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Abstract

:

Several respiratory pathogens are responsible for influenza-like illness (ILI) and severe respiratory infections (SARI), among which human respiratory syncytial virus (hRSV) represents one of the most common aetiologies. We analysed the hRSV prevalence among subjects with ILI or SARI during the five influenza seasons before the emergence of SARS-CoV-2 epidemic in Sicily (Italy). Respiratory specimens from ILI outpatients and SARI inpatients were collected in the framework of the Italian Network for the Influenza Surveillance and molecularly tested for hRSV-A and hRSV-B. Overall, 8.1% of patients resulted positive for hRSV. Prevalence peaked in the age-groups <5 years old (range: 17.6–19.1%) and ≥50 years old (range: 4.8–5.1%). While the two subgroups co-circulated throughout the study period, hRSV-B was slightly predominant over hRSV-A, except for the season 2019–2020 when hRSV-A strongly prevailed (82.9%). In the community setting, the distribution of hRSV subgroups was balanced (47.8% vs. 49.7% for hRSV-A and hRSV-B, respectively), while most infections identified in the hospital setting were caused by hRSV-B (69.5%); also, this latter one was more represented among hRSV cases with underlying diseases, as well as among those who developed a respiratory complication. The molecular surveillance of hRSV infections may provide a valuable insight into the epidemiological features of ILI/SARI. Our findings add new evidence to the existing knowledge on viral aetiology of ILI and SARI in support of public health strategies and may help to define high-risk categories that could benefit from currently available and future vaccines.
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1. Introduction


Acute Respiratory Infections (ARIs) pose a relevant threat for public health because of their high morbidity and mortality, with upper and lower respiratory tract infections being primary causes of disease worldwide [1,2]. Contributing to more than 650,000 deaths in children younger than 5 years in 2016, they have a significant impact even among older adults [3,4].



ARIs were found to be associated with several different pathogenic bacterial and viral agents, among which are influenza virus and human respiratory syncytial virus (hRSV), although their aetiology often remains of unknown origin [5].



Almost every child by the age of 2 years gets infected with hRSV infection, usually with mild symptoms such as influenza-like illness (ILI). However, hRSV may also cause severe acute respiratory infection (SARI) that may lead to the involvement of the lower respiratory tract causing bronchiolitis, pneumonia, and tracheobronchitis [6,7].



SARI represents one of the prominent causes of hospitalization and death, especially among high-risk groups such as very young children, pregnant women, the elderly and individuals with underlying medical conditions [7,8].



In temperate northern hemisphere influenza and hRSV, through their types, subtypes, and subgroups, seasonal peaks during winter are shown, which generally overlap [9]. Even though viral co-circulation is a common phenomenon, each season can be characterized by different dynamics in molecular epidemiology, with the predominance of one virus type or subtype over another [10].



Of interest, it was found that the overall detection rates of the abovementioned viruses may vary disproportionately, according to the age of patients and healthcare setting [1]. In this regard, recent studies have recognized the importance of hRSV infections in adults, particularly individuals who are immunocompromised or have underlying lung or cardiovascular disease, as a cause of severe respiratory disease with complications, leading to prolonged hospital stay and high mortality rates [11].



Although the epidemiology of hRSV in high-income countries has been relatively well characterized, global surveillance programs have not been structured so far [12]. From the perspective to introduce new effective vaccines [13,14,15] and to address public health policies [16], it is of paramount importance to improve the knowledge on the molecular epidemiology of hRSV [17].



In Italy, an influenza surveillance system covering the whole country (InfluNet) has been operating over the last two decades [18]. Nevertheless, hRSV surveillance has not yet been fully implemented and the knowledge about spread and impact of this pathogen is mainly limited to data from individual research studies, primarily focused on children with influenza-like illness [19,20,21] or other specific settings [22].



To fill the knowledge gap, we conducted a retrospective cross-sectional study, within the activities of the Sicilian Regional Reference Laboratory (RRL), with the aim to investigate the molecular epidemiology and prevalence of hRSV among ILI outpatients and SARI inpatients of any age, identified by the InfluNet surveillance network in Sicily, the fifth most populated region of Italy, during the five influenza seasons before the emergence of SARS-CoV-2 epidemic.




2. Materials and Methods


2.1. Study Population and Inclusion Criteria


Patients meeting ILI or SARI case definitions [23,24] and residing in Sicily—the southernmost region of Italy accounting for nearly 5 million inhabitants out of 60 million at national level [25]—were included in the study.



A time-period encompassing five consecutive winter seasons (October to April), between 2015–2016 and 2019–2020, until the beginning of the COVID-19 pandemic, was considered.



General practitioners (GPs) and family paediatricians (FPs), contributing as sentinel physicians to the InfluNet network [26], consecutively collected oropharyngeal swabs from patients presenting ILI, while (oropharyngeal swabs or bronchoalveolar lavage-BAL, as appropriate) were sampled from patients admitted to hospital with SARI with the aim of evaluating the spread of hRSV in complicated cases.



All respiratory samples were conferred to the InfluNet Sicilian RRL, at the University Hospital “AOUP–P. Giaccone” of Palermo (Italy).




2.2. Laboratory Methods


Viral RNA was extracted using QIAamp Viral RNA extraction kit (QIAGEN, Hilden, Germany), according to the manufacturer’s suggested protocol, and RNA was then eluted from the spin column in 60 μL of elution buffer. Eluted RNA was divided into aliquots and stored immediately at −80 °C until further use.



Extraction performance was verified by means of a one-step real-time (rt)-PCR assay targeting the human ribonuclease P gene (RNase P) [27]. Samples showing a rt-PCR cycle threshold (Ct) value ≤35 were considered suitable to be tested for virus detection.



Singleplex one-step real-time retro-transcription (RT)-PCR assays were used to detect the presence of hRSV-A and/or hRSV-B [28,29]. A test was considered positive when its Ct value was <40.



All rt-PCR assays were performed with a QuantStudio™ 7 Flex Real-Time PCR System (Applied Biosystems, Carlsbad, CA, USA).




