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ABSTRACT

Background: Acute respiratory viral diseases are a major public health challenge in the Brazilian Amazon, where ecological, logistical,
and social factors shape patterns of transmission and response.

Methods: This study aimed to analyze the epidemiological patterns and temporal-spatial distribution of Influenza-like illness (ILI) and
severe acute respiratory syndrome (SARS) in the state of Amazonas, Brazil, between 2015 and 2025, distinguishing SARS-CoV-2 and non-
SARS-CoV-2 etiologies using data from OpenDataSUS.

Results: Incidence peaks occurred in early 2021 and 2022, with pronounced regional disparities. The highest burdens were concentrated
in specific municipalities, with Manaus exhibiting an intermediate incidence and playing a central role in case notifications and healthcare
provision.

Discussion: We describe the integration of surveillance systems, laboratory networks, and healthcare infrastructure, which enabled
improvements in diagnosis, monitoring, and care. The region’s response model, centered in Manaus, includes primary-to-tertiary care
coordination, molecular diagnostics, telemedicine, and mobile health units for Indigenous and remote areas. Research efforts during
the COVID-19 pandemic provided critical insights into therapeutic strategies, immunopathology, and long-term sequelae, while also
highlighting persistent inequities and diagnostic gaps. Our findings underscore the co-circulation of multiple respiratory pathogens and
the need for continued genomic and syndromic surveillance. Future strategies must address regional disparities, support decentralized
diagnostics, and expand clinical research. Strengthening integrated health systems in the Brazilian Amazon is essential for timely, equitable
responses to emerging respiratory threats.
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Acute respiratory viral diseases are a major public health
concern in the Brazilian Amazon, where unique ecological,
social, and logistical factors shape patterns of transmission,
surveillance, and care. Respiratory infections remain important
causes of morbidity and hospitalization, particularly among socially
vulnerable populations and residents of remote areas’?.

Acute respiratory viral diseases are major contributors to
global morbidity and mortality®. In Brazil, surveillance of influenza-
like illness (ILI) and severe acute respiratory syndrome (SARS)
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has progressively expanded since the influenza A(HTN1)pdm09
pandemic and was substantially strengthened during the COVID-19
pandemic through systems such as SIVEP-Gripe and e-SUS Notifica.
Recent evaluations of the Brazilian acute respiratory infection
surveillance system demonstrated important regional inequalities
in reporting completeness and timeliness, particularly in the North
region, where logistical and structural barriers may compromise
epidemiological monitoring and laboratory investigation**. These
findings are especially relevant for the Amazon region, where
geographic dispersion, limited healthcare access, and territorial
heterogeneity influence both disease transmission dynamics and
surveillance capacity®’.

The state of Amazonas presents additional challenges for
respiratory disease surveillance due to its vast geographic
dispersion, limited health infrastructure in remote municipalities,
dependence on river transportation, and high levels of social
vulnerability®. These factors may directly affect healthcare access,
diagnostic capacity, and timely case notification, particularly in
rural and Indigenous territories™.

At the same time, previous studies have shown that respiratory
virus circulation in northern Brazil differs from patterns observed
in other regions of the country, with influenza activity frequently
concentrated in the first months of the year'. This seasonal
pattern has important implications for surveillance and vaccination
strategies in the Amazon region.

Despite advances in respiratory surveillance and increasing
availability of public health data, comprehensive longitudinal
analyses integrating temporal, spatial, and epidemiological
patterns of respiratory syndromes in Amazonas remain limited.
Most available studies focus on specific pathogens or restricted
time periods, limiting a broader understanding of respiratory
disease dynamics in the region.

In this work, we present a comprehensive epidemiological
analysis of acute respiratory diseases in Amazonas, covering the
temporal and spatial evolution of ILI and severe acute respiratory
syndrome (SARS) from 2015 to 2025. Using official data from
OpenDataSUS, we characterize incidence trends, highlight key
moments of viral circulation, and assess the distribution of disease
burden across municipalities. We also examine the structure of
the healthcare network, the evolution of scientific evidence in the
region, and future directions for respiratory disease surveillance
and control in the Amazonian context.

