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Abstract: 
Objective: SARS-COV-2 pandemic had a profound impact on acute bronchiolitis epidemiology, especially in RSV diffusion and the burden of disease with implications on the management of prophylaxis and health resources. We aimed to compare clinical and epidemiological characteristics of bronchiolitis before and during the SARS-CoV-2 pandemic.
 Methods: We conducted an observational study involving children aged 0-2 years with bronchiolitis admitted to a tertiary children's hospital during the last 5 years. Demographic, clinical, microbiological, and outcome data were collected. Comparison between pre- and post-pandemic period, RSV positive versus non-RSV patients, and SARS-CoV-2 positive vs negative patients were carried out. 
 Results: A total of 647 patients admitted for bronchiolitis were included (264 female,40.8%, median age 78 days). Molecular diagnostic tests were performed in 617 patients (95.4%) with RSV detected in 62.5% of patients. SARS-CoV-2 was found in 3.9% of hospitalized bronchiolitis (3.9%). We observed a progressive increase in bronchiolitis admissions and a statistically significant increase over the years in the need for respiratory support. Conversely, this was not true for mechanical ventilation, duration of respiratory support, ICU admission, and length of stay. During the pandemic period children with prematurity increased, although only 1 child had an indication for prophylaxis.
Discussion: We confirm the stronger impact of bronchiolitis in the 2021-22 season, which is likely explained by the higher prevalence of RSV and the immunity debt theory. However, our findings were conflicting in terms of worsening clinical severity. The increase of children with prematurity and the inter-seasonal spread of RSV highlight the importance of epidemiological surveillance systems that monitor RSV circulation.



Introduction
In March 2020 the World Health Organization declared the COVID-19 pandemic, recommending worldwide restrictive measures to prevent the virus spread, such as social distancing, hand hygiene, masking, school closures, and smart working1-3. In addition, many countries established full lockdown. The restrictive measures were maintained for more than one year with differences among countries, depending on the infection trend and the local government policies. During the first pandemic peak (March 2020-May 2020) and the following cold season of 2020-2021, whereas the adult Emergency Departments (ED) were overcrowded by patients affected by COVID-19-related acute respiratory failure, children were preserved from infections with a drastic reduction in the number of admissions to pediatric EDs4-7. Social distancing measures limited the transmission of coronavirus but also had a strong impact on the spread of other respiratory viruses that normally affected children in the pre-pandemic era, such as influenza and para-influenza virus, rhinovirus, metapneumovirus and respiratory syncytial virus (RSV)8-11.
Acute bronchiolitis is clinically defined as the first episode of respiratory distress preceded by catarrhal symptoms with wheezing and/or crackling rales in children under 2 years of age12.
Bronchiolitis is the most common cause of hospitalization in infants in high-income countries and RSV is the most common cause of the disease.  It is estimated that nearly all children get the first and most severe RSV infection before 2 years of age and then subsequently experience milder infections later in life13. Its seasonal pattern in Italy and most of the European countries is from October to March with the peak in January and February, and its transmission is through droplets expelled from airways and contaminate surfaces14. Children contract RSV infection mainly in daycare centers and schools. Adults and older children may also play a role in its transmission as a reservoir. 
Among children with acute bronchiolitis, preterm infants are at higher risk of complications, hospitalization in the Pediatric Intensive Care Unit (ICU), and non-invasive and invasive ventilation15. To reduce the prevalence and burden of this disease, palivizumab, a humanized monoclonal antibody against the RSV F protein is recommended in the population at risk of severe outcome, including very preterm infants and infants with bronchopulmonary dysplasia or hemodynamically significant congenital heart disease16.
During the first year of the pandemic (2020), a significant number of authors reported a strong reduction in hospital admissions for bronchiolitis compared to the previous years, probably due to the extraordinary reduction of interpersonal contacts due to the safety measures against SARS-CoV-217,18. However, during the following year (2021), given the impending economic crisis related to restrictive measures and the advent of the first coronavirus vaccination campaign, countries gradually reduced the distancing rules and restored a normal social and working life. This resulted in an exponential growth of inter-human contacts that led to a consequent increase in common viral infections, including RSV. This phenomenon was described for the first time in Australia in 2020 when an unseasonal summer epidemic was registered just after the suppression of social distancing19.
