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Abstract: The aim of this study was to describe the 2022–2023 bronchiolitis epidemic season (the second
after COVID-19 pandemic and the first without social restriction), focusing on patients discharged home
from a pediatric emergency department (PED) and on those revisited within 72 h. We performed a
retrospective observational study in an Italian tertiary care children’s hospital, reviewing PED accesses
from 1 October 2022 to 31 March 2023. The number of hospitalizations for bronchiolitis was extracted
from hospital discharge forms. A total of 512 patients diagnosed with bronchiolitis were admitted to
PED (2.8% of total admissions). Accesses increased sharply from November to January, with a peak in
December, in both admissions and hospitalizations. More than half of the patients (55.5%) were safely
discharged home, while 38 (13.4%) came back to PED for a revisit. Overall PED accesses and hospitaliza-
tions for bronchiolitis increased since the previous epidemic season, and particularly compared to the
pandemic and pre-pandemic eras. Empowering the collaboration between all healthcare provisioners
is fundamental to suitable management of patients. Monitoring the epidemiology and seasonality of
bronchiolitis is a starting point for an effective internal organization of pediatric departments and to
further evaluate its socio-economic burden.

Keywords: pediatric emergency medicine; pediatric emergency department; bronchiolitis; RSV;
SARS-CoV-2; children

1. Introduction

Bronchiolitis is an acute viral infection that most affects the lower respiratory tract of
children under the age of twelve months, representing a major cause of pediatric emergency
department (PED) visits and hospitalization in individuals of this age, leading to a substan-
tial socioeconomic burden on health-care services and communities worldwide [1,2]. High
mortality rates are described in developing and industrialized countries as well, and the
disease represents the main cause of death due to viral infection during the first year of
life [3].

Clinical presentation of children with acute bronchiolitis widely ranges from mild to
severe respiratory distress, potentially resulting in respiratory failure [1]. More serious
clinical patterns are generally associated with the presence of risk factors (e.g., prematurity,
congenital anomalies, immunodeficiency, chronic lung disease) [4]. Despite the high
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prevalence of the disease, it is a clinical diagnosis based on medical history and physical
examinations searching for rhinorrhea, crackles, wheezing, dyspnea, use of accessory
respiratory muscles, skin colour changes, feeding difficulties, lethargy and fever [4]. There
is a slight annual variability in the characteristics of the disease that alternates according to
geographical region and/or the seasons. In Europe, the period accounting for the highest
number of diagnoses is from October to April, with a peak varying from December to
February [5].

Respiratory syncytial virus (RSV) is the most prevalent infective agent, with the highest
burden being in the first three months of life [6,7]. Other possible causative agents (alone
or as a co-infection) are Rhinovirus (RV), Parainfluenza virus, Metapneumovirus (MPV),
Influenza virus, and Adenovirus [1–8]. Although more than 60% of children contract RSV
by the age of one year, and 90% by two years [9], nearly 20% of patients necessitate pediatric
practitioner visits or emergency department evaluation due to respiratory symptoms, with
a minority (2–4%) who need hospitalization [10].

During the COVID-19 pandemic, the circulation of many respiratory viruses changed,
including pathogens responsible for bronchiolitis. An overall reduction in influenza and
other respiratory infections was observed at that time, influenced by the adoption of
restrictive (lockdown and social distancing) and preventive measures (use of face masks
and increased attention to hand hygiene) to fight the spread of SARS-CoV-2 [11]. As a
consequence, a reduction in the number of PED accesses and hospitalizations for common
viral infections was observed [12,13]. After the introduction of mass vaccination campaigns
in 2021, a general loosening of social restrictions occurred. A recrudescence in common
viral infections was observed, with a particular increase in bronchiolitis cases during the
season of 2021–2022, albeit characterized by partial restrictive measures, such as use of mask
in closed environment and fiduciary isolation for people affected by COVID-19 [11,14].
During 2022, a further general loosening of the last social restrictions occurred due the
higher percentage of people vaccinated for SARS-CoV-2 and the circulation weakened
variants of the virus causing less-severe disease.

The aim of this study is to retrospectively describe the 2022–2023 bronchiolitis epidemic
season, the second after the COVID-19 pandemic and the first without social restriction,
in the context of a tertiary care Pediatric Emergency Department (PED) to describe the
epidemiology and the priority and urgency codes of patients accessing ED for bronchiolitis.
Moreover, we focus on patients discharged at home and, among this cohort, patients
revisited on a second access within the first 72 h (PED revisits) in order to describe clinical
characteristics and, when available, to provide an etiological assessment.

2. Materials and Methods

This monocentric retrospective observational study was performed in an Italian pedi-
atric referral acute care centre, IRCCS Istituto Giannina Gaslini, located in Genoa, in the
northwest of Italy.

The hospital is provided with a third level PED that carries an average admission rate
of 35,000 patients per year.

PED triage is performed by a trained nurse and involves the identification of a priority
code assigned to the patient based on clinical condition, escalation risk and availability
of resources. The coding system consists of five numeric priority codes (from 1, the most
serious, to 5, the least serious), each associated with a colour code (1 red, 2 orange, 3 blue,
4 green, 5 white). Notably, 1 constitutes an emergency, 2 and 3 refer to an urgency, 4 and
5 indicate non-urgent care. The same code scheme is used to identify a severity code at
discharge after medical assessment.

We collected overall PED accesses and admissions for bronchiolitis referring to the
period October–March of the 2017–2018, 2018–2019, 2019–2020, 2020–2021, 2021–2022 and
2022–2023 epidemic seasons.
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We reviewed electronic charts of all children admitted with a diagnosis of “acute
bronchiolitis”, classified with 466.11 and 466.19 codes of the International Classification of
Diseases 9th edition (ICD-9-CM) from 1 October 2022 to 31 March 2023.

The diagnosis of bronchiolitis was made through clinical assessment undertaken by
the physician on the basis of signs and symptoms characterizing the disease (e.g., rhinor-
rhea, cough, wheeze or crackles during chest auscultation, dyspnea, feeding difficulties,
lethargy, fever).

