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Abstract: The non-pharmacological measures implemented during the SARS-CoV-2 pandemic dis-
rupted the usual bronchiolitis seasonality. Some authors have speculated that, after the lock down
period, there would be an increase in the number and severity of respiratory infections due to the
re-introduction of respiratory viruses. We collected clinical, microbiological and lung ultrasound
data using the classification of the Italian Society of Thoracic Ultrasound (ADET) in children with
bronchiolitis during the pandemic compared to the pre-pandemic period, with the aim of assessing
whether the epidemic of bronchiolitis during the pandemic was characterized by a more severe
lung involvement documented by lung ultrasound. We enrolled 108 children with bronchiolitis
(52 pre-pandemic and 56 COVID-19 period), with a median age of 1.74 months (interquartile range,
IQR 1–3.68) and 39.8% were females. Rhinovirus detection and high-flow nasal cannula usage were
both increased during the COVID-19 period, although overall need of hospitalization and pediatric
intensive care unit admissions did not change during the two periods. Lung ultrasound scores
were similar in the two cohorts evaluated. Conclusions: our study suggests that, despite changes in
microbiology and treatments performed, lung ultrasound severity scores were similar, suggesting
that that bronchiolitis during the pandemic period was no more severe than pre-pandemic period,
despite children diagnosed during the pandemic had a higher, but it was not statistically significant,
probably, due to small sample size, probability of being admitted.

Keywords: bronchiolitis; children; COVID-19; point-of-care ultrasound; respiratory viruses; lung ultrasound

1. Introduction

Acute bronchiolitis is one of the most substantial health problems for infants and
young children worldwide [1]. It occurs in babies and children under 2 years of age and
most commonly in the first year of life, peaking between 3 and 6 months [2]. Bronchiolitis
is characterized by extensive inflammation and edema of the airways, increased mucus
production and necrosis of airway epithelial cells [3]. Respiratory syncytial virus (RSV)
is the most commonly identified virus, other associated pathogens include rhinovirus,
metapneumovirus, coronavirus, human bocavirus, influenza virus, adenovirus and parain-
fluenza virus [4].

Bronchiolitis is a seasonal infection, with the season typically beginning in late October
in the temperate northern hemisphere, peaking in January or February, and ending in April.
During the COVID-19 pandemic, stay-at-home orders, physical distancing, face masks
and other non-pharmaceutical interventions (NPIs) do not only impact COVID-19, but
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also the dynamics of various other infectious diseases. In fact, the autumn and winter
bronchiolitis epidemics have virtually disappeared worldwide in the first year of the
COVID-19 pandemic [5–14].

As result of the reduction of social distancing measures and the reopening of schools,
viruses have started to circulate again. Indeed, all countries have experienced the resur-
gence of RSV following the reduction of public health measures related to the COVID-19
disease [14]. Some authors have speculated that the lack of exposure to common respira-
tory viruses in children born during COVID-19 lockdowns may expose them to a higher
risk of severe disease if exposed later in life to traditional viruses (this theory has been
called “immunity debt”) [15]. Moreover, given the lower exposure of the general (also
adult) population to common viruses, major and out-of-seasons rebounds of several co-
circulating respiratory viruses have been reported in several countries [16], it has also been
suggested that children could have suffered more severe forms of bronchiolitis due to viral
co-infections. So far, a few available studies on the topic have not documented a higher
need of invasive ventilation (IV) and pediatric intensive care unit (PICU) admissions in
children with bronchiolitis during the post-COVID-19 periods [17,18]. However, IV and
PICU admission may only represent the very extreme of disease severity, which is relatively
rare in children. Therefore, other parameters that could objectivate the degree of lung
disease in children diagnosed with bronchiolitis before and after the pandemic may better
show us if, overall, children have suffered a different disease severity. Clinical parameters
and admissions, in fact, can be very subjective and dependent on the attending physician;
therefore, they can miss the real burden of bronchiolitis before and after the pandemic. In
this regard, lung ultrasound (LUS) can be a more objective parameter to define lung disease
in children with bronchiolitis.

Lung ultrasound (LUS) is a feasible, portable, easy to learn and non-ionizing radiation
technique. In the last decades, it has become an emerging diagnostic tool for diagnosing
pneumonia and bronchiolitis in children, with remarkable sensitivity and specificity [19].
Moreover, a consensus in 2020 established the role of lung ultrasound in the diagnosis and
management of pneumonia and bronchiolitis in children as an evidence-based method
of imaging [20].

