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Viral co-detection of influenza virus and other respiratory viruses in hospitalized Brazilian patients during the first three years of the coronavirus disease (COVID)-19 pandemic: an epidemiological profile
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Introduction: In Brazil, few studies were performed regarding the co-detection of respiratory viruses in hospitalized patients. In this way, the study aimed to describe the epidemiological profile of hospitalized patients due to influenza virus infection that presented co-detection with another respiratory virus.

Methods: The epidemiological analysis was made by collecting data from Open-Data-SUS. The study comprised patients infected by the influenza A or B virus with positive co-detection of another respiratory virus, such as adenovirus, bocavirus, metapneumovirus, parainfluenza virus (types 1, 2, 3, and 4), rhinovirus, and respiratory syncytial virus (RSV). The markers [gender, age, clinical signs and symptoms, comorbidities, need for intensive care unit (ICU) treatment, and need for ventilatory support] were associated with the chance of death. The data was collected during the first three years of the coronavirus disease (COVID)-19 pandemic—from December 19, 2019, to April 06, 2023.

Results: A total of 477 patients were included, among them, the influenza A virus was detected in 400 (83.9%) cases. The co-detection occurred, respectively, for RSV (53.0%), rhinovirus (14.0%), adenovirus (13.4%), parainfluenza virus type 1 (10.7%), parainfluenza virus type 3 (5.2%), metapneumovirus (3.8%), parainfluenza virus type 2 (3.6%), bocavirus (3.4%), and parainfluenza virus type 4 (1.5%). The co-detection rate was higher in the male sex (50.7%), age between 0–12 years of age (65.8%), and white individuals (61.8%). The most common clinical symptoms were cough (90.6%), dyspnea (78.8%), and fever (78.6%). A total of 167 (35.0%) people had at least one comorbidity, mainly cardiopathy (14.3%), asthma (8.4%), and diabetes mellitus (7.3%). The need for ICU treatment occurred in 147 (30.8%) cases, with most of them needing ventilatory support (66.8%), mainly non-invasive ones (57.2%). A total of 33 (6.9%) patients died and the main predictors of death were bocavirus infection (OR = 14.78 [95%CI = 2.84–76.98]), metapneumovirus infection (OR = 8.50 [95%CI = 1.86–38.78]), race (other races vs. white people) (OR = 3.67 [95%CI = 1.39–9.74]), cardiopathy (OR = 3.48 [95%CI = 1.13–10.71]), and need for ICU treatment (OR = 7.64 [95%CI = 2.44–23.92]).

Conclusion: Co-detection between the influenza virus and other respiratory viruses occurred, mainly with RSV, rhinovirus, and adenovirus being more common in men, white people, and in the juvenile phase. Co-detection of influenza virus with bocavirus and metapneumovirus was associated with an increased chance of death. Other factors such as race, cardiopathy, and the need for an ICU were also associated with a higher chance of death.
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GRAPHICAL ABSTRACT
 aOther races included the patients self-declared as Black people, Asian individuals, Mixed individuals (Pardos), and Indigenous peoples. The data are presented using a log-rank scale. 95%CI, 95% confidence interval; N, number of individuals (cases)



1 Introduction

The flu seasonality is marked by a high incidence of acute respiratory infection, which is frequently associated with enhanced hospitalizations due to viral infections. The main virus responsible for respiratory infection is the influenza virus. Hospitalizations resulting from infection with this virus represent an ongoing challenge for healthcare professionals, due to its ability to develop into more serious complications and even death, especially in high-risk groups (Iuliano et al., 2018; Chu et al., 2020; Lafond et al., 2021).

According to the World Health Organization, the incidence of influenza worldwide can be up to 1 billion cases, being the most common respiratory infection (The burden of Influenza, 2024). Nearly 3–5 million cases of influenza can develop into severe cases, with the need for hospitalizations, being that, among those hospitalized with influenza, severe cases can vary between 5–24% (Ao et al., 2019). Most of the patients who needed an intensive care unit (ICU) or even those who died were children, had comorbidities, were also diagnosed with pneumonia, lived in large households, and prior seeking care before hospitalization (Ao et al., 2019). Furthermore, influenza infection has a relatively high mortality, with nearly 290–650 thousand deaths annually (The burden of Influenza, 2024).

The co-detection of the influenza virus and other viral agents is frequent and has significant implications for the epidemiology and treatment of the patient (Trenholme et al., 2017; Choe et al., 2020). The precise identification of these additional viruses can be fundamental for the understanding of the disease severity and to evaluate the clinical outcomes and enhanced rate of hospitalization, by providing valuable information for infection prevention and control (Pinky and Dobrovolny, 2016; Szymański et al., 2017). Furthermore, a recent meta-analysis suggests that the co-infection of the influenza virus and other respiratory viruses, mainly the severe acute respiratory syndrome virus (SARS-CoV-2), can be associated with more severe and worse outcomes (Yan et al., 2023).

In Brazil, respiratory co-infections have a high prevalence despite the difficulty in identifying the etiological agent (Boschiero et al., 2022a). Frequently, the symptoms are treated without even considering proper underlying viral etiology, resulting in underreporting and underestimation of the true impact of viral infections (Alexander and Dobrovolny, 2022). The diagnostic gap can affect the efficacy of control and prevention measures, highlighting the urgency of a comprehensive approach in the evaluation of respiratory infections, especially those associated with influenza viruses and other viral agents (Gregianini et al., 2019; Martin-Loeches et al., 2019).

Thus, this study aims to analyze the prevalence of co-detection between influenza virus and other respiratory viruses, except SARS-CoV-2, in Brazilian hospitalized patients during the coronavirus disease (COVID)-19 pandemic.



2 Methods


2.1 General aspects and epidemiology analysis

An epidemiological analysis was conducted using data available at Open-Data-SUS.1 All the data have been imputed according to the severe acute respiratory infection surveillance [Information System Platform for Influenza Epidemiological Surveillance—from Portuguese Sistema de Informação da Vigilância Epidemiológica da Gripe (SIVEP-Gripe)] administered by the Brazilian Ministry of Health, which gained relevance due to the swine flu pandemic (H1N1) (de Souza et al., 2020). The data was collected from December 19, 2019, to April 6, 2023—three years since the beginning of the COVID-19 pandemic in Brazil. The dataset described in the article has been used for several other similar studies, especially, during the COVID-19 pandemic, being considered robust data for studies of epidemiology aiming to increase the quality of public healthcare policies in Brazil (Baqui et al., 2020; Boschiero et al., 2022b; Sansone et al., 2022b).