METHODS

The data analyzed in this study were obtained from OpenDataSUS,
the official open-data platform of the Brazilian Unified Health System
(Sistema Unico de Saude, SUS), managed by the Department of
Information and Informatics of SUS (DATASUS/ dados.gov.br ).
The inclusion criteria comprised confirmed SARS cases registered
in the Influenza Epidemiological Surveillance Information System
(SIVEP-Gripe) between 2015 and 2025, identified according to the
final classification recorded in the surveillance system and following
laboratory, clinical-epidemiological, clinical, and clinical-imaging
criteria established by the Brazilian Ministry of Health, as well as
confirmed records of ILI reported in the e-SUS Notifica system in
the state of Amazonas between 2020 and 2025.

Preliminarily, the databases were assessed for data quality,
particularly regarding completeness. Records with less than 70%

completeness were excluded from the analysis. Duplicate records
and inconsistencies were also identified and excluded after
evaluation of the data quality findings.

The data processing phase was carried out using the R
software (v4.5.1)'? and the RStudio development environment
(v2025.05.1+513)™, including correction, cleaning, processing
and integration of the databases. For these steps, specific
packages were used to optimize this process, such as "tidyverse",
"patchwork", "data.table", and "geobr", ensuring greater efficiency
in the manipulation of the data sets. The final version of the dataset
was used to generate analytical graphs and a thematic map in the
QGIS software, allowing the spatial visualization of the results.

The graphs were generated from frequency tables grouped
by month and year of notification, representing the temporal
evolution of ILI and SARS cases in the state of Amazonas. In the
SARS database, records were classified as SARS-CoV-2 or non-
SARS-CoV-2 based on the available etiological information. For
the ILI database, only confirmed Influenza-like illness cases were
included. After grouping, we incorporated data on the estimated
average population of each municipality, obtained from the
Brazilian Institute of Geography and Statistics (IBGE), using a
five-year average for ILI and a ten-year average for SARS. Based
on these estimates, we calculated the incidence per 100,000
inhabitants to standardize the rates and enable comparisons across
different periods and municipalities. These incidence values were
also used to generate thematic maps. Geographic coordinates
corresponding to the centroid of each municipality were added,
enabling spatial mapping and the creation of a consolidated
georeferenced dataset. This dataset was exported to QGIS, where
kernel density maps were produced to represent the spatial
distribution of incidences across the state of Amazonas.

As the study used only aggregated public-domain data with
no individual identifiers, it was exempt from ethical review under
Conselho Nacional de Saude (CNS) Resolution No. 510/2016.

RESULTS

The incidence of ILI cases exhibited pronounced fluctuations
between 2020 and 2023, followed by a stabilization trend from
2024 onward. The highest values were recorded in January 2022
(2,225.2), followed by January 2021 (1,376.34), corresponding
to periods of intense viral circulation and increased strain on
healthcare services. The lowest incidence was observed in
September 2025, at 0.02 (Figure 1A).

The incidence of SARS cases associated with SARS-CoV-2 and
those not associated showed a similar temporal pattern between
2020 and 2022, with sharp peaks in the early months of each year
(Figure 1A and 1B). The highest incidence of SARS-CoV-2 cases
was recorded in January and February 2021, corresponding to the
peak of the pandemic in the state. Among the other etiologjical
classifications, the "unspecified SARS" category showed the
highest incidence, especially between 2020 and 2021, when limited
diagnostic capacity prevented identification of the causative agent.
The highest incidence in this category was observed in April 2020
(27.13), followed by February 2021 (24.59), while the lowest was
recorded in February and August 2018 (0.02).

