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Abstract

Background Bronchiolitis is the most frequent lower respiratory tract infection and a leading cause of hospitalization
in infants. Our aim was to assess the incidence and characteristics of bronchiolitis requiring hospital admission in an
Italian region before and after the SARS-CoV-2 pandemic.

Methods This area-based retrospective study analyses 4,396 hospital discharge records (HDR) of children under 1
year of age admitted with a diagnosis of bronchiolitis (ICD9-CM codes 466.11 and 466.19), in Emilia-Romagna (Italy)
from January1st, 2018 to December 31th, 2021. Weighted t-testing and Z-testing was carried out.

Results in the study period, 2-4% of infants were admitted for bronchiolitis (10% of all admissions under 1 year) and
59% of them were aged less than 90 days. After a significant decrease in 2020, bronchiolitis resurged in 2021, and
Respiratory Syncytial Virus (RSV) cases reached 82%. RSV cases were more likely to undergo non-invasive ventilation
(NIV), oxygen supplementation and to receive i.v. (intravenous) infusions. There was an overall increasing trend in NIV
and oxygen supplementation, and a decreasing trend in chest X-rays.

Conclusions This area-based study shows reduced hospital admissions due to bronchiolitis during the SARS-CoV-2

pandemic and a resurgence of RSV infection after the easing of preventive measures. We also provide information on
length of stay and need for hospital treatments. These area-based information will be helpful in assessing the impact
of future universal prevention measures.
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Background

Bronchiolitis is the most common cause of lower respi-
ratory tract infection during the first year of life and a
leading cause of pediatric hospitalization and death.
The diagnosis is typically clinical, and the main symp-
tom is rhinorrhea which progresses into respiratory dis-
tress associated with cough. The peak of severity occurs
between the third and the fifth day after onset, with a full
recovery within 2—-3 weeks [1].

Bronchiolitis accounts for up to 15-17% of all hospi-
talizations in children younger than 2 years, but the inci-
dence of bronchiolitis may be higher in children younger
than 6 months of age. Respiratory syncytial virus (RSV) is
the main cause of bronchiolitis [2].

RSV is an RNA virus that typically spreads in Italy
from mid-October/November to March/April, with
peak incidence occurring in January/February [3]. Glob-
ally, RSV is estimated to cause 34 million infections per
year, 3 million of which require hospitalization. It is the
leading cause of death from respiratory infection in chil-
dren under 1 year of age [4, 5]. By the age of 2, all chil-
dren are considered to have been infected by RSV, which
is responsible for both upper and lower respiratory tract
infection (LRTTI) and is the leading cause of LRTT in chil-
dren <1 year of age [2].

Several underlying conditions (such as prematurity
under 35 weeks of gestation, congenital heart diseases,
bronchopulmonary dysplasia, cystic fibrosis, immuno-
deficiencies and others) increase the risk of severe infec-
tion, although recent evidence suggests a relevant rate of
term and healthy infants requiring hospitalization [6, 7].

Several measures need to be improved to prevent infec-
tion and reduce the burden of hospital admissions, costs
and health care management [8, 9].

The epidemiology of RSV has dramatically changed
in recent years, due to SARS-CoV-2 pandemic related
restrictions (such as social distancing, hand hygiene mea-
sures and the use of face masks) [2]. A substantial reduc-
tion in RSV hospitalizations, following a gradual lifting of
restrictions, as well as the presence of the virus outside
its typical seasonality, has been observed worldwide [10—
12]. Decreased RSV circulation led to a relevant number
of RSV-naive individuals and a subsequent remarkable
increase in the number of RSV-infected individuals
[12-14]. Mathematical models predict that an increase in
the susceptible population is an important risk for more
severe epidemics in years to come [15].

Bronchiolitis (particularly RSV-related admissions)
have a significant impact on the immediate clinical and
economic burden, and long-term consequences, includ-
ing impaired lung function, recurrent wheezing, and
asthma [2, 6, 16]. Therefore, it is crucial to predict the
peak incidence of RSV in order to immunize the most
vulnerable population in a timely manner. Palivizumab,
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a specific monoclonal antibody, has been the only drug
approved for preventing RSV infection. More recently,
the monoclonal antibody Nirsevimab has been approved
by the European Medicines Agency (EMA) for the pro-
tection of babies and toddlers, leading to a need for new
preventive strategies [17, 18].

