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Abstract: SARS-CoV-2 pandemic restrictions have deeply altered the common respiratory illnesses
burden. The aim of this paper was to clarify how these measures may have influenced bronchiolitis
epidemiology, exploring possible explanations. We studied 342 infants hospitalized for bronchio-
litis at our center from four different epidemic seasons (October—April 2017-2018, 2018-2019, 2019-
2020 and 2020-2021). March—April hospitalization rate, RSV (respiratory syncytial virus) infection,
pediatric intensive care unit (PICU) admission and oxygen therapy administration data were com-
pared among different seasons to outline any changes during the SARS-CoV-2 outbreak. In March-
April, 30 (23.1%), 28 (24.6%) and 5 (5.1%) infants were hospitalized for bronchiolitis, respectively,
in 2017-2018, 2018-2019 and 2019-2020, with a lower rate in March—April 2020 (p < 0.001). No hos-
pitalizations for bronchiolitis occurred during the epidemic season of 2020-2021. No significant dif-
ferences in RSV infections, oxygen therapy administration and PICU admissions across seasons
were outlined. In conclusion, we report a severe decrease in hospitalizations for bronchiolitis at our
center throughout the entire SARS-CoV-2 outbreak rather than only during the lockdown periods.
This seems to suggest a pivotal role for the systematic implementation of cost-effective non-phar-
maceutical interventions (NPIs) such as compulsory face masks and hand hygiene, which were de-
ployed for the entire pandemic, in reducing the circulation of infectious agents.

Keywords: coronavirus; COVID-19; non-pharmaceutical interventions; pediatric emergency de-
partment; infants; respiratory syncytial virus

1. Introduction

Bronchiolitis is one of the most common respiratory illnesses, affecting about 20% of
the annual birth cohort and leading to 2-3% of the hospitalization rate in children younger
than 12 months every year. Presentation occurs in epidemics, mainly following the prev-
alence of the respiratory syncytial virus (RSV), with higher rates from November to
March, with slight variability through the years [1]. In March 2020, the Emilia-Romagna
(E-R) region, Northern Italy, had one of the largest clusters of SARS-CoV-2 in the world
[2]. Official up-to-date statistics show the number of total cases and deaths related to the
virus, respectively, to be 4,153,374 and 124,063 in Italy (total population: 59,257,600), and
379,130 and 13,081 in the E-R region (total population: 4,450,500) [2,3]. During the pan-
demic, a relevant decrease in the number of attendances to pediatric emergency
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departments (PEDs) was observed in Italy during March 2020 compared with the same
period in 2018 and 2019 [4]. Concomitantly, we witnessed a drop in hospitalizations for
bronchiolitis to our PEDs, which occurred in advance of the expected end of the epidemic
season. To date, several papers have described the reduction in the burden of common
diseases, including bronchiolitis, during the SARS-CoV-2 era, focusing mainly on the
overlapping end of the 2019-2020 bronchiolitis season with the so-called “first wave” of
SARS-CoV-2 in March 2020 [5,6]. Interestingly a strong reduction in the burden of com-
mon seasonal infections, including bronchiolitis, following the deployment of social dis-
tancing measures has been reported worldwide, despite wide variability in the population
characteristics and in the severity of the restrictions considered. Data from Finland, often
regarded as one of the European countries favorable to a less restrictive approach, de-
scribe an early ending of the influenza epidemic season, together with a strong reduction
in the bronchiolitis burden as of March 2020 with the social distancing measures in place
[7]. Similar findings have been outlined by Hatoun et al. in North America with a bron-
chiolitis diagnosis rate of 100,000 patients/day, decreasing from 20.1 to 0.6 after the general
lockdown imposed during the first SARS-CoV-2 wave in early 2020 [8]. Conversely, to our
knowledge, still no data on bronchiolitis epidemiology comprising the entire 2020-2021
epidemic season have been published. The aim of the present study was to assess the
number of infants hospitalized in our pediatric emergency department (PED) with diag-
nosis of bronchiolitis during the ongoing pandemic, outlining any differences with previ-
ous years.