A descriptive analysis of the epidemiological profile of hospitalized patients with severe acute respiratory syndrome due to influenza virus infection and the co-detection of other respiratory viruses was performed. It was also performed an association between epidemiological profile and the chance of death. The viral profile was performed according to molecular (real-time polymerase chain reaction) tests. In some cases, biochemical immunological tests (antibody and antigen tests) were also performed depending on the availability of tests in the institution that imputed the data into the surveillance system. The Brazilian Ministry of Health defined a severe case as any patient who presented dyspnea OR peripheral oxygen saturation <95% OR any sign of respiratory distress (for example cyanosis and the use of accessory muscle) (Ministério da Saúde, 2024).

Inclusion criteria: all individuals who have been hospitalized during the COVID-19 pandemic due to influenza A or B virus infection with co-detection for other viruses [adenovirus, bocavirus, metapneumovirus, parainfluenza virus (types 1, 2, 3, and 4), rhinovirus, and respiratory syncytial virus (RSV)] were included.

Exclusion criteria: individuals who presented a positive SARS-CoV-2 test have been excluded from the analysis. Concomitantly, the following individuals were not included: (i) individuals without data on the main outcome—death or hospital discharge; (ii) individuals without any laboratory test that confirms viral infection—molecular test; (iii) foreigners hospitalized in Brazil; (iv) individuals infected with influenza, but not specified if it is influenza A or B; and (v) individuals who died during hospitalization due to other causes not described in the dataset.



2.2 Data acquisition

Initially, the data were acquired as a.csv file from Open-Data-SUS (see text footnote 1). The structure of the file was analyzed using the Statistical Package for the Social Sciences (SPSS) software (IBM SPSS Statistics for Macintosh, Version 27.0, IBM inc. Armonk NY, United States). After the first visualization of the dataset, the raw data was acquired and analyzed. The following markers were described:

(i) Demographic profile, including federal unity of the residence (states and federal district), date of the hospitalization due to severe acute respiratory syndrome, gender (female and male), age (<1 year of age, 1–12 years of age, 13–24 years of age, 25–60 years of age, 61–72 years of age, 73–85 years of age, and +85 years of age) (Dyussenbayev, 2017), self-declared race [White people, Black people, multiracial background (in Brazil described as Mixed or Pardos individuals), Asian individuals, and Indigenous peoples] (Sze et al., 2020; Sansone et al., 2022b; Corouraça|Educa|Jovens—IBGE, 2024), educational level (no education/illiterate, primary education of 1° cycle, primary education of 2° cycle, high school, and college), and place of residence (urban or rural and peri-urban).

(ii) Data regarding the type and subtype of the virus infection, such as influenza A and B, adenovirus, bocavirus, metapneumovirus, parainfluenza virus (types 1, 2, 3, and 4), rhinovirus and RSV, residence in a region of flu outbreak, nosocomial infection, Flu vaccination status, and use of antiviral drugs. The patients were grouped according to the number of co-detections described as follows: one co-detected virus, two co-detected viruses, and three co-detected viruses. Furthermore, the patients were distributed according to the date of notification, as well as the month of notification and the seasons (summer, autumn, spring, and winter).

(iii) Presence of comorbidities [comorbidity (any)—presence of at least one comorbidity, cardiopathy, hematological disorder, Down syndrome, hepatic disorder, asthma, diabetes mellitus, neurological disorder, chronic respiratory disorder, immunosuppression, kidney disorder, obesity, and other comorbidities (excluding the previous ones)].

(iv) Clinical signs and symptoms related to severe acute respiratory syndrome [fever, cough, sore throat, dyspnea, respiratory discomfort, peripheral oxygen saturation <95%, diarrhea, vomiting, abdominal pain, fatigue, loss of smell, loss of taste, and other clinical signs and symptoms (excluding the previous ones)].

(v) Results of image tests performed during viral infection. In the dataset, the results were imputed using two types of tests: x-ray of the thorax and high-resolution computed tomography of the thorax.

(vi) Need for ICU treatment, need for mechanical ventilatory support (not performed, non-invasive mechanical ventilatory support, and invasive mechanical ventilatory support), and outcomes (death or hospital discharge).

For better precision, two researchers (MB and FM) revised all the clinical and epidemiological data included in the study. The categorical data were numerically assigned to perform the missing data imputation and to carry out descriptive and inferential statistical analyses. The SPSS dataset was saved as an.xls file to perform the imputation of missing data values.



2.3 Missing data imputation

The inclusion of missing data for some features was performed because (i) the dataset had more than 5% missing data, (ii) the dataset did not have missing data only for the dependent variable, and (iii) the authors assumed that the variables were missing completely at random. Also, the characteristics that had more than 40% missing data were excluded. The missing data were imputed by the XLSTAT Statistical Software for Excel (Addinsoft Inc., Paris, Île-de-France, France) using the NIPALS (Nonlinear Iterative Partial Least Squares) algorithm. The XLSTAT Statistical Software generated a new Excel (.xls) data set used to perform the inferential statistical analyses in the SPSS software.



2.4 Statistical analysis


2.4.1 Descriptive analysis

The descriptive analysis was conducted using the number of individuals (N) and the percentage (%) for categorical data. In the results of the inferential statistical analysis, when applicable, the Odds Ratio (OR) with its 95% confidence interval (95%CI) was also calculated.



2.4.2 Bivariate analysis

A bivariate analysis was performed using the SPSS and OpenEpi (OpenEpi: Open-Source Epidemiological Statistics for Public Health, version. www.OpenEpi.com, April 04, 2013) softwares (Sullivan et al., 2009). The Chi-square test or Fisher’s exact test was used to estimate the distribution of the clinical and epidemiological markers with respect to the outcomes (death or hospital discharge). The OR with 95%CI was presented with its respective values. The OR was calculated using the OpenEpi software for 2 × 2 tables, all the values being manually included for each patient.