Our study aimed to characterize the epidemiology, disease severity, and microbiology of bronchiolitis during the last 5 years, and compare clinical and epidemiological characteristics of bronchiolitis epidemics before and during the SARS-CoV-2 pandemic, in a tertiary Italian children’s hospital, evaluating how the pandemic has changed the epidemiology and management of bronchiolitis.

Materials and methods
IRCCS Istituto Giannina Gaslini is a tertiary care children’s hospital serving a region of 1.5 million inhabitants in the North-West of Italy, but with a catchment area extended to the whole nation and many European and foreign countries for highly specialized medical and surgical pediatric care.  The hospital has 328 pediatric beds, and it is equipped with a level III ED and an 18-20 beds-level IV pediatric ICU with critical care transport and extracorporeal membrane oxygenation retrieval capability.
At the beginning of the pandemic, the hospital was identified as the hub for all SARS-CoV-2-positive pediatric patients needing hospitalization in the region.
We conducted an observational study and retrospectively reviewed electronic charts of all children aged 0-2 years admitted with the International Classification of Diseases 9th review (ICD-9) diagnosis of “acute bronchiolitis” (code 466.19) from September 1, 2017, to June 30, 2022.
Demographic data were collected (age, sex, presence of comorbidity or prematurity, admission date, nursing triage category,) as well as the need, type (low-flow oxygen, high-flow oxygen, non-invasive ventilation, mechanical ventilation), and duration of respiratory support, microbiological findings, and outcome.
Nursing triage followed the four-level national triage category system, which ranges from not urgent to emergency and resuscitation.
Identification of the causal viral agent was carried out using a nasopharyngeal swab with a multiplex polymerase chain reaction (PCR) assay. Moreover, RT–PCR testing for the detection of SARS-CoV-2 was performed during the pandemic. February 13, 2020, was the chosen date to define the start of the pandemic since in our hospital we began to test for SARS-CoV-2 in all children admitted with respiratory symptoms. 
Data were aggregated and compared according to the different “bronchiolitis seasons”. Each season was determined to span from the beginning of October to the end of May of each year.  
Cases that occurred outside the typical season were classified as 'inter-seasonal'.
Descriptive statistics were produced for demographics and clinical features. Mean and standard deviation (SD) are presented for normally distributed variables, and median and interquartile range (IQR) for non-normally distributed variables, numbers, and percentages for categorical variables. Subgroup analyses were also performed: RSV positive versus non-RSV patients, and SARS-CoV-2 positive vs negative patients. To assess the presence of clinical and epidemiological differences, a comparison between the pre-and post-pandemic periods was carried out. 
Bronchiolitis epidemiology was analyzed by calculating the rate of episodes, i.e. the number of episodes observed in one season divided by the total number of admissions in the same period and normalized to 1000 observations (episodes/1000 admissions). To measure the association between year and bronchiolitis rates Pearson correlation r-coefficient was performed. Shapiro-Wilk test for normality was used. Chi-square and Mann-Whitney U tests were used to compare non-normally distributed samples by grouping variables using Jamovi, an open-source R graphical frontend.
This study was conducted in accordance with the Helsinki Declaration. According to Italian legislation, the study did not need ethical approval, as it was a purely observational retrospective study on routine collected anonymous data. Furthermore, it was not possible to request informed consent for participation in the study, given the nature of the study. In any case, consent to completely anonymous use of clinical data for research/epidemiological purposes is requested by the clinical routine at the time of admission/diagnostic procedure.

Results
A total of 647 patients admitted for bronchiolitis were included, 264 being female (40.8%). The median age was 78 days (95% C.I. upper-lower bound 106-122). Molecular diagnostic tests were performed in 617 patients (95.4%) with RSV as the main etiological agent, detected in 62.5% of patients. The median hospital stay was 4 days (95% C.I. 4.55 - 5.80).
Demographics, clinical, microbiological, and outcome data are summarized in Table 1. 
Since the beginning of the pandemic, SARS-CoV-2 was detected in 11 children out of 279 hospitalized bronchiolitis (3.9%). Coinfection of RSV with SARS-CoV-2 was observed only in 3 out of 219 patients with RSV infection (1.4%).
Although not statistically significant, we observed a progressive increase in bronchiolitis admissions over the study years which passed from about 10 cases *1000 admissions in the 2017-2018 season to 30 cases * 1000 admissions in the 2021-2022 season (Figure 1).