In our third level center, LUS was routinely performed in cases of respiratory dis-
ease, including bronchiolitis. Specifically, we are prospectively collecting LUS findings in
children with bronchiolitis since 2018. In view of the enormous impact of SARS-CoV-2
infection on the bronchiolitis epidemiology and speculation about the possibility of an
increase in the numbers and severity of lower respiratory tract infections after the easing of
restrictions, we collected clinical and ultrasound data of patients with bronchiolitis also
during the first bronchiolitis season after lockdown. Importantly, our team of clinicians
performing LUS has not changed during the two periods, allowing us to compare LUS
findings in two cohorts of pre- and post-pandemic children. As the ultrasound evaluation
is a more objective tool to quantify the involvement of lung parenchyma during respira-
tory diseases [21,22], the purpose of this study was to compare the ultrasound score in
bronchiolitis during COVID-19 pandemic with bronchiolitis in the pre-pandemic period to
determine whether the lung ultrasound scores differ in children that had bronchiolitis in
the pre- or post-pandemic period.

2. Materials and Methods

The study setting was a third level center in Italy (Rome). The authors prospectively
collected demographic, clinical, microbiological and ultrasound data of hospitalized patient
with diagnosis of bronchiolitis from 1 July 2021 to 1 January 2022. Later, these records have
been compared with those prospectively collected from children with bronchiolitis evalu-
ated in the pre-pandemic period (October 2018–March 2020). Parents/legal guardians of
all included patients provided consent for study participation. The local Ethics Committee
approved the study (Prot. 51720/19, ID 2921).
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2.1. Inclusion and Exclusion Criteria

We included children younger than 12 months of age hospitalized with clinical di-
agnosis of bronchiolitis who underwent to thoracic ultrasound within 24 h of admission.
Diagnosis of bronchiolitis was based on available guidelines and only children with a first
episode were included. We excluded patients with other respiratory diseases, over 2 years
of age, who have not undergone thoracic ultrasound, outside of the study period. Patients
without parents/legal guardians’ consent were excluded.

2.2. Data Collection

Anonymous data have been collected during the study period. We obtained demo-
graphic (age, sex and gestational age), clinical parameters according to the Baraldi et al. [23]
score (respiratory rate, respiratory work, temperature, oxygen saturation and feeding
apnea), auscultation based by ear through stethoscope, microbiological (nasopharyngeal
swabs results) and ultrasound records. In addition, we acquired information about need
and degree of oxygen support (low-flow oxygen, high flow oxygen, continuous positive air-
way pressure (CPAP) and invasive ventilation), and other administered therapies (antibiotic
therapy, bronchodilator and corticosteroid treatment). As laboratory investigations are not
routinely performed in clinical practice in children with bronchiolitis, these data were not
collected. Data on SARS-CoV-2 positivity have not been included since, in our Institution,
we only reported SARS-CoV-2 positive bronchiolitis since January 2022 according to our
prospective observations previously described [17].

2.3. Chest Ultrasound Examination

Esaote My Lab 40 ultrasound machine (Esaote, Genoa, Italy) with a linear (7.5 to
12 MHz) probe was used to scan the chest. The patients were scanned in supine posi-
tion. The chest was divided into 14 regions according to recent method proposed by
Soldati et al. [24]. Longitudinal and transversal images have been acquired. Lung ultra-
sound examinations were performed and classified by two pediatric residents and later
reviewed by a senior pediatric doctor, with many years of experience in the field of chest
ultrasound [19].

About the lung ultrasound findings, we collected the following features (as shown
in Figure 1), developed according to decades of LUS studies of the Italian Academy of
Thoracic Ultrasound (ADET) which described in detail the interstitial and consolidative
lung syndromes [24–26]:

- Horizontal artifacts (the summation of the reverberation effects, due to the pleural-
line and myofascial acoustic interfaces of the chest wall, and the mirror effects variable
in its expression in relation to the thickness of the chest wall-reproducing beyond the
pleural line, in a specular way, the myofascial planes of the chest wall) [25].