2.4.3 Multivariable analysis

The multivariable analysis was done using the Binary Logistic Regression model with the Backward Stepwise method. Markers with p ≤ 0.05 in the bivariate analysis were included in the regression model. The dependent variable was the health outcome (death or recovery—hospital discharge). The data for (any) comorbidity (presence of at least one comorbidity) or others, symptoms (others), and characteristics of the patients with p > 0.05 were not used in this model. In the Logistic Regression model, the following information was presented: (i) coefficient B [including the SE (standard error)], which for the constant was called the intercept, (ii) the Wald Chi-square test and its significance, (iii) degrees of freedom for the Wald Chi-square test, and (iv) the Exp (B) which represents the exponentiation of the B coefficient (OR) including its 95%CI. The multicollinearity among the study markers was tested considering cut-off points <0.1 for tolerance and >10 for the variance inflation factor before carrying out the statistical inference analysis.

The results were compiled into tables and figures. Figures were created using GraphPad Prism version 10.2.3 for Mac (http://www.graphpad.com, GraphPad Software, San Diego CA, United States). The alpha error of 0.05 was considered in the bivariate and multivariable analyses carried out in the study.




2.5 Ethical aspects

The study was carried out in accordance with the Declaration of Helsinki and was approved by the institutional ethics committee (Certificate of Presentation for Ethical Appreciation No. 67241323.0.0000.5514; Study Approval No. 5.908.611).




3 Results


3.1 List of excluded markers

The markers that presented more than 40% of missing data were excluded, being the following markers excluded: educational level (N = 248, 52.0%), place of residence in a region of flu outbreak (N = 443, 92.9%), abdominal pain (N = 192, 40.3%), flu vaccination (N = 335, 70.2%), loss of smell (N = 191, 40.0%), loss of taste (N = 193, 40.3%), and image tests [thorax X-ray (N = 245, 51.4%) and thorax high resolution computed tomography (N = 429, 89.9%)].



3.2 Frequency of the main respiratory viruses detected with influenza virus

Influenza A was detected in 400 (83.9%) cases; in contrast, influenza B occurred only in 77 (16.1%) of the patients. Among the subtypes of influenza, when described in the dataset, the influenza A virus subtype H3N2 presented the highest co-detection rate with other viruses [183 (38.4%)] followed by the influenza A virus subtype H1N1 [50 (10.5%)]. Only one patient had the diagnosis of an influenza B subtype that was of a Victoria lineage. The co-detection occurred, respectively, for RSV [253 (53.0%)], rhinovirus [67 (14.0%)], adenovirus [64 (13.4%)], parainfluenza virus type 1 [51 (10.7%)], parainfluenza virus type 3 [25 (5.2%)], metapneumovirus [18 (3.8%)], parainfluenza virus type 2 [17 (3.6%)], bocavirus [16 (3.4%)], and parainfluenza virus type 4 [7 (1.5%)] (Table 1). A total of 31 (6.5%) individuals presented positive co-detection with two viruses; in addition, in 5 (1.0%) cases, the co-detection occurred for three viruses. The complete viral profile is presented as Figure 1 which includes all levels of co-detection. In addition, the Brazilian federal units with the highest rate of co-detection were São Paulo [156 (32.7%)], Paraná [66 (13.8%)], and Goiás [42 (8.8%)] states (Supplementary Table S1).



TABLE 1 Epidemiological profile of viral infection in Brazilian patients hospitalized for severe acute respiratory syndrome caused by the influenza virus.
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FIGURE 1
 Epidemiological profile of the viral infection in Brazilian patients hospitalized for severe acute respiratory syndrome caused by the influenza virus. The data were collected in the Open-Data-SUS (https://opendatasus.saude.gov.br/). The data comprised the period from December 19, 2019, to April 06, 2023—three years since the beginning of the coronavirus disease (COVID)-19 pandemic in Brazil. N, number of individuals.




3.3 Distribution of respiratory viruses according to the date of notification and seasons

In our data, the season with the highest number of cases was the summer [224 (47.0%)], followed by spring [110 (23.1%)], autumn [88 (18.4%)], and winter [55 (11.5%)] (Figure 2A; Supplementary Table S2). The viral profile was similar among all the viruses, except for some particularities such as adenovirus, which had the highest number of cases during the spring [25 (39.1%)]. The complete respiratory viral profile according to seasons is presented in Figure 2A and Supplementary Table S2. In addition, the distribution of the patients according to the date of notification and the month of notification is presented in Figures 2B,C and Supplementary Table S3.

[image: Figure 2]

FIGURE 2
 Distribution of respiratory viruses in hospitalized patients due to severe acute respiratory syndrome caused by influenza virus infection according to seasons and date of notification. (A) Number of cases distributed across seasons. (B) Epidemiological profile of the most common viruses according to date. (C) Epidemiological profile of the less common viruses according to date. The data comprised the period from December 19, 2019, to April 06, 2023—three years since the beginning of the coronavirus disease (COVID)-19 pandemic in Brazil. %, percentage; N, number of individuals; RSV, respiratory syncytial virus. Autumn from March 21 to June 21. Winter from June 21 to September 23. Spring from September 23 to December 21. Summer from December 21 to March 21. The dates were presented according to the notification periods.




3.4 Distribution of respiratory viruses according to age

Most of the individuals with positive results for influenza A and B were <1 year of age (29.2 and 35%, respectively) and between 1 and 12 years of age (35.1 and 37.7%, respectively). In the same way, adenovirus (62.5%), bocavirus (68.7%), metapneumovirus (33.3%), parainfluenza virus type 2 (41.1%), parainfluenza virus type 3 (36%), and rhinovirus (41.8%) were more common in patients between 1 and 12 years of age. On the contrary, parainfluenza virus type 1 (25.5%) and parainfluenza virus type 4 (42.8%) were more common in patients between 25 and 60 years of age. Finally, RSV (46.6%) was more common in those <1 year of age. The complete data are presented in Figure 3 and Supplementary Table S4.

[image: Figure 3]

FIGURE 3
 Distribution of respiratory viruses in hospitalized patients due to severe acute respiratory syndrome caused by influenza virus infection across age groups. The data comprised the period from December 19, 2019, to April 06, 2023—three years since the beginning of the coronavirus disease (COVID)-19 pandemic in Brazil. %, percentage; N, number of individuals; RSV, respiratory syncytial virus.




