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Abstract: Objectives: Bronchiolitis remains a major cause of morbidity and mortality in children
under 24 months. During the first year of the pandemic, non-pharmacological interventions resulted
in a significant reduction of bronchiolitis cases. Early in 2021, a rebound of bronchiolitis was reported
with a description of out-of-season outbreaks. In this study, we prospectively evaluated the impact
of bronchiolitis in two Italian University centers located in different geographical areas, aiming
to compare two post-pandemic bronchiolitis seasons (2021/22 and 2022/23) in terms of severity,
outcomes, microbiology and temporal distribution. Methods: This was a bicentric prospective obser-
vational cohort study. All consecutive children under 24 months of age assessed in the participating
institutions during the specified seasons and receiving a clinical diagnosis of bronchiolitis were
included. Results: A total of 900 patients were enrolled. Patients in the second season were globally
younger and had comorbidities less often. Temporal distribution changed between the two seasons.
Of the patients, 56% were tested for RSV; 60% of these was positive. Patients with RSV were globally
younger (3.5 months vs. 4.9, p < 0.001), more often had a need for any kind of respiratory and fluid
support and more often needed ward or PICU admission. At the end of the ED visit, 430 patients
were discharged home, 372 (41.3%) were admitted to an inpatient ward and 46 (5.1%) to a pediatric
intensive care unit. Conclusions: The 2022 /23 post-COVID bronchiolitis was mostly similar to that
of 2021/22, and was in line with pre-pandemic expectations.

Keywords: bronchiolitis; respiratory syncitial virus; COVID-19

1. Introduction

Bronchiolitis remains one of the major causes of morbidity and mortality in children
younger than 24 months globally [1,2]. Although recent studies have shown promising
results from passive immunization strategies to prevent severe disease in children dur-
ing bronchiolitis seasons [3,4], their widespread implementation is not expected earlier
than 2024 and, therefore, bronchiolitis is still expected to causes significant stress on the
healthcare systems in future.

During the first year of the pandemic, non-pharmacological interventions resulted in
an unexpected impact on bronchiolitis seasons in every country, in terms of a significant
reduction or even disappearance of new cases in the 2020/21 season [5]. The impact
was particularly relevant on respiratory syncytial virus (RSV) circulation. However, early
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in 2021, the media and researchers reported a rebound of viral bronchiolitis with the
description of early, out-of-season outbreaks [6]. Most authors hypothesized that a lack of
exposure to the viruses during the previous year caused an immunity debt that led to a
more susceptible population during the subsequent year [7]. Despite many claims on media
and social media, many authors described the 2021/22 bronchiolitis seasons as having an
overall severity comparable to pre-pandemic seasons, although apparently larger numbers
of children were assessed in the emergency departments and during unusual periods of
time [8-12]. A large nationwide study in Denmark including children up to five years of
age compared post-pandemic seasons with four pre-pandemic seasons. It documented
that, while overall bronchiolitis severity was similar, RSV had a more severe impact on
older-than-usual children in the post-COVID era, hypothesizing that having a first RSV
infection at an older age could be associated with more severe disease [13]. Hypothetically,
as a large number of children had been exposed to a significant bronchiolitis season in
2021/22, it is expected that the last 2022/23 season is comparable to previous ones in terms
of numbers of involved children and clinical severity. Therefore, it is pivotal to continue
to prospectively monitor the burden of bronchiolitis in the post-pandemic world, in light
of the future implementation of new pharmacological preventive interventions. In fact, it
is expected that anti-RSV monoclonals and maternal vaccination will be implemented in
1-2 years, and to know their impact it is important to know the burden of post-pandemic
bronchiolitis seasons.

In this study, we prospectively evaluated the impact of bronchiolitis in two University
centers of two major Italian cities located in different geographical areas, aiming to compare
two post-pandemic bronchiolitis seasons (2021 /22 and 2022 /23) in terms of disease severity,
outcomes, microbiology and temporal distribution. The usual “RSV seasons” (which
overlap with the bronchiolitis seasons) ranged in Italy from mid-November to the end of
April, peaking in mid-February. In a previous paper from our group, we described the
epidemiological and temporal modifications of the first post-lockdown bronchiolitis season.
Here, we add data about the second post-lockdown season.

2. Methods

This is a multi-center observational cohort study performed in two Italian university
hospitals in two different geographic areas (Northern Italy (Milano) and Central Italy
(Rome)) from 1 July 2021 to 31 March 2022 (Season 1) and from 1 July 2022 to 31 March 2023
(Season 2). The study was adapted from an open access BronchSTART protocol developed
by the PERUKI network, aiming to monitor real-time new bronchiolitis cases in the United
Kingdom and Ireland since July 2021 [14]. The study was approved by the Institutional
Review Boards of both centers.

All consecutive children under 24 months of age assessed in the participating in-
stitutions and receiving a clinical diagnosis of bronchiolitis were included in the study.
Bronchiolitis was defined as the presence of respiratory distress and signs of lower respira-
tory tract infection [1] (e.g., cough, tachypnoea or chest recession, and wheeze or crackles
on chest auscultation) or a first episode of acute viral wheeze. The upper limit of age was
intentionally set at 24 months because there is no full agreement on the upper age limit for
diagnosing bronchiolitis according to different international guidelines [1], and because
children who were in their second year of life in the first season might have missed being in
contact with common respiratory viruses linked to bronchiolitis due to restrictive measures
during their first year of life. The hypothesis was that this age group might have suffered a
first episode of bronchiolitis or viral wheezing.