SARS cases not associated with SARS-CoV-2 showed the
lowest incidence rates among the three groups analyzed, while
maintaining a comparable temporal pattern, particularly between
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FIGURE 1: The incidence of SARS cases associated with SARS-CoV-2 remained lower than that of flu-like syndrome cases but exhibited a similar pattern of monthly variation,
with sharp peaks in January and February 2021 (188.12 and 117.52, respectively): (A) Incidence Influenza-like illness cases in Amazonas from 2020 to 2025; (B) Incidence SARS-
Cov-2 cases in Amazonas from 2020 to 2025; (€) Incidence of non-SARS-Cov-2 cases in Amazonas from 2015 to 2025.

2019 and 2023. The highest rates were recorded in April 2020
(27.18), followed by February 2021 (25.82), whereas the lowest
rates occurred in August and September 2015 (0.03). This indicates
that, despite differences in magnitude, all categories followed a
similar seasonal trend, characterized by increased incidence in the
early months of each year (Figure 1C).

Between 2020 and 2025, the spatial distribution of the incidence
of ILI e cases in the state of Amazonas revealed pronounced
regional disparities. The highest values were recorded in the
municipalities of Coari (53,692.95), Itapiranga (51,143.66), and Jutai
(44,887.31), while the lowest were observed in Sdo Sebastido do
Uatuma (1,347.91), Santo Antonio do Ica (2,113.88), and Anama
(3,141.67). Manaus presented an intermediate incidence of
16,181.30, lower than in the highest-risk municipalities but above
the state average (Figure 2A).

The incidence of severe acute respiratory syndrome (SARS)
associated with SARS-CoV-2 showed a heterogeneous spatial
pattern across municipalities. The highest rates were observed
in Codajas (2,133.30), Tonantins (1,998.00), and Santo Antdnio
do I¢é (1,566.20), indicating areas of intense viral circulation.
The lowest rates were observed in Anama (96.95). Manaus had
an incidence of 1,341.49, ranking among the municipalities with
the highest burden (Figure 2B). In contrast, the lowest values
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were recorded in Itamarati (52.78) and Careiro da Varzea (58.53)
(Figure 2B). For SARS cases unrelated to SARS-CoV-2 infection,
the spatial distribution was more concentrated. Tonantins
(3,356.90), Codajas (2,184.42), and Tefé (1,247.68) had the highest
incidence rates during the study period. No cases were reported
in Anama3, ltamarati, or Jutai, resulting in zero incidence in these
municipalities. Among the areas with low incidence, Novo Aripuana
(4.13), Beruri (4.91), and Urucara (5.22) were notable. Manaus
showed an intermediate incidence of 977.41, below the highest-risk
areas but still representing a significant site of case notifications
(Figure 2C). These estimates should be interpreted considering
differences in municipal population size, as incidence rates may be
amplified in municipalities with smaller population denominators.

Between 2015 and 2019, SARS cases were predominantly
observed in children aged 0-10 years. During the COVID-19
pandemic period (2020-2022), the age distribution changed
markedly, with older adults (260 years) representing the largest
proportion of reported cases. COVID-19-specific analyses also
demonstrated a predominance of older age groups across
the study period. In contrast, influenza-like illness cases were
distributed across multiple age groups, with adults accounting for
a substantial proportion of notifications and children aged 0-10
years representing a smaller share of cases (Figure 3).
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FIGURE 2: Spatial distribution of incidence rates across municipalities in the state of Amazonas, Brazil, from 2015 to 2025: (A) Influenza-like illness; (B) severe acute respiratory
syndrome (SARS) associated with SARS-CoV-2; and (€) SARS not associated with SARS-CoV-2.
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FIGURE 3: Age-stratified distribution of respiratory syndromes from 2015 to 2025. (A) Severe Acute Respiratory Syndrome (SARS), all etiologies combined; (B) SARS cases
attributed to COVID-19; (€) SARS cases excluding COVID-19; (D) ILI, all etiologies combined; (E) FS cases attributed to COVID-19; and (F) ILI cases excluding COVID-19. The
figure presents the annual proportional distribution of cases according to age group, allowing visual comparison of age-specific patterns across respiratory syndrome categories

and study years.

