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Abstract: Background: Severe respiratory infections, including pneumonia or bronchiolitis, caused
by RSV can range from mild upper respiratory tract infections to those leading to hospitalization and
serious complications such as respiratory failure in children. High-risk groups, such as premature
infants and infants with underlying medical conditions, have a higher susceptibility to severe RSV
disease. We conducted a retrospective study from years 2015 to 2022 in the Local Health Authority
(LHA) of Pescara that counts about 320,000 inhabitants, with the aim to evaluate the burden of RSV
infection, focusing on the incidence, hospitalization, and characteristics that may prolong hospital
stays. Methods: All hospitalizations from 2015 to 2022 were extracted from the hospital discharge
record. The monthly hospitalization rates were calculated and standardized by gender and age for the
population resident in the Province of Pescara on 1 January 2015. Results: During the study period,
31,837 admissions were reported among patients aged less than 6 years. Of those, 520 hospitalizations
were referred for bronchiolitis. Monthly admission rates highlighted the seasonality of bronchiolitis
admissions, with higher rates in the months from December to March in all study years included.
The winter seasons of years 2021 and 2022 reported a surge in bronchiolitis incidence, with a rate
of 4.0/1000 (95% CI 2.964–5.146) in December 2021 and 4.0 (95% CI 2.891–5.020) in December 2022.
Conclusions: Bronchiolitis represents an important cause of hospitalization among patients aged
less than 6 years. The incidence was particularly increased during the winter seasons in years 2021
and 2022.
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1. Introduction

One of the major causes of acute lower respiratory tract infection (ALRI) morbidity
and postnatal mortality in children younger than 5 years of age is the infection caused
by the respiratory syncytial virus (RSV), which is one of the leading causes of infant hos-
pitalization worldwide [1]. Severe respiratory infections caused by RSV can range from
mild upper respiratory tract infections to pneumonia or bronchiolitis, which can lead to
hospitalization and serious complications such as respiratory failure in children. High-risk
groups, such as premature infants and infants with underlying medical conditions like
chronic lung disease or bronchopulmonary dysplasia, hemodynamically significant con-
genital heart disease, immunocompromised conditions, or severe neuromuscular disease,
have a higher susceptibility to severe RSV disease, resulting in increased morbidity and
mortality rates compared to those without these conditions [2,3]. Other known risk factors
for hospitalization among patients with RSV infection are low birth weight, male gender,
presence of an older sibling, exposure to smoking, young maternal age, and living in
suburban context [4]. Due to its highly contagious nature, RSV is transmitted via contact
with oral or nasopharyngeal secretions. Following an incubation period of 4–6 days, the
infection typically starts with flu-like symptoms and affects the upper respiratory tract,
leading to nasal congestion, rhinorrhea, and cough. Infants under the age of 2 have a higher
risk of developing bronchiolitis, an inflammation of the small lung airways, accompanied
by coughing and breathing difficulties. Neonates and infants may also exhibit symptoms
like pneumonia and wheezing [5]. Beyond the acute phase, RSV infections in the first year
of life, even without hospitalization, increase the risk of recurrent wheezing and asthma
development [6]. A recent study showed that patients hospitalized for RSV infections in
the first 2 years of age had a three-fold higher risk of asthma hospitalization and greater
use of anti-asthmatic drugs [7].

In 2019, RSV infections resulted in 33 million episodes worldwide, with 3.6 million hos-
pital admissions, 26,300 in-hospital deaths, and 101,400 RSV-related overall deaths. Over
95% of episodes and more than 97% of deaths occurred in low-income and middle-income
countries across all age groups. Among ALRI, there were 6.6 million RSV-associated infec-
tion episodes in infants aged 0–6 months, with 1.4 million hospital admissions, 13,300 in-
hospital deaths and 45,700 RSV-attributable overall deaths [8]. Globally, RSV is one the
leading causes of death among respiratory tract infections, resulting in 160,000 deaths
annually worldwide [9]. RSV infection in healthy adults has typically resulted in mild
illness, but recent studies have highlighted the potential role of RSV in the genesis of severe
disease in the adult population, particularly among older patients or high-risk adults with
conditions such as chronic pulmonary diseases and congestive heart failure [10].