Amount, priority code assigned at triage, and outcome (discharged home, hospitalized,
brief intensive observation-OBI, outpatient clinic, patient leaves before visit, patient refuses
hospitalization or transferred to another hospital) were analyzed.

OBI is a holding unit dedicated to the clinical stabilization of patients who, on preliminary
medical appraisal, are estimated not to require a hospital stay of more than 24 h.

In cases of bronchiolitis diagnosis and patients discharged home or PED revisits,
severity code assigned by medical evaluation and other demographic and clinical data
(age, sex, gestational age, siblings, parents’ nationality, comorbidities, oxygen saturation,
respiratory rate-RR, therapy given in PED, therapeutic instructions at discharge from PED)
were also collected. Identification of the causal agent and viral agent was performed using
a nasopharyngeal swab with a multiplex polymerase chain reaction (PCR) assay and, after
the introduction in late December 2022 in the PED, with a rapid antigenic test for RSV
on fluorescent immunoassay, performed with a STANDARD F2400 SD Biosensor INC by
SD Biosensor (C-4&5 Floor, 16, Deogyeong-daero 1556beon-gil, Yeongtong-gu, Suwon-
si, Gyeonggi-do, 16690, Republic of Korea). Furthermore, upon admission to the PED,
patients with respiratory symptoms were routinely tested with a rapid antigen swab for
SARS-CoV-2.

The number of hospitalizations for bronchiolitis was extracted from hospital discharge
forms for the period October–March of the 2017–2018, 2018–2019, 2019–2020, 2020–2021,
2021–2022 and 2022–2023 epidemic seasons. The hospital discharge form is an ordinary
tool for collecting information on every patient discharged from all public and private
healthcare centres nationwide.

Descriptive statistics were performed. The median and range are presented for non-
normally distributed variables, numbers and rates for categorical variables. Normality has
been verified using the Shapiro—Wilk test.

Due to the observational and retrospective nature of the study conducted on routinely
collected and anonymous data, the study did not require ethical approval. In this hospital,
however, consent to anonymous use of clinical data for research and epidemiological
purposes is routinely requested upon admission or diagnostic procedures.

3. Results
3.1. Gaslini PED and Bronchiolitis

During the period under review (October 2022–March 2023), a total of 512 patients
were admitted to PED and received an ICD-9 code for bronchiolitis (2.8% of total accesses),
distributed monthly as follows: 15 (2.9%) in October, 113 (22.1%) in November, 181 (35.4%)
in December, 106 (20.7%) in January, 56 (10.9%) in February and 41 (8%) in March. In the
months of November–January, there was a sharp increase in the number of accesses for the
disease, with a peak in December.

In Figure 1, PED accesses for bronchiolitis are described monthly, subdivided by outcome
and by the priority code established at triage. More details about distribution of PED accesses,
priority codes and outcome after PED visit are provided in the Supplementary Materials.
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lished at triage and by outcome. Other (patient refuses admission or leaves before the visit), as a
category, has also been noted.

The most frequently represented priority codes were those of medium-high priority
(codes 2 and 3) for all months, except October, when codes of medium-low priority (codes
3 and 4) were assigned. More serious cases (code 1) were only seen from November to
January (13 cases or 2.5% of the overall total). No patients were labelled with a code 5 at
PED triage.

With reference to the entire period under study, clinical conditions of the patients
permitted the clinicians to safely discharge them home in more than half of cases (55.5%),
allowing for management of the pathology in collaboration with the community services.

A period of observation in OBI was employed in 23.6% of cases, especially from
November onwards, to the extent of about more than 19% of total accesses and typically
for medium-high priority codes (2 and 3).

Among patients diagnosed with bronchiolitis in the emergency department, 20.5%
were hospitalized.

The months with the greatest pressure on PED (November 2022–January 2023) saw an
increase in pathology hospitalizations, which were 22, 41, 21 in November 2022, December
2022 and January 2023, respectively. December saw a peak in both admissions and hospi-
talizations. In addition, one patient refused admission and another one left before being
visited (these outcomes are identified as “other” in Figure 1).

Furthermore, overall hospitalizations for bronchiolitis during October 2022–March
2023 reached 265, showing an increase, as those occurring during the same period in the
previous epidemic season only amounted to 244. There is indeed evidence of a recent
consistent rise in hospitalizations for bronchiolitis when also compared to the pandemic
and pre-pandemic eras, where hospitalizations never exceeded 200 and were small in
number, especially in the 2020–2021 epidemic season.

Examination of the epidemic seasons from 2017 to 2023 also showed an increase in PED
accesses for bronchiolitis, especially after the drastic decline observed during 2020–2021,
and even when compared to the era before COVID-19 pandemic. Figure 2 illustrates PED
accesses and hospitalizations for bronchiolitis in the different epidemic seasons examined.
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Figure 2. PED accesses and hospitalizations for bronchiolitis during epidemic seasons examined
(2017–2023).

In Table 1, the total PED accesses, admissions and hospitalizations for bronchiolitis are
described.

Table 1. Total PED accesses, admissions and hospitalizations for bronchiolitis.

Epidemic Season Total PED Accesses
n

PED Accesses for
Bronchiolitis
n (% on Total

Accesses)

Hospitalizations for
Bronchiolitis
n (% on Total

Accesses)

2017–2018 18,369 273 (1.49) 174 (0.95)
2018–2019 18,300 314 (1.72) 178 (0.97)
2019–2020 16,776 266 (1.59) 132 (0.79)
2020–2021 10,301 18 (0.17) 32 (0.31)
2021–2022 16,182 419 (2.59) 244 (1.51)
2022–2023 18,401 512 (2.78) 265 (1.44)

3.2. Patients Discharged Home

More than half of the patients (55.5%) diagnosed with bronchiolitis were discharged
home. Demographic and clinical characteristics of these patients are described in Table 2.
All were aged ≤ 12 months, and most of them were males (61.6%). The majority (91.8%)
were born at term, while 15.5% presented risk factors. Over half of them had Italian
parents and at least one sibling. A causal viral agent test was performed in 64 patients: 24
(37.5%) tested positive for RSV and 40 (62.5%) negative. During their PED stay, all patients
performed a rapid antigenic test for SARS-CoV-2, resulted negative in all the cases, and no
one presented with respiratory failure (i.e., SpO2 < 90%).

