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Abstract
Bronchiolitis causes a remarkable number of hospitalizations; its epidemiology follows that of respiratory syncytial virus 
(RSV), its main pathogen. The aim of this study was to evaluate the presenting features, treatment approach, and impact 
of medical therapy in four pediatric hospitals in Italy. Data on infants < 24 months of age hospitalized with bronchiolitis 
in the 2021–2022 season were collected. Between October 2021 and February 2022, 214 children were admitted. Median 
hospital stay was 5 days; none of the patients died. The distribution of the presenting features is largely comparable in the 33 
(15.8%) RSV-negative versus the 176 (84.2%) RSV-positive children; also, no difference was observed in medical therapy 
provided: duration of oxygen therapy, administration of steroid, and duration of hospital stay. Systemic steroids, inhalation, 
or antibiotic therapy were given to 34.6%, 79.4%, and 49.1% of children respectively. Of the 214 patients with bronchiolitis, 
only 19 (8.8%) were admitted to ICU. 
  Conclusion: Our data suggest that, irrespective of treatments provided, RSV-positive and RSV-negative children had a 
similar clinical course. The results of our retrospective study further underline the need to improve adherence to existing 
guidelines on bronchiolitis treatment.

What is Known:
• Bronchiolitis is a common diseases with seasonal peak. The outcome is usually favorable but hospitalization and even ICU admission is not 

exceptional.
What is New:
• Children with RSV associated bronchiolitis do not have a different course and outcome. The analysis of the 2021-2022 cohort, following 

COVID pandemic peaking, did not show a different course and outcome.
• Adherence to literature recommendation, i.e. to focus on oxygen and hydration therapy while avoiding unnecessary systemic therapy with 

steroid and antibiotics, should be improved.
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Introduction

Bronchiolitis is a clinical syndrome of respiratory distress 
occurring in young children, with an accepted cut-off age 
of less than 2 years. It is characterized by upper respiratory 
symptoms, such as rhinitis, soon followed by signs of lower 
respiratory tract infection and inflammation. Involvement of 
bronchiole results in wheezing and/or rales.

A viral pathogen, and only occasionally other agents, 
such as Mycoplasma pneumoniae, usually trigger bronchi-
olitis. Most children with non-severe bronchiolitis can be 
managed at home, with supportive care based on adequate 
hydration, relief of nasal congestion/obstruction, and moni-
toring for disease progression. Yet, bronchiolitis is a major 
cause of illness and hospitalization in infants and children 
younger than 2 years [1].

In children with severe bronchiolitis, hospitalization for 
supportive care and monitoring is mandatory [2, 3]. Despite 
being a common disorder, agreement on several features of 
diagnosis and management of bronchiolitis has not yet been 
achieved. Pharmacologic interventions are usually consid-
ered potentially inappropriate, inasmuch they lack proven 
benefit, increase the cost of care, and may have adverse 
effects. Potential benefit of bronchodilators (inhaled or oral) 
[4–9], glucocorticoids (inhaled or systemic) [10–14], or 
nebulized hypertonic saline (with or without nebulized epi-
nephrine) [15] is not supported by reported trials and robust 
metanalyses. Management of severe bronchiolitis is based on 
stabilization of respiratory and fluid status, until criteria for 
admission in intensive care unit (ICU) are achieved.

Bronchiolitis is a self-limited illness and often resolves 
without complications in most previously healthy infants. 
Children born prematurely or those with associated cardio-
pulmonary disease or immune defect may have a higher risk 
to develop complications, such as respiratory failure or bacte-
rial infection. Nevertheless, about 30% of previously healthy 
infants hospitalized for bronchiolitis have an increased risk 
for recurrent wheezing [16]. Mortality rate in children hospi-
talized with respiratory syncytial virus (RSV) bronchiolitis in 
developed countries is very low (less than 1 in 1000) [17–19].

Bronchiolitis typically spreads during the fall and win-
ter [17]. The 2020–2021 epidemic arrived very late, and its 
impact was lower than in previous seasons, with a reduction 
in hospitalization in the range of 30%. This was considered 
to be linked to the implementation of non-pharmaceutical 
COVID-19 prevention measures [20, 21]. For 2021–2022, 
a novel increase of the incidence of bronchiolitis may be 
linked to an “immunity debt” resulting from the lower 
impact of the previous season [22, 23].

In this study, we aimed at evaluating the characteristic of 
the patients and therapeutic approach used in four Italian pedi-
atric wards during the bronchiolitis epidemic of the season 
2021–2022.