The circulation of RSV is not uniformly distributed
throughout the world since each geographical area has its
own variability in terms of incidence [2]. It is therefore
crucial to have high level area-based data to manage hos-
pital burdens and to evaluate prevention strategy efficacy
[9]. However, Italian area-based data is limited to one
study prior to the SARS-CoV-2 pandemic [19].

The aim of this retrospective, area-based study is to
assess both incidence and characteristics of severe bron-
chiolitis requiring hospital admission between 2018 and
2021 in the Emilia Romagna region. This information
could prove very useful in establishing the impact of
future universal prevention measures.

Methods

This is a retrospective, area-based study analyzing hos-
pital discharge records (HDRs) of children under 1 year
of age, admitted to the Emilia Romagna Regional Hospi-
tals from January 1st 2018 to December 31st 2021 with a
diagnosis of bronchiolitis, that does not take into account
the infant’s residence. Cases have been identified by using
the ICD9-CM coding system (International Classification
of Disease, 9th Revision, Clinical Modification), which is
currently applied in Italy.

All admission regarding infants in their first year of
age with a diagnostic code 466.11 (RSV-related bronchi-
olitis) or 466.19 (non RSV-related bronchiolitis), both as
primary or secondary diagnosis, were included. Children
older than 365 days of life were excluded. HDR data is
provided (as aggregate data) by the Regional Health Ser-
vice of Emilia-Romagna “Direzione Generale Cura della
Persona, Salute e Welfare, Area ICT e transizione digi-
tale dei servizi al cittadino” and reported according to
the RECORD (The REporting of studies Conducted using
Observational Routinely-collected health Data) State-
ment [20]. HDR systems routinely collect information for
each patient discharged from public and private hospitals
for organizational and economic purposes. The number
of hospitalizations, number of admitted children (that
is different as children can have more than one admis-
sion in the study period), mean length of hospitalization,
mean and median age at admission were aggregated per
year and per age classes 0-28, 29-90, 91-365 days. The
number of admissions with a code for intubation, use of
CPAD, oxygen, infusion, and chest X-ray procedures were
reported. To meet privacy criteria, data submitted to the
principal investigator did not contain any identifiable
information on patients or caregivers. Ethical approval
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was therefore not required, since patients’ data were pro-
vided in aggregated and anonymous form directly from
the Regional Health Service of Emilia-Romagna.

The Emilia-Romagna region covers an area of 22,446
km? in the northern part Italy. Approximately 4,5 million
inhabitants live in this area, and ~30,000 deliveries occur
each year.

For each study year, data regarding resident popula-
tion were obtained from the National Statistics Institute,
ISTAT, (available at the website http://dati.istat.it/Index.a
spx?DataSetCode=DCIS_POPRES1#). In order to estima
te the number of infants with less than 1 year of age, we
considered the resident population on January 1st of the
following year.

Statistical analysis
Results were presented as number of cases and percent-
age or prevalence (x 100) as far as counts were concerned,
while continuous data were presented as weighted mean
and weighted standard deviation. Weighted t-test was
carried out to compare the mean of aggregated data.
Z-test was carried out to test the null hypothesis that the
proportion of cases in several groups are the same, fol-
lowed by pairwise Z-test as post-hoc significance testing
between pairs with p-values adjusted using the Bonfer-
roni method. A P-value of less than 0.05 was considered
as statistically significant.

All analyses were carried out by R version 4.4.0 (R Core
Team (2024), R Foundation for Statistical Computing,
Vienna, Austria.

Results

Of the 43,828 hospital admissions registered from 2018
to 2021 for infants aged less than 1 year of age, 4,396
(10%) had an ICD of bronchiolitis. The number of infants
admitted is 4,282. Table 1 summarizes the characteristics
of the studied population.

