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Abstract

Introduction: Acute bronchiolitis (AB) is the main cause of hospitalization in children under two years of age, with a regular seasonality, mostly due to the respiratory syncytial virus (RSV). 
Objectives: To describe the epidemiology of bronchiolitis hospitalizations in our centre in the last twelve years, and analyse the changes in clinical characteristics, microbiology, and adverse outcomes during the SARS-CoV2 pandemic. 
[bookmark: _Hlk110584132]Methods: Observational study including patients admitted for bronchiolitis between April 2010 and December 2021 in a Spanish tertiary paediatric hospital. Relevant demographic, clinical, microbiological, and adverse outcome variables were collected in an anonymized database. The pandemic period (April 2020 to December 2021) was compared to 2010-2015 seasons using appropriate statistical tests.
Results: There were 2138 bronchiolitis admissions, with a mean of 195.6 per year between 2010-2019 and a 2–4-month peak between November and March. In the expected season of 2020, there was a 94.4% reduction of bronchiolitis hospitalizations, with only eleven cases admitted in the first year of the pandemic. Bronchiolitis cases increased from the summer of 2021 during a six-month long peak, reaching a total of 171 cases. Length of stay was significantly shorter during the pandemic, but no differences were found in clinical and microbiological characteristics or other adverse outcomes. 
Conclusions: The SARS-CoV2 pandemic has modified the seasonality of bronchiolitis hospitalizations, with a dramatic decrease in cases during the expected season of 2020-2021, and an extemporaneous summer-autumn peak in 2021 with longer duration but similar patient characteristics and risk factors.


1. Introduction
Acute bronchiolitis (AB) is the leading cause of hospitalization in children under two years of age in developed countries, producing considerable morbidity in this age group 1. In Spain, it is estimated that one-third of children under 1 year old will be diagnosed with bronchiolitis every year, and 2-3% of them will be admitted into hospital care, with a mean length of stay of five days2. Up to 80% of cases are due to the respiratory syncytial virus (RSV), although many other viruses have been detected in patients with bronchiolitis, and the role of co-infections is not well established yet 1,3.  
[bookmark: _Hlk109839945][bookmark: _Hlk116460661]Similarly to what has been described in other viral respiratory diseases such as influenza, bronchiolitis has a very distinct seasonal pattern, with a peak in autumn-winter in the Northern hemisphere 4, and only sporadic cases occurring during the summer. Most of the peak cases are caused by RSV, with more frequent detections of different viruses in other seasons1. Studying the seasonality of bronchiolitis and its aetiological agents is relevant for decision making, for example, to determine the time of initiation of prophylaxis with palivizumab in patients with high risk of severe RSV infections, the management of resources and personnel in hospitals, and the execution of research trials. 
However, this seasonality has been influenced by past pandemics such as influenza in 2009 5, delaying the peak in RSV cases in the world in that year. There are several hypotheses to explain this, including a possible viral interference, as well as the impact of preventive measures 5. During the SARS-CoV2 pandemic, in the expected bronchiolitis epidemic peak of 2020-2021, extremely few cases were detected worldwide 6,7, leading to some authors speaking of “a nearly absent disease” 8, with a drop in admissions during the usual epidemic season of bronchiolitis close to 95% in some Spanish hospitals9. 
After the relaxation of COVID-19 preventive measures, a late resurgence of cases has been observed in countries such as Australia, outside the usual epidemic season, in significantly older patients (median age of 18.4 months, versus an upper range of 7.3–12.5 months between 2012 and 2019), and caused by viruses other than RSV 10. During the summer of 2021, a late epidemic of bronchiolitis started in Europe 11,12, and it is especially interesting to analyse the evolution of the cases in Spain, where there was a great impact of SARS-CoV2, and strict preventive measures were put in place.