Moreover, we noticed a significant increase over the years in the need for respiratory support (Pearson R 0.930, p=0.02), as well as for HFNC use (Pearson R 0.875, p=0.05), both expressed by rate *100 bronchiolitis. Conversely, this was not true for mechanical ventilation, duration of respiratory support, ICU admission, and length of stay.
Figure 2 shows bronchiolitis seasonality over study years.
As expected, in the 2017-2018, 2018-2019, and 2019-2020 seasons the peak of bronchiolitis admissions occurred during winter and declined with the beginning of spring. At the beginning of the COVID-19 pandemic, patients hospitalized for bronchiolitis sharply decreased in March 2020, shortly after the institution of restrictive measures. Admissions resumed in December 2020, producing an epidemic outbreak much smaller in magnitude than in previous winter epidemic seasons. 
Unlike previous seasons, in 2021-2022, we observed a shift in the timing of the peak of total bronchiolitis (which occurred in early autumn) with an increase in total cases, followed by a sharp decrease in January. In this season, an underlying RSV infection was found in 80.4% of cases. We observed 11 cases of inter-seasonal RSV bronchiolitis, that occurred between June and September 2021. 
Notably, the median age of children hospitalized for bronchiolitis in season 2021-2022 was significantly lower than in previous years (62 days, p=0.01) (Table 1).
As shown in Table 2, comparing RSV-positive versus RSV-negative patients, those with RSV had a lower median age (69 vs 96 days; p <0.001), higher median duration of respiratory support (4 days vs 2 days; p 0.029), longer hospital stay (median 5 days vs 2; p <0.001) and an increased risk of the need for respiratory support (odds ratio 3.78, p <0.001).
No statistically significant differences were observed comparing SARS-CoV-2 positive vs negative children. (Table 2).
Table 3 shows the comparison between the pre and pandemic periods. During the pandemic period, the proportion of bronchiolitis who received an urgent code at the ED nursing triage increased from 3.9% to 6.9% (p=0.031). In the pandemic group we observed a longer median hospital stay by 1 day (median 3 vs 4 days, p < 0.001), a more frequent need for respiratory support (56% versus 35%; p < 0.001) and a higher frequency of patients with prematurity 11.4% versus 3.8% (p < 0.001). However, the rate of ICU admissions and mechanical ventilation did not increase. 
RSV was found in 51.5% of bronchiolitis in pre-pandemic vs 74.9% of pandemic (p < 0.001). We report only one case (0.5%) of RSV bronchiolitis during the pandemic with an indication for RSV prophylaxis. This child was admitted in November 2021, after one dose of palivizumab.  
Children with RSV infection in the pandemic period required more frequently respiratory support than those in the pre-pandemic period (p=0.05). However, the length of stay and rate of mechanical ventilation did not change. No deaths were observed in our study. 
Discussion: 
During the first year and a half of the pandemic, changes in human relationships and the widespread use of masks, higher attention to hygiene measures, school closures, and lockdowns, were associated with a rapid decline in all pediatric health service use and the number of cases of bronchiolitis as well as of all viral infections drastically decreased worldwide20,21.
With new effective COVID-19 vaccines available, the large majority of countries, including Italy, have significantly decreased social restriction measures and reopened schools. Therefore, the return of bronchiolitis and RSV infections, likely driven by a buildup in population susceptibility coupled with relaxed community behaviors, was expected.
During the first period of the pandemic, our immune system had been numb for more than one year, thanks to the lack of circulation of microbial agents. This lack of stimulation, the so-called “immunity debt”, has worried several researchers worldwide, because could lay the foundations for future epidemics22. Children without immune memory towards the pre-pandemic common microbial agents were presumed to be more exposed to infections (including RSV) and to potentially more severe diseases. 
In our study, we found a stronger impact of bronchiolitis during the 2021–2022 season producing an unusual anticipated outbreak in early autumn, greater in terms of the absolute number of hospitalization than in previous seasons. However, comparing the pre-pandemic and pandemic period, our findings were conflicting in terms of clinical severity.
Indeed, we observed a statistically significant higher frequency of urgent triage nursing code at ED admission, a longer hospital stay, and a more frequent need for respiratory support for children admitted during the pandemic period, thus suggesting a more severe disease course. This may be explained by the higher prevalence of RSV in the 2021-2022 season (when RSV was detected in 80.4% of cases) and by the “immunity debt” contracted by children who have lived in the “bubble” of restrictive measures in the previous season.