2.3. Data Collection and Analysis


At the moment of sample collection, physicians were asked to complete a structured form including the following information: date of sampling, patient’s initials, date of birth, sex, date of onset of symptoms, underlying medical conditions (such as cardiovascular disease, lung disease, diabetes, obesity, metabolic disorders, cancer, immunological disorders, genetic disorders, renal disease, neurological disease, liver disease, pancreatic disease), respiratory complications (pneumonia, respiratory failure, ARDS), and hospitalization (if required).



The study population was arbitrarily subdivided into nine different age-groups, five for children/teenagers (≤11 months, 12–23 months, 2–4, 5–10, and 11–18 years old) and four for adults/elderly (19–34, 35–49, 50–64, and ≥65 years old).



Descriptive statistics were used to summarize socio-demographic and clinical data of the recruited patients, as well as for viral characteristics. Median values and interquartile ranges (IQRs) were used to describe continuous variables, whereas frequency analyses for categorical variables were described with percentages. Comparisons of continuous variables were conducted using the Wilcoxon rank-sum test, according to data distribution, while the Pearson’s chi-square test was used for categorical variables. All the analyses with p-values of 0.05 or less were considered statistically significant (two tailed).



Time series data were taken into account in order to evaluate seasonal variations and periodic changes in prevalence of hRSV subgroups.



Moreover, the univariate logistic regression analysis was performed to identify the possible relationships between relevant clinical data (comorbidities and respiratory complications) and hRSV detection. Estimates were expressed as odds ratios (ORs) and/or adjusted odds ratios (adj-ORs), with their 95% confidence intervals (CIs).



Data were processed with the STATA MP statistical software package v16.1 for Apple™ (StataCorp LLC, College Station, TX, USA).




2.4. Ethical Review


This study was carried out in full compliance with the rules concerning the protection of personal data adopted in Italy and accomplished the Helsinki Declaration. All patients or their parents/legal guardians gave their consent for sampling and data collection, which were analysed anonymously.



The study was approved by the institutional ethics committee of the University Hospital “AOUP–P. Giaccone” of Palermo (Italy), approval number 09/2019, and was partially funded by Merck Sharp & Dohme Corp. The sponsor of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. All authors had full access to all the data in the study and accepted responsibility to submit for publication.





3. Results


Table 1 shows the demographic and clinical characteristics of the 9584 subjects included in the study according to the surveillance in place. The ratio between males and females (M:F) was 1.05, and this data was substantially uniform across all surveillance seasons (range = 1.00–1.11, data not shown).



The median age was equal to 10 years old (IQR = 41) with children/adolescents (≤18 years old) accounting for 60.8% (n = 5831/9584) of the entire study sample.



Most of the participating subjects (84.8%; n = 8123/9584) were outpatients accessing community-based services and managed for ILI symptoms by “sentinel physicians”, whereas 15.2% (n = 1461/9584) were SARI patients admitted to hospitals. Of these, 29.8% (n = 435/1461) were patients admitted to ICUs.



The overall prevalence of hRSV was 8.1% (n = 772/9584), more than half of infections were caused by hRSV-B, while a small proportion of subjects (2.3%; n = 18/772) were co-infected with both subgroups of respiratory syncytial viruses. No difference was found by sex, neither in total nor by subgroups, whereas differences were found according to age. hRSV more frequently spread among children <5 years of age, ranging from 17.6% to 19.1%, the prevalence then rapidly decreased among adolescents and young adults, while the rate increased again up to 5.1% from the age of 50 years.



Of note, the median age of hRSV-A and hRSV-B cases significantly differed (p < 0.001). More in depth, children <5 years old and young adults (19–34 years old) generally were more infected by hRSV-A, while at least two-thirds of hRSV infections in individuals ≥35 years old were sustained by hRSV-B. All hRSV-A and B co-infected cases were children aged in the range between 12 months and 10 years old.



Overall, hRSV infections were 2-fold more frequent among outpatients when compared with subjects admitted to hospital (8.8% vs. 4.0%; p-value < 0.001) and, notably, the prevalence of infection differed appreciably in relation to hRSV subgroups.



Among community-based hRSV cases, usually presenting mild symptoms (ILI), no significant difference was found according to subgroups (47.8% and 49.7%, for hRSV-A and hRSV-B respectively), whereas among hospitalized patients, hRSV-B was clearly predominant over the other (69.5% vs. 30.5%), and this trend was even more appreciable among patients with severe clinical outcomes, which required an admission to the ICU (78.6%). Co-infections with both hRSV subgroups were exclusively documented in cases from the community setting and in children 1–10 years old.



Additionally, a logistic regression analysis was carried out in order to confirm the descriptive observations and to estimate the odds of hRSV detection according to some individual factors (such as sex and age) or healthcare setting (Figure 1). While sex was not associated to hRSV infection, significant statistical differences in risk were observed by age, with the highest probabilities of infection documented among babies under 5 years old and, particularly, in the age-group 12–23 months (OR = 4.20, p-value < 0.001; age-group 5–10 years as a reference).



As regards the healthcare setting, a two-fold risk of positivity to hRSV (adj-OR = 2.29, p-value < 0.001) was highlighted in outpatients from the community setting as compared to the cases admitted to hospitals.



Table 2 reports the distribution of relevant pre-existing diseases documented in the study population according to hRSV positivity. Nearly 6% of patients who tested positive for hRSV had at least one comorbidity, although no difference was found in infection rates between subjects with and without underlying medical conditions (data not shown).



In this regard, it is noteworthy how in the majority of cases with comorbidities hRSV-B was more represented, either in total (60.9%) or regardless the single medical condition considered, and the difference was even more pronounced for specific categories of patients, such as diabetics (72.0%), obese (77.8%), and cancer patients (78.6%).



Occurrence of complications affecting the respiratory system, including respiratory failure, ARDS, and pneumonia, was documented in about 10% of patients, considering the whole set of individuals with available data; although hRSV in these complicated patients was detected at low prevalence, ranging from 3.1% to 5.4%, at least three-quarters of them had an hRSV-B infection.