The aim of our study is to provide an insight on the impact of the SARS-CoV2 pandemic on the epidemiology of acute bronchiolitis admissions at a tertiary paediatric hospital in the South of Spain compared to the previous decade. We analyse the clinical and microbiological characteristics, as well as the adverse outcomes between 2010-2015, in the “absent” 2020 season, and during an unusual peak observed during the summer-autumn of 2021. 


2. Methods
2.1. Study Design
[bookmark: _Hlk110584202][bookmark: _Hlk113638346][bookmark: _Hlk110697279][bookmark: _Hlk113638903][bookmark: _Hlk110696377][bookmark: _Hlk110696919]An ambispective observational study was carried out at a tertiary paediatric reference hospital, including children under 2 years of age admitted with the clinical diagnosis of “bronchiolitis”. We selected the patients that, after reviewing the electronic health records, met the definition of “the first acute episode of lower respiratory tract involvement associated to other signs of viral illness in an infant younger than 24 months” 13, corresponding to ICD-10 code J21 - Acute bronchiolitis in patients included after January 2016 14. This study aims to describe the epidemiology of bronchiolitis hospitalizations in our centre in the last twelve years, and analyse the changes in clinical characteristics, microbiology, and adverse outcomes during the SARS-CoV2 pandemic.
[bookmark: _Hlk110675067]The Department of Paediatrics at the Malaga Mother-and-Child Hospital, which belongs to Hospital Regional Universitario de Malaga complex, is the reference tertiary paediatric centre in the province of Malaga, where between 2010 and 2019 an annual average of 43 655 consultations in infants under 2 years of age were attended in the Emergency Department. Data from our hospital has contributed to the generation of validated clinical scales for the severity of bronchiolitis, such as the Acute Bronchiolitis Severity Scale (ABSS) 15,16. 
[bookmark: _Hlk113640802][bookmark: _Hlk113638555][bookmark: _Hlk110584835][bookmark: _Hlk116286950]Firstly, the temporal trends of acute bronchiolitis admissions during the SARS-CoV2 pandemic (01-Apr-2020 to 31-Dec-2021) were compared to those of the previous decade (01-Jan-2010 to 21-Mar-2020). As a secondary analysis, pandemic period data was collected prospectively into an anonymized database from the electronic records of patients that were hospitalized between 01-Apr-2020 and the 31-Dec-2021, and then compared to a pre-pandemic retrospective database, published in previous studies from our centre 17, which included patients admitted in the five seasons between 01-Apr-2010 and 31-Mar-2015 for relevant demographic, clinical, microbiological, and adverse outcome variables. Data from 2016-2019 was not collected for the secondary analysis. Finally, bivariate analysis and multivariable logistic regressions were performed to examine the relationship between multiple independent variables and the adverse outcomes of length of stay (LOS) longer than the national mean (5 days) and paediatric intensive care unit (PICU) admission.
Demographic variables included sex, age, and month of admission. Antenatal and perinatal variables, as well as family history of atopy and smoking were recorded. Personal history of chronic illnesses such as cardiopathy, incapacitating neurological disease and bronchopulmonary dysplasia were documented. Relevant clinical variables at presentation were the days of symptoms before admission, fever, difficulty feeding, severity at admission according to the Acute Bronchiolitis Severity Scale (ABSS) 15, presence of apnoea and peripheral oxygen saturation by pulse oximetry. 
[bookmark: _Hlk110585366][bookmark: _Hlk110697913][bookmark: _Hlk110698576]The presence of RSV between 2010 and 2019 was diagnosed by rapid antigen tests (RSV Card letitest©, Leti Diagnostics) in the Emergency Department to classify patients before admission and sort them into RSV positive and RSV negative cohorts, but polymerase chain reaction (PCR) was not performed in most patients. Between April 2020 and December 2021, multiplex PCR tests (BioFire® FilmArray® Respiratory Panel RP2.1plus) were widely available for inpatients in our hospital in addition to rapid antigen tests (CerTest RSV, CerTest Biotec S.L.), allowing the detection of other respiratory pathogens: adenovirus, coronavirus (229E, HKU1, OC43, NL63, MERS-CoV, SARS-CoV-2), human metapneumovirus, human rhinovirus/enterovirus, influenza A (H1, H1-2009, H3) and B, parainfluenza 1,2,3 and 4, RSV, Bordetella pertussis and parapertussis, Chlamydophila pneumoniae and Mycoplasma pneumoniae.