2. Materials and Methods

We retrospectively reviewed the medical records of children hospitalized with a di-
agnosis of bronchiolitis in the PED of the S. Orsola University Hospital (Bologna, Italy)
between 1 October and 30 April of the epidemic seasons of 2017-2018, 2018-2019, 2019-
2020 and 2020-2021. The Pediatric Department of S. Orsola Hospital is the largest Tertiary
Pediatric referral Center in the E-R region, with approximately 24,000 admissions per year
and serving a metropolitan area of more than 1 million people. Patient eligibility was de-
fined through a hospital database search for diagnosis coded by the physicians at dis-
charge according to the ICD (9th revision) (diagnosis codes 466.11 and 466.19). Those with
bronchiolitis, with or without RSV infection, were included. Only infants aged <12 months
at hospitalization were enrolled in order to limit potential overlaps with other respiratory
conditions. Hospitalization criteria were defined according to the most recently updated
Italian Inter-Society Consensus for bronchiolitis [9].

Oxygen therapy (either standard or high-flow) administration data were obtained.
Respiratory syncytial virus (RSV) infection was routinely assessed at presentation in those
suspected for bronchiolitis through a rapid antigenic test performed on swab specimens
and subsequently confirmed by real-time PCR (rtPCR) by pediatricians and nurses with
specific training in pediatrics.

The proportion of bronchiolitis cases hospitalized during the March—April period
within the corresponding season’s total was calculated and compared through Chi-square
tests between the epidemic seasons of 2017-2018, 2018-2019 and 2019-2020. RSV infec-
tions and oxygen therapy administration rates for March-April 2017-2018, 2018-2019 and
2019-2020 were assessed and compared among seasons with Chi-square tests. Post-hoc
season-to-season comparisons by Chi-square tests were subsequently performed where
appropriate.

The results are expressed as percentages or the absolute number of cases as appro-
priate; p-values < 0.05 were considered statistically significant. Data analysis was per-
formed with SPSS (IBM SPSS Statistics for Mac, Version 26.0. Armonk, NY, USA: IBM
Corp). Graphs were produced with GraphPad (GraphPad Prism for Mac, Version 8.4.0).
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3. Results

A total of 342 children with diagnosis of bronchiolitis were included in our observa-
tion periods, specifically, 130, 114 and 98 for 20172018, 2018-2019 and 2019-2020, respec-
tively. No infants with a diagnosis of bronchiolitis were hospitalized during the epidemic
season of 2020-2021. Compared with the hospitalizations from October to April, patients
hospitalized only in the March-April period were 30 (23.1%), 28 (24.6%) and 5 (5.1%) for
2017-2018, 2018-2019 and 2019-2020, respectively. A significant difference (p <0.001) was
reported when comparing the March—April hospitalization proportion of the three sea-
sons. Post-hoc tests among the seasons showed a significant difference between March-
April 2020 and the same period in 2018 (p < 0.001) and 2019 (p < 0.001). The data are pre-
sented in Figure 1.
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Figure 1. Severe drop in hospitalizations for bronchiolitis during March—April 2020 (5.1%, 5/98) as
compared with 2019 (24.6%; 28/114) and 2018 (23.1%; 30/130), p < 0.001. No patients with bronchio-
litis were hospitalized during the entire 2020-2021 (0) epidemic season.

The rate of infants who tested positive for RSV was 94/130 (72.3%) in 2017-2018,
75/114 (65.8%) in 2018-2019 and 72/98 (73.4%) in 2019-2020. The RSV infection rate among
those hospitalized with bronchiolitis during March-April for the seasons of 2017-2018,
2018-2019 and 2019-2020 was 63.3% (19/30), 57.1% (16/28) and 60% (3/5), respectively (p =
0.89).