Most of these patients were assigned a triage priority code of 3 (59.8%), followed by 4
(20.1%) and 2 (20.1%). At discharge, almost all patients were classified with a severity code
of 4 (96.8%) and the remainder with code 3 (3.2%). No patients were categorized with code
1 or 5 either upon admission nor on discharge from PED.

In regard to treatment in PED, the most commonly used medications were bron-
chodilators: adrenaline in association with ipatropium bromide was prescribed in 52.5% of
individuals, while adrenaline alone was used in 19.3% of patients. None of the patients
were prescribed β2-agonists. None required supplementary oxygen administration.

At discharge, adrenaline therapy was recommended in almost all cases (96.5%). Sup-
portive care (i.e., nasal suctioning, nasal irrigation using isotonic 0.9% sodium chloride
and fractionated and frequent meals) was also always recommended, as well as ongoing
follow-ups with the Primary-Care Physician (PCP).
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Table 2. Characteristics of patients discharged home.

Patients Discharged Home
n = 284

Sex, n (%)

• Female 109 (38.4)
• Male 175 (61.6)

Age, n (%)

• <12 months 278 (97.9)
• ≥12 months 6 (2.1)

Risk factors, n (%)

• SGA 10 (3.5)
• Cardiovascular diseases 8 (2.8)
• Respiratory complications with the need

for perinatal ventilation 7 (2.5)

• Kidney and Urinary Tract Disorders 5 (1.8)
• ALTE 2 (0.7)

• Other 12 (4.2)

Gestational age, n (%)

• <37 weeks 23/282 (8.1)
• ≥37 weeks 259/282 (91.8)

At least one sibling, n (%) 143/239 (59.8)

Nationality of parents

• Italian 182 (64.1)
• Not Italian 102 (35.9)

Viral etiologies

• RSV-positive, n (%) 24/64 (37.5)

O2 Saturation, Median (min–max) 99 (93–100)

Respiratory Rate, Median (min–max) 45 (28–76)
SGA, Small for Gestational Age; ALTE, Apparent Life-Threatening Event.

3.3. PED Revisits

Among the 284 patients discharged home, 38 (13.4%) came back to PED within 72 h
for a second clinical evaluation (PED revisits). One patient left before medical examination.
The available demographic and clinical characteristics of patients revisited are detailed in
Table 3.

All individuals were ≤10 months old (84.2% aged ≤ 6 months), and the frequency
of revisits was the same in both sexes. Almost all of these patients were born at term
(92.1%) and had no risk factors (97.4%). Also, 60.5% of them had Italian parents and at least
one sibling.

Etiological assessment (in the PED or, for patients admitted, during hospitalization)
has been performed in 21 patients: 15 (71.4%) tested positive for RSV and 6 (28.6%)
negative. Among these patients, 12 of them were tested with a multiplex PCR via na-
sopharyngeal swab: 3 of 9 patients RSV positive presented a co-infection with another
respiratory causative agent (1 RSV and metapneumovirus, 1 RSV and rhinovirus, 1 RSV
and haemophilus influenzae). Furthermore, among 3 RSV-negative patients, one resulted
in a positive for metapneumovirus. All patients tested negative for SARS-CoV-2.
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Table 3. Clinical and demographic characteristics of PED revisits.

PED Revisits
n = 38

Sex, n (%)

• Female 19 (50)
• Male 19 (50)

Age, n (%)

• ≤12 months 38 (100)
• ≤6 months 32 (84.2)

Risk factors, n (%)

• Cardiovascular diseases 1 (2.6)

Gestational age, n (%)

• <37 weeks 3 (7.9)
• ≥37 weeks 35 (92.1)

At least one sibling, n (%) 23/34 (60.5)

Nationality of parents

• Italian 23 (60.5)
• Not Italian 15 (39.5)

Viral etiologies

• RSV, n (%) 15/21 (71.4)
• Co-infections, n (%) 3/9 (33.3)

O2 Saturation, Median (min-max) * 98 (86–100)

Respiratory Rate, Median (min-max) * 45 (28–68)
* n = 37.

Upon the first access to PED, no one presented respiratory failure. The priority codes
assigned were mainly 3 (60.5%) and 2 (26.3%), and finally 4 (10.5%) and 1 (2.6%). The
severity code defined at the medical evaluation was 4 in 76.3% of cases, followed by 2
(13.2%) and 3 (10.5%). In the first episode, none of the patients were admitted to a pediatric
ward; the majority of them were discharged home immediately (76.3%), whereas 23.7% of
them underwent a brief period of surveillance in OBI.

On the other hand, on the occasion of the PED revisits, home discharge was decided
for 12 patients (31.6%), whereas 12 patients (31.6%) were observed in OBI, half of whom
were discharged home and the remainder admitted. Furthermore, 13 patients (34.2%)
were admitted to a pediatric ward for subsequent treatment. The total number of patients
hospitalized was 19 (50%).

During the PED revisits, one patient presented respiratory failure. If the rating of
priority codes could be considered to be distributed with the same proportions as the
first PED access, the same cannot be said for the grading of severity. In fact, the medical
assessment assigned a code of 3 and 2 to a higher number of cases, amounting to 47.4%
and 18.4%, respectively, whereas only 31.4% of individuals were identified with code 4.

The most commonly used medications were bronchodilators, mainly adrenaline in
association with ipratropium bromide (88.2% and 90.9% of cases at first access and revisit,
respectively). No patients were given β2-agonists. Supplementary oxygen administration
was required during one revisit.

Upon discharge from PED, adrenaline was prescribed in almost all cases (≥94,7%) at
both first and second access.
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4. Discussion

The aim of the study was to retrospectively describe the 2022–2023 bronchiolitis
epidemic season by collecting information on all children younger than 24 months accessing
our third level PED for this pathology in order to evaluate the seasonality of the disease.
The secondary aim was to focus on patients managed in the ED and safely discharged
home, with a particular regard for those who made a second access to PED within 72 h
from discharge.