Lastly, Figure 2 depicts the seasonal distribution of hRSV-A and hRSV-B detected between 2015–2016 and 2019–2020. Given the overall prevalence of 8.1%, hRSV rates varied across seasons ranging from 5.9% (season 2017–2018) to 9.5% (season 2016–2017), while within each season it reached the peak in the winter period (cold season).



Moreover, the proportion of hRSV subgroups varied throughout the study period; hRSV-B circulated to a greater extent during all seasons except for the last season 2019–2020, when hRSV-A prevailed over hRSV-B.




4. Discussion


In this study we collected data of 9584 subjects of any age presenting ILI symptoms or SARI. In general, the hRSV prevalence was of 8.1%, with a positivity rate varying by winter season and ranging between 5.9% and 9.5%. This evidence from a Southern temperate area of Italy documented a lower prevalence than the one reported in the Northern part of the country [19], where an overall hRSV prevalence of 12.9% was highlighted among ILI subjects of any age over a 4-year period, partially overlapping the 5-year seasons considered in this study. Moreover, our findings confirm a higher hRSV prevalence in Italian subjects with ILI than in other European countries such as Portugal [30], where a 2.9% hRSV positivity was reported in this group of patients.



In our series, gender resulted in not being a risk factor for hRSV infection; a similar result was reported by Pellegrinelli et al. [31] in children up to 5 years of age presenting ILI symptoms, whereas Grunberg et al. [32] highlighted a significant higher prevalence of hRSV infections in females. Nevertheless, there is still ambiguity in the global epidemiological data regarding gender [33], and sex differences in respiratory viral pathogenesis have also been hypothesized, with males more susceptible to severe outcomes from respiratory viral infections at younger and older ages [34].



Within the age groups, distinct differences were noted in the overall viral positivity. The hRSV predominated in children under 5 years of age, with the highest rate of infection between 12 and 23 months. This was consistent with previously published data [19,35,36,37] corroborating the leading role of hRSV in respiratory infections among younger children. However, in our series, nearly 5% were patients ≥50 years of age, thus exhibiting the impact of this virus also in adults and the elderly [38,39], which may consequently represent important targets for vaccination [40].



Surveillance studies assessing the molecular epidemiology of hRSV epidemics have demonstrated that hRSV subgroups may co-circulate or one may predominate over the other [41,42,43,44,45]. In our setting, hRSV-B prevailed on hRSV-A in four of the five seasons considered, while in 2019–2020 the relative proportion of hRSV subgroups totally reversed. These findings were coherent with the ones reported in the northern area of Italy between the winter seasons 2014–2015 and 2017–2018 [19], which followed a 5-year period marked by the predominance of hRSV-A [20].



Of interest, the hRSV-B was more commonly detected among adult individuals ≥35 years old as well as in the hospital setting, especially among patients presenting more severe clinical manifestations. Furthermore, in support of this finding, respiratory complications mostly correlated with this subgroup, suggesting a possible role in the pathogenesis and virulence. Unfortunately, to the best of our knowledge, there are no published studies focusing on adults, which could confirm this hypothesis. Anyway, it is useful to recall that other epidemiological investigations reported conflicting results on the severity profiles due to subgroup A or B viruses [46,47,48].



Lastly, the different viral spreads among individuals with underlying medical conditions is noteworthy. In this group of subjects, as supported by our findings, a significantly higher frequency of hRSV-B cases was found in comparison to their viral counterpart. Moreover, this observation was confirmed not only for the whole group, but also for every single underlying medical condition considered.



Modelling studies have shown greater rates of hospitalization due to hRSV in adults with high-risk conditions [49,50]. In this context, Prasad et al. [38] in New Zealand and Branche et al. [39] in USA reported significantly higher hRSV hospitalization rates among adults with chronic diseases affecting the cardiovascular system, or chronic obstructive pulmonary disease, diabetes, or end-stage renal disease, as compared with adults of similar age without each corresponding condition. Nevertheless, to the best of our knowledge, there are still no data that recognized any potential difference in the prevalence of specific hRSV subgroups and the presence of underlying medical conditions.



Our study has a number of limitations that are needed to be considered when interpreting the results. Firstly, apart from the limits related to the cross-sectional design, sampling was mostly referred to the influenza surveillance season, which in the northern hemisphere conventionally spans the period from October to April of each year. However, due to the typical distribution of hRSV epidemic peak in this temperate hemisphere [9,51], the use of ILI/SARI sentinel and non-sentinel surveillance systems may represent an adequate proxy of how much this virus is involved in their occurrence. Nevertheless, it must be kept in mind that here we reported only a selected subset of ILI in Sicily that was preventively pre-sampled by collaborating sentinel physicians.



Secondly, it should be taken into account that published data on prevalence may reflect a range of factors including the age-distribution, the target population, the study setting, and as already mentioned, the climate of the geographic area where the study was carried out [51,52,53]. This variability may justify the wide heterogeneity of reported data and, therefore, a direct comparison between different studies conducted in other countries may suffer from this limitation as well [32,54,55].



In conclusion, as we have learned from influenza before, the molecular surveillance represents a key instrument to improve the knowledge on the burden of this viral pathogen in different healthcare settings and to identify high-risk groups that may benefit from vaccine-based preventive measures [17,56]. In particular, there is a growing interest on the role of hRSV among subjects of all ages and recent research has added new evidence that individuals with comorbidities may represent a target population for hRSV vaccines [38,57].



Moreover, the use of an epidemiologic integrated approach has to be highlighted whereas the widest use of non-pharmaceutical interventions (NPIs) during the current COVID-19 pandemic has changed the epidemiologic scenario of influenza and other respiratory viruses [58,59], with a decline of influenza and hRSV detection followed by a resurgence of hRSV incidence in hospitalised children after the relaxation of public health measures [60,61]. Therefore, the importance of molecular epidemiology, in support of the surveillance systems in place against respiratory pathogens both in community and hospital settings, must be emphasised also in the light of a changing and more complex global public health scenario and of the increasing need to update vaccination strategies [62,63].