Children under 1 year of age admitted for bronchi-
olitis in 2018, 2019, 2020 and 2021 were 1,257, 1,291,
702 and 1,046, respectively. Considering the whole esti-
mated annual resident population, children under 1
year hospitalized due to bronchiolitis were 3.9% (1,257/

Table 1 Characteristics of the studied population
Characteristics Studied population

Study period, years 2018-2021
Admission due to bronchiolitis, n 4,396
Admission due to RSV related bronchiolitis, n (%) 3,108 (71)
Children admitted due to bronchiolitis, n 4282
Mean age on admission, days 994 +64.9
Age classes, n of admission (%) 694 (16)

- 0-28 days 1899 (43)
- 29-90 days 1803 (41)
- 91-365 days

RSV: respiratory syncytial virus
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32,318), 4.2% (1,291/ 30,914), 2.3% (688/ 29,948), 3.5%
(1,046/ 30,065) of infants resident in the Emilia-Romagna
Region, respectively.

RSV was the cause of bronchiolitis in 67.5% (875/1,297)
of cases in 2018, 65.5% (868/1,325) of cases in 2019,
69.4% (494/712) of cases in 2020 and 82% (871/1,062,
p<0.01) of cases in 2021.

Rates of hospital admissions due to bronchiolitis or other
causes

As compared to all causes, rates of hospital admissions
due to bronchiolitis (RSV and non-RSV) declined from
11.5% (1,325/ 11,546) in 2019 to 7.2% (712/9,929 in 2020)
(p<0.01), but admissions for RSV bronchiolitis resurged
during 2021 (Fig. 1).

Age on admission

Mean age on admission was 99.4 + 64.9 days and did not
differ between RSV and non-RSV cases (RSV-cases 94.4
+ 63.4 days vs. non-RSV cases 111.6 + 66.9 days, p=0.54).
Noticeably, 59% of children admitted to hospital due to
RSV and non-RSV bronchiolitis were aged less than 90
days.

Amongst infants aged 0 to 28 days (Fig. 2), admissions
due to RSV bronchiolitis increased from 14.3% (124/868)
in 2019 to 19.3% (168/871, p=0.04) in 2021, but declined
during the same period (from 41.5%, 360/868 in 2019 to
34.1% 297/871 in 2021, p=0.01) amongst infants aged 91
to 365 days. No differences were found in cases aged 29
to 90 days of age.

Length of stay, respiratory support and i.v. (intravenous)
infusions in RSV and non-RSV bronchiolitis

Mean length of stay was 5.4 + 0.83 days. Length of stay
did not differ between RSV (5.6 + 0.84 days) and non-
RSV bronchiolitis (5 + 0.62 days, p=0.07).

Only a few infants admitted to hospital (34/4,396,
0.8%) underwent mechanical ventilation, whereas 7.8%
(344/4,396 cases) received non-invasive ventilation
(NIV); furthermore, 65.7% (2,889/4,396) received oxygen
supplementation, 15.0% (659/4,396) underwent at least
one chest -X ray and 24.7% (1,084/4,396) received i.v.
infusions (i.e., glucosaline or parenteral nutrition). Differ-
ences between RSV cases and other cases are presented
in Table 2: RSV-related cases were more likely to undergo
NIV and oxygen supplementation and to receive infusion.

Considering all cases (Fig. 3), we found an overall sig-
nificant increase in the use of NIV and oxygen supple-
mentation (p<0.01), and a decrease in chest-X rays
(p<0.01). No changes were found regarding i.v. infusions
(p=0.1).
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Hospitalization by year and etiology
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Fig. 1 Rates of hospital admission due to bronchiolitis. The y-axis shows the proportion of hospital admissions due to bronchiolitis compared to hospital
admissions due to all causes during the first year of life

Z-test was carried out to test the null hypothesis that the proportion of cases in several groups are the same, followed by pairwise Z-test as post-hoc
significance testing between pairs with p-values adjusted using the Bonferroni method. *p <0.01, (4)2020 vs. all other years, (§) 2020 vs. 2018 and 2019,
(1) 2021 vs. 2018 and 2019, () 2021 vs. 2018

Discussion

The aim of this study was to analyze the epidemiology
and characteristics of bronchiolitis in children under one
year of age who required hospital admission between
2018 and 2021 in Emilia-Romagna, a region in North-
ern Italy, and to examine the influence of the COVID-19
pandemic on admissions. We collected region-wide data
from all hospitals utilizing aggregate data from Hospital

Discharge Records (HDRs) provided by the Regional
Health Service.