To achieve microbiological diagnosis, children were tested according to the decision of
the evaluating physician. All children in both centers received rapid antigenic SARS-CoV-2
testing, as per national anti-COVID policies. For the other respiratory viruses, we used the
Allplex™ Respiratory Panel 1, 2, 3 Seegene System, which is a molecular method for the
genome detection and typing of the following respiratory viruses: respiratory syncytial
virus (RSV A and B), influenza virus (flu A and B), parainfluenza viruses (PIV 1, 2, 3 and
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4), adenovirus (AdV), enterovirus (HEV), metapneumovirus (MPV), rhinovirus (HRV),
bocavirus (HBoV) and coronavirus (CoV NL63, 229E, OC43). Tests were conducted on
nasal swabs.

The primary aim of the study is to describe the epidemiology of bronchiolitis in the
first two seasons after the beginning of the COVID-19 pandemic and relative lockdowns in
two different Italian regions and describe potential differences between the two seasons.
In this paper, we added the second post-lockdown bronchiolitis season to the analysis in
order to compare differences between them. Secondary outcomes are the determination of:

- The percentage of cases due to RSV in both seasons and relative differences;

- The percentage of cases due to SARS-CoV-2 in both seasons and relative differences;

- Differences in disease severity and support needed in RSV vs. non-RSV cases and
COVID-19 vs. non-COVID-19 cases;

- Risk factors for need of HFNC (high flow nasal cannula) and PICU (pediatric intensive
care unit) admission.

3. Statistical Methods

Data were analyzed with Stata 17.0 BE (StataCorp LLC, USA). Categorical variables
were described as frequencies and percentages, and continuous variables expressed as the
mean (+standard deviation) [median; interquartile ranges]. We used the chi-square test to
analyze categorical variables and Student’s t-test for continuous variables or the Wilcoxon
rank-sum test as appropriate. Statistical significance was designated as a p value < 0.05
(2-sided) or a 95% confidence interval that does not include 1.

The occurrence of PICU admission and need for HENC were considered as the depen-
dent variables in two respective logistic regression models. Univariate variable selection
(likelihood ratio test) using p < 0.25 to select candidates for the multivariable model was
performed on the following possible predictive variables: age (months), ex-prematurity
status (defined as birth before 37 gestational weeks), newborn status (defined as age under
28 days), toddler status (defined as age > 12 months) and the presence of known bron-
chopulmonary dysplasia, congenital cardiac disease, neuromuscular disorder or other
comorbidities; vital parameters upon admission were: SpO2, respiratory rate, nasal aspi-
rate positive for RSV or SARS-CoV-2, pH and pCO, on admission. Goodness-of-fit of the
models was assessed with Hosmer—Lemeshow test.

Similarly, a multivariate linear regression model was built taking SpO2 upon admis-
sion as the dependent variable. Variables included in the final model were checked for
multicollinearity by the variance inflation factor (VIF).

4. Results

During the study period, 900 patients were enrolled in the study in the two seasons in
the two centers.

Milano enrolled 163 patients in the first season and 309 in the second season; Rome
enrolled 178 patients in the first season and 250 in the second one.

Demographic characteristics of the patients are reported in Table 1.

Patients in the second season (2022-23) were globally younger and less often had a
diagnosis of bronchopulmonary dysplasia or neuromuscular disorder and the presence of
other comorbidities.

Data about siblings of patients are available for 329 patients, who had one or more.

There were 222 newborns (24.7% of the population). Ex-premature babies represent
9.9% of the population (n = 89). A total of 11 patients in the second season and 2 in the first
season received palivizumab prophylaxis.
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Table 1. Demographics of the study population. Data are presented as n (%). Newborns: age under

28 days. Toddlers: age 12-24 months.

Total Season 21-22 Season 22-23 p-Value
N =900 N =341 N =559

Age (months) [3%6% ﬁﬁé})] [35.62; éioé%] [3%6(3 giois?)] 0.009
Male sex 528 (58.7%) 194 (56.9%) 334 (59.7%) 0.40
Ex-premature status 89 (9.9%) 28 (8.2%) 61 (10.9%) 0.19
Bronchopulmonary dysplasia 8 (0.9%) 6 (1.8%) 2 (0.4%) 0.030
Congenital cardiac disease 16 (1.8%) 7 (2.1%) 9 (1.6%) 0.63
Neuromuscular disorder 9 (1.0%) 6 (1.8%) 3 (0.5%) 0.074
Other comorbidities 61 (6.8%) 34 (10.0%) 27 (4.8%) 0.003
Newborns 222 (24.7%) 213 (24.6%) 9 (27.3%) 0.72
Toddlers 89 (9.9%) 86 (9.9%) 3(9.1%) 0.88

Temporal Distribution of Cases in the Two Seasons

The overall temporal distribution of the cases is represented in Figure 1. During the
2021-22 season, the first cases were noted in the middle of the Italian summer (July), an
anomalous report at our latitudes; they then peaked in November and December and
showed a fast decline during the second half of December. During the 2022-23 season, the
first cases appeared in October, rose significantly in November and December, peaked at
the end of December and beginning of January, then declined.