Adverse outcomes were analysed, including length of stay above five days, PICU admission, bacterial infection and readmission. Bacterial infection was classified into urinary tract infection (UTI), bacteriaemia, otitis media (OM), and pneumonia. UTI and bacteriaemia were confirmed in patients with compatible clinical and analytical data, with positive urine or blood cultures. OM was diagnosed using clinical criteria and considered as an adverse outcome in the patients who received antibiotic treatment. Patients with bacterial pneumonia were those who received antibiotic treatment due to clinical worsening coupled with a new infiltrate in the chest radiography with neutrophilia or an increase in acute phase reactants (C reactive protein >70 mg/l and procalcitonin >0,5 ng/ml).
2.2. Data Collection and Analysis
Data was collected in an anonymized database in the Research Electronic Data Capture (REDCap) application, which was exported to RStudio18 for statistical analysis. 
Time series analysis of the trends in AB admissions was conducted, defining the start and end of the seasonal peak as the months where admissions exceeded the baseline, established as the monthly average for 2010-2019. Seasonality with regard to COVID-19 cases in the Malaga province was studied using data from the Andalusian COVID-19 registry 19. 
[bookmark: _Hlk116463044]Association between qualitative variables was examined with the Chi-squared test, and Mann-Whitney U was used to compare non-normal quantitative variables between the pre-pandemic (01/Apr/2010-31/Mar/2015) and pandemic (01/Apr/2020-31/Dec/2021) periods. Differences were considered statistically significant with a p value <0.05, and all the confidence intervals are expressed with a 95% confidence level. Multivariable logistic regressions were performed to examine the relationship between the independent variables found to be significant in the bivariate analysis and the adverse outcomes of length of stay (LOS) longer than five days and paediatric intensive care unit (PICU) admission.
Data collection and analysis was performed in compliance with the guidelines of the Declaration of Helsinki and the project was approved by the Provincial Ethics Committee of Malaga.


3. Results
Between April 2010 and December 2021, there were 2138 patients under 2 years hospitalized due to bronchiolitis. This corresponds to 14.9% of the Emergency visits in that age group during the same period.   
3.1. Time trends of bronchiolitis admissions
Acute bronchiolitis hospitalizations in our hospital follow a distinct seasonal trend, as shown in Figure 1. In the decade preceding the SARS-CoV2 pandemic, the peaks in admissions occurred between November and March, usually lasting 2-4 months. Hospitalizations ranged from 161 to 224 (mean=195.6, SD 20) per year, with a maximum of 97 admissions per month. 
At the time of the expected peak in 2020-2021, there was a 94.4% reduction of bronchiolitis hospitalizations, with only eleven cases admitted between April 2020 and March 2021, one of them due to RSV. 
Bronchiolitis cases increased during the summer of 2021, exceeding the baseline in July, and maintaining a six-month long peak that continued until December, reaching a total of 171 cases in nine months, although the monthly cases did not surpass 50.
The trends of bronchiolitis diagnosis that occurred during the pandemic, including consultations in the emergency department and hospital admissions in relation to the weekly cases of COVID-19  in the Malaga province 19 are shown in Figure 2. An absence of bronchiolitis cases since week 12 in 2020 - when the previous season ended and the state of alarm due to COVID-19 was established- can be observed. After restrictions decreased around week 30, a small increase in cases was seen, but without the expected AB outbreak in winter 2020, coinciding with a peak of COVID-19 detections in the region. However, since week 24 in 2021 there is an increase in bronchiolitis diagnoses coinciding with another peak of COVID-19. 