The epidemiology of RSV depends also on geographic location and climate characteris-
tics. In Italy usually, the virus typically spreads during the period from October/November
to March/April. The peak incidence occurs in January/February, partially coinciding with
the flu season [11].

Regarding the preventive aspects, the only agent currently approved for young chil-
dren for the prevention of RSV, palivizumab, is indicated only for children with certain
conditions, for example, preterm or high-risk co-morbidities [12]. In May 2023, the U.S.
Food and Drug Administration approved a vaccine against respiratory syncytial virus
(RSV) for the prevention of lower respiratory tract disease caused by RSV in subjects aged
60 years and older [13].

Although the World Health Organization (WHO) has started a global effort in devel-
oping international standards for RSV surveillance, actually in the EU area, surveillance
systems are fragmentary, involving only 20 out of 27 member states, with heterogeneity in
the modality of collecting data [14]. Italy improved the surveillance system for influenza-
like illnesses (ILI) during flu season, including also other lower respiratory tract illnesses
(LRTI) such as RSV only from season 2022 [14]. This surveillance system actually integrates
the epidemiological data with virological test results, aiming to evaluate the spread of
respiratory tract pathogens. It can be helpful to evaluate the RSV burden of diseases but,
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on the other hand, is not able to give information on previous years, and it lacks in the
evaluation of patients’ outcomes.

In Italy, hospital discharge records (HDRs) serve as invaluable tools for assessing the
impact of various diseases on healthcare costs and utilization [15–17]. These records en-
compass demographic data, clinical features of the hospitalization, patients’ comorbidities
identified by ICD-9 CM codes, and the type of hospital discharge. HDRs, while having
certain limitations, can also function as indicators of healthcare usage, giving information
on patients’ outcomes and clinical characteristics of the diseases.

We conducted a retrospective study using the data from the HDRs of 7 years (from
2015 to 2022) of activity of the Local Health Authority (LHA) of Pescara, with the aim of
evaluating the burden of RSV infection, focusing on the incidence, hospitalization, and
characteristics that may prolong hospital stays.

2. Materials and Methods

A retrospective observational study of hospital discharge records (HDRs) referred
to the Local Health Authority (LHA) of Pescara in the period 2015–2022 was performed.
The LHA of Pescara lies within the province of Abruzzo region, serves approximately
320,000 inhabitants, and is organized in three hospitals: a tertiary referral hospital in the
city of Pescara and two spokes.

The Pescara hospital is an important pediatric center with regional relevance; in fact,
in addition to the provincial birth center with a neonatology department and neonatal
intensive care, it has a pediatrics department that manages sub-intensive settings, and also
has the only neonatal and pediatric intensive care units in the Abruzzo region.

HDRs contain various data regarding the patient’s socio-demographic information,
such as sex and age and other information regarding the reason for hospitalization and the
procedures performed during the hospital stay. The HDR can contain up to six diagnoses
that describe the clinical characteristics of the patient (one main diagnosis and up to five
comorbidities, among which concomitant morbid events are included). These diagnoses
are coded according to the International Classification of Disease 9th Clinical Modification
(ICD-9-CM) system, the National Center for Health Statistics (NCHS) and the Centers for
Medicare and Medicaid Services External, Atlanta, GA, USA.

All HDRs from patients younger than 5 years of age and diagnosed with acute bronchi-
olitis in the study period were selected (ICD-9-CM: 466.1) and were attributed to respiratory
syncytial virus when ICD-9-CM codes 466.11 (respiratory syncytial virus bronchiolitis)
and 079.6 (respiratory syncytial virus) were present. Diagnoses were analyzed to detect
the presence of some risk factors such as prematurity (ICD-9-CM: 765.20–765.28), congeni-
tal heart disease (ICD-9-CM: 745.0–747.9) and congenital defects with cardiac affectation
(ICD-9-CM: 758.0–758.9), such as Patau syndrome, Down syndrome, Edwards syndrome,
conditions due to autosomal chromosomal anomalies, gonadal dysgenesis, Klinefelter
syndrome, and conditions due to unspecified chromosomal anomalies [18]. The transfers
recorded in the HDRs were analyzed to indicate which patients needed to be transferred
during hospitalization to a more intensive care setting or to a different ward.