While further studies on this topic would be beneficial to confirm or refute our findings, this study adds new useful data on the epidemiology of hRSV in Italy, illustrating the importance of this pathogen as a potential cause of serious respiratory illness affecting not only the paediatric population but the elderly also.







Author Contributions


F.T. and F.V. conceived and designed the study; C.M.M., D.D.N. and G.R. performed the experiments; F.T., V.R., C.C., E.A., A.C., G.G. and P.I. analyzed data; F.T., F.V. and W.M. wrote the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


The study was supported in part by a research grant from Investigator-Initiated Studies Program of Merck Sharp & Dohme Corp (IIS58826). The opinions expressed in this paper are those of the authors and do not necessarily represent those of Merck Sharp & Dohme Corp.




Institutional Review Board Statement


The study was approved by the institutional ethics committee of the University Hospital “AOUP–P. Giaccone” of Palermo (Italy) with approval number 09/2019.




Informed Consent Statement


All patients or their parents/legal guardians gave their consent for sampling and data collection. The data were analysed anonymously.




Data Availability Statement


Data available upon request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Jin, X.; Ren, J.; Li, R.; Gao, Y.; Zhang, H.; Li, J.; Zhang, J.; Wang, X.; Wang, G. Global burden of upper respiratory infections in 204 countries and territories, from 1990 to 2019. EClinicalMedicine 2021, 37. [Google Scholar] [CrossRef] [PubMed]

	



Troeger, C.; Blacker, B.; Khalil, I.A.; Rao, P.C.; Cao, J.; Zimsen, S.R.M.; Albertson, S.B.; Deshpande, A.; Farag, T.; Abebe, Z.; et al. Estimates of the global, regional, and national morbidity, mortality, and aetiologies of lower respiratory infections in 195 countries, 1990–2016: A systematic analysis for the Global Burden of Disease Study 2016. Lancet Infect. Dis. 2018, 18, 1191–1210. [Google Scholar] [CrossRef]

	



Ackerson, B.; Tseng, H.F.; Sy, L.S.; Solano, Z.; Slezak, J.; Luo, Y.; A Fischetti, C.; Shinde, V. Severe Morbidity and Mortality Associated With Respiratory Syncytial Virus Versus Influenza Infection in Hospitalized Older Adults. Clin. Infect. Dis. 2019, 69, 197–203. [Google Scholar] [CrossRef]

	



Atamna, A.; Babich, T.; Froimovici, D.; Yahav, D.; Sorek, N.; Ben-Zvi, H.; Leibovici, L.; Bishara, J.; Avni, T. Morbidity and mortality of respiratory syncytial virus infection in hospitalized adults: Comparison with seasonal influenza. Int. J. Infect. Dis. 2021, 103, 489–493. [Google Scholar] [CrossRef] [PubMed]

	



Choi, E.H.; Lee, H.J.; Kim, S.J.; Eun, B.W.; Kim, N.H.; A Lee, J.; Lee, J.H.; Song, E.K.; Kim, S.H.; Park, J.Y.; et al. The Association of Newly Identified Respiratory Viruses with Lower Respiratory Tract Infections in Korean Children, 2000–2005. Clin. Infect. Dis. 2006, 43, 585–592. [Google Scholar] [CrossRef] [PubMed]

	



Troeger, C.E.; Blacker, B.F.; Khalil, I.A.; Zimsen, S.R.M.; Albertson, S.B.; Abate, D.; Abdela, J.; Adhikari, T.B.; Aghayan, S.; Agrawal, S.; et al. Mortality, morbidity, and hospitalisations due to influenza lower respiratory tract infections, 2017: An analysis for the Global Burden of Disease Study 2017. Lancet Respir. Med. 2019, 7, 69–89. [Google Scholar] [CrossRef]

	



Azzari, C.; Baraldi, E.; Bonanni, P.; Bozzola, E.; Coscia, A.; Lanari, M.; Manzoni, P.; Mazzone, T.; Sandri, F.; Lisi, G.C.; et al. Epidemiology and prevention of respiratory syncytial virus infections in children in Italy. Ital. J. Pediatr. 2021, 47, 1–12. [Google Scholar] [CrossRef] [PubMed]

	



Histoshi, T.; McAllister, D.A.; O’Brien, K.L.; Simoes, E.A.F.; Madhi, S.A.; Gessner, B.D.; Polack, F.P.; Balsells, E.; Acacio, S.; Aguayo, C.; 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. Lancet 2017, 390, 946–958. [Google Scholar] [CrossRef]

	



Bloom-Feshbach, K.; Alonso, W.J.; Charu, V.; Tamerius, J.; Simonsen, L.; Miller, M.A.; Viboud, C. Latitudinal Variations in Seasonal Activity of Influenza and Respiratory Syncytial Virus (RSV): A Global Comparative Review. PLoS ONE 2013, 8, e54445. [Google Scholar] [CrossRef]

	



Chadha, M.; Hirve, S.; Bancej, C.; Barr, I.; Baumeister, E.; Caetano, B.; Chittaganpitch, M.; Darmaa, B.; Ellis, J.; Fasce, R.; et al. Human respiratory syncytial virus and influenza seasonality patterns—Early findings from the WHO global respiratory syncytial virus surveillance. Influ. Other Respir. Viruses 2020, 14, 638–646. [Google Scholar] [CrossRef]

	



Walsh, E. Respiratory Syncytial Virus Infection in Adults. Semin. Respir. Crit. Care Med. 2011, 32, 423–432. [Google Scholar] [CrossRef]

	



Tang, J.W.; Lam, T.T.; Zaraket, H.; Lipkin, W.I.; Drews, S.J.; Hatchette, T.F.; Heraud, J.-M.; Koopmans, M.P.; Abraham, A.M.; Baraket, A.; et al. Global epidemiology of non-influenza RNA respiratory viruses: Data gaps and a growing need for surveillance. Lancet Infect. Dis. 2017, 17, e320–e326. [Google Scholar] [CrossRef]

	