3.2. Clinical characteristics of hospitalized patients
[bookmark: _Hlk110700902]The main demographic, clinical and microbiological characteristics of the pre-pandemic and pandemic periods are summarized in Table 1. The median (Q1-Q3) age at admission was 1 month (1-3 months) in the pre-pandemic period, and 2 months (1-3 months) during the pandemic. There were no statistically significant differences in sex, gestational age, proportion of RSV positive bronchiolitis or clinical severity scale at admission. 
3.3 Microbiology of bronchiolitis 2020-2021
Among the 182 patients admitted between April 2020 and December 2021, there were 148 patients with RSV detections through rapid tests and/or PCR between April 2020 and December 2021. Out of 25 patients with negative antigen test results, five subsequently had a positive RSV PCR.
During the same period, multiplex PCR tests were performed in 106 patients (58.2%). The most frequent viral aetiologies detected through this method were RSV (n=95, 89.6%), rhinovirus (n=24, 22%) and parainfluenzae (n=9, 8,5%). There were codetections in 21 samples (19.8%). Only one sample was positive for SARS-CoV2, from a patient diagnosed with COVID-19 the previous week due to close contact with a positive case, who then presented to the Emergency Department with respiratory distress and was found to have an RSV bronchiolitis.  
3.4. Adverse outcomes
The median length of stay was significantly shorter in the pandemic period (4 days vs 5 days in the pre-pandemic period, p=0.000), and the percentage of patients with a stay longer than 5 days was significantly lower (30.2% vs 42.6%, p=0.002). Length of stay was significantly correlated with age at admission (p<0.001), with a median length of stay of 6 days in patients younger than 1 month, 5 days in patients between 1-6 months, and 4 days in those older than 6 months. No significant differences were found in the percentage of admission to the Paediatric Intensive Care Unit (PICU), bacterial infection and readmission, as shown in Table 1. 
The most frequent bacterial infection identified was pneumonia, in 10.7% of the pre-pandemic group, and 6.7% during the pandemic, followed by otitis media in the pandemic period (3.4%), which was significantly higher than in the pre-pandemic period (0.1%). Urinary tract infection was identified in 2.9% of the cases in 2010-2015, and 1.1% in 2020-2021.
[bookmark: _Hlk110698037]Between April 2020 and December 2021, in the 106 patients with multiplex PCR results, no significant differences for the adverse outcomes were found when comparing patients with codetections to those with a single isolate. Length of stay exceeded five days in 32.6% of patients with a single isolate versus 30.0% of codetections (p=0.825). PICU admissions occurred in 15.1% of patients with a single virus, versus 15.0% of those with codetections (p=0.990). Bacterial superinfections were found in 18.6% of single isolates versus 10.0% of codetections (p=0.356).
The univariate and multivariable analysis of risk factors for a LOS > 5 days and PICU admission are detailed in Tables 2-4. During the pre-pandemic period, the risk factors associated with a LOS > 5 days in the univariate analysis were age (p=0.001), prematurity (p<0.001), oxygen saturation under 92% at admission (p=0.001), apnea before admission (p=0.000) and RSV detection (p=0.024), but only prematurity was found to be associated (p=0.033) during the pandemic period. In the multivariable analysis, prematurity remained significant in the pre-pandemic (p=0.03, OR 1.75 [95% CI 1.07-2.86]), and pandemic periods (p=0.004, OR 3.02 [95% CI 1.06-8.62]). In the pre-pandemic period, SO2<92% (p=0.00, OR 1.86 [95% CI 1.26-2.76]), apnea (p=0.01, OR 2.11 [95%CI 1.19-3.75]) and age below 1 month at admission (p=0.02, OR 3.32 [95% CI 1.18-9.34]) were also significant in the multivariable analysis for LOS> 5 days. 