3.5 Clinical and epidemiological characteristics of the patients

In the hospitalized patients due to influenza infection, the co-detection rates of respiratory viruses were higher in the male sex [242 (50.7%)], age between zero and 12 years [314 (65.8%)], white people [295 (61.8%)], and the place of residence in urban areas [461 (96.6%)]. The nosocomial infection occurred only in 15 (3.1%) cases. The most common clinical signs and symptoms were cough [432 (90.6%)], dyspnea [376 (78.8%)], fever [375 (78.6%)], respiratory discomfort [368 (77.1%)], and peripheral oxygen saturation <95% [365 (76.5%)]. Regarding comorbidities, a total of 167 (35.0%) individuals presented at least one comorbidity, mainly cardiopathy [68 (14.3%)], asthma [40 (8.4%)], and diabetes mellitus [35 (7.3%)]. The use of antiviral drugs to treat flu symptoms was described in 137 (28.7%) cases. The need for ICU treatment occurred in 147 (30.8%) cases, with most of them needing ventilatory support [319 (66.8%)]—(i) non-invasive [273 (57.2%)] and (ii) invasive [46 (9.6%)]. Most of the patients had hospital discharge [444 (93.1%)], while 33 (6.9%) people died. The complete information is presented in Figure 4 and Table 2.
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FIGURE 4
 Epidemiological profile of Brazilian patients hospitalized for severe acute respiratory syndrome caused by the influenza virus who presented co-detection with other respiratory viruses. (A) Distribution of the patients according to the age groups. (B) Distribution of the patients according to the self-declared races. (C) Distribution of the patients according to clinical signs and symptoms. (D) Distribution of the patients according to the comorbidities. (E) Distribution of the patients according to the need for support from the intensive care. (F) Distribution of the patients according to the need for ventilatory support. (G) Distribution of the patients according to the outcome. The data comprised the period from December 19, 2019, to April 06, 2023—three years since the beginning of the coronavirus disease (COVID)-19 pandemic in Brazil. All the data is presented as the number of cases (N) in percentage. a: Other clinical signs and symptoms summarize all the clinical signs and symptoms that were not listed previously in the dataset. %, percentage; N, number of individuals; SpO2, peripheral oxygen saturation.




TABLE 2 Epidemiological profile of Brazilian patients hospitalized for severe acute respiratory syndrome caused by the influenza virus who presented co-detection with other respiratory viruses.
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3.6 Bivariate analysis to identify the death predictors in hospitalized patients

A higher chance of death in hospitalized individuals with influenza was identified in the presence of co-detection with bocavirus (OR = 4.94 [95%CI = 1.09–17.66]) and rhinovirus (OR = 2.50 [95%CI = 1.11–5.63]). Furthermore, patients under 24 years of age presented a protective OR (OR = 0.18 [95%CI = 0.07–0.48]) for death compared to those between 25 and 60 years of age. Additionally, when all races were compared to the white race, an increased chance of death was described (OR = 3.08 [95%CI = 1.48–6.42]). Several other characteristics, such as the presence of at least one comorbidity (OR = 3.11 [95%CI = 1.50–6.42]), cardiopathy (OR = 4.60 [95%CI = 2.17–9.76]), diabetes mellitus (OR = 3.18 [95%CI = 1.22–8.32]), immunosuppression (OR = 5.94 [95%CI = 1.29–22.25]), and the presence of other comorbidities (OR = 4.33 [95%CI = 1.97–9.49]) were associated with a higher chance of death. The need for ICU (OR = 5.94 [95%CI = 2.75–12.83]) and invasive respiratory support (OR = 8.01 [95%CI = 3.22–19.95]) also increase the probability of death (Table 3; Figure 5).



TABLE 3 Association between the epidemiological profile of Brazilian patients hospitalized due to severe acute respiratory syndrome caused by the influenza virus who presented co-detection by other respiratory viruses and the outcomes after hospitalization.
[image: Table3]
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FIGURE 5
 Association between the epidemiological profile of Brazilian patients hospitalized due to severe acute respiratory syndrome caused by the influenza virus who presented co-detection by other respiratory viruses and the outcomes after hospitalization. The figure presents the results of the bivariate analysis with a significant p-value exclusively to determine the probability of death. a: Other races included the patients self-declared as Black people, Asian individuals, Mixed individuals (Pardos), and Indigenous peoples. The data comprised the period from December 19, 2019, to April 06, 2023—three years since the beginning of the coronavirus disease (COVID)-19 pandemic in Brazil. The Chi-square test or Fisher’s exact test was used to estimate the distribution of the clinical and epidemiological markers with respect to outcomes (death or hospital discharge). The alpha error of 0.05 was considered in the bivariate analyses carried out in the study. The data are presented using a log-rank scale. 95%CI, 95% confidence interval; OR, odds ratio.




3.7 Multivariable analysis to identify the main predictors of death

The multivariable analysis to identify the main predictors of death in Brazilian patients hospitalized due to influenza virus infection who presented co-detection by other respiratory viruses highlights the importance of the following markers: bocavirus infection (OR = 14.78 [95%CI = 2.84–76.98]), metapneumovirus infection (OR = 8.50 [95%CI = 1.86–38.78]), race (other races versus white people) (OR = 3.67 [95%CI = 1.39–9.74]), presence of cardiopathy (OR = 3.48 [95%CI = 1.13–10.71]), and need for ICU (OR = 7.64 [95%CI = 2.44–23.92]) (Table 4; Figure 6).



TABLE 4 Multivariable analysis to identify the main predictors of death in Brazilian patients hospitalized due to severe acute respiratory syndrome caused by the influenza virus who presented co-detection by other respiratory viruses.
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FIGURE 6
 Multivariable analysis to identify the main predictors of death in Brazilian patients hospitalized due to severe acute respiratory syndrome caused by the influenza virus who presented co-detection by other respiratory viruses. The figure presents the results of the multivariable analysis (markers) with a significant p-value exclusively to determine the chance of death. a: Other races included the patients self-declared as Black people, Asian individuals, Mixed individuals (Pardos), and Indigenous peoples. The following markers were included in the model: viral infection (bocavirus, metapneumovirus, rhinovirus, and respiratory syncytial virus), age, race, comorbidities (cardiopathy, hepatic disorder, diabetes mellitus, and immunodepression), need for an intensive care unit, and need for mechanical ventilatory support. The data comprised the period from December 19, 2019, to April 06, 2023—three years since the beginning of the coronavirus disease (COVID)-19 pandemic in Brazil. The multivariable analysis was done using the Binary Logistic Regression model with the Backward Stepwise method. Markers with p ≤ 0.05 in the bivariate analysis were included in the regression model. The dependent variable was the health outcome (death or recovery—hospital discharge). The alpha error of 0.05 was considered in the multivariable analysis carried out in the study. The data are presented using a log-rank scale. 95%CI, 95% confidence interval; OR, odds ratio.