Statistical Analysis

Qualitative variables are expressed in terms of frequency and percentage, and quan-
titative variables are expressed as mean and standard deviation (SD) or median and
interquartile range (IQR), according to their distribution.

The length of hospital stay (LOS) was calculated by subtracting the day of discharge
from the day of hospitalization and used as the dependent variable of a negative binomial
regression model to evaluate factors associated with the increase in hospital stay, and
relative results are expressed as incidence rate ratios (IRRs) with relative confidence interval.
p-values < 0.05 were considered significant.

For each of the years of observation, the monthly hospitalization rates were calculated
and standardized by gender and age for the population resident in the Province of Pescara
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on 1 January 2015, the start date of the study observation. To calculate the monthly rate for
each year, the resident population of the Province as of 1 January was considered.

Data relating to the demographic structure (sex and year) of the population were
extracted from the database of the Italian National Institute of Statistics (ISTAT) website.
The statistical analysis was performed with STATA v14.2 software (StataCorp LLC, College
Station, TX, USA).

3. Results

During the study period, 31,837 admissions were reported in Pescara Hospital among
patients aged less than 6 years, with 520 hospitalizations referred for bronchiolitis. Of those,
the majority were male subjects (298, 57.3%), aged less than 1 year. Most of the bronchiolitis
admissions required intensive care (459, 88.3%), as reported in Table 1.

Table 1. Study population characteristics.

Overall Bronchiolitis

31,837 520

Gender

M 17,525 55.05% 298 57.31%
F 13,792 43.32% 222 42.69%

Age

0 22,336 70.16% 455 87.50%
1 2901 9.11% 40 7.69%
2 2029 6.37% 15 2.88%
3 1735 5.45% 4 0.77%
4 1558 4.89% 3 0.58%
5 1278 4.01% 3 0.58%

Intensive Care

Yes 1675 5.26% 459 88.27%
No 30,162 94.74% 61 11.73%

Risk Factors
(premature, cardiac or congenital dysfunction)

Yes 2326 7.31% 22 4.23%
No 29,511 92.69% 498 95.77%

RSV

Yes 331 1.04% 189 36.35%
No 31,506 98.96% 331 63.65%

Death

Yes 91 0.29% 0 0.00%
No 31,746 99.71% 520 100.00%

Only 189 admissions (36.4%) were due to RSV. No patients died during hospitalization.
Median length of stay was higher among patients with bronchiolitis, compared to all
pediatric hospitalizations (4 IQR 2–9 vs. 3 IQR 2–5, p < 0.001), as reported in Table 2. Age
and intensive care were the strongest risk factors associated with LOS (Table 3).

Monthly admission rates highlighted the seasonality of bronchiolitis admissions, with
higher rates in months from December to March in all study years included (Appendix A).
Only the winter season between years 2020 and 2021 reported no cases, in parallel with the
COVID-19 pandemic.
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Table 2. Length of stay distribution comparisons between overall admissions and bronchiolitis-related
admissions.

Length of Stay (Distribution by Days)

Percentile of Children All Admissions Bronchiolitis Admissions

1% 0 0
5% 0 0
10% 1 0
25% 2 2
50% 3 4
75% 5 9
90% 10 20
95% 20 35
99% 95 216

Table 3. Negative binomial regression for bronchiolitis-related admissions.

95% Conf. Interval

IRR * Min Max
Sex 1.00 0.90 1.12

Age > 2 5.48 4.49 6.68
Intensive Care 1.69 1.42 2.01

Risk Factors
(Prematurity, cardiac or congenital dysfunction) 1.22 0.93 1.60

RSV 0.99 0.88 1.12
* adjusted for sex, age > 2, risk factors and RSV isolation.

