:29-37. doi: 10.1007/540266-018-0597-4

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1615503
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.5123/S2176-62232016000100002
https://doi.org/10.1016/j.cnur.2019.02.009
https://doi.org/10.1016/j.cub.2024.05.053
https://doi.org/10.1590/S0102-09352013000500001
https://doi.org/10.3389/bjbs.2024.12366
https://doi.org/10.1590/S0034-89102005000100017
https://doi.org/10.5123/S1679-49742003000100001
https://doi.org/10.1590/S2237-962220230004000016.EN
https://doi.org/10.1590/0102-311xpt261921
https://www.in.gov.br/en/web/dou/-/decreto-n-12.007-de-25-de-abril-de-2024-556247737
https://www.in.gov.br/en/web/dou/-/decreto-n-12.007-de-25-de-abril-de-2024-556247737
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sih/cnv/nruf.def
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sih/cnv/nruf.def
http://tabnet.datasus.gov.br/cgi/sih/Morb_geral_loc_res_2008.pdf
https://infoms.saude.gov.br/extensions/SEIDIGI_DEMAS_INFLUENZA_2023/SEIDIGI_DEMAS_INFLUENZA_2023.html
https://infoms.saude.gov.br/extensions/SEIDIGI_DEMAS_INFLUENZA_2023/SEIDIGI_DEMAS_INFLUENZA_2023.html
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?ibge/cnv/popsvs2024br.def
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?ibge/cnv/popsvs2024br.def
https://doi.org/10.1016/S0929-6646(09)60369-7
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf
https://doi.org/10.1016/j.coi.2014.03.008
https://bvsms.saude.gov.br/bvs/saudelegis/cit/2011/res0001_29_09_2011.html
https://bvsms.saude.gov.br/bvs/saudelegis/cit/2011/res0001_29_09_2011.html
https://doi.org/10.1590/S0104-530X2008000200006
https://doi.org/10.1017/dmp.2022.214
https://doi.org/10.1590/0103-1104202113113i
https://doi.org/10.21902/revistajur.2316-753X.v2i64.5205
https://doi.org/10.15210/cdl.v0i41.21236
https://cee.fiocruz.br/?q=node/1314
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5817a1.htm#:~:text=Since%20recognition%20of%20the%20novel,of%201%2C88220confirmed20cases%20worldwide
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5817a1.htm#:~:text=Since%20recognition%20of%20the%20novel,of%201%2C88220confirmed20cases%20worldwide
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5817a1.htm#:~:text=Since%20recognition%20of%20the%20novel,of%201%2C88220confirmed20cases%20worldwide
https://doi.org/10.1017/S0950268812002221
https://doi.org/10.1007/s40121-024-01043-9
https://doi.org/10.1186/s12879-022-07713-8
https://doi.org/10.1186/s12879-023-08015-3
https://doi.org/10.1016/j.amepre.2019.04.007
https://www.cdc.gov/flu/spotlights/2020-2021/flu-vac-kickoff.htm
https://www.cdc.gov/flu/spotlights/2020-2021/flu-vac-kickoff.htm
https://doi.org/10.1016/j.vaccine.2015.02.042
https://doi.org/10.1016/S2214-109X(24)00473-X
https://doi.org/10.1016/j.eimc.2015.06.011
https://doi.org/10.1038/nrmicro.2017.118
https://doi.org/10.1016/j.regg.2018.06.004
https://doi.org/10.2807/1560-7917.ES.2022.27.39.2200753
https://doi.org/10.1007/s40266-018-0597-4

Moura et al.

51. Uyeki TM, Hui DS, Zambon M, Wentworth DE, Monto AS. Influenza. Lancet.
(2022) 400:693-706. doi: 10.1016/S0140-6736(22)00982-5

52. Organizacién Panamericana de la Salud. Actualizacion Epidemioldgica: Influenza
aviar A(H5N1) en la Region de las Américas, 24 de enero del 2025. Washington, D.C.:
OPS/OMS (2025).

53.Basile L, Torner N, Martinez A, Mosquera MM, Marcos MA, Jane M, et al.
Seasonal influenza surveillance: observational study on the 2017-2018 season with
predominant B influenza virus circulation. Vacunas. (2019) 20:53-9. doi:
10.1016/j.vacune.2019.12.002

54. Gil-de-Miguel A, Diez-Domingo J, Martinén-Torres E, Margiiello ER, de Lejarazu
Leonardo RO, Pumarola T, et al. Addressing influenza's underestimated burden - Iberian
experts call to action. BMC Infect Dis (2023);23:308. doi: 10.1186/512879-023-08277-x

55. Ministério da Satde (2023) Available online at: https://bvsms.saude.gov.br/bvs/
saudelegis/gm/2023/prt1736_09_11_2023.html (Accessed July 14, 2025).

Frontiers in Public Health

09

10.3389/fpubh.2025.1615503

56. Peel M, Kuchler H. More than 120 countries back treaty to share vaccines in
pandemics [internet]. Financial Times (2025) Available online at: https://www.ft.com/
content/ada726bd-5b3e-42{9-9db3-753a2ba3b368 (Accessed July 14, 2025).

57.Ryu S, Cowling BJ. Human Influenza Epidemiology. Cold Spring Harb Perspect
Med. (2025) 11:356. doi: 10.1101/cshperspect.a038356

58. Guillari A, Polito F, Pucciarelli G, Serra N, Gargiulo G, Esposito MR, et al.
Influenza vaccination and healthcare workers: barriers and predisposing factors. Acta
Biomed. (2021) 92:2021004. doi: 10.23750/abm.v92iS2.11106

59. Salam M, Honein-AbouHaidar G. Determinants of influenza and COVID-19
vaccine intent or uptake in Lebanon: a scoping review of the literature. BMC Infect Dis.
(2023) 23:511. doi: 10.1186/s12879-023-08478-4

60. Monteiro SAMG, Takano AQO, Waldman EA. Evaluation of the Brazilian
surveillance system for adverse events following vaccination. Rev Bras Epidemiol. (2011)
14:361-71. doi: 10.1590/S1415-790X2011000300002

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1615503
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(22)00982-5
https://doi.org/10.1016/j.vacune.2019.12.002
https://doi.org/10.1186/s12879-023-08277-x
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2023/prt1736_09_11_2023.html
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2023/prt1736_09_11_2023.html
https://www.ft.com/content/ada726bd-5b3e-42f9-9db3-753a2ba3b368
https://www.ft.com/content/ada726bd-5b3e-42f9-9db3-753a2ba3b368
https://doi.org/10.1101/cshperspect.a038356
https://doi.org/10.23750/abm.v92iS2.11106
https://doi.org/10.1186/s12879-023-08478-4
https://doi.org/10.1590/S1415-790X2011000300002

	Influenza: temporal trends in mortality, hospitalization, and vaccination in the older adults population aged 60 and more years, Brazil, 2000–2023
	Introduction
	Methods
	Results
	Discussion

	References