- Short vertical artifact (artifact that do not reach the bottom of the screen).
- B-line (hyperechogenic ultrasonographic artefacts, perpendicular to the pleural line,

also known as comet-tail artefacts) that can be isolated (not more than 2 B-lines per
intercostal space) or multiple (B-lines with a distance between them of less than half a
cm to the confluence, remaining identifiable from each other).

- White lung (characterized by a granular and mostly white texture, which starts at
the pleura line and ends at the bottom of the screen as reported in previously men-
tioned [25]).

- Sub-pleural consolidation (Subpleural echo-poor region interrupting the pleural line).

We classified LUS findings as follows, according to the scores agreed by the Italiana
Academy of Thoracic Ultrasound, previously presented in our report standards (RED) and
based on physical studies from the Academy [26]:

- A-lines, normal ultrasound with score 0.
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- Short vertical artifact and Isolated-B lines with score 1 (counted together accord-
ing to available literature See: https://doi.org/10.3390/app10051570, accessed on
24 July 2022).

- Multiple B-lines with score 2.
- White lung and subpleural consolidation less than 1 cm in size with score 3.
- Sub-pleural consolidation greater than 1 cm in size, score 4.

J. Clin. Med. 2022, 11, 5294 4 of 10 
 

 

- A-lines, normal ultrasound with score 0. 
- Short vertical artifact and Isolated-B lines with score 1 (counted together according to 

available literature See: https://doi.org/10.3390/app10051570, accessed on 24 July 2022). 
- Multiple B-lines with score 2. 
- White lung and subpleural consolidation less than 1 cm in size with score 3. 
- Sub-pleural consolidation greater than 1 cm in size, score 4. 

 
Figure 1. LUS findings. (A) A-lines, normal ultrasound; (B) short vertical artifact; (C) isolated-B line; 
(D) multiple B lines; (E) white lung; (F) subpleural consolidation. 

2.4. Statistical Analysis 
A statistical analysis was performed using the software STATA/IC 14.2 version 2017 

(StataCorp LLC, College Station, TX, USA). We tested the normality by Skewness/Kurtosis 
test. Data were reported as median values with an interquartile range (IQR), and direct 
comparisons were made with Mann–Whitney rank-sum tests. Percentages were used to 
describe categorical outcomes, and distributions of categorical data were compared with 
either a Pearson’s χ2 test or a Fisher’s exact test, as appropriate. A logistic regression anal-
ysis was applied to detect predictive characteristics of the bronchiolitis during COVID-19 
period was compared with pre-COVID-19 period. The inclusion of variables in the model 
was based on clinical plausibility and significant difference on the bivariate analysis. Con-
sidering the rarity of events or the unbalanced distribution of the cases for some variables 
and the small-sample bias, we performed the Firth method to reduce the small sample 
bias of maximum likelihood coefficients. Adjusted odds ratio (OR) and 95% confidence 
intervals (95% CI) were used as measures of effect. The statistical significance was set at p 
< 0.05 for all tests. 

3. Results 
3.1. Study Population 

During the study period, 108 children with a clinical diagnosis of bronchiolitis were 
enrolled, 56 infants during the COVID-19 period, and 52 during the pre-COVID-19 period. 
Clinical and demographic characteristics of the study population, during the COVID-19 
period compared to the pre-pandemic period, are described in Table 1. Overall, 60.2% of 
the total population were male and 39.8% female. The average age 1.7 months, 12.9% were 
premature. In both groups it was the first episode, rhinitis was always present, feeding 
difficulty was found in 69.4% of infants without significant differences between two 

Figure 1. LUS findings. (A) A-lines, normal ultrasound; (B) short vertical artifact; (C) isolated-B line;
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2.4. Statistical Analysis

A statistical analysis was performed using the software STATA/IC 14.2 version 2017
(StataCorp LLC, College Station, TX, USA). We tested the normality by Skewness/Kurtosis
test. Data were reported as median values with an interquartile range (IQR), and direct
comparisons were made with Mann–Whitney rank-sum tests. Percentages were used to
describe categorical outcomes, and distributions of categorical data were compared with
either a Pearson’s χ2 test or a Fisher’s exact test, as appropriate. A logistic regression analy-
sis was applied to detect predictive characteristics of the bronchiolitis during COVID-19
period was compared with pre-COVID-19 period. The inclusion of variables in the model
was based on clinical plausibility and significant difference on the bivariate analysis. Con-
sidering the rarity of events or the unbalanced distribution of the cases for some variables
and the small-sample bias, we performed the Firth method to reduce the small sample
bias of maximum likelihood coefficients. Adjusted odds ratio (OR) and 95% confidence
intervals (95% CI) were used as measures of effect. The statistical significance was set at
p < 0.05 for all tests.