DISCUSSION

This study provides a ten-year epidemiological overview
of influenza-like illness and severe acute respiratory syndrome
in Amazonas, demonstrating marked temporal variability,
heterogeneous geographic distribution, and differences across
age groups and etiological profiles. The integration of syndromic,
laboratory, genomic, and metagenomic surveillance data allowed a
broad characterization of respiratory disease dynamics in the region.

The findings highlight the complex epidemiological dynamics
of respiratory syndromes in Amazonas, characterized by marked
geographic heterogeneity, age-specific patterns, and distinct
seasonal behavior. The concentration of influenza activity during
the first months of the year reinforces previous evidence that
respiratory virus seasonality in the Amazon differs from patterns
observed in southern Brazil, supporting the need for regionally
tailored surveillance and vaccination strategies™'®. Furthermore, the
post-pandemic predominance of RSV among infants suggests a shift
in respiratory pathogen circulation that may increase the burden
on pediatric healthcare services'®'®. The observed age distribution
of severe respiratory disease also reflects the substantial impact of
SARS-CoV-2 on regional epidemiology, particularly among older
adults and vulnerable populations'-?'. Together, these findings
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underscore the importance of maintaining integrated respiratory
surveillance systems capable of detecting changes in pathogen
circulation and supporting timely public health responses.

The COVID-19 pandemic substantially altered respiratory
surveillance dynamics during the study period. Non-pharmaceutical
interventions, changes in healthcare utilization, expanded molecular
testing capacity, and shifts in surveillance priorities may have
influenced the circulation and detection of other respiratory viruses?2,

Marked heterogeneity among municipalities likely reflects
differences in healthcare access, laboratory infrastructure, and
surveillance sensitivity across Amazonas. In remote municipalities,
reduced diagnostic capacity and logistical challenges may
contribute to underdetection and underreporting of respiratory
syndromes. Recognizing these challenges as being systemic
underscores the need for strengthened logistical support and
expanded decentralization of diagnostic services to improve
surveillance sensitivity and equity across the Amazon region?2,

This study has important limitations that should be considered
when interpreting the findings. First, the analyses are primarily
descriptive and were not designed to establish causal relationships
between respiratory virus circulation and demographic, climatic,
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socioeconomic, or healthcare-related factors. Therefore,
interpretations regarding potential drivers of viral spread should
be considered contextual and hypothesis-generating rather than
inferential conclusions. The study relied on secondary surveillance
data obtained from heterogeneous reporting systems, which are
subject to underreporting, delays in notification, inconsistencies
in data completeness, and variations in diagnostic capacity
across municipalities. These limitations are particularly relevant in
remote areas of Amazonas, where access to healthcare services
and laboratory infrastructure remains uneven. Consequently,
the apparent absence or lower incidence of cases in some
municipalities may reflect surveillance limitations rather than
true epidemiological absence. The COVID-19 pandemic likely
influenced healthcare-seeking behavior, testing priorities,
notification practices, and circulation dynamics of other respiratory
viruses, potentially affecting temporal comparisons throughout
the study period. Additionally, changes in surveillance protocols
and diagnostic availability over time may have contributed to
fluctuations in reported case numbers?’-3°,

Despite these challenges, the integration of epidemiological,
laboratory, genomic, and metagenomic surveillance data
represents an important strength of this study and highlights
the potential of combined surveillance strategies for monitoring
respiratory pathogens in geographically complex regions.
Combining genomic and metagenomic data with clinical and
epidemiological information can enhance the sensitivity and
specificity of surveillance systems, allowing for real-time risk
assessment and more effective outbreak containment strategies,
especially in biodiverse settings with high zoonotic risk3'32.

Finally, the study did not employ advanced spatial, temporal,
or spatio-temporal modeling approaches capable of formally
evaluating associations between epidemiological patterns
and environmental or structural determinants. Future studies
using inferential analytical frameworks may further clarify these
relationships and expand understanding of respiratory virus
dynamics in the Amazon region.

In conclusion, this study provides a comprehensive descriptive
overview of respiratory syndromes in Amazonas over a ten-year
period and reinforces the importance of strengthening integrated
respiratory surveillance systems in the Brazilian Amazon. Continued
investment in laboratory capacity, surveillance coverage, and
longitudinal monitoring will be essential to improve preparedness
for seasonal and emerging respiratory pathogens.