However, considering the most reliable parameters to evaluate bronchiolitis severity, i.e. the need for mechanical ventilation, length of hospital stay, and ICU admissions, no increase was found.
Regarding ICU admissions, our findings could be altered by the establishment in March 2020 in our Institute of a new stand-alone pediatric Intermediate Care Unit, where part of the bronchiolitis that was previously admitted to the ICU has been managed. 
Data from literature about a presumed increase in clinical severity of bronchiolitis in the pandemic period are equally controversial23,24. 
Ghirardo et al., in a recent Italian multicenter retrospective study, noted a remarkable increase in HFNC use without evidence of an increase in invasive mechanical ventilation over the same study period25. They suggest that this could be caused by a more aggressive treatment attitude rather than a more severe disease. 
Similarly, our data support a progressive increase over the years in the use of HFNC which may be explained by their spread and more confident use also in low-intensity care pediatric settings of our Institute.
Some authors reported that SARS-CoV-2 may cause bronchiolitis requiring hospitalization26.  However, soon after the beginning of the COVID-19 pandemic, SARS‐CoV‐2 seemed to be rarely able to determine clinically relevant acute bronchiolitis, with similar findings to those described during the pre‐COVID‐19 era in which human coronaviruses were an infrequent cause of acute bronchiolitis27.
In our study, despite the extensive swabs policy, only 11/279 (3.9%) hospitalized bronchiolitis from February 13, 2020, were found to be caused by SARS-CoV-2 and none of them required mechanical ventilation or ICU admission, thus confirming the usually mild disease course of SARS-CoV-2 acute infection in children. 
These results are consistent with the findings of a large multicenter international study which has shown a prevalence of only 5% among bronchiolitis of infants testing positive for SARS-CoV-228.
Although largely known, our study confirmed that children with bronchiolitis due to RSV infection are younger, and prone to a more severe course of the disease, more often requiring respiratory support and longer duration of support and hospital stay. 
Given the observed seasonal anticipation and atypical inter-seasonal spread of RSV, the American Academy of Pediatrics (AAP) and the Italian Society of Neonatology (SIN) provided interim guidance for use of palivizumab in patients who would be candidates per current eligibility recommendations including early initiation of palivizumab administration and flexible approaches according to inter-seasonal outbreaks29. 
In the pandemic period, we noted a significant increase in bronchiolitis in children with prematurity up to 10.4% in the 2021-2022 season. Palivizumab is the only pharmacological prophylaxis currently approved by the Italian Medicines Agency, as an intramuscular injection monthly from October through March in at-risk groups16,30. There is considerable variation in the known RSV epidemic season within different climatic regions. In particular, we observed that in our region, Liguria, the RSV season starts later compared to other regions in Northern Italy31. Therefore, in Liguria, before the pandemic, we were used to starting prophylaxis at the end of November. In 2021, following epidemiological observations from other countries and the interim guidance from AAP, we anticipated immunoprophylaxis at the beginning of October. Our strategy was probably successful because only one of the admitted infants with RSV bronchiolitis belonged to the categories with an indication for RSV prophylaxis according to SIN and AAP recommendations16,30. However, during the unexpected RSV peak in October/November, a high percentage of admitted infants was in children with prematurity without indication for prophylaxis (30-36 weeks of gestational age). The inter-seasonal spread, relevant in other countries, was observed also in our study. These observations highlight the importance of epidemiological surveillance systems that monitor bronchiolitis trends and RSV circulation, considering the implications this may have on the planning and management of prophylaxis and health resources. Moreover, this data confirms the value of universal prophylaxis in preventing hospitalization in infants without the current recommended indications to palivizumab, introducing RSV vaccines and new monoclonal antibodies32. 
The SARS-COV-2 pandemic had a profound impact on acute bronchiolitis epidemiology, especially in RSV diffusion and the burden of disease. Epidemiological trends of SARS-COV-2, RSV, and other viruses in the coming seasons remain uncertain and warrant active surveillance. 







References:
1) Xiao J, Hu J, He G, Liu T, Kang M, Rong Z, Lin L, Zhong H, Huang Q, Deng A, et al. The time-varying transmission dynamics of COVID-19 and synchronous public health interventions in China. Int J Infect Dis. 2021 Feb;103:617-623. doi: 10.1016/j.ijid.2020.11.005. Epub 2020 Nov 9. PMID: 33181330; PMCID: PMC7836966.