3. Results
3.1. Study Population

During the study period, 108 children with a clinical diagnosis of bronchiolitis were
enrolled, 56 infants during the COVID-19 period, and 52 during the pre-COVID-19 period.
Clinical and demographic characteristics of the study population, during the COVID-19
period compared to the pre-pandemic period, are described in Table 1. Overall, 60.2%
of the total population were male and 39.8% female. The average age 1.7 months, 12.9%
were premature. In both groups it was the first episode, rhinitis was always present,
feeding difficulty was found in 69.4% of infants without significant differences between two
groups. About microbiological results, a virus was identified in 107 out of 108 infants. RSV

https://doi.org/10.3390/app10051570
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was the commonest isolate followed by rhinovirus, metapneumovirus, parainfluenza and
adenovirus/bocavirus (as shown in Table 1). RSV and rhinovirus were found, respectively,
to be 80.3% and 39.2% during the pandemic period and 59.6% and 1.9% during the pre-
pandemic period. Management and therapies were showed in Table 1. Overall, 83.3% of
infants needed oxygen support, 55.3% needed high-flow nasal cannula (HFNC) and 10.7%
needed CPAP during the pandemic period, compared to 32.6% who needed HFNC and
no one needing CPAP during the pre-pandemic period. No one needed to mechanical
ventilation in both groups. The most common therapies administered were antibiotic,
bronchodilator, corticosteroid (36.1%, 23.15% and 32.4%, respectively). They were more
used in the pre-pandemic compared to the pandemic period.

Table 1. Basic characteristics of the study population.

Characteristics Total Population
n = 108

Pre-COVID-19 Period
n = 52

COVID-19 Period
n = 56 p Value

Sex, n(%)

Male 65 (60.19) 36 (69.23) 29 (51.79)
0.06

Female 43 (39.81) 16 (30.77) 27 (48.21)