Winter seasons of years 2021 and 2022 reported a surge in bronchiolitis incidence, with
a rate of 4.005/1000 (95% CI 2.964–5.146) in December 2021 and 3.956 (95% CI 2.891–5.020)
in December 2022 (Figure 1).
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4. Discussion

In Europe, estimates of RSV-related hospitalizations in children aged under 5 years,
derived from national data, literature reviews, multiple imputation, and nearest neighbor
matching approaches, indicate an average of 213,014 hospital admissions per winter linked
to RSV in the European Union, Norway, and the United Kingdom, with a 95% confidence
interval ranging from 192,181 to 233,844 [19]. In a multi-center, prospective, observational
birth cohort study encompassing healthy term-born infants across four European countries
(Finland, the Netherlands, Spain, and the United Kingdom—England and Scotland), the
overall cohort showed an incidence of RSV-associated hospitalizations at 1.8% (95% CI:
1.6–2.1). Additionally, the incidence of RSV infection was 26.2% (95% CI: 24.0–28.6), and
the incidence of medically attended RSV cases stood at 14.1% (95% CI: 12.3–16.0) [20]. The
studies revealed a significant burden of RSV-related hospitalizations in children, with a
particular emphasis on infants during their first year of life [21]. This observation is crucial,
as it highlights the vulnerability of very young children to RSV infections, even those
without pre-existing health conditions.

The findings confirm that RSV disproportionately affects infants, premature infants,
and those with underlying medical conditions. Furthermore, RSV hospitalization rates
peak during the winter months, especially from December through March [22]. These risk
factors and the seasonality are consistent with previous research but emphasize the need
for targeted prevention strategies.

Our data revealed a notable rise in incidence during the post-COVID period. Prior
to the pandemic, hospitalization rates stood at 1.5 per 1000 inhabitants. However, during
the peak months of December 2021–2022 in the post-COVID era, we observed a surge to
3.7 cases per 1000 inhabitants.

In Italy, the detection rate of RSV experienced a staggering 99% decline during the 2020–
2021 period, during the COVID-19 pandemic, when compared to the previous two seasons.
Furthermore, the incidence of RSV among hospitalized children decreased from 38.1% to
a mere 4.7% in the same 2020–2021 period [23,24]. Several other studies conducted in the
aftermath of the COVID-19 pandemic and the resultant restrictions have also highlighted a
significant uptick in RSV-related hospitalizations, particularly among healthy children [25].

The re-interruption of RSV circulation during the pandemic likely played a role in
diminishing population immunity, consequently resulting in a surge of RSV cases once the
restrictions were eased [26]. This scenario gives rise to the concept of ‘immune debt’ [27],
wherein the disruption of RSV transmission during the pandemic has left the population
with diminished immunity against RSV, leading to an increase in cases. This phenomenon
underscores the critical importance of maintaining immunity through vaccination and other
preventive measures. In addition, in Italy, restrictions were loosened, with the re-opening
of schools and activities, facilitating the circulation of respiratory viruses.

It is known that the risk of RSV infection is usually very low during first months of
life, due to maternal antibodies, but around half of children are infected within their first
year of life, and the chance of having developed an RSV infection reaches almost 100% by
2 years of age [14]. The lockdown that occurred during the COVID-19 pandemic could
have led to an increase in RSV infections among patients older than 2 years of age that were
not involved in the infection during the 2020 and 2021 seasons.

Recently, in Europe, the European Medicines Agency (EMA) granted approval for
a new RSV vaccine. This innovative vaccine, a recombinant formulation, is designed
to actively immunize individuals aged 60 years and older, effectively preventing lower
respiratory tract diseases caused by RSV [28]. Additionally, it can be administered to
pregnant women to provide passive protection against RSV in infants from birth to 6 months
of age, a benefit resulting from maternal immunization during pregnancy [29]. However,
there is currently no vaccine available for RSV, and the development of an RSV vaccine
for infants has proven to be notably challenging [30]. Research has demonstrated that
natural RSV infection tends to elicit a weak immune response in children under 18 months
of age [31]. Furthermore, infants under 4–6 months may struggle to develop a strong and
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lasting immune responses after vaccination [30]. Recently, a novel monoclonal antibody
against RSV was developed: it was Nirsevimab, a single-dose of long-acting monoclonal
antibodies that appear to be strongly effective in preventing RVS infection during the
first winter season of life [32]. The phase 3 trial showed that Nirsevimab protection was
maintained through 150 days after administration.