Materials and methods

Retrospective data were collected in four pediatric wards. 
One was a Pediatric Infectious Diseases ward, embedded 
in a Children’s Hospital, part of a teaching, third level hos-
pital; three were Pediatric inpatient wards, allocated within 
second-level, general hospitals.

All children diagnosed with bronchiolitis, admitted to 
the participating centers between October 2021 and Febru-
ary 2022, were eligible for the study. Inclusion criteria were 
age ≤ 2 years, diagnosis of bronchiolitis, admission ending 
with ordinary discharge, and parental consent to treat the 
patient data for clinical research. Exclusion criteria were 
respiratory failure due to concurrent pulmonary, heart, or 
neuromuscular disorders, refusal of treatment, or voluntary 
discharge before treatment completion.

Samples for detection of RSV (and of other respiratory 
viruses or bacteria when obtained) were collected by dispos-
able, nasal sterile swab or secretion aspirate and analyzed 
by PCR methods. Data collection included demographics, 
respiratory virus isolation, and details of treatment: oxygen 
administration, steroids, antibiotic drugs and need for ICU 
admission. The administration of systemic antibiotics or 
steroids was recorded.

The study was conducted according to the guidelines of 
the Declaration of Helsinki, and approved by the Institu-
tional Review Board (Comitato Etico per la Ricerca, Prov-
ince di Chieti-Pescara; Verbale di seduta Comitato Etico, N. 
07) on April 21, 2022. Patient consent was waived since data 
from patients were completely anonymized.

All the results were presented as mean and standard 
deviation (SD) or median and interquartile range (IQR) for 
continuous variables and as frequencies and percentages for 
categorical variables. Comparisons between groups were 
made through the t-test or the corresponding non-paramet-
ric Mann–Whitney test in case of non-normal distribution 
of continuous variables. In order to identify possible risk 
factors for admission to ICU, a multivariate analysis was 
run with the following variables: age, weight, and gender. 
The results were reported in terms of odds ratios with their 
relative 95% confidence intervals (95% CI). p-values < 0.05 
were considered statistically significant. All the analyses 
were conducted with the R software (version 3.5.2).

Results

Between October 2021 and February 2022, the four par-
ticipating centers diagnosed and treated 214 children with 
bronchiolitis, all eligible for the present study. Their main 
features are summarized in Table 1. The number of patients 
enrolled in each of the four centers ranged from 37 to 71. Of 
them, 57% were males and the median age was 3 months. 
Seventeen children had neonatal risk factors.
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The median duration of the hospital stay was 5 days (IQR 
4–8 days). None of the patients died. The main features of 
the 209/214 (97.7%) children in whom the RSV status was 
determined are summarized in Table 2.

The distribution of the presenting features was largely 
comparable in the 33 (15.8%) RSV-negative versus the 176 
(84.2%) RSV-positive children. Duration of oxygen therapy 
and duration of hospital stay were comparable in the two 
groups.

In 44 patients (20.6%), at least one pathogen other than 
RSV was reported. Of them, 16 were RSV-negative and 
were found positive for the following pathogens: SARS-
CoV-2 (n = 3), metapneumovirus (n = 2), rhinovirus (n = 2), 
parainfluenza (n = 2), rhinovirus + bocavirus (n = 2), rhino-
virus + coronavirus, bocavirus, hemophilus, not identified 
(n = 2); in the remaining 28 patients, who were positive for 
RSV, the following pathogens were also reported: rhinovi-
rus (n = 7), bocavirus (n = 4), rhinovirus + pneumococcus 
(n = 1), SARS-CoV-2 (n = 2), adenovirus (n = 2), parainflu-
enza (n = 2), parainfluenza + pneumococcus (n = 1), pneu-
mococcus (n = 9). Their distribution is summarized in Fig. 1.

Oxygen therapy was administered to 160 children 
(74.8%), in 91 (42.5%) by LFNC only, in 18 by HFNC only 
(8%), and in 51 (24%) by both; in the remaining 54 cases, 
oxygen therapy was not given. Duration of oxygen therapy 
was 7.0 (5.0–8.0) days in the 18 patients who received 
HFNC only, vs. 4.0 (2.5–5.0) days in the 91 who received 
LFNC only (p < 0.0001) (data not shown). The weaning 
procedure depended on individual clinical response and on 
local practices.