Age (months), median (IQR) 1.74 (1–3.68) 1.6 (0.97–3.45) 2.1 (1.02–4.86) 0.22

Prematurity, n (%) 14 (12.96) 5 (9.62) 9 (16.07) 0.32

Onset of symptoms (hours), median (IQR) 72 (48–96) 48.5 (48–96) 72 (36–96) 0.75

First episode, n (%) 104 (96.30) 50 (96.15) 54 (96.43) 0.94

Coryza, n (%) 108 (100%) 56 (100%) 52 (100%) -

Difficulty of feeding, n (%) 75 (69.44) 39 (75.00) 36 (64.29) 0.23

On ongoing therapy, n (%) 36 (33.33) 17 (32.69) 19 (33.93) 0.89

Crackles on thorax auscultation, n (%) 104 (96.30) 48 (92.31) 56 (100.00) 0.034

Wheeze on thorax auscultation, n (%) 32 (29.63) 28 (53.85) 4 (7.14) <0.001

Chest retractions, n (%) 103 (95.37) 48 (92.31) 55 (98.21) 0.144

Fever, n (%) 41 (37.96) 17 (32.69) 24 (42.86) 0.277

SaO2 < 91%, n (%) 39 (36.11) 21 (40.38) 18 (32.14) 0.37

RSV detection, n (%) 76 (70.37) 31 (59.62) 45 (80.36) 0.018

Rhinovirus detection, n (%) 23 (21.30) 1 (1.92) 22 (39.29) <0.001

Metapneumovirus, n (%) 4 (3.70) 1 (1.92) 3 (5.36) 0.34

Parainfluenza, n (%) 2 (1.85) 0 2 (3.57) 0.27

Adenovirus/Bocavirus, n (%) 2 (1.85) 0 2 (3.57) 0.27

LUS*-right anterior side, median, (IQR) 1 (1–3) 1 (1–3) 1.5 (1–3) 0.94

LUS*-left anterior side, median, (IQR) 1 (1–2.5) 1 (1–2) 1 (1–3) 0.95

LUS*-right lateral side, median, (IQR) 1 (1–3) 1 (1–2.5) 1 (1–3) 0.37

LUS*-left lateral side, median, (IQR) 1 (1–3) 1 (1–3) 1 (1–3) 0.11

LUS*-right posterior side, median, (IQR) 3 (2–3) 3 (1–3) 3 (2–3) 0.37

LUS*-left posterior side, median, (IQR) 3 (1–3) 2 (1–3) 3 (1–3) 0.34

LUS*-paravertebral side, median, (IQR) 1 (1–1) 1 (1–1) 1 (1–1) 0.48

Total LUS*, median, (IQR) 12 (9.16) 11 (9–15) 13 (8.5–17) 0.1

Need for oxygen support, n (%) 90 (83.33) 39 (75.00) 51 (91.07) 0.025

Need for HFNC, n (%) 48 (44.44) 17 (32.69) 31 (55.36) 0.018
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Table 1. Cont.

Characteristics Total Population
n = 108

Pre-COVID-19 Period
n = 52

COVID-19 Period
n = 56 p Value

Need d for N-CPAP, n (%) 6 (5.56) 0 6 (10.71) 0.015

Need for mechanical ventilation, n (%) 0 0 0 0

Need for antibiotic therapy, n (%) 39 (36.11) 24 (46.15) 15 (26.79) 0.036

Trial of bronchodilator, n (%) 25 (23.15) 16 (30.77) 9 (16.7) 0.07

Need for corticosteroid treatment, n (%) 35 (32.41) 24 (46.15) 11 (19.64) 0.003

IQR: interquartile range; RSV: respiratory syncitial virus; LUS*: lung ultrasound score; HFNC: high flow nasal
cannulae; N-CPAP: continuous positive airway preassure.

3.2. LUS Features

Abnormal ultrasound findings were detected in all patients. B-lines were the sono-
graphic artifacts mainly observed in most pulmonary fields explored. Instead, white lung
area and subpleural consolidations (especially less than 1 cm) were found in posterior
and paravertebral fields. The average score for the anterior and lateral lung fields was 1,
the mean score of posterior field was 3, with similar rates in the right and left lung. No
pleural effusion was detected. Interstitial and alveolar-interstitial syndromes were most
frequently observed in inferior and posterior, as well as paraspinal portions of the lung.
The average score in total population was 12; the mean value in the COVID-19 period group
was 13 compared to 11 in the pre-pandemic group. Overall, there were not statistically
significant differences in lung ultrasound findings between the two groups as shown in
Table 1. Logistic regression models found that the only significant changes during the study
periods were a younger age in the pre-pandemic cohort, higher rates of rhinovirus and
lower detection of wheezing in the post pandemic cohort (Table 2).

Table 2. Firth logistic regression model exploring the predictors associated with COVID-19 period.

COVID-19 Period vs. Pre
COVID-19 Period Coeff. OR Std. Err. z p > |z| 95% CI

Age (months) 0.33 1.4 0.15 2.23 0.026 0.04 0.6

Sex
male vs. female −0.62 0.54 0.69 −0.9 0.369 −2.0 0.7

Crackles on thorax
auscultation 2.11 8.27 2.16 0.98 0.327 −2.1 6.3

Wheeze on thorax auscultation −4.26 0.01 1.48 −2.88 0.004 −7.2 −1.4

RSV detection 0.90 2.46 1.06 0.85 0.39 −1.2 3.0

Rhinovirus detection 3.16 23.5 1.62 1.95 0.05 −0.02 6.3

Need for antibiotic therapy −0.82 0.44 0.83 −0.99 0.32 −2.4 0.8

Need for corticosteroid
treatment −1.03 0.35 0.75 −1.37 0.17 −2.5 0.4

Need for oxygen support −0.75 0.47 1.33 −0.56 0.57 −3.4 1.9

Need for HFNC 0.59 1.8 0.74 0.80 0.42 −0.86 2.04

Need for hospitalization 3.41 30.4 2.41 1.42 0.16 −1.31 8.13

Need for Intensive Care Unit 2.66 14.3 2.28 1.17 0.24 −1.80 7.12

Constant −5.19 0.005 2.80 −1.86 0.06 −10.67 0.28

Coeff. = the coefficient. These estimates tell you about the relationship between the independent variables and
the dependent variable, where the dependent variable is on the logit scale. OR = Odds ratio. These values are
defined as exp(b) and means that we exponentiate the coefficient. Std. Err. = the standard errors associated with
the coefficients. z and p > |z|—these columns provide the z-value and 2-tailed p-value used in testing the null
hypothesis that the coefficient (parameter) is 0.95% CI = This shows a 95% confidence interval for the coefficient.
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4. Discussion