The analysis was limited to children under one year of
age as bronchiolitis is one of the leading causes of hospi-
tal admissions in this age group [21-23]. It is well known
that infants between 0 and 365 days are most susceptible
to severe bronchiolitis complications, often resulting in a
significant need for ICU admissions [6, 24]. This, in turn,
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Hospitalization by year and age class
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Fig. 2 Rates of hospital admission (from 2018 to 2021) due to RSV bronchiolitis according to infants’age

Z-test was carried out to test the null hypothesis that the proportion of cases in several groups are the same, followed by pairwise Z-test as post-hoc
significance testing between pairs with p-values adjusted using the Bonferroni method

*(A) Significant differences (2019 vs. 2021, p=0.04) for infants aged 0 to 28 days, *(§) Significant differences (2019 vs. 2021, p=0.01) for infants aged 91 to

365 days

Table 2 Days of hospital stay, oxygen support and non-invasive
ventilation; numbers of chest X rays and i.v. infusions

Admissions, n (%) RSV Non-RSV RSV and P-
3108 1288 Non-RSV  value
(70.7)  (29.3) 4396 (100)

Length of stay, mean (SD) 56 5(x06) 54(+0.8) 0.07
(£0.8)

Oxygen support, n (%) 2,169 720 (55.9) 2,889 (65.7) <0.01
(69.8)

Non-invasive ventilation, 266 78 (6.1) 344 (7.8) <0.01

n (%) (8.6)

Chest X ray, n (%) 475 184 (14.3) 659 (15.0) 043
(15.3)

L.v. infusions, n (%) 810 274 (21.3) 1,084 (24.7) <0.01
(26.1)

RSV: respiratory syncytial virus
n, number of cases

SD: standard deviation
i.v.:intravenous

Z-test was carried out to test the null hypothesis that the proportion of cases
in several groups are the same. T-test was carried out to test the null hypothesis
that the means in several groups are the same

leads to higher costs for the National Healthcare System
[6], therefore, we believe it is vital to have region-based
data to effectively implement any prevention campaigns
and improve the clinical management of this condition.

During the study period, bronchiolitis accounted for
10% of all admissions in infants under age 1 year, com-
parable with the 7-13% reported by others [25]. Consis-
tent with previous reports [24, 26, 27], we estimated that
in Emilia-Romagna approximately from 2 to 4% of chil-
dren in their first year of age were hospitalized due to
bronchiolitis.

The significant decrease of bronchiolitis-related admis-
sions from 11.5% in 2019 to 7.2% in 2020 was most likely
due to the SARS-CoV-2 pandemic and associated pre-
ventive measures [3]. As highlighted by others authors,
after an initial decrease in bronchiolitis admissions, a
resurgence occurred in 2021, with an important change
in viral seasonality [28—32]. Unfortunately, we lack data
regarding month of admission to clearly document sea-
sonal peaks, but the significant increase in rates of RSV
bronchiolitis during 2021 (up to 82% of cases) supports
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NIV by year and etiology
Overall trend: p<0.01

A

2018 2019 2020 2021
O’\; 9
>
[&]
[
g
26
2
3]
=2
© 3
]
i l
A
eoel eoé eoel eoé
Etiology
C X-ray by year and etiology
Overall trend: p<0.01
2018 2019 2020 2021

20
15
>
[&]
[
g
o 10
2
3]
=2
4]
25
o

0

& & & & & & S &
S S e e
Etiology

Page 6 of 8

B Oxygen by year and etiology
Overall trend: p<0.01
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Fig. 3 Respiratory support, chest X ray and i.v. infusions during study period (2018-2021) according to RSV and non-RSV bronchiolitis

RSV: respiratory syncytial virus
NIV: non-invasive ventilation
X-ray: chest X ray

Chi-squared test for trend was carried out to test for trend in group proportions over years

this epidemiological hypothesis [28, 33]. This trend has
been also confirmed in previous Italian studies [14, 28,
29].