4 Discussion

In our study, we observed that the co-detection of other respiratory viruses in hospitalized patients due to influenza occurred, mainly, by the RSV and rhinovirus in patients infected with the influenza A virus. In our analysis, two viruses (bocavirus and rhinovirus) were associated with an increased chance of death. Several other factors were also associated with an increased chance of death, such as race, the presence of comorbidity, the need for ICU treatment, and the need for ventilatory support. The main symptoms involved respiratory complications and the mortality rate was 6.9%.

The H3N2 lineage of the influenza A virus presented the highest prevalence in our study, being that this particular lineage was described in co-detection with other influenza A and B lineages (Gregianini et al., 2019). The presence of different viral lineages in the same host can be responsible for genetic rearrangements and result in new variants with greater adaptive resistance, which can culminate in challenges to infection control (Nelson and Vincent, 2015). Furthermore, the co-detection rate is variable and depends on the enrolled population, the age of the individuals, and social, clinical, and demographic factors. In this way, the literature describes such a wide range of co-detection, varying from 7.3% in the United States of America and 61.8% in Spain (Echenique et al., 2013; Martínez-Roig et al., 2015).

In our study, most of the respiratory viruses were most common in children, such as rhinovirus, RSV, and adenovirus, which is per the literature (Zhang et al., 2021; Dallmeyer et al., 2024; Dias et al., 2024). Classically, respiratory viruses have always been a greater threat to young children, due to the immune system that is still developing and smaller airways and lungs, which can facilitate virus infection (CDC, 2024b), in fact, most of these viruses are transmitted by poor hygiene or even contact with someone who was already sick; that is why older people can protect themselves by washing hands or other hygiene measures, thus decreasing the impact of transmission.

The profile of the respiratory viruses that were co-detected with influenza was similar to those described in the literature. Depending on the co-detection profile, the patient’s outcome might be more severe (Chauhan and Slamon, 2017; Noyola et al., 2019). In Brazil, in turn, few studies have evaluated respiratory viral co-detection (Martins Júnior et al., 2014; Canela et al., 2018; Costa et al., 2022; Moreira et al., 2023). Canela et al. (2018) evaluated 71 samples of patients up to 18 years of age who were treated in the ICU, the influenza virus being the most common (43%), followed by the rhinovirus (41%). The co-detection occurred in almost 22% of the samples, being described as the co-detection of H1N1 and rhinovirus/enterovirus, RSV, metapneumovirus, and seasonal influenza virus, however, it was not possible to describe the impact of this viral profile on the outcome (Canela et al., 2018). On the other hand, Costa et al. (2022) described a more severe clinical profile of hospitalized patients with viral co-detection (Costa et al., 2022). Also, Martins Júnior et al. (2014) observed that in outpatients, the viral co-detection rate is low (3.7%), and if presented, most of the co-detection was associated with RSV (Martins Júnior et al., 2014). Nevertheless, the literature is still controversial regarding the impact of viral co-detection on clinical outcomes and what the effector role is in this outcome according to the different etiological agents detected and the ecological relationship between them.

Regarding seasonality, in our study, most of the viruses were detected in December and January, months with warmer temperatures in the South Hemisphere. Although studies described the higher incidence of the respiratory virus in colder seasons (Viegas et al., 2004; Weigl et al., 2007; Ambrosioni et al., 2014, pp. 2011–2012; García-Arroyo et al., 2022), in Brazil, previous studies observed a different trend in seasonality in respiratory virus (Gardinassi et al., 2012; Vianna et al., 2021), in which a peak of incidence was observed in spring and autumn. In our study, since most of the data were acquired from the Brazilian Ministry of Health dataset, tests were completely at the discretion of the attending physicians and availability in the Health Institutions, which could reflect a pseudo-increase in warmer temperature seasons, such as January and December. One might also speculate that the lower humidity in Brazil, especially in dry regions such as the cerrado, contributed to a higher incidence of respiratory viruses, since their incidence appears to increase in low-humidity regions climate (Gardinassi et al., 2012; Hofmann et al., 2023).

In general, in our study, the co-detection of other respiratory viruses than influenza was low; however, the literature seems to be controversial. A Brazilian study performed by Dias et al. (2024) observed co-detection among respiratory viruses that ranged from 0.3–1.3% (Dias et al., 2024), while in the study by De Paulis et al. (2011), 31% of the patients presented with co-detection (De Paulis et al., 2011). In the same way, co-detection also varies according to region; for example, in Cameroon, co-detection was around 6.9% (Moumbeket Yifomnjou et al., 2023, pp. 2020–2021), which is similar to countries such as France (6.5%) (Le Hingrat et al., 2021). Similarly, the effect of respiratory virus co-detections on patients’ outcomes remains unclear. For example, some studies did not describe an association between co-detection of other respiratory viruses and worse outcomes (Cilla et al., 2008; De Paulis et al., 2011), in contrast, Semple et al. (2005) observed an increased risk of ICU for mechanical ventilation in pediatric patients with metapneumovirus and RSV (Semple et al., 2005). Since the real effect of co-detection on the worst outcomes is still not clear in the literature, further studies are necessary to evaluate the impact of viral co-detections in hospitalized patients.

The respiratory viruses have a seasonal profile, therefore mutual infections may be the result of this natural flow (Rath et al., 2017). The interactions between respiratory viruses may present a different response depending on the first viral infection (Godinho et al., 2016; Piret and Boivin, 2022). In this context, the first virus results in a positive response (synergism or additive effect) or a negative response (antagonism effect among the virus) (Piret and Boivin, 2022). Similarly, to the outcome, severity is represented as a broad phenotypic spectrum, which, consequently, denotes the search for medical support through the clinical condition. This directive search may be a conditional factor for the diagnosis of the viral profile most commonly associated with worse clinical outcomes and which may generate underreporting of milder clinical phenotypic (Szymański et al., 2017).

The juvenile was the most affected in our study; however, it was not associated with an enhanced chance of death. Younger individuals have an immature immune system, which makes these individuals more vulnerable to viral infections (Debiaggi et al., 2012; Cebey-López et al., 2015). The lack of acquired immunity to the different viruses might also enhance the co-detection (Cieślak et al., 2018). The biological and environmental markers, such as experience in educational and daycare centers, can culminate in an increase in viral infection in this age group and thus in co-detection (Cieślak et al., 2018; Kurskaya et al., 2018). Other races, such as Black people, Indigenous peoples, and mixed individuals (Pardos), on the other hand, were associated with an enhanced chance of death, which is similar to previous studies (Sansone et al., 2022a; CDC, 2024a). One might speculate that these people have less access to healthcare, which might culminate in delayed hospitalization and worse outcomes (Williams and Rucker, 2000; Racial and income inequalities in access to healthcare in Brazilian cities—ScienceDirect, 2024).