Table 1  Main features of 214 children with bronchiolitis diagnosed 
and treated in four pediatric centers between October 2021 and Feb-
ruary 2022

* Patients with available information

Total*

Center, n (%)
  • Pescara 214 71 (33.2)
  • Bari 214 62 (29.0)
  • Forlì 214 44 (20.6)
  • Macerata 214 37 (17.3)

Age in months, median (IQR) 214 3.0 (1–6)
Gender, n (%)
  • Female 214 92 (43.0)
  • Male 214 122 (57.0)

Weight in kg 205 6.9 ± 2.9
Neonatal risk factors, n (%) 214 17 (7.9)
C-reactive protein in mg/L (median, IQR) 190 2.05 (0–15)
RSV, n (%) 209 176 (84.2)
Other pathogens, n (%) 214 44 (20.6)
Oxygen therapy, n (%) 214 160 (74.8)
  • Low-flow nasal cannula 214 142 (66.4)
  • High-flow nasal cannula (HFNC) 214 69 (32.2)

Antibiotic therapy, n (%) 214 105 (49.1)
Inhaled therapy, n (%) 214 170 (79.4)
Steroid therapy, n (%) 214 74 (34.6)
Need for intensive care, n (%) 214 19 (8.9)
Duration respiratory support in days, median 

(IQR)
211 5 (0–6)

Duration of hospital stay in days, median 
(IQR)

214 5.0 (4.0–8.0)

Table 2  Distribution of the 
main features of 214 children 
with bronchiolitis according to 
RSV infection

RSV Neg.
33

RSV Pos.
176

p value

Age (months) (IQR) 3.0 (1.0–9.0) 3.0 (1.0–6.0) 0.5405
Gender
   - Female (%) 14 (42.4) 76 (43.2) 0.9357
   - Male (%) 19 (57.6) 100 (56.8)

Weight (kg) 7.2 ± 3.1 6.8 ± 2.8 0.553
Neonatal risk factors (%) 7 (21.2) 10 (5.7) 0.008
C-reactive protein (mg/L) (IQR) 0.0 (0.0–6.1) 2.2 (0.0–17.2) 0.2046
Oxygen therapy (%) 25 (75.8) 133 (75.6) 0.9815
   - Low flow nasal cannula (%) 22 (66.7) 118 (67.0) 0.9661
   - High-flow nasal cannula (HFNC) (%) 10 (30.3) 59 (33.5) 0.7182

Antibiotic therapy (%) 14 (42.4) 86 (48.9) 0.4968
Inhaled therapy (%) 28 (84.8) 137 (77.8) 0.3649
Steroid therapy (%) 13 (39.4) 56 (31.8) 0.3958
Need for intensive care (%) 3 (9.1) 16 (9.1) 1
Duration respiratory support (days) (IQR) 4.0 (1.0–6.0) 4.0 (1.0–7.0) 0.5017
Duration of hospital stay (days) (IQR) 5.0 (4.0–7.0) 6.0 (4.0–8.0) 0.2655
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Inhaled and antibiotic therapies were administered to 170 
(79.4%) and to 105 children (49.1%) respectively.

Parenteral steroid therapy (usually i.v. methyl-predniso-
lone) was given to 74 (34.6%) children. The proportion of 
cases receiving steroids was different among the four partici-
pating centers (p = 0.0006). Interestingly, children receiving 
steroid therapy were significantly older (p < 0.0001). Admin-
istration of steroids was not associated with any other pre-
senting feature, including detection of RSV, while patients 
receiving steroids more frequently received antibiotic ther-
apy (p = 0.027) and inhaled therapy (p < 0.001). Otherwise, 
duration of respiratory support and of hospital stay was not 
different in children receiving or not steroid therapy.

Of the 214 patients with bronchiolitis, only 19 (8.8%) 
were admitted to ICU (Table  3). Their proportion was 
variable, ranging between 2 and 17% in the four centers. 

In a univariate analysis, they were significantly younger 
(p = 0.0167), had a lower weight (p = 0.0086), had received 
inhaled therapy, high-flow oxygen therapy, steroids and any 
antibiotic therapy more often than patients who were not 
admitted to ICU. In the attempt to identify possible inde-
pendent risk factors for admission to ICU, we run a multi-
variate analysis including age, weight, and gender. None of 
the above features turned out to be protective against risk of 
admission to ICU (Table 4).