As bronchiolitis admissions are related to geographical
and socioeconomic factors [26], we compared our data
mainly with other recent Italian studies regarding bron-
chiolitis under age 1 year, although such comparisons are

problematic due to different settings, samples and aims of
the study population.

Consistent with previous reports [14, 34], in the cur-
rent study most admissions regarded children aged
0-3 months, a highest-risk age group for complications
[1]. We found a significant difference in the 0-28 day
age group for RSV cases, which accounted for 14.4% of
admissions in 2019 and 19.3% in 2021. These increases,
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consistent with other authors’ findings [28], could be
attributed to a reduction in the level of maternal immu-
noglobulin protection due to decreased virus circulation
during the last trimester of pregnancy. Maternal immu-
noglobulins are known to be protective for the newborn
[35].

The mean age on admission for bronchiolitis was 99
days and a mean length of stay was 5.4 days, consistent
with previous Italian studies [29, 36, 37].

Several studies report that the hospitalization burden
due to bronchiolitis is higher in RSV infected infants [19,
25, 33, 38]. In this study, the severity of RSV cases was
supported by an increase rate of respiratory support (use
of oxygen and non-invasive ventilation) and the use of i.v.
infusion, while we were unable to observe a significant
difference in length of hospital stay, age at admission and
use of chest X rays between RSV and non-RSV cases.

The overall (RSV and non-RSV cases) significant
increasing trend in the use of oxygen and non-invasive
ventilation could either be a consequence of an increase
in the percentage of RSV infection, particularly in the last
analyzed year, or a change in clinical habits [39]. Indeed,
we found a statistically significant trend in the reduction
of chest X-ray usage. This finding can be interpreted as a
result of better adherence to national guidelines on bron-
chiolitis management, as reported in other national stud-
ies [36].

Strengths and limitations

The strength of our study is its area-based design, with
a homogeneous set of data, encompassing a period prior
to and after the SARS-CoV-2 pandemic. As already dis-
cussed, there are several valuable Italian studies, but their
data comes from single centers or hospital networks,
whereas to our knowledge only one area-based study on
bronchiolitis has been published to date in Italy, and it
addresses only infections prior to the SARS-CoV-2 pan-
demic [19].

The main limitation of this study is the retrospective
designs as well as the information coming only from
HDR and including only aggregated data.

HDRs, which are collected mainly for organizational
and economic purposes, present several limitations and
enable a low level of clinical detail to be obtained. For
example, the ICD9-CM coding system does not have a
specific code for high flow nasal cannula which has only
been used in paediatric clinical practice in recent years;
thus, the coding of this specific respiratory support is
likely to be heterogeneous. Month of admission and gen-
der were also unknown.

Therefore, HDRs have proven to be a simple and use-
ful tool, although they require to be combined with addi-
tional clinical data to obtain more complete information.
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Conclusions
We observed a reduction in bronchiolitis-related hospi-
talizations due to COVID-19 restrictions, with a resur-
gence of RSV infections after measures were reduced. We
also provide data regarding hospital treatment and length
of stay, with increased rates of respiratory support and
i.v. infusions after RSV bronchiolitis.

Our data would be useful in establishing the impact of
future universal prevention measures.
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CPAP Continuous positive airway pressure

EMA European Medicines Agency.

FDA Food and Drug Administration

HDR Hospital discharge records

ICD9-CM  International Classification of Disease, 9th Revision, Clinical
Modification

ISTAT National Statistics Institute

LRTI Lower respiratory tract infection

NIV Non-invasive ventilation

RSV Respiratory syncytial virus

X ray Chest -X ray
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