The death rate in the present study was relatively low considering that all patients were hospitalized for influenza virus infection. However, the literature lacks good evidence on the real impact of multiple viral infections on patient outcomes, possibly due to the low rates of diagnosis of these infections. However, the main findings favor a greater assertiveness of severity in the face of viral infections in line with those of bacterial origin (Rice et al., 2012; Diaz et al., 2016). Although the literature is uncertain, in our findings, some viruses and comorbidities were described as risk factors for death and, given the above, other studies should be listed to validate our findings (Rath et al., 2017; Kurskaya et al., 2018; Barahimi et al., 2023).

The control over viral infections in countries such as Brazil is of paramount importance for local epidemiology. Although the literature contradicts the real effect of co-detection on more serious outcomes in hospitalized patients, testing for pathogens that have specific therapy, such as the influenza virus, appears to be minimally reasonable (Wishaupt et al., 2017; Costa et al., 2022; Ambrożej et al., 2024). From an epidemiological point of view, mass testing of patients is difficult, therefore, it is extremely important to take into account not only clinical and demographic characteristics, such as age and clinical presentation, but also to take into account periods of the year, as most viruses have their seasonality (Hall, 2001; McAdam et al., 2004; Hermos et al., 2010; Ginocchio and McAdam, 2011).

Although our study mainly dealt with patients with a positive result for influenza and the co-detection of other respiratory viruses, undoubtedly, the COVID-19 pandemic played an important role in the dynamics of surveillance of flu-like syndromes. A recent report observed 21 surveillance influenza virus infections and COVID-19 surveillance systems from different countries (including Brazil) from 2021–2022 (Staadegaard et al., 2023). In most of these countries, the authors observed decreased influenza activity and a decreased number of samples tested at least temporally (Adlhoch et al., 2021; Staadegaard et al., 2023; End-to-end integration of SARS-CoV-2 and influenza sentinel surveillance: compendium of country approaches, 2024). Several reasons might explain this particular finding, such as structural changes in the surveillance system and decreased syndromic consultations (Adlhoch et al., 2021; Staadegaard et al., 2023). One might speculate that the pandemic limited the circulation of the influenza virus as shown in previous research (Adlhoch et al., 2021; Staadegaard et al., 2023), in which the rates of rhinovirus, influenza, RSV, and adenovirus decreased in 2020 compared to 2019 perhaps due to quarantine and social isolation (Kuitunen et al., 2020; Trenholme et al., 2021), highlighting the importance of COVID-19 not only as a disease itself but also disrupting other virus seasonality.

Public data surveillance of respiratory viruses is also extremely relevant worldwide, as its use has the potential to detect possible epidemics and upcoming outbreaks of already known viruses or even new viruses, as was the case with SARS-CoV-2 (Hashimoto et al., 2000; Morse, 2012; Maddah et al., 2023). Since 2009, in response to the H1N1 pandemic, Brazil has developed SIVEP-Gripe to control cases and possible viral outbreaks (da Silva et al., 2022). Notifications are made by clinics, hospitals, and also emergency departments, both public and private, which means that all strata of the population are covered (Sansone et al., 2022b; Martins et al., 2023; Palamim et al., 2023). Unfortunately, the specific virus evaluation of these patients may be underdiagnosed, as was the case with COVID-19, which can make it difficult to implement public health policies for the surveillance and control of infections.


4.1 Limitations

The study has limitations that require caution when interpreting the results. The data source, coming from the Open-Data-SUS platform, may have representativeness and accuracy restrictions, which affect the generalization of the findings. Collecting data exclusively from hospitalized patients introduces potential selection bias, limiting the representativeness of the diversity of influenza virus infection in the general population. Generalization to other populations is restricted by the specificity of the Brazilian context during the COVID-19 pandemic. The definition of comorbidities may lack uniformity and the lack of exploration of socioeconomic variables and the history of vaccination may affect understanding of the determinants of death risk. There is no information on the diagnoses of important respiratory virus infections responsible for common colds, such as those caused by OC43 and NL63 strains, since the institutions that provided the Open-Data-SUS did not test for these specific strains in Brazil. Additionally, only a small portion of hospitalized patients in Brazil have been tested for several respiratory viruses. Laboratory tests occurred randomly depending on medical requests, availability of tests in health institutions, and access to tests by patients. Therefore, one of the main limitations of the study is the difficulty in providing accurate information on the temporal analysis of infections. Furthermore, there was an outbreak of influenza virus infection at the end of 2021 which may have helped to increase cases in the months surrounding the outbreak, mainly the summer season. We excluded patients with a positive SARS-CoV-2 diagnosis since we were only interested in patients with influenza in the pandemic era. In addition, several studies were performed to understand co-detection/co-infection of respiratory viruses including SARS-CoV-2 (Kim et al., 2020; Swets et al., 2022; Morales-Jadán et al., 2023); however, we tried to understand the burden of the co-detection between influenza virus and other respiratory viruses during the COVID-19 pandemic.




5 Conclusion

The co-detection between the influenza virus and other respiratory viruses occurred, mainly with RSV, rhinovirus, and adenovirus being more common in men, white people, and in the juvenile phase. Co-detection of influenza virus with bocavirus and metapneumovirus was associated with an increased chance of death. Other factors such as race, heart disease, and the need for ICU were also associated with a higher chance of death.
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Respiratory
Bocavirus 269 084 1023 1 0001 1478 2847698
Metapneumovirus 214 078 763 1 0.006 850 186-38.78
Rhinovirus 105 054 373 1 0054 286 098-832
Age (years of age)

<lto24 -226 068 110 1 0001 011 003-0.40

2510 60 (reference) 16.28 2 0001

>61 036 059 037 1 0545 143 0.45-4.59
Race (Other vs. white people)* 130 050 684 1 0.009 367 139-9.74
Cardiopathy 125 057 475 1 0029 348 113-1071
Need for an intensive care unit 203 058 1221 1 0001 764 244-2392