The rate of infants who underwent oxygen therapy was 56/130 (43.1%) in 2017-2018,
42/114 (36.8%) in 2018-2019 and 41/98 (41.8%) in 2019-2020. The oxygen therapy admin-
istration rate in infants hospitalized with bronchiolitis during March-April in 2017-2018,
2018-2019 and 2019-2020 was 33.3% (10/30), 57.1% (16/28) and 60% (3/5), respectively (p =
0.17). PICU admissions were 2.3% (3/130), 0% (0/114) and 1% (1/98) for the seasons of
2017-2018, 2018-2019 and 2020-2021, respectively. Moreover, no deaths for bronchiolitis
before reaching hospital care or in children directly admitted to the pediatric intensive
care unit occurred in the study period.

4. Discussion

Our data show a relevant reduction in hospitalizations for bronchiolitis after the first
SARS-CoV-2 lockdown (March—-April 2020), as compared with previous seasons (2017-
2018 and 2018-2019), concordant with literature data worldwide. These findings were fur-
ther confirmed by those from the epidemic season of 2020-2021, where no bronchiolitis
cases were reported.
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The drop in bronchiolitis observed in our center during March—April 2020 seems con-
sistent with the closure of schools, kindergartens and daycares imposed by the Italian
government as of 24 February to react to the SARS-CoV-2 outbreak. The literature data
support the effectiveness of similar restrictions that had already been deployed on a
smaller scale during other pandemics such as the HIN1 outbreak (2009), when school
lockdowns in Japan led to an estimated decrease in the number of students infected at
peak by over 24% [10]. As our population comprised infants and thus, by definition, they
not attending such facilities, the measures imposed are more likely to have affected the
bronchiolitis prevalence in an indirect rather than a direct way. Indeed, there is strong
evidence supporting the key role of having older siblings attending school as one of the
most important risk factors for the development of infectious diseases, including bronchi-
olitis [1,11]. Moreover, bronchiolitis is known to be caused mainly by RSV, the epidemi-
ology of which is known to vary through different epidemic seasons. In order to address
this possible bias, we included data from three epidemic seasons in our paper confirming
a variability in RSV prevalence in our cohort (65.8-73.4%), coherent with the literature
[1,12]. Even if, in our center, RSV remained the most represented pathogen in those with
bronchiolitis during the first phase of the SARS-CoV-2 pandemic (March-April 2020),
these data have to be read with regard to the severe overall reduction in bronchiolitis,
which suggested a severe drop in RSV circulation.

The reduction in bronchiolitis hospitalizations observed during March-April 2020
may still not be fully explained only by the effect of pandemic-driven restrictions on in-
fectious diffusion, as it has to be interpreted in the context of a dramatic reduction in PED
attendance. It has been well documented how the SARS-CoV-2 pandemic has enhanced
the perceived risk of gathering for hospital care, leading to an important decrease in the
number of people seeking medical help. This reduction, similar to that described during
previous outbreaks, such as SARS in 2003 [13], is supported by data for the ongoing pan-
demic, depicting an even more severe drop in PED visits (73% to 88%) during March 2020
(compared with the same period in 2019 and 2018), with an increased risk of more severe
presentations [4,14]. In our population, this psychological factor seems to be less influen-
tial, since hospitalized patients with a defined diagnosis of bronchiolitis are, by definition,
in need of in-hospital care now as before. Nevertheless, the proportion of patients on ox-
ygen therapy was substantially similar during March—April 2020 and the same period in
2019 and 2018, ruling out any hypothetical selection for severe cases seeking hospital as-
sistance possibly driven by fear of the hospital environment.

Furthermore, our data from March 2020 appear to be in line with those from other
European countries. A time series analysis by Angoulvant et al. in France reported a sig-
nificant decrease in airborne-disseminated infectious diseases, including bronchiolitis
(=63.5%), during the COVID19 outbreak [6]. Data from Belgium strengthen this evidence,
outlining an early ending of the 2019-2020 bronchiolitis season, together with a nearly
absent burden of disease in the first months of the epidemic season of 20202021 [15]. Our
data point in the same direction, given that no bronchiolitis cases were reported in our
center during the entire 2020-2021 season