In this study, we addressed LUS severity in children diagnosed with bronchiolitis
before and after the COVID-19 pandemic. Such a research was possible because in our
center there is an ongoing study addressing LUS in all children evaluated in our Institution
and, since it started in 2018, the same three operators were still working in the same
Institution. The rational of this study was related to the indirect impact that the SARS-CoV-2
pandemic had on seasonality of bronchiolitis, with the first winter seasons after COVID-19
seeing almost no cases [5–13] while, during the second pandemic year, seasonality was
disrupted [17,18]. These changes led some authors to speculate that the “immune debt”
of children missing bronchiolitis during the first two years of life might have predisposed
to more severe disease [15]. Moreover, as the general population has been less exposed
to viruses for two years, this may have led to a major out-of-season re-circulation of
viral infections and, consequently, a different burden of diseases [16]. A standardized
LUS approach performed according to the pediatric Italian Thoracic Ultrasound Society
(ADET) allowed us to compare the two cohorts. Overall, we found that the severity of lung
involvement investigated through LUS was similar in children diagnosed with bronchiolitis
before and after the pandemic. This is an important finding in our opinion, considering that
rate of admissions or use of non-invasive ventilation can be not objective data of disease
severity, as they can change according to the ability of clinicians or non-PICU settings to
use these methodologies, or even to the ease of access to the HFNC, whose use is increasing
worldwide despite there is no clear evidence of its efficacy in slowing progression to severe
disease. In fact, in our study, were found a greater need for respiratory assistance (HFNC
and CPAP), an increase in respiratory viruses and a reduced use of therapies. However,
an explanation for these findings could be a different clinical management between two
periods. For example, in recent years, for respiratory assistance, there has been a greater
spread in the use of high flow in respiratory diseases and therefore, also, in bronchiolitis.
Moreover, during the pandemic period increased attention was paid to nasopharyngeal
swabs and etiological identification of respiratory infections. Finally, in the last years there
has been a greater adherence to the guidelines on the management of bronchiolitis and a
consequent lesser use of not recommended therapies. Therefore, in our study the parameter
“need for mechanical ventilation” could be used as a more objective indicator of the more
severe spectrum of bronchiolitis, however in both study periods no one in our settings
required it. Therefore, LUS can be a more reproducible tool to quantify lung involvement
of children with less severe bronchiolitis [19,22,23,26].

More in detail, the most common ultrasound abnormalities found in our patients
with bronchiolitis were B-lines, small subpleural consolidations and atelectasis. These
findings are the result of the pathogenetic process in the respiratory tract, similarly to what
was reported from pre-pandemic literature [25]. Vertical artifacts are found in various
pathophysiological conditions that alter the peripheral lung layers. To date, their genesis
is quite complex and not completely understood. In practical terms, the sequence of
events producing vertical artifacts arise from a diseased pleura covering a hyperdense
non-consolidated lung.

Other common finding is the presence of multiple small subpleural consolidations
with sizes of less than 1 cm with or without adjacent single or confluent B-lines. Indeed, in
patients with more severe clinical picture were detected consolidations of larger dimensions
(usually more than 1 cm) with static aerial bronchograms. Their presence is usually
associated with the identification of atelectasis. In bronchiolitis posterior and paravertebral
zones are more frequently affected. An explanation to this finding could be that children
are in preferential position supine for most of the time, and therefore, the secretions follow
the force of gravity. However, analysis of the results showed that ultrasound score during
the COVID-19 period was overlapping with ultrasound score in bronchiolitis during the
pre-pandemic period; there would not be differences as confirmed also by the logistic
regression (Table 2). Therefore, ultrasound images in bronchiolitis are not more serious
after the SARS-CoV-2 pandemic. These results confirm the clinical findings that would
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disprove a greater severity of bronchiolitis with the recirculation of respiratory viruses. In
addition, this paper adds to the vast amount of previous studies [17,27–39] that LUS is a
useful tool to support in the assessment of functional status and severity of the disease,
along with routine, clinical data, of children with bronchiolitis. Specifically, can help
quantify aeration of the peripheral lung, monitor consolidation up to document possible
bacterial superinfection [40–43], detect pneumothorax [44] or effusions that may guide
different management [19].