In Italy, since 2015, a preventive measure through monoclonal antibodies (palivizumab)
has been in place to protect children at high risk of serious lower respiratory tract diseases
caused by RSV, who require hospitalization. This preventive measure and its utilization are
limited to a small subset of infants [32,33]: infants with a gestational age of 35 weeks or less
who are less than 6 months old at the onset of the seasonal RSV epidemic; children younger
than 2 years who have received treatment for bronchopulmonary dysplasia within the last
6 months; and children under 2 years of age diagnosed with hemodynamically significant
congenital heart disease [34].

Numerous studies have provided evidence of significant reductions in RSV hospi-
talization rates among this highly vulnerable population, who are at elevated risk for
RSV infection [33]. Palivizumab has half-life ranges from 19 to 27 days, necessitating
monthly injections to sustain protection throughout the RSV season [35]. It is, therefore,
clear that constant adherence to the monthly dosing schedule is crucial to maintain defense
against RSV.

This analysis allowed us to assess the impact of hospitalization and factors associated
with prolonged length of stay. In particular, our analysis showed that patients admitted
to an intensive care setting experience a longer hospitalization stay, probably as this
regimen is usually established for patients with an immediate life-threatening condition
and consequently, a slower full recovery. Furthermore, evidences showed that prematurely
born children and those with congenital heart disease and other genetic disorders have
a higher risk of developing a severe RSV infection [36,37]. Our data have highlighted a
strong association between these critical risk factors and increased length of hospitalization.
Children with the above-mentioned clinical conditions are known to be at higher risk of
being admitted to intensive care units [38,39]. Moreover, in our study, being older than
2 years was significantly associated with longer stay. This finding is partly in contrast
with the existing evidence, as it is known that children by age 2 have an increased risk of
developing a severe respiratory infection [40,41]. Further investigation will be necessary to
explain the reason for this apparently discrepant result. However, the discrepancy between
our findings and the existing literature can be attributed to our reliance solely on HDR
admissions data, without considering emergency room admissions or urgent care flows [41].
It is conceivable that a share of patients did not generate discharge records because they
were promptly transferred to specialized centers of excellence located in close proximity to
the facility of Pescara. These centers, such as the IRCCS Bambino Gesù Hospital in Rome
and the Salesi Hospital in Ancona, are renowned for their expertise in early childhood care
and frequently absorb the great part of critically ill patients from near regions.

The results of this study must be read in light of some limitations. Firstly, results reflect
the context of the single Local Health Authority of Pescara, a small province in southern
Italy, which, therefore, does not exactly reflect the situation for the general population.
Furthermore, as described above, the presence of two important centers of excellence for
the management of pediatric patients, geographically not far from the Pescara hospital,
could mean that the most critical patients were managed directly in these other structures.
Secondly, the HDRs used were not originally compiled for epidemiological purposes but
rather for admission-related remuneration. As a result, reported comorbidities in each
record may have been subject to both overestimation and underestimation, or they could
have been miscoded.

Thirdly, HDRs lack in crucial patient clinical data, such as drug therapies, blood param-
eters, and the clinical severity of each illness. The absence of this information could have
potentially restricted the depth of our analysis [17]. In addition, socioeconomic status could
not be evaluated, but it is a well-known predictor of bronchiolitis hospitalization. Finally,
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the use of HDRs focused only on hospitalized patients, lacking information on RSV cases
managed out of the hospital setting. This situation could have led to an underestimation of
the burden of disease.

Our study boasts several notable strengths. Firstly, it stands as the first investigation
conducted within this region on bronchiolitis incidence. Furthermore, we extended our
analysis over an extensive period spanning from 2015 to 2022. This prolonged timeframe
afforded us a comprehensive and representative understanding of the disease. Lastly,
the Pescara Local Health Authority remains a paramount healthcare service within the
region, uniquely capable of providing care to patients from their first 30 days of life and
beyond. This comprehensive approach encompasses both neonatal and pediatric care,
encompassing sub-intensive and intensive care settings, including the Neonatal Intensive
Care Unit and the Pediatric Intensive Care Unit. In addition, our study reported data on
RSV during the pandemic year and during year 2022.

5. Conclusions

Bronchiolitis represents an important cause of hospitalization among patients aged
less than 6 years. The incidence was particularly increased during the winter seasons in
years 2021 and 2022.
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Appendix A

Table A1. Admission rates in Pescara hospital related to bronchiolitis by year and month.