In order to better understand the significance of our results, note that the general
lockdown with stay-at-home orders was maintained in Italy from 9 March 2020 until 4
May 2020 and again during autumn and winter of 2020-2021, this time with different re-
strictions, depending on the geographical area considered. Schools remained closed from
24 February 2020 until the end of the school year, and again between 1 March 2021 and 6
April 2021. However there has been wide variability, depending on the kind of school
considered, with kindergartens and primary schools open for the most of the pandemic,
while high schools implemented full distance learning or mixed distanced/in presence
teaching [16]. As a consequence, we could speculate that since general lockdowns and
school proscription for all age groups were maintained in Italy only for limited periods,
our findings suggest a pivotal role for the milder NPIs such as the compulsory use of face
masks and hand hygiene deployed for the whole duration of the pandemic. Evidently,
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any litmus test for these assumptions will become possible only once adherence to those
measures fades.

Several papers have raised some concerns on the possible occurrence of a so-called
RSV “late peak” targeting a population of largely RSV-naive infants, a hypothesis which
seems to be supported by first-hand data from an Australian cohort described by Foley et
al. [17]. To date, no reliable data describing any RSV late peak in Italy have been pub-
lished. Geographic and socio-demographic differences, together with a great variability
in the kind and timing of the public health interventions deployed, make a country to
country comparison difficult, if not impossible. We have thus considered it appropriate to
partially address this issue by enlarging our period of observation to include data from
April in the2018, 2019, 2020 and 2021 seasons.

In conclusion, we report a significant drop in bronchiolitis hospitalizations in our
center during the first SARS-CoV-2 lockdown (March-April 2020) and throughout the fol-
lowing epidemic season in 2020-2021. We could speculate that this phenomenon is to be
ascribed mainly to the lower circulation of infectious agents, first of all RSV, secondary to
the adoption of simple prophylactic measures such as hand hygiene and face masks rather
than to lockdowns or school closures. Further evidence is needed to confirm and better
quantify this trend, as careful and systematic adherence to these basic and cost-effective
NPIs could play an even greater than thought role in controlling bronchiolitis epidemics
in the years to come.

Author Contributions: Conceptualization, M.L., L.P. and G.S.; methodology, L.P. and R.M.; re-
sources, M.L.; writing —original draft preparation, G.S. L.P. and D.L.; writing —review and editing,
GS., LP,D.L, ML, RM, CB, D.B. and A.P.; supervision, A.P. and M.L. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Area Vasta Emilia Centro (pro-
tocol code 1062/2020/Oss/AOUBo, approved on 22/1/2021).

Informed Consent Statement: Patient consent was waived due to the retrospective design of the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank Chiara De Lucia, for correcting the manuscript’s final draft.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Meissner, H.C. Viral bronchiolitis in children. N. Engl. ]. Med. 2016, 374, 62-72, d0i:10.1056/NEJMra1413456.
2. Nuovo Coronavirus. Available online:

http://www .salute.gov.it/nuovocoronavirus?gclid=Cj0KCQjw6ar4BRDnARISAITGzIAMjEn-
SwEc8sfRrRLXBgOSwvule5840fTJw5b656d7KmTsAdnw3ckaAgW5EALw_wcB (accessed on 12 July 2020).

3.  Indicatori Demografici. Available online: https://www.istat.it/it/archivio/257243 (accessed on 10 June 2021).

4.  Lazzerini, M.; Barbi, E.; Apicella, A.; Marchetti, F.; Cardinale, F.; Trobia, G. Delayed access or provision of care in Italy resulting
from fear of COVID-19. Lancet Child. Adolesc. Health 2020, 4, e10-e11, d0i:10.1016/52352-4642(20)30108-5.

5. Andrea, G.; Percivale, B.; Molteni, M.; Naim, A ; Brisca, G.; Piccotti, E.; Castagnola, E. American Journal of Emergency Medicine
The impact of COVID-19 lockdown on infectious diseases epidemiology: The experience of a tertiary Italian Pediatric
Emergency Department. Am. |. Emerg. Med. 2021, 43, 115-117.