2) Lei H, Xu M, Wang X, Xie Y, Du X, Chen T, Yang L, Wang D, Shu Y. Nonpharmaceutical Interventions Used to Control COVID-19 Reduced Seasonal Influenza Transmission in China. J Infect Dis. 2020 Nov 9;222(11):1780-1783. doi: 10.1093/infdis/jiaa570. PMID: 32898256; PMCID: PMC7499620.
3) Distante C, Piscitelli P, Miani A. Covid-19 Outbreak Progression in Italian Regions: Approaching the Peak by the End of March in Northern Italy and First Week of April in Southern Italy. Int J Environ Res Public Health. 2020 Apr 27;17(9):3025. doi: 10.3390/ijerph17093025. PMID: 32349259; PMCID: PMC7246918.
4) Kruizinga MD, Peeters D, van Veen M, van Houten M, Wieringa J, Noordzij JG, Bekhof J, Tramper-Stranders G, Vet NJ, Driessen GJA. The impact of lockdown on pediatric ED visits and hospital admissions during the COVID19 pandemic: a multicenter analysis and review of the literature. Eur J Pediatr. 2021 Jul;180(7):2271-2279. doi: 10.1007/s00431-021-04015-0. Epub 2021 Mar 15. PMID: 33723971; PMCID: PMC7959585.
5) Raffaldi I, Castagno E, Fumi I, Bondone C, Ricceri F, Besenzon L, Brach Del Prever A, Capalbo P, Cosi G, et al; ICOPER Study Group. Pediatric admissions to emergency departments of North-Western Italy during COVID-19 pandemic: A retrospective observational study. Lancet Reg Health Eur. 2021 Jun;5:100081. doi: 10.1016/j.lanepe.2021.100081. Epub 2021 Mar 18. PMID: 34104902; PMCID: PMC7969147.
6) Sokoloff WC, Krief WI, Giusto KA, Mohaimin T, Murphy-Hockett C, Rocker J, Williamson KA. Pediatric emergency department utilization during the COVID-19 pandemic in New York City. Am J Emerg Med. 2021 Jul;45:100-104. doi: 10.1016/j.ajem.2021.02.029. Epub 2021 Feb 20. PMID: 33677263; PMCID: PMC7896495.
7) Roland D, Gardiner A, Razzaq D, Rose K, Bressan S, Honeyford K, Buonsenso D, Da Dalt L, De T, Farrugia R, et al; in association with the REPEM network (Research in European Paediatric Emergency Medicine) as part of the EPISODES Study. Influence of epidemics and pandemics on paediatric ED use: a systematic review. Arch Dis Child. 2022 Sep 26:archdischild-2022-324108. doi: 10.1136/archdischild-2022-324108. Epub ahead of print. PMID: 36162959.
8) Partridge E, McCleery E, Cheema R, Nakra N, Lakshminrusimha S, Tancredi DJ, Blumberg DA. Evaluation of Seasonal Respiratory Virus Activity Before and After the Statewide COVID-19 Shelter-in-Place Order in Northern California. JAMA Netw Open. 2021 Jan 4;4(1):e2035281. doi: 10.1001/jamanetworkopen.2020.35281. PMID: 33492377; PMCID: PMC7835714.
9) Kaur R, Schulz S, Fuji N, Pichichero M. COVID-19 Pandemic Impact on Respiratory Infectious Diseases in Primary Care Practice in Children. Front Pediatr. 2021 Sep 13;9:722483. doi: 10.3389/fped.2021.722483. PMID: 34589455; PMCID: PMC8475492.
10) Isba R, Edge R, Jenner R, Broughton E, Francis N, Butler J. Where have all the children gone? Decreases in paediatric emergency department attendances at the start of the COVID-19 pandemic of 2020. Arch Dis Child. 2020 Jul;105(7):704. doi: 10.1136/archdischild-2020-319385. Epub 2020 May 6. PMID: 32376695.
11) Antoon JW, Williams DJ, Thurm C, Bendel-Stenzel M, Spaulding AB, Teufel RJ 2nd, Reyes MA, Shah SS, Kenyon CC, Hersh AL, et al. The COVID-19 Pandemic and Changes in Healthcare Utilization for Pediatric Respiratory and Non-respiratory Illnesses in the United States. J Hosp Med. 2021 May;16(5):294-297. doi: 10.12788/jhm.3608. PMID: 33734976; PMCID: PMC8086992.