A general anticipation in the starting of the season and an anticipated peak were
noted with a reduced duration of the season from the pre-pandemic period. The SARS-
CoV-2 pandemic period was characterized by a dramatic decrease in viral infections in the
pediatric population with a notable reduction in PED accesses [15]. Lockdown measures
and social distancing strategies aiming to contain the SARS-CoV-2 spread had a collateral
effect on other respiratory viruses that, with SARS-CoV-2, share the way of spreading via
droplets from infected people coughing, sneezing or talking.

With the introduction of effective and safe SARS-CoV-2 vaccines and the reduction
in social and preventive restrictions, the subsequent 2021 season saw an abnormal bron-
chiolitis outbreak in terms of overall incidence, as well as anticipation of the usual peak
and a shortened duration of the epidemic season reported in Italy [14,16] and all over the
world [17–19]. That epidemiological season was, however, characterized by partial social
restrictive measures, although milder than the year before, such as social distancing, use
of facial masks in closed environments, limited number of people at social events and
fiduciary isolation for people affected by COVID-19.

A sharp decrease in bronchiolitis cases at the end of December 2021 and the ending
of the RSV season by January 2022, concurrent with a sudden increase in SARS-CoV-2
pediatric cases, has been noted, although it was unexpected [20]. These factors can be
explained based on the theory of the viral interference phenomenon: it has been proven that
respiratory viral infection could prevent the super-infection of other respiratory pathogens
due to the activation of the innate immunity that confers to respiratory mucosal cells the
ability to counteract a second virus replication [21–23]. An opposite frequency in hospital
admission for RSV and SARS-CoV-2 confirmed a relationship between the two infective
agents [16]. Another hypothesis raised is about the “immunological debt”: the comeback of
a virus in a community that has not encountered it prior, and so has no antibodies against
it, leading to an increased transmission, a more elevated number of children presenting
the disease and a more severe course. Moreover, children born during the SARS-CoV-2
pandemic may have received less immunological stimulation during their first year of
life due to social restrictions, leading to more cases of bronchiolitis in the subsequent
season [11,14].

The 2022–2023 season, the first without real restrictions in social behaviors in Italy (the
ending of the state of emergency nationwide was declared on 31 March 2022), confirmed the
previous year’s trend of a shorter and anticipated bronchiolitis season starting in October
2022, with an anticipated peak between November and December 2022, a reduction in the
number of cases starting in January towards March 2023.

This is a different distribution of cases compared with the pre-pandemic “bronchiolitis
season”, ranging from November to April, with a peak in February [24]. Data from our
PED showed that the overall number of accesses for bronchiolitis increased not only since
the pandemic era but also compared with the pre-pandemic period, particularly in terms
of the number of cases and the percentage on total accesses. Moreover, the total number
of hospitalizations for bronchiolitis increased since the previous epidemic season and
compared to the pandemic and pre-pandemic eras. The number of hospitalizations for
bronchiolitis has been extracted from electronic chart data. During the season of 2020–2021,
a more elevated number of patients hospitalized for bronchiolitis than the total number of
patients accessing PED for this condition has been noted: during that season, characterized
by a reduced circulation of RSV, newborns and toddlers hospitalized for SARS-CoV-2
infection and clinical monitoring of the condition may have developed symptoms consistent
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with bronchiolitis during their hospitalization period. Moreover, a mild overestimation in
the number of hospitalizations for bronchiolitis may have occurred.

The upper age cut-off of the study was set to two years of age, firstly due to the lack
of a general consensus about [1,4,25] and in order not to exclude children diagnosed with
bronchiolitis in their second year of life who could have missed the infection during their
first [26]. It is notable that nearly 98% of patients on the first access and all the patients
revisited were younger than one year. More than 90% of the patients were born full term,
60% had at least one sibling, while nearly 10% presented a risk factor for a serious clinical
pattern of disease [4]. More than half of the patients evaluated in PED for bronchiolitis
were safely discharged with an indication of home management in collaboration with
PCPs. The rate of discharged patients was in line with records observed in other Italian
hospitals [14,27]. According to the latest American Academy of Pediatrics guidelines,
the pulse oxygen saturation (SpO2) threshold of 90% has been established as one of the
criteria for hospitalization [4–28], although no clear recommendation for an observation
period in the emergency department is available for patients presenting with SpO2 between
90–92%. Among the discharged patients, none of them were admitted in critical condition
or presenting acute respiratory failure, while the minimum SpO2 measured was 93% at
triage. In our PED, a period of brief intensity observation (OBI) is often reserved with
patients not in critical conditions but presenting with SpO2 between 90% and 92% who
are not in a condition to allow a safe discharge. In our center, during the epidemiological
season under review, nearly 24% of the accesses for bronchiolitis were recovered in OBI for
a brief period of observation. Due to the nature of the study, clinical characteristics of the
patients recovered in OBI have been excluded. Furthermore, a percentage of these patients
has been recovered in a pediatric ward for worsening of clinical conditions.

A certain quote of respiratory distress was observed in all the patients evaluated, while
median respiratory rate values were normal for age [29], although some patients presented
with tachypnea. As a compensatory mechanism for inadequate ventilation, newborns
and infants are dependent on an increased respiratory rate and distress due to their chest
anatomy [30]. During the first months of the season 2022–2023, etiological assessments
of patients discharged for bronchiolitis were very limited because only multiplex PCR on
a rino-pharyngeal swab was available (only one patient tested and resulted positive for
RSV). Since the introduction in late December of the rapid antigenic test, the number of
patients tested for RSV increased. One out of three patients tested and discharged from PED
resulted in a positive for RSV. This is undoubtedly a useful tool for the correct management
of patients affected by bronchiolitis, even in the context of the PED. Furthermore, all the
patients undertook a SARS-CoV-2 antigenic test that resulted negatively. Dealing with
patients revisited, more than half of them received at least an antigenic test for RSV during
their accesses in PED. Moreover, nearly all the patients recovered received a multiplex PCR
during their admission.