Mazur, N.I.; Higgins, D.; Nunes, M.C.; Melero, J.A.; Langedijk, A.C.; Horsley, N.; Buchholz, U.J.; Openshaw, P.J.; McLellan, J.; Englund, J.A.; et al. The respiratory syncytial virus vaccine landscape: Lessons from the graveyard and promising candidates. Lancet Infect. Dis. 2018, 18, e295–e311. [Google Scholar] [CrossRef]

	



Shan, J.; Britton, P.N.; King, C.L.; Booy, R. The immunogenicity and safety of respiratory syncytial virus vaccines in development: A systematic review. Influ. Other Respir. Viruses 2021, 15, 539–551. [Google Scholar] [CrossRef]

	



Vekemans, J.; Moorthy, V.; Giersing, B.; Friede, M.; Hombach, J.; Arora, N.; Modjarrad, K.; Smith, P.G.; Karron, R.; Graham, B.; et al. Respiratory syncytial virus vaccine research and development: World Health Organization technological roadmap and preferred product characteristics. Vaccine 2019, 37, 7394–7395. [Google Scholar] [CrossRef] [PubMed]

	



Kim, L.; Rha, B.; Abramson, J.S.; Anderson, L.J.; Byington, C.L.; Chen, G.L.; DeVincenzo, J.; Edwards, K.M.; A Englund, J.; Falsey, A.R.; et al. Identifying Gaps in Respiratory Syncytial Virus Disease Epidemiology in the United States Prior to the Introduction of Vaccines. Clin. Infect. Dis. 2017, 65, 1020–1025. [Google Scholar] [CrossRef]

	



World Health Organization. WHO Global Influenza Programme–Respiratory Syncytial Virus Surveillance. Available online: https://www.who.int/teams/global-influenza-programme/global-respiratory-syncytial-virus-surveillance (accessed on 19 October 2021).

	



Istituto Superiore di Sanità, ISS. Available online: https://www.epicentro.iss.it/influenza/influnet (accessed on 19 October 2021).

	



Pellegrinelli, L.; Galli, C.; Bubba, L.; Cereda, D.; Anselmi, G.; Binda, S.; Gramegna, M.; Pariani, E. Respiratory syncytial virus in influenza-like illness cases: Epidemiology and molecular analyses of four consecutive winter seasons (2014-2015/2017-2018) in Lombardy (Northern Italy). J. Med Virol. 2020, 92, 2999–3006. [Google Scholar] [CrossRef]

	



Esposito, S.; Piralla, A.; Zampiero, A.; Bianchini, S.; Di Pietro, G.; Scala, A.; Pinzani, R.; Fossali, E.; Baldanti, F.; Principi, N. Characteristics and Their Clinical Relevance of Respiratory Syncytial Virus Types and Genotypes Circulating in Northern Italy in Five Consecutive Winter Seasons. PLoS ONE 2015, 10, e0129369. [Google Scholar] [CrossRef] [PubMed]

	



Boattini, M.; Almeida, A.; Christaki, E.; Cruz, L.; Antão, D.; Moreira, M.I.; Bianco, G.; Iannaccone, M.; Tsiolakkis, G.; Khattab, E.; et al. Influenza and respiratory syncytial virus infections in the oldest-old continent. Eur. J. Clin. Microbiol. Infect. Dis. 2020, 39, 2085–2090. [Google Scholar] [CrossRef]

	



Tramuto, F.; Maida, C.M.; Napoli, G.; Mammina, C.; Casuccio, A.; Cala’, C.; Amodio, E.; Vitale, F. Burden and viral aetiology of influenza-like illness and acute respiratory infection in intensive care units. Microbes Infect. 2015, 18, 270–276. [Google Scholar] [CrossRef]

	



European Centre for Disease Prevention and Control. Influenza-like Illness definition. In Commission implementing decision (EU) 2018/945 of 22 June 2018. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018D0945&from=EN#page=24 (accessed on 19 October 2021).

	



Ministero della Salute. Direzione Generale della Prevenzione Sanitaria “Monitoraggio dell’andamento delle forme gravi e complicate di malattia da virus influenzali e/o da SARS-CoV-2 confermate in laboratorio, stagione 2020–2021”-0042940-30/12/2020-DGPRE-DGPRE-P. Available online: https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2020&codLeg=78081&parte=1%20&serie=null (accessed on 19 October 2021).

	



Istituto Nazionale di Statistica, ISTAT. Available online: http://demo.istat.it (accessed on 19 October 2021).

	



Tramuto, F.; Restivo, V.; Costantino, C.; Colomba, G.M.E.; Maida, C.M.; Casuccio, A.; Vitale, F. Surveillance Data for Eight Consecutive Influenza Seasons in Sicily, Italy. Am. J. Trop. Med. Hyg. 2019, 101, 1232–1239. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention. CDC Influenza SARS-CoV-2 (Flu SC2) Multiplex Assay-LB-122 Rev 02. Available online: https://www.cdc.gov/coronavirus/2019-ncov/lab/multiplex-primer-probes.html (accessed on 19 October 2021).

	



Liu, W.; Chen, D.; Tan, W.; Xu, D.; Qiu, S.; Zeng, Z.; Li, X.; Zhou, R. Epidemiology and Clinical Presentations of Respiratory Syncytial Virus Subgroups A and B Detected with Multiplex Real-Time PCR. PLoS ONE 2016, 11, e0165108. [Google Scholar] [CrossRef] [PubMed]

	



Gunson, R.N.; Carman, W.F. During the summer 2009 outbreak of "swine flu" in Scotland what respiratory pathogens were diagnosed as H1N1/2009? BMC Infect. Dis. 2011, 11, 192. [Google Scholar] [CrossRef]

	



Sáez-López, E.; Pechirra, P.; Costa, I.; Cristóvão, P.; Conde, P.; Machado, A.; Rodrigues, A.P.; Guiomar, R. Performance of surveillance case definitions for respiratory syncytial virus infections through the sentinel influenza surveillance system, Portugal, 2010 to 2018. Eurosurveillance 2019, 24, 1900140. [Google Scholar] [CrossRef] [PubMed]

	