Bronchiolitis Admission Rate × 1000 (IC95%)

Months\Year 2015 2016 2017 2018

JAN 0.696 (0.286–1.107) 0.653 (0.249–1.058) 0.328 (0.041–0.616) 1.507 (0.864–2.149)
FEB 0.886 (0.423–1.349) 0.514 (0.158–0.87) 0.334 (0.041–0.627) 1.214 (0.638–1.79)

MAR 0.506 (0.156–0.857) 0.254 (0.005–0.503) 0.466 (0.121–0.812) 1.431 (0.806–2.056)
APR 0.127 (0–0.302) 0.132 (0–0.314) 0 (0–0) 0.353 (0.044–0.663)
MAY 0.127 (0–0.302) 0.132 (0–0.314) 0.063 (0–0.187) 0.215 (0–0.458)
JUN 0 (0–0) 0 (0–0) 0 (0–0) 0.071 (0–0.209)
JUL 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)

AUG 0 (0–0) 0 (0–0) 0 (0–0) 0.071 (0–0.209)
SEP 0.063 (0–0.187) 0 (0–0) 0 (0–0) 0.21 (0–0.448)
OCT 0.063 (0–0.187) 0.318 (0.039–0.597) 0.069 (0–0.204) 0.291 (0.006–0.575)
NOV 0.19 (0–0.405) 0.393 (0.079–0.708) 0.064 (0–0.19) 0.207 (0–0.441)
DEC 0.317 (0.039–0.594) 0.463 (0.12–0.805) 0.395 (0.079–0.71) 1.061 (0.525–1.598)



Diseases 2024, 12, 17 9 of 11

Table A1. Cont.

Bronchiolitis Admission Rate × 1000 (IC95%)

Months\Year 2019 2020 2021 2022

JAN 1.928 (1.176–2.68) 1.476 (0.815–2.138) 0 (0–0) 1.303 (0.686–1.921)
FEB 1.212 (0.619–1.805) 1.72 (1.005–2.436) 0 (0–0) 0.213 (0–0.455)

MAR 0.922 (0.402–1.443) 0.23 (0–0.49) 0 (0–0) 0.078 (0–0.231)
APR 0.382 (0.047–0.717) 0 (0–0) 0 (0–0) 0 (0–0)
MAY 0.311 (0.006–0.615) 0 (0–0) 0 (0–0) 0.078 (0–0.231)
JUN 0.077 (0–0.227) 0 (0–0) 0 (0–0) 0.075 (0–0.222)
JUL 0 (0–0) 0 (0–0) 0.157 (0–0.375) 0 (0–0)

AUG 0 (0–0) 0 (0–0) 0.082 (0–0.243) 0.078 (0–0.231)
SEP 0.079 (0–0.233) 0.073 (0–0.216) 0 (0–0) 0.154 (0–0.368)
OCT 0 (0–0) 0 (0–0) 0.157 (0–0.375) 0.228 (0–0.486)
NOV 0.154 (0–0.367) 0 (0–0) 2.251 (1.434–3.067) 1.899 (1.158–2.641)
DEC 0.536 (0.139–0.933) 0 (0–0) 4.055 (2.964–5.146) 3.956 (2.891–5.02)
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2. Hall, C.B.; Simőes, E.A.F.; Anderson, L.J. Clinical and Epidemiologic Features of Respiratory Syncytial Virus. Curr. Top. Microbiol.

Immunol. 2013, 372, 39–57. [CrossRef] [PubMed]
3. Sommer, C.; Resch, B.; Simões, E.A.F. Risk Factors for Severe Respiratory Syncytial Virus Lower Respiratory Tract Infection. Open

Microbiol. J. 2011, 5, 144–154. [CrossRef]
4. Bont, L.; Checchia, P.A.; Fauroux, B.; Figueras-Aloy, J.; Manzoni, P.; Paes, B.; Simões, E.A.F.; Carbonell-Estrany, X. Defining the

Epidemiology and Burden of Severe Respiratory Syncytial Virus Infection among Infants and Children in Western Countries.
Infect. Dis. Ther. 2016, 5, 271–298. [CrossRef] [PubMed]