In addition to general care, the majority of the patients were treated with bronchodila-
tors, in accordance with previously established internal protocol for bronchiolitis treatment.
Patients that did not receive bronchodilators in the emergency department were already un-
dergoing therapy with them, as prescribed by general pediatricians, or in good conditions
not necessitating it.

Predicting a safe discharge is not easy due to the characteristics of bronchiolitis itself and
a population of patients almost entirely constituted by newborns and infants. A management
algorithm for patients affected by bronchiolitis accessing emergency department has been
proposed trying to identify which factors were associated with a safe discharge at home
(age, feeding ability, clinical and ventilatory parameters, i.e., SpO2 at triage, respiratory rate,
respiratory distress, need of supplementary oxygen) [31,32]. Further investigations are needed
to determine factors really predictive of a safe discharge from ED.

In our setting of a high number of children discharged from PED, the collaboration
between hospital and PCPs is fundamental in terms of screening patients to reduce in-
appropriate accesses. Their role is even more important during epidemic season when
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hospital pressure is higher: office visit or home clinical evaluation, close monitoring of
children discharged from hospital and the availability of daily consultations may reduce
hospital overcrowding. On the other hand, general pediatricians have the important role of
recognizing patients discharged from ED who may need a second access for hospitaliza-
tion due to the evolving characteristics of the pathology, or the identifications of factors
associated with a poor outcome at home. Among patients who accessed PED within 72 h,
an increased necessity of hospitalization was noted: only a minority of them had been
discharged home with a reinforcement to follow-up with general pediatrician, and nearly
two-thirds were admitted for clinical monitoring in OBI or a pediatric ward. In a minority
of cases oxygen supplementation or non-invasive ventilation with HFNC was needed
during the hospitalization.

Bronchiolitis in children determines a substantial load on health-care services, requir-
ing economic investments and seasonal planning in terms of human resources, provision
of medicines and supplies for pediatric care [33]. Considering the significant RSV disease
burden, it is fundamental to assess the economic impact on the limited healthcare resources
(which must be allocated cleverly) [34]. High hospitalization costs have recently been
described for bronchiolitis in a tertiary care hospital in Italy [35], especially in the case of
RSV etiology, associated with longer hospitalization and more frequent admissions to the
pediatric intensive care unit (PICU) [36–38]. Costs are augmented for PICU hospitalization
and longer lengths of stay in the pediatric ward. According to a previous European study,
the average costs for a patient younger than 12 months hospitalized in PICU for bronchioli-
tis were more than four times higher than for low intensity wards and over 20 times higher
than for patients managed in the PED and discharged [39].

In an epidemic setting of high ED pressure and hospitalizations, a worsening factor
could be the reduced health literacy among the general population [40]. Low health
literacy can affect parents’ acquisition of basic health information and knowledge about
children’s health outcomes concerning disease prevention and care [40,41], with an impact
on the ability to understand a child’s diagnosis and treatment instructions [42]. Among
all the consequences to the healthcare service, higher ED use is the main issue affecting
hospital pressure, and it is exacerbated during epidemic season [43]. In a USA setting,
nearly one-third of parents of children presenting to ED have low health literacy, thus
determining a terrific increment in terms of costs for healthcare [43]. A minority status and
a lower level of education has been associated with a more elevated trend in seeking care
in the ED, particularly for non-urgent reasons [44]. A common misperception about PCPs’
availability and capability influences PED access for low acuity diseases, often presented
due to parents’ perception of the higher severity of children’s conditions than perceived by
medical staff [45].

Dealing with these knowledge problems, an instrument that may also reinforce the
alliance between ED healthcare provisioners and PCPs is the ability to give information to
patients’ caregivers using clear communications, adapting language to the family level of
education and offering developmentally appropriate instructions to children [42]. It is the
responsibility of the pediatricians to do all they can to identify gaps in health literacy and
to promote effective health literacy-informed interventions to reduce hospital pressure for
low-acuity disease.

This study has some limitations. Dealing with patients discharged from PED, etiologi-
cal agents were available for a limited number of patients, even with of the introduction of
the antigenic tests for RSV in the middle of the epidemic season. Moreover, because of the
aims of this paper, the characteristics of the patients admitted to OBI or pediatric wards
were not considered.

The high number of patients, the single center cohort, the real-world approach and
the exclusion of SARS-CoV-2 as an etiological agent are the strength elements of this study.
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5. Conclusions

A focus on discharged patients and PED revisits was needed, as only a few studies
are available in the literature [31,32]. Our epidemiological observational study may be a
suggestion for a further improvement of the management of these patients, as well as for
the effective internal organization of pediatric departments. Moreover, it could be a starting
point for perspective studies in collaboration with PCPs in order to improve out-of-hospital
management of patients to reduce PED pressure during epidemic season.

Bronchiolitis surveillance is fundamental due to the epidemiological and clinical
modifications observed during and after the SARS-CoV-2 pandemic in order to assess
the economic and social impact of the disease not only on healthcare services but also on
the community.

Empowering the collaboration between all healthcare provisioners involved (in and
out of hospital) is fundamental for the correct management of children, especially during
epidemic seasons.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/children11030268/s1, Table S1: diagnosis of bronchiolitis in PED
in October 2022, detailed by triage code and outcome; Table S2: diagnosis of bronchiolitis in PED in
November 2022, detailed by triage code and outcome; Table S3: diagnosis of bronchiolitis in PED
in December 2022, detailed by triage code and outcome; Table S4: diagnosis of bronchiolitis in PED
in January 2023, detailed by triage code and outcome; Table S5: diagnosis of bronchiolitis in PED in
February 2023, detailed by triage code and outcome; Table S6: diagnosis of bronchiolitis in PED in
March 2023, detailed by triage code and outcome.

Author Contributions: Conceptualization, E.P.; methodology, G.I.; investigation, D.F., M.F., B.T., S.S.,
G.B., C.F. and E.D.; data curation, G.I.; writing—original draft preparation, G.I. and D.F.; writing—
review and editing, D.F., G.I. and E.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study
due to the observational and retrospective nature of the study conducted on routinely collected and
anonymous data.

Informed Consent Statement: Patient consent was waived due to the observational and retrospective
nature of the study conducted on anonymous data. In our hospital, consent to anonymous use of
clinical data for research and epidemiological purposes is routinely requested upon admission or
diagnostic procedures.