Pellegrinelli, L.; Bubba, L.; Galli, C.; Anselmi, G.; Primache, V.; Binda, S.; Pariani, E. Epidemiology and molecular characterization of influenza viruses, human parechoviruses and enteroviruses in children up to 5 years with influenza-like illness in Northern Italy during seven consecutive winter seasons (2010–2017). J. Gen. Virol. 2017, 98, 2699–2711. [Google Scholar] [CrossRef]

	



Grunberg, M.; Sno, R.; Adhin, M.R. Epidemiology of respiratory viruses in patients with severe acute respiratory infections and influenza-like illness in Suriname. Influ. Other Respir. Viruses 2021, 15, 72–80. [Google Scholar] [CrossRef] [PubMed]

	



Suleiman-Martos, N.; Caballero-Vázquez, A.; Gómez-Urquiza, J.; Albendín-García, L.; Romero-Béjar, J.; la Fuente, G.C.-D. Prevalence and Risk Factors of Respiratory Syncytial Virus in Children under 5 Years of Age in the WHO European Region: A Systematic Review and Meta-Analysis. J. Pers. Med. 2021, 11, 416. [Google Scholar] [CrossRef] [PubMed]

	



Ursin, R.L.; Klein, S.L. Sex Differences in Respiratory Viral Pathogenesis and Treatments. Annu. Rev. Virol. 2021, 8, 393–414. [Google Scholar] [CrossRef]

	



Caini, S.; de Mora, D.; Olmedo, M.; Portugal, D.; Becerra, M.A.; Mejía, M.; Pacurucu, M.C.; Ojeda, J.; Bonaccorsi, G.; Lorini, C.; et al. The epidemiology and severity of respiratory viral infections in a tropical country: Ecuador, 2009–2016. J. Infect. Public Health 2019, 12, 357–363. [Google Scholar] [CrossRef]

	



Al-Romaihi, H.E.; Smatti, M.K.; Al-Khatib, H.A.; Coyle, P.V.; Ganesan, N.; Nadeem, S.; Farag, E.A.; Al Thani, A.A.; Al Khal, A.; Al Ansari, K.M.; et al. Molecular epidemiology of influenza, RSV, and other respiratory infections among children in Qatar: A six years report (2012–2017). Int. J. Infect. Dis. 2020, 95, 133–141. [Google Scholar] [CrossRef]

	



Saxena, S.; Singh, D.; Zia, A.; Umrao, J.; Srivastava, N.; Pandey, A.; Singh, S.; Bhattacharya, P.; Kumari, R.; Kushwaha, R.; et al. Clinical characterization of influenza A and human respiratory syncytial virus among patients with influenza like illness. J. Med Virol. 2017, 89, 49–54. [Google Scholar] [CrossRef]

	



Prasad, N.; A Walker, T.; Waite, B.; Wood, T.; A Trenholme, A.; Baker, M.G.; McArthur, C.; A Wong, C.; Grant, C.C.; Huang, Q.S.; et al. Respiratory Syncytial Virus–Associated Hospitalizations Among Adults With Chronic Medical Conditions. Clin. Infect. Dis. 2020, 73, e158–e163. [Google Scholar] [CrossRef]

	



Branche, A.R.; Saiman, L.; E Walsh, E.; Falsey, A.R.; Sieling, W.D.; Greendyke, W.; Peterson, D.R.; Vargas, C.Y.; Phillips, M.; Finelli, L. Incidence of Respiratory Syncytial Virus Infection Among Hospitalized Adults, 2017–2020. Clin. Infect. Dis. 2021, 595. [Google Scholar] [CrossRef]

	



Stephens, L.; Varga, S. Considerations for a Respiratory Syncytial Virus Vaccine Targeting an Elderly Population. Vaccines 2021, 9, 624. [Google Scholar] [CrossRef] [PubMed]

	



Cui, D.; Feng, L.; Chen, Y.; Lai, S.; Zhang, Z.; Yu, F.; Zheng, S.; Li, Z.; Yu, H. Clinical and Epidemiologic Characteristics of Hospitalized Patients with Laboratory-Confirmed Respiratory Syncytial Virus Infection in Eastern China between 2009 and 2013: A Retrospective Study. PLoS ONE 2016, 11, e0165437. [Google Scholar] [CrossRef]

	



Khor, C.-S.; Sam, I.-C.; Hooi, P.-S.; Chan, Y.-F. Displacement of predominant respiratory syncytial virus genotypes in Malaysia between 1989 and 2011. Infect. Genet. Evol. 2013, 14, 357–360. [Google Scholar] [CrossRef]

	



Peret, T.C.T.; Hall, C.B.; Hammond, G.W.; Piedra, P.A.; Storch, G.A.; Sullender, W.M.; Tsou, C.; Anderson, L.J. Circulation Patterns of Group A and B Human Respiratory Syncytial Virus Genotypes in 5 Communities in North America. J. Infect. Dis. 2000, 181, 1891–1896. [Google Scholar] [CrossRef]

	



Zlateva, K.T.; Vijgen, L.; Dekeersmaeker, N.; Naranjo, C.; Van Ranst, M. Subgroup Prevalence and Genotype Circulation Patterns of Human Respiratory Syncytial Virus in Belgium during Ten Successive Epidemic Seasons. J. Clin. Microbiol. 2007, 45, 3022–3030. [Google Scholar] [CrossRef] [PubMed]

	



Van Niekerk, S.; Venter, M. Replacement of Previously Circulating Respiratory Syncytial Virus Subtype B Strains with the BA Genotype in South Africa. J. Virol. 2011, 85, 8789–8797. [Google Scholar] [CrossRef] [PubMed]

	



Yanis, A.; Haddadin, Z.; Rahman, H.; Guevara, C.; McKay, K.G.; Probst, V.; Williams, J.V.; Faouri, S.; Shehabi, A.; Khuri-Bulos, N.; et al. The Clinical Characteristics, Severity, and Seasonality of RSV Subtypes Among Hospitalized Children in Jordan. Pediatr. Infect. Dis. J. 2021, 40, 808–813. [Google Scholar] [CrossRef] [PubMed]

	