Season Distribution
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Feb MAR
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Figure 1. Temporal distribution of bronchiolitis admissions to the EDs in the participating centers in
the two seasons considered.

5. Microbiology

A total of 503 (56%) patients received point-of-care virus testing for RSV: 189 in the
first season and 314 in the second one. Of these, 59% (295) was positive for RSV: 105 on
189 tests executed in the first season and 202/314 in the second season.

All patients received a point-of-care COVID-19 test during both seasons in both centers.
Of these, 33 patients were positive for COVID-19 (28 in the first season and 5 in the second
season) (Figure 2). Having COVID-19 as an etiological agent of bronchiolitis showed a
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strong association with the season (p < 0.001,) while having RSV as an etiological agent
showed no correlation (p = 0.103). Children in the second season were significantly younger
(p = 0.0094) and without comorbidities (p = 0.001).

o
o PR
[aY]
(=]
3
o
8 -
(=3
w
&
Season 21-22 Season 22-23
I sARS-Cov-2 [ Rsv

Figure 2. Graphical distribution of detected virus in nasal aspirates of patients admitted to the centers
in the two seasons with diagnosis of bronchiolitis. RSV: Respiratory syncytial virus.

5.1. Severity Associated with Virus

Patients with RSV were globally younger (3.5 months vs. 4.9, p < 0.001), more often
had a need for suction, any kind of respiratory support and fluid support and more often
needed ward or PICU admission (Tables 2 and 3).

5.2. Peripheral Saturation of Oxygen (SpO2) and Respiratory Rate

SpO2 data are available for 873 patients out of 900. Mean SpO2 was 95 (+4)
% and did not differ significantly between the two seasons.

Mean SpO2 in patients admitted to ward was 94 (£5) [94; 90-98]%. Mean SpO2 in
patients admitted to PICU was 87 (£7) [88.5; 85-90]%. RR was 53 (£11) [52; 44-60] with no
significant differences between seasons.

Univariate and multivariable linear regression was conducted for the outcome “SpO2”.

In the multivariable analysis, significant determinants were age (months) (Coeff:
—0.24, 95% CI: —0.32-—0.16, p < 0.001), newborn status (Coeff: —1.46; 95% CI: —2.22-—0.61,
p = 0.001), ex-premature status (Coeff: —1.1, 95% CI: —2.11-—0.09, p = 0.033), presence of
congenital cardiopathy (Coeff: —2.26, 95% CI: —4.49-—0.03, p = 0.046) and detection of RSV
(Coeff: —1.75;95% CI: —2.40-—1.10; p < 0.001) in nasal aspirate.

5.3. Blood Gas Analysis (BGA)

Overall, 126 patients received a blood gas analysis during the ED visit. Of these,
65 (52%) were arterial BGA and the remaining venous. Mean arterial pH was 7.36 (£0.06)
[7.38; 7.34-7.4]; mean venous pH was 7.35 (£0.07) [7.35; 7.28-7.39]. Mean arterial CO,
was 42.1 (£9.9) [40; 34.8-49.6)] mmHg and mean venous CO, was 47.9 (£12.3) [47; 40-52]
mmHg. There was no significant difference between mean pH and CO, values between
the two seasons.
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Table 2. Epidemiological and clinical differences in presentation and need for support in patients
infected with RSV and not.

Total No RSV RSV p-Value
N =898 N =591 N =307
Age (months) 3.3 El(l( ﬁéﬁ)))l 3.3 '[9(2(%511'7?()))] 2.3 [5(1( .jgff()))] <0.001
Previous enrollment 43 (4.8%) 35 (5.9%) 8 (2.6%) 0.027
Male sex 526 (58.6%) 366 (61.9%) 160 (52.1%) 0.005
Ex-premature status 88 (9.8%) 61 (10.3%) 27 (8.8%) 047
Bronchopulmonary dysplasia 8 (0.9%) 6 (1.0%) 2 (0.7%) 0.58
Congenital cardiac disease 16 (1.8%) 8 (1.4%) 8 (2.6%) 0.18
Neuromuscular disorders 9 (1.0%) 5 (0.8%) 4 (1.3%) 0.51
Other comorbidities 61 (6.8%) 37 (6.3%) 24 (7.8%) 0.38
No comorbidities 768 (85.5%) 509 (86.1%) 259 (84.4%) 0.48
IR I o PR & v U™
93.5-99.0] R ’ o ’
m B ey o
Co, 45'?;:3;1'6) 45.6 (£10.6) 45.5 (+£12.5) 091
37.0-52.0] [42.6; 40.0-52.0)] [45.3; 36.4-52.0]
Therapy/Support
Suction 14 (1.6%) 3(0.5%) 11 (3.6%) <0.001
No therapy 378 (42.1%) 326 (55.2%) 52 (16.9%) <0.001
Nasogastric fluids 1(0.1%) 0 (0.0%) 1 (0.3%) 0.17
Intravenous fluids 116 (13.0%) 54 (9.2%) 62 (20.2%) <0.001
Oxygen (low flow) 149 (16.6%) 65 (11.0%) 84 (27.4%) <0.001
HFNC 68 (7.6%) 32 (5.4%) 36 (11.7%) <0.001
CPAP 7 (0.8%) 2(0.3%) 5(1.6%) 0.038
IMV 2(0.2%) 1(0.2%) 1 (0.3%) 0.64
Destination after ED
Home discharge 430 (47.9%) 372 (62.9%) 58 (19.0%) <0.001
Short stay unit 49 (5.5%) 27 (4.6%) 22 (7.2%) 0.10
Ward 371 (41.3%) 167 (28.3%) 204 (66.4%) <0.001
HDU 9 (1.0%) 4 (0.7%) 5 (1.6%) 0.17
PICU 45 (5.0%) 19 (3.2%) 26 (8.5%) <0.001