In the pre-pandemic univariate analysis, risk factors for PICU admission were age (p=0.01), prematurity (p<0.001), bronchopulmonary dysplasia (BPD, p<0.001), congenital heart disease (p=0.041) and apnea (p<0.001), whereas only prematurity (p=0.009) was significant in the pandemic period. In the multivariable analysis of the pre-pandemic period, prematurity (p=0.01, OR 1.98 [95%CI]), BPD (p<0.001, OR 8.07 [CI 2.41-26.98]), and apnea before admission (p<0.001, OR 6.03 [3.49-10.41]) were associated with PICU admission. No significant factors for PICU admission were found in the multivariable analysis of the pandemic period, possibly due to the small number of patients (n=18). 

4. Discussion
Acute bronchiolitis is a disease that has shown a consistent seasonality within countries 4, with variations that are generally lower than one month in the start, peak and end of the season, mainly related to RSV activity. In 2010-2017 in Spain, RSV detections started to rise in epidemiological weeks 44-45, peaked in weeks 50-52 and the season ended around weeks 6-12 4. This corresponds with almost no cases of bronchiolitis in summer and reaching the maximum peak in December/January at a national level 2. Our findings are similar to national data, with hospitalizations above the epidemic threshold in October-November, a maximum peak in December-January, and season end around February-March.
After the start of the COVID-19 pandemic in March 2020, an absence of the expected peak of bronchiolitis was observed in the southern hemisphere, coinciding with the period of maximum restrictions to prevent the spread of SARS-CoV2 in Australia 10, and a general decrease in admissions due to paediatric respiratory diseases in Brazil 7. A similar phenomenon occurred in winter 2020 in Europe 6,8,20,21, where markedly low levels of RSV were detected in surveillance data, as well as a dramatic decrease in emergency consultations and hospitalizations due to bronchiolitis, as shown in our study. 
A resurgence of bronchiolitis that differed from the usual seasonality was detected worldwide, initially with a reported increase of RSV detections in Australia after restrictions were lifted 10,22, and followed by delayed peaks of bronchiolitis and other RSV infections in Europe 11,12,23. The relationship with the trends of COVID-19 transmission are unclear, and although some hypotheses of viral interference have been proposed, more research is needed 24, but it is evident that the general preventive measures decreased the transmission of most respiratory viruses. In our hospital, the start of the bronchiolitis peak in the summer of 2021 corresponded with a decrease in restrictions and coincided temporally with a SARS-CoV2 wave. Interestingly, despite the co-circulation of both viruses in the population at the time, only one codetection RSV-SARS-CoV2 was found in our sample. 
The availability of multiplex PCR tests in the 2020-2021 period allowed for a better microbiological characterization, with findings similar to other authors that have identified rhinovirus as the second most common isolate 25, and also helped to identify false negatives in RSV rapid antigen tests. The percentage of codetections was lower than other studies, which include up to 30% co-detections between RSV and rhinovirus3, and did not confer a higher severity in our sample, but their role remains to be established 3,26. The seasonality of respiratory viruses in children in different age groups has been studied 27, and an increasing availability of viral studies could aid both in prevention and clinical decision making 26. 
The last Spanish national clinical practice guidelines were published in 2010 28 and have remained valid during the entire period of study. Although our secondary analysis did not include 2016-2019, we found very similar temporal trends in this period compared to 2010-2015, in agreement with national data which shows epidemiological, clinical and microbiological similarities during the entire decade 2,29, and allowing us to use 2010-2015 as a pre-pandemic comparison group. 
[bookmark: _Hlk116463961]The severity of illness in our cohort was similar to previous epidemics, as has been described in other centres 23,30. One of the main risk factors for severe bronchiolitis is age 31, and RSV infections in other countries had been reported to occur in older children during the extemporaneous pandemic season 10. In our cohort the main burden of hospitalization affected infants between 1 and 3 months, with a median age of 2 months in the pandemic period and 1 month pre-pandemic, but no statistically significant differences between periods. The influence of the immune response at different ages could have an impact on the severity of respiratory diseases and the risk of hospitalization 32. It is also of note that due to the low circulation of RSV in the community during the pandemic 33, the exposure of women during pregnancy was limited, possibly leading to a decreased passive transfer of immunity, which has been suggested to affect the severity of disease in infants 34.