ACKNOWLEDGMENTS

We offer our deepest thanks to the institutions that provided
technical support for the development and implementation of
this study.

AUTHORS’ CONTRIBUTION

RT: Drafting the article; FNSB: Revision the article; EC: Revision
the article; IAVN: Analysis and interpretation of data; FV: Drafting
the article; MFR: Drafting the article; FM: Drafting the article;
MPGM: Analysis of data and Revision the article; WMM: Conception
and design of the study and final approval of the version to be
submitted; VS: Conception and design of the study, acquisition of
data and final approval of the version to be submitted

10.

11.

12.

13.

14.

15.

REFERENCES

Soares T de N, Andrade NCO, Santos S do S dos, Dergan MRA, Takeda
KFF, Ramalho JGF de P, et al. Risk of Incidence and Lethality by Etiology
of Severe Acute Respiratory Syndrome in Hospitalized Children
Under 1 Year of Age in Brazil in 2024: A Cross-Sectional Study. Trop
Med Infect Dis. 2025;10(6):168. doi:10.3390/tropicalmed10060168.

Sardinha DM, do Socorro Pompeu de Loiola R, Ferreira AL da S, de Sa
CAF, Rodrigues YC, Lima KVB, et al. Risk factors associated with the
severity of COVID-19 in a region of the Brazilian Amazon. Sci Rep.
2021;11:20569. doi:10.1038/s41598-021-00009-y.

He'Y, Liu WJ, Jia N, Richardson S, Huang C. Viral respiratory infections
in a rapidly changing climate: the need to prepare for the next
pandemic. eBioMedicine. 2023;93. doi:10.1016/j.ebiom.2023.104593
PubMed PMID: 37169688.

Ministério da Salde. Diretrizes para o enfrentamento da covid-19,
influenza e outros virus respiratérios de importancia em saude
publica. Brasilia, DF: Ministério da Saude; 2025.

Dantas MNP, Rocha MA, Alves JP, Pinto ESG, Souza NL de, Dantas
RAN, et al. Andlise das acdes de vigilancia epidemioldgica da
COVID-19 no Brasil: um estudo de revisdo. Ciénc Prax. 2024;19:179—
94. doi:10.36704/cipraxis.v19i34.7327.

Leandro GCW, Cicchelero LM, Massago M, de Oliveira DG, Bortoli
DM, Murillo RSG, et al. Evaluation of the acute respiratory infections
surveillance system and associated factors: a cross-sectional study,
Brazil, 2009-2021. Epidemiol Serv Saude. 2025;34:20240555.

Vianna LA, SiqueiraMM, Volpini LPB, Louro ID, Resende PC. Seasonality,
molecular epidemiology, and virulence of Respiratory Syncytial Virus
(RSV): A perspective into the Brazilian Influenza Surveillance Program.
Lin B, organizador. PLOS ONE. 2021;16:€0251361. doi:10.1371/
journal.pone.0251361.

Hernandez LHA, Silva FS da, Paz TYB da, Dias DD, Barros B de CV
de, Nunes BTD, et al. Virome Analysis of Small Mammals from the
Brazilian Amazon. Viruses. 2025;17. doi:10.3390/v17091251.

Buddle S, Forrest L, Akinsuyi N, Martin Bernal LM, Brooks T, Venturini
C, et al. Evaluating metagenomics and targeted approaches for
diagnosis and surveillance of viruses. Genome Med. 2024;16:111.
doi:10.1186/513073-024-01380-x PubMed PMID: 39252069; PubMed
Central PMCID: PMC11382446.

Vallinoto ACR, da Silva Torres MK, Vallinoto MC, Cayres Vallinoto IMV.
The challenges of COVID-19 in the Brazilian Amazonian communities
and the importance of seroepidemiological surveillance studies.
Int J Equity Health. 2020;19:140. doi:10.1186/512939-020-01256-7
PubMed PMID: 32799872; PubMed Central PMCID: PMC7429088.