Discussion

Despite being a common disease in infancy, agreement 
on several features of diagnosis and management of bron-
chiolitis has not yet been achieved [24]. In this study, we 

Fig. 1  Distribution of patho-
gens, other than RSV, identified 
in 44 patients with bronchiolitis

Table 3  Distribution of the 
main features of 214 children 
with bronchiolitis according to 
admission or not to ICU

ICU No
N = 195

ICU Yes
N = 19

p value

Age (months) 3.0 (1.0–7.0) 1.0 (1.0–3.0) 0.0167
Gender (%) Female 80 (41.0) 12 (63.2) 0.0629

Male 115 (59.0) 7 (36.8)
Weight (kg) 7.0 ± 2.9 5.2 ± 2.2 0.0086
Neonatal risk factors (%) Yes 15 (7.7) 2 (10.5) 0.6628
C-reactive protein(mg/L) (IQR) 2.2 (0.0–15.0) 0.0 (0.0–13.6) 0.275
RSV (%) Yes 160 (84.2) 16 (84.2)
Other pathogens (%) Yes 42 (21.5) 2 (10.5) 0.2569
Oxygen therapy (%) Yes 141 (72.3) 19 (100.0) 0.008
High-flow nasal cannula (HFNC) (%) Yes 51 (26.2) 18 (94.7)  < 0.0001
Low-flow nasal cannula (%) Yes 128 (65.6) 14 (73.7) 0.4788
Duration of hospital stay (days) (IQR) 3.5 (0.0–6.0) 9.0 (7.0–12.0)  < 0.0001
Duration of respiratory support
(days) (IQR)

5.0 (4.0–8.0) 12.0 (8.0–14.0)  < 0.0001
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describe our experience in diagnosis and treatment of over 
200 patients with bronchiolitis, admitted during the season 
2021–2022 in four Italian pediatric centers, scattered in the 
north, center, and south of Italy.

The median age of 3 months and mild prevalence of male 
gender is not unexpected. Bronchiolitis usually affects pre-
viously healthy babies, as remarked by the small minority 
(8%) of them in whom an associated neonatal risk factor was 
reported. In far most cases, RSV was documented as the only 
pathogen. In the 44 cases in which at least one non-RSV 
pathogen was identified, rhinovirus was more frequently 
detected; pneumococcal colonization, frequently observed in 
infants with bronchiolitis, was probably of no clinical signif-
icance [25]. Since this analysis was not uniformly performed 
in all cases, this information has no epidemiological value.

Oxygen therapy is definitely the basis of treatment in 
bronchiolitis. In recent years the use of noninvasive ventila-
tion therapies, such as the nasal continuous positive air pres-
sure (CPAP), and the high-flow nasal cannula (HFNC), has 
emerged as alternatives to oro-tracheal intubation and con-
ventional invasive ventilation in patients with moderate to 
severe bronchiolitis [26]. Possible use of HFNC outside ICU 
was considered of interest, also in the hope to reduce ICU 
requirement and the hospital time. In a retrospective analysis 
of over 500 children in a single center over 9 years, Solana 
et al. tried to address the issue of the contribution of the 
introduction of HFNC. They observed an increase in HFNC 
and, paradoxically, an increase in ICU transfers. The risk of 
failure (ICU transfer and respiratory support therapy escala-
tion) was higher for those who required HFNC or CPAP for 
clinical stabilization in the first 12 h after admission. Moreo-
ver, the risk of failure was also higher in children with stand-
ard oxygen therapy promptly escalated to HFNC, especially 
if they had atelectasis/viral pneumonia, coinfections, or a 
history of prematurity. No correlation was found between the 
usage of HFNC and a shorter length of hospital stay or less 
time spent on oxygen therapy [27]. In another recent study, a 
web-based survey of major tertiary care hospitals in Canada, 
approximately half of tertiary children’s hospitals currently 
used HFNC on the ward and utilize a range of practices and 
policies, while other centers considered its implementation 
[28]. Further research is needed to inform best practices for 
HFNC therapy, support stewardship of health care resources, 

and promote safe patient care. Our study reflects the current 
trend in clinical practice but no correlation could be demon-
strated between the usage of HFNC and a shorter length of 
hospital stay or less time spent on oxygen therapy.

The contribution of medical therapy for treatment of 
bronchiolitis remains controversial. In particular, the role 
of antibiotics and, even more, of steroids, did not reach a 
consensus. In this series, about one third of patients received 
steroid therapy. Although no systematic analysis on treat-
ment decisions could be made by study design, we can only 
speculate that this is likely to depend on local or individual 
attitude of the attending physician, as suggested also by the 
range of variability of antibiotic administration, between 16 
and 50%, in the four centers. We noted that steroid therapy 
was administered significantly more often to older patients, 
while was independent from detection of RSV infection. 
Since this was not a prospective, controlled trial aimed at 
exploring the contribution of systemic steroid therapy, we 
cannot draw any conclusion on any role of steroid therapy in 
sparing from ICU admission, duration of respiratory support 
or duration of hospital stay.