SpO2: Peripheral oxygen saturation; HFNC: high flow nasal cannula; CPAP: continuous positive airway pressure:
HDU: high dependence unit; PICU: pediatric intensive care unit.

5.4. Support

Across both seasons, 42.1% of patients needed no support therapy while in the ED
with an increase from the first to the second season. In the more recent season, more
patients received intravenous fluids and less patients were treated with CPAP while in
the ED. Use of nasogastric fluids, low-flow oxygen, HFNC and intubation did not change
between seasons (Table 4).

Two patients (0.02%) were intubated while in the ED, one for each season.

5.5. Ex-Premature Status

The need for support in this sub-population was then analyzed according to their ges-
tational age (extremely premature: <28 weeks; very premature: 29-32 weeks; moderately
premature: 33-37 weeks). Need for fluids and low flow oxygen was more frequent in the
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extremely premature ones. Being an ex-premature was globally significantly associated
with admission to PICU (p = 0.024) and use of HENC (p < 0.001). There was no significant
difference between seasons.

Table 3. Epidemiological and clinical differences in presentation and need for support in patients
infected with SARS-CoV-2 and not.

Total No COVID-19 COVID-19 p-Value
N =900 N =867 N=33
Age (months) 501060 302060 50, 10.40) 020
Previous enrollment 43 (4.8%) 40 (4.6%) 3(9.1%) 0.24
Male sex 528 (58.7%) 509 (58.7%) 19 (57.6%) 0.90
Ex-premature status 89 (9.9%) 84 (9.7%) 5(15.2%) 0.30
Bronchopulmonary dysplasia 8 (0.9%) 7 (0.8%) 1 (3.0%) 0.18
Congenital cardiac disease 16 (1.8%) 16 (1.8%) 0 (0.0%) 043
Neuromuscular disorder 9 (1.0%) 9 (1.0%) 0 (0.0%) 0.56
Other comorbidities 61 (6.8%) 57 (6.6%) 4 (12.1%) 0.21
No comorbidities 769 (85.4%) 739 (85.2%) 30 (90.9%) 0.36
e AL o
93.0-99.0] RS RSt
z N T
€0, 45.5[&3;1.6) [41%53(;[ C)l—lég)O] 52 osézo (5352 0] 0.37
37.0-52.0] e ’ e ’
Therapy/Support
No therapy 378 (42.1%) 371 (42.9%) 7 (21.2%) 0.013
Suction 14 (1.6%) 14 (1.6%) 0 (0.0%) 0.46
Nasogastric fluids 1 (0.1%) 1(0.1%) 0 (0.0%) 0.84
Intravenous fluids 116 (12.9%) 116 (13.4%) 0 (0.0%) 0.024
Oxygen (low flow) 150 (16.7%) 147 (17.0%) 3(9.1%) 0.23
HFNC 68 (7.6%) 65 (7.5%) 3 (9.1%) 0.74
CPAP 7 (0.8%) 7 (0.8%) 0(0.0%) 0.60
IMV 2(0.2%) 2(0.2%) 0 (0.0%) 0.78
Destination after ED
Discharge 430 (47.8%) 411 (47.5%) 19 (57.6%) 0.25
Short stay unit 49 (5.4%) 47 (5.4%) 2 (6.1%) 0.87
Ward 372 (41.3%) 361 (41.6%) 11 (33.3%) 0.34
HDU 9 (1.0%) 9 (1.0%) 0(0.0%) 0.56
PICU 46 (5.1%) 45 (5.2%) 1 (3.0%) 0.58

SpO2: Peripheral oxygen saturation; HFNC: high flow nasal cannula; CPAP: continuous positive airway pressure:
HDU: high dependence unit; PICU: pediatric intensive care unit.

5.6. Outcomes

Opverall, at the end of the ED visit, 430 patients were discharged home, 49 (5.4%) were
admitted to a short observation unit, 372 (41.3%) were admitted to an inpatient ward, 9
(1%) to a high-dependency unit and 46 (5.1%) to a pediatric intensive care unit. No patient
died in the ED. From the first season to the second one, there was an increase in admission
to short stay units and high-dependency units (Table 5).
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Table 4. Need for support in the population studied, according to season. Data are presented as n (%).