Almeida A, Codeco C, Luz PM. Seasonal dynamics of influenza in
Brazil: the latitude effect. BMC Infect Dis. 2018;18:695. doi:10.1186/
s12879-018-3484-z PubMed PMID: 30587159; PubMed Central
PMCID: PMC6307116.

R Core Team. R: A Language and Environment for Statistical
Computing [Internet]. R Foundation for Statistical Computing; [cited
25 June de 2025]. Available from:: https://www.r-project.org/.

RStudio Team. RStudio: Integrated Development for R [Internet].
Boston: RStudio, PBC; [cited 25 June de 2025]. Available from:
https://posit.co/.

Hitchings MDT, Ranzani OT, Torres MSS, de Oliveira SB, Almiron M,
Said R, et al. Effectiveness of CoronaVac among healthcare workers
in the setting of high SARS-CoV-2 Gamma variant transmission in
Manaus, Brazil: A test-negative case-control study. Lancet Reg Health
- Am. 2021;1:100025. doi:10.1016/j.1ana.2021.100025.

Andrade LA, Paz WS da, Lima AGCF, Aratjo D da C, Duque AM, Peixoto
MVS, et al. Spatiotemporal Pattern of COVID-19-Related Mortality

e www.scielo.br/rsbmt | www.rsbmt.org.br




16.

17.

18.

19.

20.

21.

22.

23.

accass

Rev Soc Bras Med Trop e on line « Vol.:59 | (e¢0102-2026) | Supl. 1| 2026

during the First Year of the Pandemic in Brazil: A Population-based
Study in a Region of High Social Vulnerability. Am J Trop Med Hyg.
2022;106:132-41. doi:10.4269/ajtmh.21-0744.

Masoorian E, Teimoori A, Bakhtiari S, Jalilian FA, Vosough RN, Ansari
N. Post-COVID-19 Seasonality of Influenza, Respiratory Syncytial
Virus, and SARS-CoV-2 Among Hospitalized Children in Western
Iran: A Molecular Surveillance Study (2023-2024). J Epidemiol Glob
Health. 2025;15:146. doi:10.1007/s44197-025-00497-5 PubMed
PMID: 41366524; PubMed Central PMCID: PMC12696241.

Barron GC, Laryea-Adjei G, Vike-Freiberga V, Abubakar |, Dakkak
H, Devakumar D, et al. Safeguarding people living in vulnerable
conditions in the COVID-19 era through universal health coverage and
social protection. Lancet Public Health. 2022;7:e86-92. doi:10.1016/
S2468-2667(21)00235-8 PubMed PMID: 34906331.

Costa BLGD, Sampaio VDS, Franca JAPC, Segundo WOPF, Fernandes
LG, Ramos TCA, et al. Fatores de risco para 6bitos por influenza A
H1N1 no estado do Amazonas, no ano epidémico de 2019. Rev Pan-
Amaz Saude. 2024;15. doi:10.5123/52176-6223202401560.

Davies NG, Klepac P, Liu Y, Prem K, Jit M, CMMID COVID-19 working
group, et al. Age-dependent effects in the transmission and control
of COVID-19 epidemics. Nat Med. 2020;26:1205-11. doi:10.1038/
s41591-020-0962-9 PubMed PMID: 32546824.

O'Driscoll M, Ribeiro Dos Santos G, Wang L, Cummings DAT, Azman
AS, Paireau J, et al. Age-specific mortality and immunity patterns
of SARS-CoV-2. Nature. 2021;590:140-5. doi:10.1038/s41586-020-
2918-0 PubMed PMID: 331378009.

Shi T, McAllister DA, O'Brien KL, Simoes EAF, Madhi SA, Gessner
BD, et al. Global, regional, and national disease burden estimates of
acute lower respiratory infections due to respiratory syncytial virus
in young children in 2015: a systematic review and modelling study.
The Lancet. 2017;390:946-58. doi:10.1016/S0140-6736(17)30938-8
PubMed PMID: 28689664.