Need for ventilatory support

Invasive 091 0.65 197 1 0.160 249 0.70-892
Non-invasive -078 0.59 175 1 0186 06 0.14-1.46
Not performed (reference) 820 2 0017

Constant -415 073 32,54 1 0.001 001

95%CI, 95% confidence interval df, degrees of freedom; SE, standard error; OR, odds ratio The following markers were included in the model: viral infection (bocavirus, metapneumovirus,
thinovirus, and respiratory syncytial virus), age, race, comorbidities (cardiopathy, hepatic disorder, diabetes melltus, and immunodepression), need for an intensive care unit, and need for
mechanical ventilatory support. The multivariable analysis was done using the Binary Logistic Regression model with the Backward Stepwise method. Markers with p <005 in the bivariate
analysis were included in the regression model. The dependent variable was the health outcome (death or recovery—hospital discharge). The alpha error of 0.05 was considered in the
multivariable analyses carried out in the study:

‘Other races included the patients self-declared as Black people, Asian individuals, Mixed individuals (Pardos), and Indigenous peoples. The data were collected in the Open-Data-SUS
(https://opendatasus saude gov.br/). The data comprised the period from December 19, 2019, to April 06, 2023—three years since the beginning of the coronavirus disease (COVID)-19
pandemic in Brazil.
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No 27(6.6%) 381 (93.4%) 408 Reference
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No 3(3.0%) 98 (97.0%) 101 Reference
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No 5 (4.6%) 104 (95.4%) 109 Reference
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Other clinical signs and Yes 21 (6.4%) 305 (93.6%) 326 0.563 0.80 (0.38-1.67)
symptoms® No 12(7.9%) 139 (92.1%) 151 Reference
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Asthma Yes 0(0.0%) 40 (100.0%) 40 0.098 Not applicable
No 33(7.6%) 404 (92.4%) 437 -
Diabetes mellitus Yes 6(17.1%) 29 (82.9%) 35 0.026 3.18(1.22-832)
No 27(6.1%) 415 (93.9%) 442 Reference
Neurological disorder Yes 3(13.0%) 20 (87.0%) 2 0207 212 (0.38-7.76)
No 30 (6.6%) 424 (93.4%) 54 Reference
Chronic respiratory disorder Yes 4(15.4%) 22 (84.6%) 26 0.096 2,64 (0.62-8.53)
No 29(6.4%) 422 (93.6%) 451 Reference
Immunosuppression Yes 4(286%) 10 (71.4%) 14 0012 5.94(1.29-2225)
No 29(6.3%) 434 (93.7%) 463 Reference
Kidney disorder Yes 3(21.4%) 11(78.6%) 14 0.065 3.92(0.67-15.95)
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Obesity Yes 1(83%) 11 (91.7%) 12 0581 1.23(0.03-8.96)
No 32(6.9%) 433 (93.1%) 465 Reference
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Antivirals to treat the flu Yes 11(8.0%) 126 (92.0%) 137 0.553 1.26 (0.59-2.68)
symptoms* No 22(6:5%) 318 (93.5%) 340 Reference
Need for an intensive care Yes 23(15.6%) 124 (84.4%) 147 <0.001 5.94(275-12.83)
. No 10(3.0%) 320 (97.0%) 330 Reference
Need for ventilatory support  Invasive 15 (32.6%) 31(67.4%) 46 <0.001 801 (3.22-19.95)
Non-invasive 9(3.3%) 264 (96.7%) 273 034 0.56 (0.22-1.45)
Not performed 9(5.7%) 149 (94.3%) 158 Reference

95%CI, 95% confidence interval; %, percentages N, number of individuals; OR, odds ratio.
‘Other races included the patients slf-declared as Black peaple, Asian individuals, Mixed individuals (Pardos), and Indigenous peoples

“Other clnical signs and symptoms summarize all the clinical signs and symptoms that were not listed previously in the dataset.

“The antiviral therapy was used at the discretion of the attending physician; then it was not indicated based on severe phenotype or the need for ventilatory support, The data were collected in
the Open-Data-SUS (https://opendatasus.saude.govbr/). The data comprised the period from December 19, 2019, to April 06, 2023—three years since the beginning of the coronavirus disease
(COVID)-19 pandemic in Brazil. The Chi-square test or Fisher's exact test was used to estimate the distribution of clinical and epidemiological markers with respect to outcomes (death or
hospital discharge). The alpha error of 005 was considered in the bivariate analyses carried out in the study.





OPS/images/cover.jpg
’ frontiers | Frontiers in Microbiology

Viral co-detection of influenza
virus and other respiratory viruses
in hospitalized Brazilian patients
during the first three years of the
coronavirus disease (COVID)-19
pandemic: an epidemiological
profile












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiersin Microbiology






OPS/images/fmicb-15-1462802-g005.jpg
Results of the bivariate anal,

a significant P-value to determine
the chance of death

Respiratory viruses-]
Bocavirus-
Metapneumovirus
Rhinovirus-

Respiratory syncytial virus
Age groups (yvears of age)-|
<24

25 to 60 (reference)-]

>61

Race-]

White people (reference)-|
Other races *

Presence of at least comorbidity
Cardiopathy

Diabetes mellitus-|
Immunosuppression

Other comorbidities

Need for an intensive care unit-
Need for ventilatory support-
Invasive]

Non-invasive-]

Not performed (Reference)-|

Favors the patients

Favors the patients who

<wilh hospital discharge died during the hospi!zliza\lion>

T
0.05

0.5 5
Log,, (Odds ratio; 95%CI)

50





OPS/images/fmicb-15-1462802-g006.jpg
Respiratory viruses
Bocavirus

Metapneumovirus-|
Rhinovirus

Age groups (vears of age)
<244

25 to 60 (reference)

>61-

Race-|

White people (reference)
Other races "

Cardiopathy-

Need for an intensive care unit-
Need for ventilatory support
Invasive

Non-invasive-

Not performed (Reference)-

Favors the patients Favors the patients who
with hospital discharge  died during the hospitalization
<+ >

r T T
0.01 0.1 1 10 100
Log,o (Odds ratio; 95%CI)





OPS/images/fmicb-15-1462802-g003.jpg
rllﬁs7+

Asa
snasouny

-
[T
e
8]2RBRSRR=2°

(94) sdnass o3 ssoszn.
Pt ———





OPS/images/fmicb-15-1462802-g004.jpg
(A) 485 years of age

= ®
73 to 85 years of age-| [ Number of cases (N) per race
61072 years of age-| [l Wik peapl
25 to 60 years of age-{ [ - Bh:k ::,:’l:
13 to 24 years of age- | | ) Asian individuals
Mixed individuals (Pardos)
1to 12 years of age~ [ B Indigenous peoples
|