Total Season 21-22 Season 22-23 p-Value
N =900 N =341 N =559
No therapy 378 (42.1%) 120 (35.3%) 258 (46.2%) 0.001
Suction 14 (1.6%) 6 (1.8%) 8 (1.4%) 0.69
Feed/fluids 254 (28.3%) 81 (23.8%) 173 (31.0%) 0.019
Nasogastric fluids 1(0.1%) 1(0.3%) 0 (0.0%) 0.19
Intravenous fluids 116 (12.9%) 20 (5.9%) 96 (17.2%) <0.001
Oxygen (low flow) 150 (16.7%) 55 (16.2%) 95 (17.0%) 0.76
HENC 68 (7.6%) 22 (6.5%) 46 (8.2%) 0.34
CPAP 7 (0.8%) 7 (2.1%) 0 (0.0%) <0.001
IMV 2 (0.2%) 1(0.3%) 1(0.2%) 0.72

HENC: High flow nasal cannula; CPAP: continuous positive airway pressure; IMV: invasive mechanical ventilation.

Table 5. Admission/discharge rates of infants presented to the EDs of the two centers during the
given seasons. Data are presented as n (%).

Total Season 21-22 Season 22-23 p-Value
N =900 N =341 N =559
Discharged 430 (47.8%) 172 (50.6%) 258 (46.2%) 0.20
Ward 372 (41.3%) 133 (39.0%) 239 (42.8%) 0.27
Short Stay Unit 49 (5.4%) 30 (8.8%) 19 (3.4%) <0.001
HDU 9 (1.0%) 0 (0.0%) 9 (1.6%) 0.019
PICU 46 (5.1%) 17 (5.0%) 29 (5.2%) 0.90
Death 0 (0.0%) 0 (0.0%) 0 (0.0%)

HDU: High-dependance unit. PICU: Pediatric intensive care unit.

Univariate and multivariable linear regression was conducted for the outcomes “PICU
admission” and “HFNC ventilation”.

In multivariate analysis, the single most relevant factor correlating with PICU admis-
sion was RSV positivity (OR: 2.84, 95% CI: 1.54-5.33, p = 0.001). For the outcome “HFNC”
use, significant factors were RSV positivity (OR: 2.43, 95% CI: 1.46—4.03, p = 0.001) and
prematurity (OR: 3.84, 95% CI: 2.08-7.07, p < 0.001).

6. Discussion

In this study, we compared two post-pandemic bronchiolitis seasons in two major
Italian cities in two different geographical areas of the country. Overall, we found that the
two seasons were similar in terms of clinical outcomes (e.g., PICU admission, respiratory
support). The second season was characterized by a slightly larger number of patients
evaluated during a shorter and more characteristic period of the year for a bronchiolitis
season. Interestingly, significantly less children had SARS-CoV-2 as an etiological agent
of bronchiolitis and children during the second season were significantly younger and
without comorbidities. These data will be particularly useful to plan future strategies to
implement pharmacological preventive interventions such as maternal vaccination and
long acting monoclonals.

It is relevant to note that the large majority of children were younger than six months
and without comorbidities, and therefore not eligible for current RSV prophylaxes. Of
note, 60% of the tested children had a positive result for RSV, which may have several
implications. As noted, RSV-positive children have a significantly higher risk of hospital-
ization, including PICU admission, despite less frequently having comorbidities such as
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prematurity. As their mean age was 3.5 (£3.8) months, the large majority of severe RSV
cases in Italy would have been prevented by maternal RSV vaccination, according to the
recent studies showing its major effectiveness in the first 3-5 months [3]. However, the
older ones may only be partially protected and, since the temporal distribution of the last
season was classic (lasting around 5-6 months), most children would also benefit from
the new long-acting monoclonals [4]. Although the final decision on which intervention
to prioritize is mostly based on the capability of each system to implement one strategy
over the other and on cost-effective benefits, it is still important to highlight that at least
one third of children assessed in hospitals with bronchiolitis are not RSV positive, and
therefore would not benefit from any intervention. Although we found that less children
with non-RSV bronchiolitis are hospitalized in a regular ward or PICU, still two hundred
children in the two hospitals remained in observation for at least two days. This means
that although it may be predictable that the burden on health systems of bronchiolitis will
change in future with vaccines and monoclonals, bronchiolitis will remain an important
cause of hospitalization and hospitals need to remain alert in terms of preparedness and
response.

In a sub-analysis of disease severity according to microbiology, we found that RSV
bronchiolitis is more severe than other non-RSV bronchiolitis, even when compared with
SARS-CoV-2 positive cases. Interestingly, only a minority of cases of bronchiolitis were
due to SARS-CoV-2, and even less cases have been reported in the second season, despite
mandatory SARS-CoV-2 testing in all children with respiratory symptoms still being in
place in our institution. This is in line with previous studies showing that SARS-CoV-2 is
neither frequent nor a more severe cause of bronchiolitis in children [8,15]. The reasons why
SARS-CoV-2 is a very rare cause of bronchiolitis are unclear. Last year we hypothesized
that a mechanism of viral interference might play a role, with other common respiratory
viruses stimulating upper airway responses that prevent SARS-CoV-2 replication, as found
with other viruses such as influenza and rhinovirus [16,17]. Another hypothesis is that
maternal immunity to SARS-CoV-2 (either by previous infection or vaccination, or both)
may protect the large majority of infants from COVID-19 bronchiolitis. This scenario is
reasonable considering that the large majority of women have had multiple vaccinations
in Italy, given the strong vaccination campaign implemented during the first years of the
pandemic, and many have also been reinfected since the beginning of the Omicron waves.
There is now plenty of evidence that anti-SARS-CoV-2 IgGs cross the placenta and are also
found in the breastmilk, therefore protecting the babies [18-21].