12) McConnochie KM. Bronchiolitis. What's in the name? Am J Dis Child. 1983 Jan;137(1):11-3. PMID: 6847951.
13) Barbati F, Moriondo M, Pisano L, Calistri E, Lodi L, Ricci S, Giovannini M, Canessa C, Indolfi G, Azzari C. Epidemiology of Respiratory Syncytial Virus-Related Hospitalization Over a 5-Year Period in Italy: Evaluation of Seasonality and Age Distribution Before Vaccine Introduction. Vaccines (Basel). 2020 Jan 4;8(1):15. doi: 10.3390/vaccines8010015. PMID: 31947976; PMCID: PMC7157234.
14) Azzari C, Baraldi E, Bonanni P, Bozzola E, Coscia A, Lanari M, Manzoni P, Mazzone T, Sandri F, CheccucciLisi G, Parisi S, Piacentini G, Mosca F. Epidemiology and prevention of respiratory syncytial virus infections in children in Italy. Ital J Pediatr. 2021 Oct 2;47(1):198. doi: 10.1186/s13052-021-01148-8. PMID: 34600591; PMCID: PMC8487331.
15) Stein RT, Bont LJ, Zar H, Polack FP, Park C, Claxton A, Borok G, Butylkova Y, Wegzyn C. Respiratory syncytial virus hospitalization and mortality: Systematic review and meta-analysis. PediatrPulmonol. 2017 Apr;52(4):556-569. doi: 10.1002/ppul.23570. Epub 2016 Oct 14. PMID: 27740723; PMCID: PMC5396299.
16) American Academy of Pediatrics Committee on Infectious Diseases; American Academy of Pediatrics Bronchiolitis Guidelines Committee. Updated guidance for palivizumab prophylaxis among infants and young children at increased risk of hospitalization for respiratory syncytial virus infection. Pediatrics. 2014 Aug;134(2):415-20. doi: 10.1542/peds.2014-1665. Erratum in: Pediatrics. 2014 Dec;134(6):1221. PMID: 25070315.
17) Van Brusselen D, De Troeyer K,Ter Haar E, Vander Auwera A, Poschet K, Van Nuijs S, Bael A, Stobbelaar K, Verhulst S, et al. Bronchiolitis in COVID-19 times: a nearly absent disease? Eur J Pediatr. 2021 Jun;180(6):1969-1973. doi: 10.1007/s00431-021-03968-6. Epub 2021 Jan 30. PMID: 33517482; PMCID: PMC7847293.
18) Curatola A, Lazzareschi I, Bersani G, Covino M, Gatto A, Chiaretti A. Impact of COVID-19 outbreak in acute bronchiolitis: Lesson from a tertiary Italian Emergency Department. PediatrPulmonol. 2021 Aug;56(8):2484-2488. doi: 10.1002/ppul.25442. Epub 2021 May 7. PMID: 33961732; PMCID: PMC8242382.
19) Foley DA, Yeoh DK, Minney-Smith CA, Martin AC, Mace AO, Sikazwe CT, Le H, Levy A, Moore HC, Blyth CC. The Interseasonal Resurgence of Respiratory Syncytial Virus in Australian Children Following the Reduction of Coronavirus Disease 2019-Related Public Health Measures. Clin Infect Dis. 2021 Nov 2;73(9):e2829-e2830. doi: 10.1093/cid/ciaa1906. PMID: 33594407; PMCID: PMC7929151.
20) Binns E, Koenraads M, Hristeva L, Flamant A, Baier-Grabner S, Loi M, Lempainen J, Osterheld E, Ramly B, Chakakala-Chaziya J, et al. Influenza and respiratory syncytial virus during the COVID-19 pandemic: Time for a new paradigm? PediatrPulmonol. 2022 Jan;57(1):38-42. doi: 10.1002/ppul.25719. Epub 2021 Oct 13. PMID: 34644459; PMCID: PMC8662286.
21) Britton PN, Hu N, Saravanos G, Shrapnel J, Davis J, Snelling T, Dalby-Payne J, Kesson AM, Wood N, Macartney K, et al. COVID-19 public health measures and respiratory syncytial virus. Lancet Child Adolesc Health. 2020 Nov;4(11):e42-e43. doi: 10.1016/S2352-4642(20)30307-2. Epub 2020 Sep 18. PMID: 32956616; PMCID: PMC7500894.