5. Lanari, M.; Prinelli, F.; Adorni, F.; Di Santo, S.; Vandini, S.; Silvestri, M.; Musicco, M. Risk Factors for Bronchiolitis Hospitalization
during the First Year of Life in a Multicenter Italian Birth Cohort. Ital. J. Pediatr. 2015, 41, 40. [CrossRef]

6. Barr, R.; Green, C.A.; Sande, C.J.; Drysdale, S.B. Respiratory Syncytial Virus: Diagnosis, Prevention and Management. Ther. Adv.
Infect. Dis. 2019, 6, 2049936119865798. [CrossRef] [PubMed]

7. Coutts, J.; Fullarton, J.; Morris, C.; Grubb, E.; Buchan, S.; Rodgers-Gray, B.; Thwaites, R. Association between Respiratory
Syncytial Virus Hospitalization in Infancy and Childhood Asthma. Pediatr. Pulmonol. 2020, 55, 1104–1110. [CrossRef]

8. 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—PMC. Available online: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC5592248/ (accessed on 23 September 2023).

9. Respiratory Syncytial Virus (RSV) | NIH: National Institute of Allergy and Infectious Diseases. Available online: https:
//www.niaid.nih.gov/diseases-conditions/respiratory-syncytial-virus-rsv (accessed on 27 September 2023).

10. Nguyen-Van-Tam, J.S.; O’Leary, M.; Martin, E.T.; Heijnen, E.; Callendret, B.; Fleischhackl, R.; Comeaux, C.; Tran, T.M.P.; Weber, K.
Burden of Respiratory Syncytial Virus Infection in Older and High-Risk Adults: A Systematic Review and Meta-Analysis of the
Evidence from Developed Countries. Eur. Respir. Rev. 2022, 31, 220105. [CrossRef]

11. Janet, S.; Broad, J.; Snape, M.D. Respiratory Syncytial Virus Seasonality and Its Implications on Prevention Strategies. Hum.
Vaccines Immunother. 2018, 14, 234–244. [CrossRef]

12. Esposito, S.; Abu Raya, B.; Baraldi, E.; Flanagan, K.; Martinon Torres, F.; Tsolia, M.; Zielen, S. RSV Prevention in All Infants:
Which Is the Most Preferable Strategy? Front. Immunol. 2022, 13, 880368. [CrossRef]

13. FDA. FDA Approves First Respiratory Syncytial Virus (RSV) Vaccine. Available online: https://www.fda.gov/news-events/
press-announcements/fda-approves-first-respiratory-syncytial-virus-rsv-vaccine (accessed on 27 September 2023).

14. Riccò, M.; Baldassarre, A.; Provenzano, S.; Corrado, S.; Cerviere, M.P.; Parisi, S.; Marchesi, F.; Bottazzoli, M. Infodemiology of
RSV in Italy (2017–2022): An Alternative Option for the Surveillance of Incident Cases in Pediatric Age? Children 2022, 9, 1984.
[CrossRef] [PubMed]

15. Di Martino, G.; Di Giovanni, P.; Cedrone, F.; D’Addezio, M.; Meo, F.; Scampoli, P.; Romano, F.; Staniscia, T. The Burden of
Diabetes-Related Preventable Hospitalization: 11-Year Trend and Associated Factors in a Region of Southern Italy. Healthcare
2021, 9, 997. [CrossRef] [PubMed]

16. Di Martino, G.; Cedrone, F.; Di Giovanni, P.; Tognaccini, L.; Trebbi, E.; Romano, F.; Staniscia, T. The Burden of HPV-Related
Hospitalizations: Analysis of Hospital Discharge Records from the Years 2015–2021 from a Southern Italian Region. Pathogens
2023, 12, 725. [CrossRef] [PubMed]