In terms of outcomes, the two seasons were mostly similar. The same proportion
of children required ward or PICU admission, suggesting that there are no factors that,
during this pandemic, led to a higher risk of severe disease in children with bronchiolitis.
Some authors have speculated that the lack of circulation of common viruses in the general
population may have impaired the normal development of the immune system in children,
while others have suggested that previous SARS-CoV-2 infection may lead to transient
immune dysfunction, therefore favoring possible worse outcome in children infected with
other pathogens shortly after [22,23]. Moreover, multivariate analyses found RSV positivity
as a significant risk factor for PICU admission and high-flow oxygen support, as expected,
and prematurity remained a significant risk factor for severe outcomes in both seasons, as
expected. Therefore, our findings, for the second year in a row, do not reflect a changed
overall severity or significantly higher number of children assessed in the two periods.
However, an interesting finding was that, during the second season, the mean age of the
children evaluated for bronchiolitis was significantly lower. Although no formal publica-
tions from the 2022 /23 season have been reported already, on social media many colleagues
have shared informal data about seeing a large number of younger-than-usual children
with bronchiolitis, as was also found in our cohort. One of the reasonable hypotheses is
that, during the pandemic, less young people, including women of childbearing age, had
contact with RSV. As a consequence, a lower proportion of pregnant women may have
had anti-RSV IgGs and, therefore, more young infants may have been less protected by
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maternal antibodies. This theory has a solid basis according to recent publications showing
that pregnant women during the pandemic have lower rates of anti-RSV IgGs [22,23].

The major limitation of this study is that we measured outcomes within 24 h since the
first evaluation. This means that if children worsened more than 24 h after initial admission
and required transfer to PICU, that outcome was missed. In addition, not all children were
systematically tested; therefore, the etiology was not noted for all children, since usually
more severe cases were tested. For SARS-CoV-2, conversely, all children received at least a
rapid antigenic test.

In conclusion, our study shows that the 2022 /23 post-COVID bronchiolitis was mostly
similar to that of 2021/22, and overall was in line with pre-pandemic expectations. These
data provide pivotal information for policymakers to plan the implementation of future
pharmacological preventive strategies and, also, a post-pandemic baseline overview to
measure the impact of these interventions.

7. Statements

The authors have no financial or non-financial interests that are directly or indirectly
related to the work submitted for publication.

The authors declare this work has not been published before and that it is not under
consideration for publication anywhere else, and that its publication has been approved by
all co-authors.

Author Contributions: Conceptualization, D.B., A.C. and D.R.; methodology, RM. and UM.P;
formal analysis, A.C.; investigation, EP.,, PV, L.L. and G.B.; data curation, D.B., RM. and A.C.;
writing—original draft preparation, D.B., A.C. and D.R.; writing—review and editing, all authors.;
supervision, P.V.; project administration, D.B. 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 Gemelli University Hospital
(protocol code Prof 0009995/22, ID 4730) (approval date: 22 February 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: Data are available upon request to the corresponding author.

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

References

1.  Dalziel, S.R.; Haskell, L.; O’Brien, S.; Borland, M.L.; Plint, A.C.; Babl, EE.; Oakley, E. Bronchiolitis. Lancet 2022, 400, 392—-406.
[CrossRef]

2. Scheltema, N.M.; Gentile, A.; Lucion, F; Nokes, D.J.; Munywoki, PK.; Madhi, S.A.; Groome, M.].; Cohen, C.; Moyes, ].; Thorburn,
K.; et al. Global respiratory syncytial virus-associated mortality in young children (RSV GOLD): A retrospective case series.
Lancet Glob. Health 2017, 5, €984—€991. [CrossRef]

3. Kampmann, B.; Madhi, S.A.; Munjal, I.; Simoes, E.A.F.; Pahud, B.A.; Llapur, C.; Baker, J.; Pérez Marc, G.; Radley, D.; Shittu, E.;
et al. Bivalent Prefusion F Vaccine in Pregnancy to Prevent RSV Illness in Infants. N. Engl. J. Med. 2023, 388, 1451-1464. [CrossRef]

4. Hammitt, L.L.; Dagan, R.; Yuan, Y.; Baca Cots, M.; Bosheva, M.; Madhi, S.A.; Muller, W].; Zar, H.].; Brooks, D.; Grenham, A.; et al.
Nirsevimab for Prevention of RSV in Healthy Late-Preterm and Term Infants. N. Engl. ]. Med. 2022, 386, 837-846. [CrossRef]