Data Availability Statement: Data available upon request to the corresponding author. The data are
not publicly available due to privacy reasons.

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

References
1. Manti, S.; Staiano, A.; Orfeo, L.; Midulla, F.; Marseglia, G.L.; Ghizzi, C.; Zampogna, S.; Carnielli, V.P.; Favilli, S.; Ruggieri, M.; et al.

UPDATE—2022 Italian guidelines on the management of bronchiolitis in infants. Ital. J. Pediatr. 2023, 49, 19. [CrossRef]
2. Chatterjee, A.; Mavunda, K.; Krilov, L.R. Current State of Respiratory Syncytial Virus Disease and Management. Infect. Dis. Ther.

2021, 10 (Suppl. 1), 5–16. [CrossRef]
3. Reichert, H.; Suh, M.; Jiang, X.; Movva, N.; Bylsma, L.C.; Fryzek, J.P.; Nelson, C.B. Mortality Associated with Respiratory Syncytial

Virus, Bronchiolitis, and Influenza among Infants in the United States: A Birth Cohort Study From 1999 to 2018. J. Infect. Dis.
2022, 226 (Suppl. S2), S246–S254. [CrossRef] [PubMed]

4. Ralston, S.L.; Lieberthal, A.S.; Meissner, H.C.; Alverson, B.K.; Baley, J.E.; Gadomski, A.M.; Johnson, D.W.; Light, M.J.; Maraqa,
N.F.; Mendonca, E.A.; et al. Clinical Practice Guideline: The Diagnosis, Management, and Prevention of Bronchiolitis. Pediatrics
2014, 134, e1474–e1502. [CrossRef]

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

6. A Florin, T.; Plint, A.C.; Zorc, J.J. Viral bronchiolitis. Lancet 2017, 389, 211–224. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/children11030268/s1
https://www.mdpi.com/article/10.3390/children11030268/s1
https://doi.org/10.1186/s13052-022-01392-6
https://doi.org/10.1007/s40121-020-00387-2
https://doi.org/10.1093/infdis/jiac127
https://www.ncbi.nlm.nih.gov/pubmed/35968877
https://doi.org/10.1542/peds.2014-2742
https://doi.org/10.2807/1560-7917.ES.2018.23.5.17-00284
https://www.ncbi.nlm.nih.gov/pubmed/29409569
https://doi.org/10.1016/S0140-6736(16)30951-5
https://www.ncbi.nlm.nih.gov/pubmed/27549684


Children 2024, 11, 268 12 of 13

7. Nair, H.; Nokes, D.J.; Gessner, B.D.; Dherani, M.; Madhi, S.A.; Singleton, R.J.; O’Brien, K.L.; Roca, A.; Wright, P.F.; Bruce, N.; et al.
Global burden of acute lower respiratory infections due to respiratory syncytial virus in young children: A systematic review and
meta-analysis. Lancet 2010, 375, 1545–1555. [CrossRef] [PubMed]

8. Meissner, H.C. Viral Bronchiolitis in Children. N. Engl. J. Med. 2016, 374, 1791–1794. [CrossRef]
9. Vittucci, A.C.; Antilici, L.; Russo, C.; Musolino, A.M.C.; Cristaldi, S.; Cutrera, R.; Persia, S.; Di Maio, C.V.; Raponi, M.; Perno, C.F.;

et al. Respiratory syncytial virus: Can we still believe that after pandemic bronchiolitis is not a critical issue for public health?
Eur. J. Pediatr. 2023, 182, 5303–5313. [CrossRef]

10. Boccalini, S.; Bonito, B.; Salvati, C.; Del Riccio, M.; Stancanelli, E.; Bruschi, M.; Ionita, G.; Iamarino, J.; Bentivegna, D.; Buscemi,
P.; et al. Human Respiratory Syncytial Virus Epidemiological Burden in Pediatric Outpatients in Italy: A Systematic Review.
Vaccines 2023, 11, 1484. [CrossRef]

11. Faraguna, M.C.; Lepri, I.; Clavenna, A.; Bonati, M.; Vimercati, C.; Sala, D.; Cattoni, A.; Melzi, M.L.; Biondi, A. The bronchiolitis
epidemic in 2021–2022 during the SARS-CoV-2 pandemic: Experience of a third level centre in Northern Italy. Ital. J. Pediatr. 2023,
49, 26. [CrossRef]

12. Rotulo, G.A.; Percivale, B.; Molteni, M.; Naim, A.; Brisca, G.; Piccotti, E.; Castagnola, E. The impact of COVID-19 lockdown on
infectious diseases epidemiology: The experience of a tertiary Italian Pediatric Emergency Department. Am. J. Emerg. Med. 2021,
43, 115–117. [CrossRef]

13. Raucci, U.; Musolino, A.M.; Di Lallo, D.; Piga, S.; Barbieri, M.A.; Pisani, M.; Rossi, F.P.; Reale, A.; degli Atti, M.L.C.; Villani, A.;
et al. Impact of the COVID-19 pandemic on the Emergency Department of a tertiary children’s hospital. Ital. J. Pediatr. 2021, 47,
21. [CrossRef]

14. 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]

15. Nenna, R.; Matera, L.; Pierangeli, A.; Oliveto, G.; Viscido, A.; Petrarca, L.; La Regina, D.P.; Mancino, E.; Di Mattia, G.; Villani,
A.; et al. First COVID-19 lockdown resulted in most respiratory viruses disappearing among hospitalised children, with the
exception of rhinoviruses. Acta Paediatr. 2022, 111, 1399–1403. [CrossRef] [PubMed]

16. Nenna, R.; Matera, L.; Licari, A.; Manti, S.; Di Bella, G.; Pierangeli, A.; Palamara, A.T.; Nosetti, L.; Leonardi, S.; Marseglia,
G.L.; et al. An Italian Multicenter Study on the Epidemiology of Respiratory Syncytial Virus During SARS-CoV-2 Pandemic in
Hospitalized Children. Front. Pediatr. 2022, 10, 930281. [CrossRef] [PubMed]

17. Agha, R.; Avner, J.R. Delayed Seasonal RSV Surge Observed During the COVID-19 Pandemic. Pediatrics 2021, 148, e2021052089.
[CrossRef] [PubMed]

18. Guitart, C.; Bobillo-Perez, S.; Alejandre, C.; Armero, G.; Launes, C.; Cambra, F.J.; 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]

19. European Centre for Disease Prevention and Control. Intensified Circulation of Respiratory Syncytial Virus (RSV) and Associ-Ated
Hospital Burden in the EU/EEA–12 December 2022; ECDC: Stockholm, Sweden, 2022.