In a very recent randomized trial of corticosteroids and 
inhaled epinephrine for bronchiolitis in children in intensive 
care, 107 children received positive pressure support for a 
geometric mean of 26 h compared with 40 h in controls [29]. 
Yet, the accompanying editorial remarks some limitations 
of this study, which thus cannot be taken as a final evidence 
[30]. In our series, 79% of patients received inhaled therapy, 
independently of association with RSV. Accumulating evi-
dence suggests that bronchiolitis is not a single disease but 
can have different “phenotypes,” based on age of presen-
tation, history of atopy, etiology, and clinical presentation 
[31–33]. New studies aimed at defining the relationship 
between therapeutic options and different phenotypes appear 
warranted. In this frame, a bronchodilator-trial (using short-
acting beta-2 agonists with metered-dose inhalers and valved 
holding chambers) has been proposed in children with bron-
chiolitis aged > 6 months [34].

The lack of evidence in favor of a specific treatment of 
bronchiolitis is probably the main reason for the frequent 
non-uniformity of therapeutic approach, also mirrored in 
our analysis. In a retrospective chart review of 146 infants 
with bronchiolitis requiring respiratory support in winter 
season 2015/2016 treated in two regions in Central Europe 
(France or Germany), infants in the German group received 
more frequently infusion therapy, more antibiotics, and 
more inhalation therapy. [35]. In a very recent retrospective 
analysis of the application of an Italian inter-society consen-
sus document in 2014, when comparing patients admitted 
in the prior four epidemic seasons with patients admitted 
in the latter six epidemic seasons, a significant reduction 
in the prescription of systemic corticosteroids (58.9% vs. 
41.8%, p < 0.001), nebulized epinephrine (73.8% vs. 38.3%, 

Table 4  Multivariate analysis of patient demographics for admission 
to ICU

Odds ratio 95% CI p value

Age 1.07 0.88 1.29 0.5164
Weight 0.68 0.44 1.05 0.0829
Gender (female 

vs. male)
2.03 0.70 5.96 0.1951
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p < 0.001), and antibiotics (59.5% vs. 42.3%, p < 0.001) was 
observed, together with a drastic decrease in the use of chest 
X-ray (92.2% vs. 54.4%, p < 0.001). On the contrary, the 
use of inhaled salbutamol remained substantially stable over 
time (39.4% vs. 37.6%, p = 0.505) [32]. Altogether, questions 
such as “do steroids protect from ICU treatment in bronchi-
olitis?” or “should we routinely give antibiotics to kids with 
bronchiolitis?” will probably receive uniformly negative 
answers from most of the pediatricians. Yet, when detailed 
analysis is performed based on data collection from pretty 
large patient numbers, we face the evidence that a uniform 
clinical practice is not yet in place. This is exactly what we 
found in our multicenter data collection from four Italian 
wards, during the fall-winter season 2021–2022.

This study has limitations. Since RSV was expected to be 
the main pathogen involved, extensive investigation of other 
viruses was not performed in all cases. Thus, our data cannot 
reflect local epidemiology of respiratory viruses in children 
with bronchiolitis. Furthermore, this was a retrospective 
observational study and not a prospective, therapeutic trial. 
Since the patients were not treated according to a common 
therapeutic protocol, differences in administration of anti-
biotics or steroids might, possibly, reflect also individual 
choice of the attending physician, not always in agreement 
with accepted international guidelines.

In conclusion, in our study of 214 children with bronchi-
olitis diagnosed and treated in four pediatric Italian cent-
ers, we observed a favorable prognosis in all cases, with 
requirement of ICU limited to a minority of patients. These 
findings are in keeping with those reported in a contempo-
rary, comparable, multicenter setting in Italy [36, 37]. The 
vast majority of children was treated in the pediatric wards, 
equipped with low-flow and high-flow nasal cannula for 
oxygen therapy. The mean hospital stay of these children is 
usually expected to last less than 1 week. Our data suggest 
that, irrespective of treatments provided, RSV-positive and 
RSV-negative children had a similar clinical course. The 
results of our retrospective study further underline the need 
to improve adherence to existing guidelines on bronchioli-
tis treatment. Local healthcare professionals are asked to 
work together to effectively implement in their daily work 
bronchiolitis guidelines aiming to stop unnecessary tests and 
treatments.
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