<1 year of age

T ITITTTITCCLI]
LR
ShShghsns
22828
Number of cases (N) per age groups
© cougn-| ©)  Atleast one comorbidity-| [
Cardiopathy-| - [IEINN
Dyspuca- - |
Yepres! Asthma- [
rever-| [ Diabetes mellitus-| [T
Respiratory discomfort| _ Chronic respiratory disorder= [
Neurological disorder- I
seoos% [ Immunosupression-{ [
Fatigue and asthenia~{ [Jl Kidney disorder= [
Obesity]
vomit [ vl B
Hematological disorder= [I
sore throat| [l Liver disorder{ |
Diarrhea—] . Down syndrome~| |
Other comorbidities—| [N
T T T T T T
SESSERssEsR XS EEEEEEE
S=R23R3R3RE Sehsmzkzanse
- Number of cases (N) per
Number of cases (N) per comoiEiiifits

clinical signs and symptoms

®

Number of cases (N) Number of cases (N) Number of cases (N)
Intensive care unit Ventilatory support Outcome
- Yes B Invasive B Death
B No Non-invasive [ Hospital discharge

] Not performed





OPS/images/fmicb-15-1462802-t002.jpg
Marker Group N (%)

Gender Male 242.(50.7%)
Female 235 (49.3%)
Age <lyear of age 144 (30.2%)
1to 12years of age 170 (35.6%)
1310 24years of age 16 (3.4%)
25 t0 60years of age 68(14.3%)
610 72years of age 18 (3.8%)
73 t0 85 years of age 41(8.6%)
+85years of age 20 (42%)
Race White people 295 (61.8%)
Black people 18 (3.8%)
Asian individuals 4(08%)
Mixed individuals (Pardos) 157 (32.9%)
Indigenous peoples 3(0.6%)
Urban 461 (96.6%)
Rural + peri-urban 16 (3.4%)
Nosocomial Yes 15 (3.1%)
Infection No 462 (96.9%)
lsignsand | Cough 432 (90.6%)
symptoms Dyspea 376 (78.8%)
Fever 375 (78.6%)
Respiratory discomfort 368 (77.1%)
Peripheral oxygen saturation <95% 365 (76.5%)
Fatigue and asthenia 71(14.9%)
Vomit 70 (14.7%)
Sore throat 69(14.5%)
Diarrhea 52(10.9%)
Other dlinical signs and symptoms 326 (68.3%)
Comorbidities  Atleast one comorbidity 167 (35.0%)
Cardiopathy 68 (143%)
Asthma 40 (8.4%)
Diabetes melltus 35.(7.3%)
Chronic respiratory disorder 26 (5.5%)
Neurological disorder 23 (48%)
Immunosuppression 14(2.9%)
Kidney disorder 14(2.9%)
Obesity 12(2.5%)
Hematological disorder 6(13%)
Liver disorder 4(0.8%)
Down syndrome 3(0.6%)
Other comorbidities 57 (11.9%)
Useofantivirals | Yes 137 (28.7%)
to treat flu No 340 (71.3%)
symptoms”
Need foran Yes 147 (30.8%)
intensive care unit | o 330 (692%)
Need for Invasive 46 (9.6%)
ventilatory Non-invasive 273 (57.2%)
support Not performed 158 (33.1%)
Outcome Hospital discharge 444 (93.1%)
Death 33(69%)

%, percentage; N, number of individuals.

“Other symptoms summarize all the symptoms that were not listed previously in the dataset.

“The antiviral therapy was used at the discretion of the attending physician; then it was not indicated based on the severe phenotype or the need for ventilatory support, The data were collected
in the Open-Data-SUS (https://opendatasus saude.gov.br/). The data comprised the period from December 19, 2019, to April 06, 2023—three years since the beginning of the coronavirus
disease (COVID)-19 pandemic in Brazil.






OPS/images/fmicb-15-1462802-gr0001.jpg
Viral co-detection of influenza virus and other respiratory viruses in
Brazilian hospitalized patients during the first three years of the
coronavirus disease (COVID)-19 pandemic: an epidemiological
profile

Influenza A

el ] Co-detected

Influenza B [LL AN

Adenovirus N = 64
Bocavirus - N= 16

s - N=18
Parainfluenza virus type 1 ~N = 51
Parainfluenza virus type 2 ~N = 17
Parainflucnza virus type 3~ N =25
Parainfluenza virus type 4 ~ N =7

Favors thepatients  Favors the patients who

—e—i
P —e—i
=
Agegoaps ears ot e
o] —e—
25108 retrncer
I—to—i
T —"
Cartopty i
et tnae car . —e—i
e frvendaary vpport
v e
Noo i —eH
ot pertormed (Refrace
i W

1 (Odds atio; 55%CT)

Outcome

B Death
Hospitaldischarge

sose3 Jo soquinu oy Jo sFmaRY






OPS/images/fmicb-15-1462802-t001.jpg
Marker Groups N (%)

Influenza virus Influenza A virus 167 (35.0%)
Influenza A virus HINI subtype 50 (10.5%)
Influenza A virus H3N2 183 (38.4%)
subtype
Influenza B virus 76 (159%)
Influenza B virus Victoria 1(0.2%)
subtype

Group of influenza Influenza A virus 400 (83.9%)

b Influenza B virus 77 (16.1%)

Respiratory virus* Adenovirus 64(13.4%)
Bocavirus 16 (3.4%)
Metapneumovirus 18 (3.8%)
Parainfluenza virus type 1 51(10.7%)
Parainfluenza virus type 2 17(3.6%)
Parainfluenza virus type 3 25 (5.2%)
Parainfluenza virus type 4 7(1.5%)
Rhinovirus 67 (14.0%)
Respiratory syncytial virus 253 (53.0%)

%, percentage: N, number of individuals. *: 36 patients had more than two respiratory
ruses - 31 (6.5%) with two additional viruses and 5 (1.0%) with three additional viruses.
The data were collected in the Open-Data-SUS (https://opendatasus saude govbr). The data
comprised the period from December 19, 2019, to April 06, 2023—three years since the
beginning of the coronavirus disease (COVID)-19 pandemic in Bra:
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