20. Methi, F.; Størdal, K.; Telle, K.; Larsen, V.B.; Magnusson, K. Hospital Admissions for Respiratory Tract Infections in Children
Aged 0–5 Years for 2017/2023. Front. Pediatr. 2022, 9, 822985. [CrossRef] [PubMed]

21. Waterlow, N.R.; Flasche, S.; Minter, A.; Eggo, R.M. Competition between RSV and influenza: Limits of modelling inference from
surveillance data. Epidemics 2021, 35, 100460. [CrossRef]

22. Haller, O.; Kochs, G.; Weber, F. The interferon response circuit: Induction and suppression by pathogenic viruses. Virology 2006,
344, 119–130. [CrossRef]

23. 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–e262. [CrossRef] [PubMed]

24. Azzari, C.; Baraldi, E.; Bonanni, P.; Bozzola, E.; Coscia, A.; Lanari, M.; Manzoni, P.; Mazzone, T.; Sandri, F.; Lisi, G.C.; et al.
Epidemiology and prevention of respiratory syncytial virus infections in children in Italy. Ital. J. Pediatr. 2021, 47, 198. [CrossRef]
[PubMed]

25. National Collaborating Centre for Women’s and Children’s Health (UK). Bronchiolitis: Diagnosis and Management of Bron-Chiolitis
in Children; National Institute for Health and Care Excellence: London, UK, 2015.

26. Saravanos, G.L.; Hu, N.; Homaira, N.; Muscatello, D.J.; 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, e2021053537. [CrossRef] [PubMed]

27. Camporesi, A.; Morello, R.; Pierucci, U.M.; Proli, F.; Lazzareschi, I.; Bersani, G.; Valentini, P.; Roland, D.; Buonsenso, D. 2021/22
and 2022/23 Post-Pandemic Bronchiolitis Seasons in Two Major Italian Cities: A Prospective Study. Children 2023, 10, 1081.
[CrossRef]

28. Cunningham, S.; Rodriguez, A.; Adams, T.; Boyd, K.A.; Butcher, I.; Enderby, B.; MacLean, M.; McCormick, J.; Paton, J.Y.; Wee, F.;
et al. Oxygen saturation targets in infants with bronchiolitis (BIDS): A double-blind, randomised, equivalence trial. Lancet 2015,
386, 1041–1048. [CrossRef] [PubMed]

29. Rusconi, F.; Castagneto, M.; Porta, N.; Gagliardi, L.; Leo, G.; Pellegatta, A.; Razon, S.; Braga, M. Reference values for respiratory
rate in the first 3 years of life. Pediatrics 1994, 94, 350–355. [CrossRef] [PubMed]

30. Reuter, S.; Moser, C.; Baack, M. Respiratory distress in the newborn. Pediatr. Rev. 2014, 35, 417–429. [CrossRef] [PubMed]

https://doi.org/10.1016/S0140-6736(10)60206-1
https://www.ncbi.nlm.nih.gov/pubmed/20399493
https://doi.org/10.1056/NEJMra1413456
https://doi.org/10.1007/s00431-023-05201-y
https://doi.org/10.3390/vaccines11091484
https://doi.org/10.1186/s13052-023-01425-8
https://doi.org/10.1016/j.ajem.2021.01.065
https://doi.org/10.1186/s13052-021-00976-y
https://doi.org/10.3390/children9040491
https://www.ncbi.nlm.nih.gov/pubmed/35455535
https://doi.org/10.1111/apa.16326
https://www.ncbi.nlm.nih.gov/pubmed/35266576
https://doi.org/10.3389/fped.2022.930281
https://www.ncbi.nlm.nih.gov/pubmed/35911833
https://doi.org/10.1542/peds.2021-052089
https://www.ncbi.nlm.nih.gov/pubmed/34108234
https://doi.org/10.1186/s12879-022-07041-x
https://www.ncbi.nlm.nih.gov/pubmed/35073855
https://doi.org/10.3389/fped.2021.822985
https://www.ncbi.nlm.nih.gov/pubmed/35096720
https://doi.org/10.1016/j.epidem.2021.100460
https://doi.org/10.1016/j.virol.2005.09.024
https://doi.org/10.1016/S2666-5247(20)30114-2
https://www.ncbi.nlm.nih.gov/pubmed/33103132
https://doi.org/10.1186/s13052-021-01148-8
https://www.ncbi.nlm.nih.gov/pubmed/34600591
https://doi.org/10.1542/peds.2021-053537
https://www.ncbi.nlm.nih.gov/pubmed/35083489
https://doi.org/10.3390/children10061081
https://doi.org/10.1016/S0140-6736(15)00163-4
https://www.ncbi.nlm.nih.gov/pubmed/26382998
https://doi.org/10.1542/peds.94.3.350
https://www.ncbi.nlm.nih.gov/pubmed/8065862
https://doi.org/10.1542/pir.35.10.417
https://www.ncbi.nlm.nih.gov/pubmed/25274969


Children 2024, 11, 268 13 of 13

31. Stollar, F.; Gervaix, A.; Argiroffo, C.B. Safely Discharging Infants with Bronchiolitis from an Emergency Department: A Five Step
Guide for Pediatricians. PLoS ONE 2016, 11, e0163217, Erratum in PLoS ONE 2016, 11, e0166256. [CrossRef]

32. Mansbach, J.M.; Clark, S.; Christopher, N.C.; LoVecchio, F.; Kunz, S.; Acholonu, U.; Camargo, C.A. Prospective multicenter study
of bronchiolitis: Predicting safe discharges from the emergency department. Pediatrics 2008, 121, 680–688. [CrossRef]