5. Lenglart, L.; Ouldali, N.; Honeyford, K.; Bognar, Z.; Bressan, S.; Buonsenso, D.; Da Dalt, L.; De, T.; Farrugia, R.; Maconochie, LK.;
et al. Respective roles of non-pharmaceutical interventions in bronchiolitis outbreaks: An interrupted time-series analysis based
on a multinational surveillance system. Eur. Respir. J. 2023, 61, 2201172. [CrossRef] [PubMed]

6.  Guitart, C.; Bobillo-Perez, S.; Alejandre, C.; Armero, G.; Launes, C.; Cambra, F].; Balaguer, M.; Jordan, I.; Pagarolas, A.A; Vila,
J.; et al. Bronchiolitis, epidemiological changes during the SARS-CoV-2 pandemic. BMC Infect. Dis. 2022, 22, 84. [CrossRef]
[PubMed]

7. Cohen, R, Levy, C,; Rybak, A.; Angoulvant, F.; Ouldali, N.; Grimprel, E. Inmune debt: Recrudescence of disease and confirmation

of a contested concept. Infect. Dis. Now 2023, 53, 104638. [CrossRef] [PubMed]


https://doi.org/10.1016/S0140-6736(22)01016-9
https://doi.org/10.1016/S2214-109X(17)30344-3
https://doi.org/10.1056/NEJMoa2216480
https://doi.org/10.1056/NEJMoa2110275
https://doi.org/10.1183/13993003.01172-2022
https://www.ncbi.nlm.nih.gov/pubmed/36356971
https://doi.org/10.1186/s12879-022-07041-x
https://www.ncbi.nlm.nih.gov/pubmed/35073855
https://doi.org/10.1016/j.idnow.2022.12.003
https://www.ncbi.nlm.nih.gov/pubmed/36535583

Children 2023, 10, 1081 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Camporesi, A.; Morello, R.; Ferro, V.; Pierantoni, L.; Rocca, A.; Lanari, M.; Trobia, G.L.; Sciacca, T.; Bellinvia, A.G.; De Ferrari,
A et al. Epidemiology, Microbiology and Severity of Bronchiolitis in the First Post-Lockdown Cold Season in Three Different
Geographical Areas in Italy: A Prospective, Observational Study. Children 2022, 9, 491. [CrossRef] [PubMed]

Stera, G.; Pierantoni, L.; Masetti, R.; Leardini, D.; Biagi, C.; Buonsenso, D.; Pession, A.; Lanari, M. Impact of SARS-CoV-2 Pandemic
on Bronchiolitis Hospitalizations: The Experience of an Italian Tertiary Center. Children 2021, 8, 556. [CrossRef]

Fourgeaud, J.; Toubiana, J.; Chappuy, H.; Delacourt, C.; Moulin, E; Parize, P.; Scemla, A.; Abid, H.; Leruez-Ville, M.; Frange, P.
Impact of public health measures on the post-COVID-19 respiratory syncytial virus epidemics in France. Eur. J. Clin. Microbiol.
Infect. Dis. 2021, 40, 2389-2395. [CrossRef] [PubMed]

Zheng, Z.; Pitzer, V.E.; Shapiro, E.D.; Bont, L.J.; Weinberger, D.M. Estimation of the Timing and Intensity of Reemergence of
Respiratory Syncytial Virus Following the COVID-19 Pandemic in the US. JAMA Netw. Open 2021, 4, €2141779. [CrossRef]
[PubMed]

Saravanos, G.L.; Hu, N.; Homaira, N.; Muscatello, D.].; Jaffe, A.; Bartlett, A.W.; Wood, N.J.; Rawlinson, W.; Kesson, A.; Lingam, R.;
et al. RSV Epidemiology in Australia Before and During COVID-19. Pediatrics 2022, 149, €2021053537. [CrossRef] [PubMed]
Nygaard, U.; Hartling, U.B.; Nielsen, J.; Vestergaard, L.S.; Dungu, K.H.S.; Nielsen, ].S.A.; Sellmer, A.; Matthesen, A.T.; Kristensen,
K.; Holm, M. Hospital admissions and need for mechanical ventilation in children with respiratory syncytial virus before and
during the COVID-19 pandemic: A Danish nationwide cohort study. Lancet Child Adolesc. Health 2023, 7, 171-179. [CrossRef]
[PubMed]

Williams, T.C.; Lyttle, M.D.; Cunningham, S.; Sinha, I.; Swann, O.V.; Maxwell-Hodkinson, A.; Marlow, R.; Roland, D. Study
Pre-protocol for “BronchStart—The Impact of the COVID-19 Pandemic on the Timing, Age and Severity of Respiratory Syncytial
Virus (RSV) Emergency Presentations; a Multi-Centre Prospective Observational Cohort Study”. Wellcome Open Res. 2022, 6, 120.
[CrossRef] [PubMed]

Andina-Martinez, D.; Alonso-Cadenas, J.A.; Cobos-Carrascosa, E.; Bodegas, I.; Oltra-Benavent, M.; Plazaola, A.; Epalza, C,;
Jimenez-Garcia, R.; Moraleda, C.; Tagarro, A. SARS-CoV-2 acute bronchiolitis in hospitalized children: Neither frequent nor more
severe. Pediatr. Pulmonol. 2022, 57, 57-65. [CrossRef]