Levi JE, Oliveira CM, Croce BD, Telles P, Lopes ACW, Romano CM, et
al. Dynamics of SARS-CoV-2 Variants of Concern in Brazil, Early 2021.
Front Public Health. 2021;9:784300. doi:10.3389/fpubh.2021.784300
PubMed PMID: 35004585; PubMed Central PMCID: PMC8733167.

Kalish H, Klumpp-Thomas C, Hunsberger S, Baus HA, Fay MP, Siripong
N, et al. Undiagnosed SARS-CoV-2 seropositivity during the first 6
months of the COVID-19 pandemic in the United States. Sci Transl
Med. 2021;13:eabh3826. doi:10.1126/scitransImed.abh3826 PubMed
PMID: 34158410; PubMed Central PMCID: PMC8432952.

24.

25.

26.

27.

28.

29.

30.

31

32.

www.scielo.br/rsbmt | www.rsbmt.org.br

Prado MF do, Antunes BB de P, Bastos L dos SL, Peres IT, Silva A
de AB da, Dantas LF, et al. Andlise da subnotificacdo de COVID-19
no Brasil. Rev Bras Ter Intensiva. 2020;32:224-8. doi:https://doi.
org/10.5935/0103-507X.20200030.

Brito PL, Souza LSS de, Gomes PHC, Diniz H de S. Infeccdo pela
Covid-19 em populagbes indigenas no Amazonas. Rev Eletronica
Acervo Salde. 2023;23:e12255. Located at: +55 92 99982-8810.
doi:10.25248/reas.e12255.2023.

Rezende AAB, Silva RP da, Pedrosa NL, Luz RA da, Paixdo AN da,
Rodrigues W, et al. Distribuicdo da COVID-19 e dos recursos de
saude na Amazonia Legal: uma andlise espacial. Ciénc Salde
Coletiva. 2023;28:131-41. doi:https://doi.org/10.1590/1413-
81232023281.10782022.

Plano de Contingéncia para Infeccdo Humana pelo novo Coronavirus
(COVID19) em Povos Indigenas do DSElI — Manaus [Internet]. [cited
19 february 2026]. Available from: https://www.gov.br/saude/pt-br/
composicao/sesai/publicacoes/plano-de-contingencia-nacional-
para-covid-19-em-povos-indigenas-dsei-mao-manaus.

Da Silva Costa F, Santos DND, Freitas Da Silva Pinto L, Cantuéria
Rodrigues N, Silva Monteiro BB. Estruturacdo do plano de imunizacdo
no combate a COVID-19: (des)ordem nos acordos entre os poderes.
Enferm Em Foco. 2024;15:e-202419. doi:10.21675/2357-707X.2024.
v15.e-202419.

Plano de Contigencia COVID 19 2021 [Internet]. [19 February
2026]. Available from: https://www.manaus.am.gov.br/semsa/wp-
content/uploads/sites/8/2023/01/PLANO-DE-CONTINGENCIA-
COVID-19-2021.pdf.

Plano de Contingéncia Estadual do Amazonas para Infeccdo Humana
pelo novo Coronavirus (SARS-CoV-2) 2020. [Internet]. [cited 19
February 2026]. Available from: https://www.pge.am.gov.br/wp-
content/uploads/2014/11/plano_de_contigencia_coronavirus_-_
versao_02052020.pdf.

Elbehiry A, Abalkhail A. Metagenomic Next-Generation Sequencing
in Infectious Diseases: Clinical Applications, Translational Challenges,
and Future Directions. Diagnostics. 2025;15:1991. doi:10.3390/
diagnostics15161991 PubMed PMID: 40870843; PubMed Central
PMCID: PMC12384723.

Dye-Braumuller KC, Prisco RA, Nolan MS. (Re)Emerging Arboviruses of
Public Health Significance in the Brazilian Amazon. Microorganisms.
2025;13. doi:10.3390/microorganisms13030650.



https://creativecommons.org/licenses/by/4.0/