33. Shi, T.; McAllister, D.A.; O’Brien, K.L.; Simoes, E.A.F.; Madhi, S.A.; Gessner, B.D.; Polack, F.P.; Balsells, E.; Acacio, S.; Aguayo, C.;
et al. Global, regional, and national disease burden estimates of acute lower respiratory infections due to respiratory syncytial
virus in young children in 2015: A systematic review and modelling study. Lancet 2017, 390, 946–958. [CrossRef]

34. Bechini, A.; Salvati, C.; Bonito, B.; Del Riccio, M.; Stancanelli, E.; Bruschi, M.; Ionita, G.; Iamarino, J.A.; Bentivegna, D.; Buscemi,
P.; et al. Costs and healthcare utilisation due to respiratory syncytial virus disease in paediatric patients in Italy: A systematic
review. Public Health 2024, 227, 103–111. [CrossRef] [PubMed]

35. Bozzola, E.; Ciarlitto, C.; Guolo, S.; Brusco, C.; Cerone, G.; Antilici, L.; Schettini, L.; Piscitelli, A.L.; Vittucci, A.C.; Cutrera, R.; et al.
Respiratory Syncytial Virus Bronchiolitis in Infancy: The Acute Hospitalization Cost. Front. Pediatr. 2021, 8, 594898. [CrossRef]
[PubMed]

36. Kuhdari, P.; Brosio, F.; Malaventura, C.; Stefanati, A.; Orsi, A.; Icardi, G.; Gabutti, G. Human respiratory syncytial virus and
hospitalization in young children in Italy. Ital. J. Pediatr. 2018, 44, 50. [CrossRef] [PubMed]

37. Garcia-Marcos, L.; Valverde-Molina, J.; Pavlovic-Nesic, S.; Claret-Teruel, G.; Peñalba-Citores, A.C.; Nehme-Álvarez, D.; Korta-
Murua, J.; Sánchez-Etxaniz, J.; Alonso-Salas, M.T.; Campos-Calleja, C.; et al. Pediatricians’ attitudes and costs of bronchiolitis in
the emer-gency department: A prospective multicentre study. Pediatr. Pulmonol. 2014, 49, 1011–1019. [CrossRef] [PubMed]

38. Martinón-Torres, F.; Carmo, M.; Platero, L.; Drago, G.; López-Belmonte, J.; Bangert, M.; Díez-Domingo, J. Clinical and economic
hospital burden of acute respiratory infection (BARI) due to respiratory syncytial virus in Spanish children, 2015–2018. BMC
Infect. Dis. 2023, 23, 385. [CrossRef] [PubMed]

39. Ledbetter, J.; Brannman, L.; Wade, S.W.; Gonzales, T.; Kong, A.M. Healthcare resource utilization and costs in the 12 months
following hospitalization for respiratory syncytial virus or unspecified bronchiolitis among infants. J. Med. Econ. 2020, 23, 139–147.
[CrossRef] [PubMed]

40. Institute of Medicine (US) Committee on Health Literacy; Nielsen-Bohlman, L.; Panzer, A.M.; Kindig, D.A. (Eds.) Health Literacy:
A Prescription to End Confusion; National Academies Press (US): Washington, DC, USA, 2004.

41. Morrison, A.K.; Glick, A.; Yin, H.S. Health Literacy: Implications for Child Health. Pediatr. Rev. 2019, 40, 263–277. [CrossRef]
42. Dreisinger, N.; Nahn, J. Health Equity Demands Health Literacy. Pediatr. Emerg. Care 2020, 36, e414–e416. [CrossRef]
43. Morrison, A.K.; Myrvik, M.P.; Brousseau, D.C.; Hoffmann, R.G.; Stanley, R.M. The relationship between parent health literacy

and pediatric emergency department utilization: A systematic review. Acad. Pediatr. 2013, 13, 421–429. [CrossRef]
44. Kubicek, K.M.; Liu, D.; Beaudin, C.; Supan, J.; Weiss, G.B.; Lu, Y.; Kipke, M.D. A profile of nonurgent emergency department use

in an urban pediatric hospital. Pediatr. Emerg. Care 2012, 28, 977–984. [CrossRef] [PubMed]
45. Long, C.M.; Mehrhoff, C.; Abdel-Latief, E.; Rech, M.; Laubham, M. Factors Influencing Pediatric Emergency Department Visits

for Low-Acuity Conditions. Pediatr. Emerg. Care 2021, 37, 265–268. [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/10.1371/journal.pone.0163217
https://doi.org/10.1542/peds.2007-1418
https://doi.org/10.1016/S0140-6736(17)30938-8
https://doi.org/10.1016/j.puhe.2023.11.039
https://www.ncbi.nlm.nih.gov/pubmed/38154422
https://doi.org/10.3389/fped.2020.594898
https://www.ncbi.nlm.nih.gov/pubmed/33537260
https://doi.org/10.1186/s13052-018-0492-y
https://www.ncbi.nlm.nih.gov/pubmed/29728106
https://doi.org/10.1002/ppul.22906
https://www.ncbi.nlm.nih.gov/pubmed/24167120
https://doi.org/10.1186/s12879-023-08358-x
https://www.ncbi.nlm.nih.gov/pubmed/37291530
https://doi.org/10.1080/13696998.2019.1658592
https://www.ncbi.nlm.nih.gov/pubmed/31432723
https://doi.org/10.1542/pir.2018-0027
https://doi.org/10.1097/PEC.0000000000001660
https://doi.org/10.1016/j.acap.2013.03.001
https://doi.org/10.1097/PEC.0b013e31826c9aab
https://www.ncbi.nlm.nih.gov/pubmed/23023463
https://doi.org/10.1097/PEC.0000000000001553
https://www.ncbi.nlm.nih.gov/pubmed/30020246

	Introduction 
	Materials and Methods 
	Results 
	Gaslini PED and Bronchiolitis 
	Patients Discharged Home 
	PED Revisits 

	Discussion 
	Conclusions 
	References