22) Billard MN, Bont LJ. Quantifying the RSV immunity debt following COVID-19: a public health matter. Lancet Infect Dis. 2022 Sep 2:S1473-3099(22)00544-8. doi: 10.1016/S1473-3099(22)00544-8. Epub ahead of print. PMID: 36063827; PMCID: PMC9439700.
23) Saravanos GL, Hu N, Homaira N, Muscatello DJ, Jaffe A, Bartlett AW, Wood NJ, Rawlinson W, Kesson A, Lingam R, Britton PN. RSV Epidemiology in Australia Before and During COVID-19. Pediatrics. 2022 Feb 1;149(2):e2021053537. doi: 10.1542/peds.2021-053537. PMID: 35083489.
24) Agha R, Avner JR. Delayed Seasonal RSV Surge Observed During the COVID-19 Pandemic. Pediatrics. 2021 Sep;148(3):e2021052089. doi: 10.1542/peds.2021-052089. Epub 2021 Jun 9. PMID: 34108234.
25) Ghirardo S, Cozzi G, Tonin G, Risso FM, Dotta L, Zago A, Lupia D, Cogo P, Ullmann N, Coretti A, et al. Increased use of high-flow nasal cannulas after the pandemic in bronchiolitis: a more severe disease or a changed physician's attitude? Eur J Pediatr. 2022 Nov;181(11):3931-3936. doi: 10.1007/s00431-022-04601-w. Epub 2022 Sep 9. PMID: 36083314; PMCID: PMC9458479.
26) Milani GP, Bollati V, Ruggiero L, Bosis S, Pinzani RM, Lunghi G, Rota F, Dioni L, Luganini A, Agostoni C, Marchisio P. Bronchiolitis and SARS-CoV-2. Arch Dis Child. 2021 Oct;106(10):999-1001. doi: 10.1136/archdischild-2020-321108. Epub 2021 Mar 11. PMID: 33707224.
27) Miller EK, Gebretsadik T, Carroll KN, Dupont WD, Mohamed YA, Morin LL, Heil L, Minton PA, Woodward K, Liu Z, et al. Viral etiologies of infant bronchiolitis, croup and upper respiratory illness during 4 consecutive years. Pediatr Infect Dis J. 2013 Sep;32(9):950-5. doi: 10.1097/INF.0b013e31829b7e43. PMID: 23694832; PMCID: PMC3880140.
28) Cozzi G, CortellazzoWiel L, Amaddeo A, Gatto A, Giangreco M, Klein-Kremer A, Bosis S, Silvagni D, Debbia C, Nanni L, Chiappa S, et al; SARS-CoV-2 bronchiolitis study group. Prevalence of SARS-CoV-2 positivity in infants with bronchiolitis: a multicentre international study. Arch Dis Child. 2022 Jun 15:archdischild-2021-323559. doi: 10.1136/archdischild-2021-323559. Epub ahead of print. PMID: 35705371; PMCID: PMC9240451.
29) https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/interim-guidance-for-use-of-palivizumab-prophylaxis-to-prevent-hospitalization/
30) Bollani L, Baraldi E, Chirico G, Dotta A, Lanari M, Del Vecchio A, Manzoni P, Boldrini A, Paolillo P, Di Fabio S, et al; Italian Society of Neonatology. Revised recommendations concerning palivizumab prophylaxis for respiratory syncytial virus (RSV). Ital J Pediatr. 2015 Dec 15;41:97. doi: 10.1186/s13052-015-0203-x. PMID: 26670908; PMCID: PMC4681171.
31) Ansaldi F, Orsi A, Altomonte F, Bertone G, Parodi V, Carloni R, Moscatelli P, Pasero E, Oreste P, Icardi G. Emergency department syndromic surveillance system for early detection of 5 syndromes: a pilot project in a reference teaching hospital in Genoa, Italy. J Prev Med Hyg. 2008 Dec;49(4):131-5. PMID: 19350960.
32) Mazur NI, Terstappen J, Baral R, Bardají A, Beutels P, Buchholz UJ, Cohen C, Crowe JE Jr, Cutland CL, Eckert L, et al. Respiratory syncytial virus prevention within reach: the vaccine and monoclonal antibody landscape. Lancet Infect Dis. 2022 Aug 8:S1473-3099(22)00291-2. doi: 10.1016/S1473-3099(22)00291-2. Epub ahead of print. PMID: 35952703.