[bookmark: _Hlk116464167][bookmark: _Hlk110701118]The only outcome that was significantly different between periods was the shorter length of stay during the pandemic. The policies in our hospital have not been significantly modified between 2010-2019, and the main change since 2020 at the start of the COVID-19 pandemic was the recommendation against the use of nebulizers in the emergency department 35. For this reason, treatment with nebulised hypertonic saline was not administered to outpatients in our centre in 2020-2021, and it is possible that some patients who would have been treated as outpatients in pre-pandemic seasons were admitted to the hospital and had a favourable course, which could be one likely explanation for the significantly shorter median length of stay during the pandemic period. Other factors that may be related to this finding could be the larger percentage of patients older than 3 months admitted during the pandemic period, who generally have better outcomes 31 and would have been discharged sooner. However, we do not have a definite explanation for the shorter length of stay found in our sample, although other studies have reported similar findings 36. 
Prematurity is a known risk factor for prolonged length of stay in children with viral respiratory infections31,37,38, which was significant in the multivariable analysis of both periods in our sample. In a recent meta-analysis31, a younger age at admission -below 3 months- has the highest odds ratio for poor outcomes in children with RSV acute lower respiratory tract infection, which is consistent with our findings. PICU admission in the pre-pandemic period was associated with prematurity, bronchopulmonary dysplasia, and apnea before admission, which are significant predictors in other studies39–41. In the multivariate analysis no variables were found to be significant in the pandemic period, possibly due to the small sample size.
[bookmark: _Hlk114070009][bookmark: _Hlk121291938][bookmark: _Hlk121294678]To our knowledge, this is the only large single-centre study in Spain to have analysed the epidemic patterns and risk factors for adverse events in the first complete bronchiolitis season after the loosening of pandemic restrictions and make a detailed comparison with research from our group in previous years15,17. Other authors have looked at the temporal trends 20 and clinical characteristics in smaller hospitals 9,23,36 until the 2021 summer outbreak. 
This study provides a thorough examination of clinical variables and outcomes, as well as epidemiological trends on a long-term scale within a single centre. The analysis of patient characteristics over time and their impact on an increased length of stay or PICU admission may aid in decision making in the upcoming bronchiolitis seasons. Furthermore, the microbiological characterization of the bronchiolitis cases during the pandemic using multiplex PCR is novel and of great interest, given how respiratory viral circulation was decreased during the periods of maximum restrictions, limiting the exposure of mothers and young children. It is noteworthy that although the timing of the peak was modified, the proportions of RSV cases remained similar to previous seasons.  
The current analysis is limited to the study of bronchiolitis that required inpatient treatment, excluding most of the low-severity diseases that occur in the community and are treated in the primary care setting. However, it includes a broad cohort of moderate and severe cases in a single centre. Microbiological data in the pre-pandemic period was limited, not allowing to compare the percentage of coinfections and the influence of other viruses in the severity of the disease. Further epidemiological studies are necessary to understand local trends and detect outbreaks in their initial stages. This could aid in the optimization of resources, such as hospital internal organization, guiding the optimal start and duration of prophylaxis 42–45 and to select the ideal timing to conduct clinical trials.


5. Conclusions
The SARS-CoV2 pandemic has modified the seasonality of acute bronchiolitis hospitalizations, with an absent season in the winter of 2020-2021, and an extemporaneous peak that started in the summer of 2021, mainly due to RSV. Codetections with other viruses during the pandemic were close to 20%, only one of them in a patient with COVID-19, and they did not increase the severity of the disease. Prematurity was the only statistically significant factor for a prolonged length of stay during the pandemic period. 
A longer epidemic peak has occurred, with fewer monthly hospitalizations but with total admissions between April and December 2021 close to the annual average of the previous decade.
No significant differences were found in the main demographic and clinical variables, only a shorter length of stay during the pandemic period. 
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