6.  Angoulvant, F.; Ouldali, N.; Yang, D.D.; Filser, M. Coronavirus Disease 2019 Pandemic : Impact Caused by School Closure and
National Lockdown on Pediatric Visits and Admissions for Viral and Nonviral Infections —a Time Series Analysis. Clin. Infect.
Dis. 2021, 72, 2019-2022, d0i:10.1093/cid/ciaa710.

7. Kuitunen, I; Artama, M.; Médkeld, L.; Backman, K.; Heiskanen-Kosma, T.; Renko, M. Effect of Social Distancing Due to the
COVID-19 Pandemic on the Incidence of Viral Respiratory Tract Infections in Children in Finland during Early 2020. Pediatr.
Infect. Dis. J. 2020, 39, E423-E427, doi:10.1097/INF.0000000000002845.



Children 2021, 8, 556 6 of 6

10.

11.

12.

13.

14.

15.

16.
17.

Hatoun, J.; Correa, E.T.; Sara Mary Alice Donahue, S.M.A.; Vernacchio, L. Social Distancing for COVID-19 and Diagnoses of
Other Infectious Diseases in Children. Pediatrics 2020, 146, doi:10.1542/peds.2020-006460.

Baraldi, E.; Lanari, M.; Manzoni, P.; Rossi, G.A.; Vandini, S.; Rimini, A.; Romagnoli, C.; Colonna, P.; Biondi, A.; Biban, P.; et al.
Inter-society consensus document on treatment and prevention of bronchiolitis in newborns and infants. Ital. |. Pediatr. 2014, 40,
1-13, doi:10.1186/1824-7288-40-65.

Kawano, S.; Kakehashi, M. Substantial impact of school closure on the transmission dynamics during the pandemic Flu HIN1-
2009 in Oita, Japan. PLoS ONE 2015, 10, 1-15, d0i:10.1371/journal.pone.0144839.

Lanari, M.; Prinelli, F.; Adorni, F.; Di Santo, S.; Vandini, S.; Silvestri, M.; Musicco, M. Risk factors for bronchiolitis hospitalization
during the first year of life in a multicenter Italian birth cohort. Ital. |. Pediatr. 2015, 41, 1-10, d0i:10.1186/s13052-015-0149-z.
Bont, L.; Checchia, P.A ; Fauroux, B.; Figueras-Aloy, J.; Manzoni, P.; Paes, B.; Simdes, E.A.F.; Carbonell-Estrany, X. Defining the
Epidemiology and Burden of Severe Respiratory Syncytial Virus Infection Among Infants and Children in Western Countries.
Infect. Dis. Ther. 2016, 5, 271-298, d0i:10.1007/s40121-016-0123-0.

Boutis, K.; Stephens, D.; Lam, K.; Ungar, W.J.; Schuh, S. The impact of SARS on a tertiary care pediatric emergency department.
CMA] 2004, 171, 1353-1358, d0i:10.1503/cmaj.1031257.

Masetti, R.; Corsini, I.; Leardini, D.; Lanari, M.; Pession, A. Presentations to the emergency department in Bologna, Italy, during
COVID-19 outbreak. BM] Paediatr. Open 2020, 4, €000748, d0i:10.1136/bmjpo-2020-000748.

Van Brusselen, D.; De Troeyer, K.; ter Haar, E.; Vander Auwera, A.; Poschet, K.; Van Nuijs, S.; Bael, A.; Stobbelaar, K.; Verhulst,
S.; Van Herendael, B.; et al. Bronchiolitis in COVID-19 times: A nearly absent disease? Eur. J. Pediatr. 2021, 180, 1969-1973,
do0i:10.1007/s00431-021-03968-6.

OxCGRT. Available online: https://covidtracker.bsg.ox.ac.uk/stringency-scatter (accessed on 16 June 2021).

Foley, D.A.; Yeoh, D.K.; Minney-Smith, C.A.; Martin, A.C.; Mace, A.O.; Sikazwe, C.T.; Le, H.; Levy, A.; Moore, H.C.; Blyth, C.C.
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, 1, 2020-2021, doi:10.1093/cid/ciaal906.