With regard to strengths and limitations, the ultrasound examination is an operator-
dependent technique; however, in this study LUS was conducted by the same three opera-
tors working together for about 10 years, having more over a standardized approach and
LUS features classification. Moreover, a limit of our study was a relatively small sample,
which missed the most severe spectrum of bronchiolitis requiring invasive ventilation. Im-
portantly, we have to highlight that our retrospective study may lack of power as a potential
explanation for our findings, as according to the estimates from the logistic regression anal-
ysis reported in Table 2 children during the post COVID-19 period had a higher frequency
of hospitalization and ICU admission, although statistically non-significant. Therefore,
our study needs to be interpreted cautiously and needs confirmation from larger num-
bers. Moreover, due to the initial study design, which was aimed at detecting clinical and
ultrasound data, nature of this study, we did not collect vaccination history in all children al-
though mandatory vaccinations are performed in more than 95% of infants in children since
age of 60 days (https://www.epicentro.iss.it/vaccini/coperture-infanzia-adolescenza-2019,
accessed on 24 July 2022), nor breastfeeding/&formula feeding.

In conclusion, our LUS study support preliminary evidence of an overall similar
LUS scores in children diagnosed with bronchiolitis during the COVID-19 pandemic,
compared with a pre-pandemic cohort, but children during the pandemic period had a
trend toward higher frequency of hospitalization. Importantly, similar studies with larger
sample sizes, including LUS features, should be continued as epidemiologic scenarios are
evolving and it will remain important to monitor the evolution of bronchiolitis during the
post-pandemic era.

Author Contributions: D.B. conceptualized study, R.M., C.D.R. and D.B. performed ultrasound,
R.M. collected data, V.F. performed statistical analysis, R.I., A.M.M. and P.V. supervised the study
procedures and revised the first and last draft of the manuscript. All authors have read and agreed to
the published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors. This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by Ethics Committee of “Fondazione Policlinico Universitario A. Gemelli”
(protocol code 51720/19, ID 2921).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

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

References
1. Florin, T.A.; Plint, A.C.; Zorc, J.J. Viral bronchiolitis. Lancet 2017, 389, 211–224. [CrossRef]
2. NICE. Bronchiolitis in Children: Diagnosis and Management; NICE Guideline, No. 9; National Institute for Health and Care

Excellence (NICE): London, UK, 2021, ISBN 978-1-4731-1162-2.
3. Ali, S.; Plint, A.C.; Klassen, T.P. Bronchiolitis. In Kendig and Chernick’s Disorders of the Respiratory Tract in Children, 8th ed.; Wilmott,

R.W., Kendig, E.L., Boat, T.F., Bush, A., Chernick, V., Eds.; Elsevier Saunders: Philadelphia, PA, USA, 2012; pp. 443–452.
4. Miller, E.K.; Gebretsadik, T.; Carroll, K.N. Viral etiologies of infant bronchiolitis, croup and upper respiratory illness during 4

consecutive years. Pediatr. Infect. Dis. J. 2013, 32, 950–955. [CrossRef] [PubMed]
5. Torres-Fernandez, D.; Casellas, A.; Mellado, M.J.; Calvo, C.; Bassat, Q. Acute bronchiolitis and respiratory syncytial virus seasonal

transmission during the COVID-19 pandemic in Spain: A national perspective from the pediatric Spanish Society (AEP). J. Clin.
Virol. 2021, 145, 105027. [CrossRef] [PubMed]

https://www.epicentro.iss.it/vaccini/coperture-infanzia-adolescenza-2019
http://doi.org/10.1016/S0140-6736(16)30951-5
http://doi.org/10.1097/INF.0b013e31829b7e43
http://www.ncbi.nlm.nih.gov/pubmed/23694832
http://doi.org/10.1016/j.jcv.2021.105027
http://www.ncbi.nlm.nih.gov/pubmed/34781241