Rijsbergen, L.C.; Lamers, M.M.; Comvalius, A.D.; Koutstaal, R.W.; Schipper, D.; Duprex, W.P.; Haagmans, B.L.; de Vries, R.D.; de Swart, R.L. Human Respiratory Syncytial Virus Subgroup A and B Infections in Nasal, Bronchial, Small-Airway, and Organoid-Derived Respiratory Cultures. mSphere 2021, 6, 237-21. [Google Scholar] [CrossRef] [PubMed]

	



Vandini, S.; Biagi, C.; Lanari, M. Respiratory Syncytial Virus: The Influence of Serotype and Genotype Variability on Clinical Course of Infection. Int. J. Mol. Sci. 2017, 18, 1717. [Google Scholar] [CrossRef]

	



Fleming, D.M.; Taylor, R.J.; Lustig, R.L.; Schuck-Paim, C.; Haguinet, F.; Webb, D.J.; Logie, J.; Matias, G.; Taylor, S. Modelling estimates of the burden of Respiratory Syncytial virus infection in adults and the elderly in the United Kingdom. BMC Infect. Dis. 2015, 15, 443. [Google Scholar] [CrossRef]

	



Bosco, E.; van Aalst, R.; McConeghy, K.W.; Silva, J.; Moyo, P.; Eliot, M.N.; Chit, A.; Gravenstein, S.; Zullo, A.R. Estimated Cardiorespiratory Hospitalizations Attributable to Influenza and Respiratory Syncytial Virus Among Long-term Care Facility Residents. JAMA Netw. Open 2021, 4, e2111806. [Google Scholar] [CrossRef] [PubMed]

	



Broberg, E.K.; Waris, M.; Johansen, K.; Snacken, R.; Penttinen, P.; Network, E.I.S. Seasonality and geographical spread of respiratory syncytial virus epidemics in 15 European countries, 2010 to 2016. Eurosurveillance 2018, 23, 17–00284. [Google Scholar] [CrossRef] [PubMed]

	



Paynter, S.J.; Sly, P.D.; Ware, R.S.; Williams, G.; Weinstein, P. The importance of the local environment in the transmission of respiratory syncytial virus. Sci. Total. Environ. 2014, 493, 521–525. [Google Scholar] [CrossRef] [PubMed]

	



Pitzer, V.E.; Viboud, C.; Alonso, W.; Wilcox, T.; Metcalf, C.J.; Steiner, C.A.; Haynes, A.K.; Grenfell, B.T. Environmental Drivers of the Spatiotemporal Dynamics of Respiratory Syncytial Virus in the United States. PLoS Pathog. 2015, 11, e1004591. [Google Scholar] [CrossRef] [PubMed]

	



Salimi, V.; Tavakoli-Yaraki, M.; Yavarian, J.; Bont, L.; Mokhtari-Azad, T. Prevalence of human respiratory syncytial virus circulating in Iran. J. Infect. Public Health 2016, 9, 125–135. [Google Scholar] [CrossRef]

	



Horton, K.C.; Dueger, E.L.; Kandeel, A.; Abdallat, M.; El Kholy, A.; Al-Awaidy, S.; Kohlani, A.H.; Amer, H.; El-Khal, A.L.; Said, M.; et al. Viral etiology, seasonality and severity of hospitalized patients with severe acute respiratory infections in the Eastern Mediterranean Region, 2007–2014. PLoS ONE 2017, 12, e0180954. [Google Scholar] [CrossRef]

	



Pebody, R.; Moyes, J.; Hirve, S.; Campbell, H.; Jackson, S.; Moen, A.; Nair, H.; Simões, E.A.F.; Smith, P.G.; Wairagkar, N.; et al. Approaches to use the WHO respiratory syncytial virus surveillance platform to estimate disease burden. Influ. Other Respir. Viruses 2019, 14, 615–621. [Google Scholar] [CrossRef]

	



Drysdale, S.B.; Barr, R.S.; Rollier, C.S.; Green, C.A.; Pollard, A.J.; Sande, C.J. Priorities for developing respiratory syncytial virus vaccines in different target populations. Sci. Transl. Med. 2020, 12, 2466. [Google Scholar] [CrossRef] [PubMed]

	



Liu, P.; Xu, M.; Cao, L.; Su, L.; Lu, L.; Dong, N.; Jia, R.; Zhu, X.; Xu, J. Impact of COVID-19 pandemic on the prevalence of respiratory viruses in children with lower respiratory tract infections in China. Virol. J. 2021, 18, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Tramuto, F.; Mazzucco, W.; Maida, C.M.; Colomba, G.M.E.; Di Naro, D.; Coffaro, F.; Graziano, G.; Costantino, C.; Restivo, V.; Vitale, F. COVID-19 emergency in Sicily and intersection with the 2019-2020 influenza epidemic. J. Prev. Med. Hyg. 2021, 62, E10–E12. [Google Scholar] [CrossRef]

	



Tempia, S.; Walaza, S.; Bhiman, J.N.; McMorrow, M.L.; Moyes, J.; Mkhencele, T.; Meiring, S.; Quan, V.; Bishop, K.; McAnerney, J.M.; et al. Decline of influenza and respiratory syncytial virus detection in facility-based surveillance during the COVID-19 pandemic, South Africa, January to October 2020. Eurosurveillance 2021, 26, 2001600. [Google Scholar] [CrossRef]

	



Opek, M.W.; Yeshayahu, Y.; Glatman-Freedman, A.; Kaufman, Z.; Sorek, N.; Brosh-Nissimov, T. Delayed respiratory syncytial virus epidemic in children after relaxation of COVID-19 physical distancing measures, Ashdod, Israel, 2021. Eurosurveillance 2021, 26, 2100706. [Google Scholar] [CrossRef]

	



Wang, R.; Chen, J.; Gao, K.; Wei, G.-W. Vaccine-escape and fast-growing mutations in the United Kingdom, the United States, Singapore, Spain, India, and other COVID-19-devastated countries. Genomics 2021, 113, 2158–2170. [Google Scholar] [CrossRef]

	