Wu, A.; Mihaylova, V.T.; Landry, M.L.; Foxman, E.F. Interference between rhinovirus and influenza A virus: A clinical data
analysis and experimental infection study. Lancet Microbe 2020, 1, e254—€262. [CrossRef]

Halfmann, PJ.; Nakajima, N.; Sato, Y.; Takahashi, K.; Accola, M.; Chiba, S.; Fan, S.; Neumann, G.; Rehrauer, W.; Suzuki, T.; et al.
SARS-CoV-2 Interference of Influenza Virus Replication in Syrian Hamsters. J. Infect. Dis. 2021, 225, 282-286. [CrossRef]
Nicolaidou, V.; Georgiou, R.; Christofidou, M.; Felekkis, K.; Pieri, M.; Papaneophytou, C. Detection of SARS-CoV-2-Specific
Antibodies in Human Breast Milk and Their Neutralizing Capacity after COVID-19 Vaccination: A Systematic Review. Int. |. Mol.
Sci. 2023, 24, 2957. [CrossRef]

Selma-Royo, M.; Bduerl, C.; Mena-Tudela, D.; Aguilar-Camprubi, L.; Pérez-Cano, EJ.; Parra-Llorca, A.; Lerin, C.; Martinez-Costa,
C.; Collado, M.C. Anti-SARS-CoV-2 IgA and IgG in human milk after vaccination is dependent on vaccine type and previous
SARS-CoV-2 exposure: A longitudinal study. Genome Med. 2022, 14, 42. [CrossRef]

Laguila Altoé, A.; Marques Mambriz, A.P.; Cardozo, D.M.; Valentini Zacarias, ].M.; Laguila Visentainer, ].E.; Bahls-Pinto, L.D.
Vaccine Protection Through Placenta and Breastfeeding: The Unmet Topic in COVID-19 Pandemic. Front. Immunol. 2022,
13, 910138. [CrossRef]

Trofin, E; Nastase, E.V,; Iancu, L.S.; Constantinescu, D.; Cianga, C.M.; Lunca, C.; Ursu, R.G.; Cianga, P.; Dorneanu, O.S. Anti-RBD
IgA and IgG Response and Transmission in Breast Milk of Anti-SARS-CoV-2 Vaccinated Mothers. Pathogens 2022, 11, 286.
[CrossRef] [PubMed]

Grobben, M.; Juncker, H.G.; van der Straten, K.; Lavell, A.H.A.; Schinkel, M.; Buis, D.T.P.; Wilbrink, M.F,; Tejjani, K.; Claireaux,
M.A.F; Aartse, A,; et al. Decreased Passive Immunity to Respiratory Viruses through Human Milk during the COVID-19
Pandemic. Microbiol. Spectr. 2022, 10, €00405-22. [CrossRef] [PubMed]

Koivisto, K.; Nieminen, T.; Mejias, A.; Capella Gonzalez, C.; Ye, E; Mertz, S.; Peeples, M.; Ramilo, O.; Saxén, H. Respiratory
Syncytial Virus (RSV)-Specific Antibodies in Pregnant Women and Subsequent Risk of RSV Hospitalization in Young Infants.
J. Infect. Dis. 2021, 225, 1189-1196. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/children9040491
https://www.ncbi.nlm.nih.gov/pubmed/35455535
https://doi.org/10.3390/children8070556
https://doi.org/10.1007/s10096-021-04323-1
https://www.ncbi.nlm.nih.gov/pubmed/34347190
https://doi.org/10.1001/jamanetworkopen.2021.41779
https://www.ncbi.nlm.nih.gov/pubmed/34913973
https://doi.org/10.1542/peds.2021-053537
https://www.ncbi.nlm.nih.gov/pubmed/35083489
https://doi.org/10.1016/S2352-4642(22)00371-6
https://www.ncbi.nlm.nih.gov/pubmed/36634692
https://doi.org/10.12688/wellcomeopenres.16778.2
https://www.ncbi.nlm.nih.gov/pubmed/34458589
https://doi.org/10.1002/ppul.25731
https://doi.org/10.1016/S2666-5247(20)30114-2
https://doi.org/10.1093/infdis/jiab587
https://doi.org/10.3390/ijms24032957
https://doi.org/10.1186/s13073-022-01043-9
https://doi.org/10.3389/fimmu.2022.910138
https://doi.org/10.3390/pathogens11030286
https://www.ncbi.nlm.nih.gov/pubmed/35335610
https://doi.org/10.1128/spectrum.00405-22
https://www.ncbi.nlm.nih.gov/pubmed/35762813
https://doi.org/10.1093/infdis/jiab315
https://www.ncbi.nlm.nih.gov/pubmed/34129040

	Introduction 
	Methods 
	Statistical Methods 
	Results 
	Microbiology 
	Severity Associated with Virus 
	Peripheral Saturation of Oxygen (SpO2) and Respiratory Rate 
	Blood Gas Analysis (BGA) 
	Support 
	Ex-Premature Status 
	Outcomes 

	Discussion 
	Statements 
	References