J. Clin. Med. 2022, 11, 5294 9 of 10

6. Van Brusselen, D.; De Troeyer, K.; Ter Haar, E.; Vander Auwera, A.; Poschet, K.; Van Nuijs, S.; Bael, A.; Stobbelaar, K.; Verhulst, S.;
Van Herendael, B.; et al. Bronchiolitis in COVID-19 times: A nearly absent disease? Eur. J. Pediatr. 2021, 180, 1969–1973. [CrossRef]

7. Guedj, R.; Lorrot, M.; Lecarpentier, T.; Leger, P.L.; Corvol, H.; Carbajal, R. Infant bronchiolitis dramatically reduced during the
second French COVID-19 outbreak. Acta Paediatr. 2021, 110, 1297–1299. [CrossRef]

8. Takia, L.; Awasthi, P.; Angurana, S.K. Impact of COVID-19 on Acute Viral Bronchiolitis Hospitalization among Infants in North
India. Indian J. Pediatr. 2021, 88, 1154. [CrossRef]

9. Friedrich, F.; Ongaratto, R.; Scotta, M.C.; Veras, T.N.; Stein, R.T.; Lumertz, M.S.; Jones, M.H.; Comaru, T.; Pinto, L.A. Early Impact
of Social Distancing in Response to Coronavirus Disease 2019 on Hospitalizations for Acute Bronchiolitis in Infants in Brazil. Clin.
Infect. Dis. 2021, 72, 2071–2075. [CrossRef]

10. 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]

11. Onay, Z.R.; Mavi, D.; Ayhan, Y.; Can Oksay, S.; Bilgin, G.; Girit, S. Did Hospital Admissions Caused by Respiratory Infections and
Asthma Decrease During the COVID-19 Pandemic? Medeni. Med. J. 2022, 37, 92–98. [CrossRef]

12. Alharbi, N.S.; Alnasser, Y.; Alenizi, A.S.; Alanazi, A.S.; Alharbi, A.H.; AlQurashi, F.O.; Nafisah, I.; Yousef, A.A. Did the National
Lockdown in Saudi Arabia Reduce Lower Respiratory Illnesses in Children? Front. Pediatr. 2021, 9, 717739. [CrossRef]

13. Doroshenko, A.; Lee, N.; MacDonald, C.; Zelyas, N.; Asadi, L.; Kanji, J.N. Decline of Influenza and Respiratory Viruses with
COVID-19 Public Health Measures: Alberta, Canada. Mayo Clin. Proc. 2021, 96, 3042–3052. [CrossRef] [PubMed]

14. Yeoh, D.K.; Minney-Smith, C.A.; Martin, A.C.; Mace, A.O.; Sikazwe, C.T.; Blyth, C.C. The Interseasonal Resurgence of Respiratory
Syncytial Virus in Australian Children Following the Reduction of Coronavirus Disease 2019-Related Public Health Measures.
Clin. Infect. Dis. 2021, 73, e2829–e2830. [CrossRef]

15. Hatter, L.; Eathorne, A.; Hills, T.; Bruce, P.; Beasley, R. Respiratory syncytial virus: Paying the immunity debt with interest. Lancet
Child Adolesc. Health 2021, 5, e44–e45. [CrossRef]

16. Messacar, K.; Baker, R.E.; Park, S.W.; Nguyen-Tran, H.; Cataldi, J.R.; Grenfell, B. Preparing for uncertainty: Endemic paediatric
viral illnesses after COVID-19 pandemic disruption. Lancet 2022, Epub ahead of print. [CrossRef]

17. 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]

18. Pappa, S.; Haidopoulou, K.; Zarras, C.; Theodorakou, E.; Papadimitriou, E.; Iosifidis, E.; Gkeka, I.; Stoikou, K.; Vagdatli, E.;
Skoura, L.; et al. Early initiation of the respiratory syncytial virus season in 202120132022, Greece. J. Med. Virol. 2022, 94,
3453–3456. [CrossRef]

19. Musolino, A.M.; Tomà, P.; De Rose, C.; Pitaro, E.; Boccuzzi, E.; De Santis, R.; Morello, R.; Supino, M.C.; Villani, A.; Valentini, P.; et al.
Ten Years of Pediatric Lung Ultrasound: A Narrative Review. Front. Physiol. 2022, 12, 721951. [CrossRef]
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