Tramuto, F.; Reale, S.; Presti, A.L.; Vitale, F.; Pulvirenti, C.; Rezza, G.; Vitale, F.; Purpari, G.; Maida, C.M.; Zichichi, S.; et al. Genomic Analysis and Lineage Identification of SARS-CoV-2 Strains in Migrants Accessing Europe Through the Libyan Route. Front. Public Health 2021, 9, 632645. [Google Scholar] [CrossRef] [PubMed]








[image: Vaccines 09 01334 g001 550] 





Figure 1. Forest plot for individual factors potentially associated to hRSV infection. OR = odds ratio, † Age-adjusted OR. 
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Figure 2. Seasonal distribution of hRSV-A and hRSV-B detected in patients with acute respiratory infections between 2015–2016 and 2019–2020. For purely graphical reasons, inter-seasonal periods were removed and the number of hRSV-positive samples multiplied by a factor of 5. 
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Table 1. Demographic characteristics of the study population according to hRSV detection. Period: 2015–2020.
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Demographic Characteristics

	
Total

	
hRSV-Positive




	
Overall

	
hRSV A

	
hRSV B

	
hRSV A + B






	
Study population [n (%)]

	
9584

	
772 (8.1)

	
359 (46.5)

	
395 (51.2)

	
18 (2.3)




	
Sex [n (%)]

	

	

	

	

	




	
Female

	
4673

	
380 (8.1)

	
178 (46.8)

	
193 (50.8)

	
9 (2.4)




	
Male

	
4911

	
392 (8.0)

	
181 (46.2)

	
202 (51.5)

	
9 (2.3)




	
Age [years; median (IQR)]

	
10 (41)

	
3 (8)

	
3 (5) *

	
4 (11) *

	
3 (3)




	
Age-group [years; n (%)], n = 9558

	

	

	

	

	




	
≤11 months

	
232

	
44 (19.0)

	
25 (56.8)

	
19 (43.2)

	
0




	
12–23 months

	
561

	
107 (19.1)

	
54 (50.5)

	
51 (47.6)

	
2 (1.9)




	
2–4

	
1816

	
319 (17.6)

	
160 (50.2)

	
149 (46.7)

	
10 (3.1)




	
5–10

	
2258

	
120 (5.3)

	
51 (42.5)

	
63 (52.5)

	
6 (5.0)




	
11–18

	
964

	
31 (3.2)

	
15 (48.4)

	
16 (51.6)

	
0




	
19–34

	
722

	
21 (2.9)

	
12 (57.1)

	
9 (42.9)

	
0




	
35–49

	
888

	
23 (2.6)

	
8 (34.8)

	
15 (65.2)

	
0




	
50–64

	
1064

	
51 (4.8)

	
18 (35.3)

	
33 (64.7)

	
0




	
≥65

	
1053

	
54 (5.1)

	
16 (29.6)

	
38 (70.4)

	
0




	
Healthcare setting [n (%)]

	

	

	

	

	




	
Community-based

	
8123

	
713 (8.8) **

	
341 (47.8)

	
354 (49.7)

	
18 (2.5)




	
Hospital-based

	
1461

	
59 (4.0) **

	
18 (30.5)

	
41 (69.5)

	
0




	
non-ICU wards

	
1026

	
45 (4.4)

	
15 (33.3)

	
30 (66.7)

	
0




	
ICU

	
435

	
14 (3.2)

	
3 (21.4)

	
11 (78.6)

	
0








IQR = interquartile range, ICU = Intensive Care Unit. * p < 0.001, Wilcoxon rank-sum test. ** p-value < 0.001, Pearson’s chisquare test.
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Table 2. Clinical characteristics of the study population according to hRSV detection. Period: 2015–2020.
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Clinical Characteristics

	
Total

	
hRSV-Positive




	
Overall

	
hRSV A

	
hRSV B

	
hRSV A + B






	
Underlying medical conditions [n (%)], n = 9509 †

	

	

	

	

	




	
At least one comorbidity

	
2364

	
138 (5.8)

	
51 (36.9)

	
84 (60.9)

	
3 (2.2)




	
Cardiovascular disease

	
1189

	
64 (5.4)

	
22 (34.4)

	
42 (65.6)

	
0




	
Lung disease

	
870

	
64 (7.4)

	
26 (40.6)

	
35 (54.7)

	
3 (4.7)




	
Diabetes

	
506

	
25 (4.9)

	
7 (28.0)

	
18 (72.0)

	
0




	
Obesity

	
474

	
18 (3.8)

	
4 (22.2)

	
14 (77.8)

	
0




	
BMI 30–40

	
387

	
17 (4.4)

	
4 (16.7)

	
13 (83.3)

	
0




	
BMI >40

	
87

	
1 (1.1)

	
0

	
1 (100.0)

	
0




	
Metabolic disorders

	
304

	
14 (4.6)

	
4 (28.6)

	
10 (71.4)

	
0




	
Cancer

	
219

	
14 (6.4)

	
3 (21.4)

	
11 (78.6)

	
0




	
Immunological disorders

	
171

	
12 (7.0)

	
4 (33.3)

	
8 (66.7)

	
0




	
Genetic disorders

	
64

	
7 (10.9)

	
2 (28.6)

	
5 (71.4)

	
0




	
Renal disease

	
276

	
5 (1.8)

	
2 (40.0)

	
3 (60.0)

	
0




	
Neurological disease

	
76

	
1 (1.3)

	
1 (100.0)

	
0

	
0




	
Liver disease

	
86

	
4 (4.6)

	
2 (50.0)

	
2 (50.0)

	
0




	
Pancreatic disease

	
14

	
1 (7.1)

	
1 (100.0)

	
0

	
0




	
Respiratory complications [n (%)], n = 9411 †

	

	

	

	

	




	
Respiratory failure

	
162

	
5 (3.1)

	
0

	
5 (100.0)

	
0




	
ARDS

	
242

	
12 (5.0)

	
3 (25.0)

	
9 (75.0)

	
0




	
Pneumonia

	
552

	
30 (5.4)

	
7 (23.3)

	
23 (76.7)

	
0








ARDS = Acute Respiratory Distress Syndrome. † Percentages are not mutually exclusive.
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