17. Cedrone, F.; Montagna, V.; Del Duca, L.; Camplone, L.; Mazzocca, R.; Carfagnini, F.; Fortunato, V.; Di Martino, G. The Burden of
Streptococcus pneumoniae-Related Admissions and In-Hospital Mortality: A Retrospective Observational Study between the
Years 2015 and 2022 from a Southern Italian Province. Vaccines 2023, 11, 1324. [CrossRef]

https://doi.org/10.1056/NEJM200106213442507
https://www.ncbi.nlm.nih.gov/pubmed/11419430
https://doi.org/10.1007/978-3-642-38919-1_2
https://www.ncbi.nlm.nih.gov/pubmed/24362683
https://doi.org/10.2174/1874285801105010144
https://doi.org/10.1007/s40121-016-0123-0
https://www.ncbi.nlm.nih.gov/pubmed/27480325
https://doi.org/10.1186/s13052-015-0149-z
https://doi.org/10.1177/2049936119865798
https://www.ncbi.nlm.nih.gov/pubmed/31384456
https://doi.org/10.1002/ppul.24676
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5592248/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5592248/
https://www.niaid.nih.gov/diseases-conditions/respiratory-syncytial-virus-rsv
https://www.niaid.nih.gov/diseases-conditions/respiratory-syncytial-virus-rsv
https://doi.org/10.1183/16000617.0105-2022
https://doi.org/10.1080/21645515.2017.1403707
https://doi.org/10.3389/fimmu.2022.880368
https://www.fda.gov/news-events/press-announcements/fda-approves-first-respiratory-syncytial-virus-rsv-vaccine
https://www.fda.gov/news-events/press-announcements/fda-approves-first-respiratory-syncytial-virus-rsv-vaccine
https://doi.org/10.3390/children9121984
https://www.ncbi.nlm.nih.gov/pubmed/36553427
https://doi.org/10.3390/healthcare9080997
https://www.ncbi.nlm.nih.gov/pubmed/34442134
https://doi.org/10.3390/pathogens12050725
https://www.ncbi.nlm.nih.gov/pubmed/37242395
https://doi.org/10.3390/vaccines11081324


Diseases 2024, 12, 17 10 of 11

18. Gil-Prieto, R.; Gonzalez-Escalada, A.; Marín-García, P.; Gallardo-Pino, C.; Gil-de-Miguel, A. Respiratory Syncytial Virus Bronchi-
olitis in Children up to 5 Years of Age in Spain: Epidemiology and Comorbidities: An Observational Study. Medicine 2015, 94,
e831. [CrossRef] [PubMed]

19. Del Riccio, M.; Spreeuwenberg, P.; Osei-Yeboah, R.; Johannesen, C.K.; Vazquez Fernandez, L.; Teirlinck, A.C.; Wang, X.; Heikkinen,
T.; Bangert, M.; Caini, S.; et al. Defining the Burden of Disease of RSV in the European Union: Estimates of RSV-associated
hospitalisations in children under 5 years of age. A systematic review and modelling study. J. Infect. Dis. 2023, 29, jiad188.
[CrossRef]

20. Wildenbeest, J.G.; Billard, M.N.; Zuurbier, R.P.; Korsten, K.; Langedijk, A.C.; van de Ven, P.M.; Snape, M.D.; Drysdale, S.B.;
Pollard, A.J.; Robinson, H.; et al. The burden of respiratory syncytial virus in healthy term-born infants in Europe: A prospective
birth cohort study. Lancet Respir. Med. 2022, 11, 341–353. [CrossRef]

21. Martinón-Torres, F.; Carmo, M.; Platero, L.; Grago, G.; Lòpez-Belmonte, J.L.; Bangert, M.; Dìez-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]

22. Cocchio, S.; Prandi, G.M.; Furlan, P.; Venturato, G.; Saia, M.; Marcon, T.; Tremolada, G.; Baldo, V. Respiratory Syncytial Virus
in Veneto Region: Analysis of Hospital Discharge Records from 2007 to 2021. Int. J. Environ. Res. Public Health 2023, 20, 4565.
[CrossRef]

23. Vittucci, A.C.; Piccioni, L.; Coltella, L.; Ciarlitto, C.; Antilici, L.; Bozzola, E.; Midulla, F.; Palma, P.; Perno, C.F.; Villani, A. The
Disappearance of Respiratory Viruses in Children during the COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2021, 18,
9550. [CrossRef]

24. 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, 11, 1399–1403. [CrossRef] [PubMed]

25. Midulla, F.; Di Mattia, G.; Nenna, R.; Scagnolari, C.; Viscido, A.; Oliveto, G.; Petrarca, L.; Frassanito, A.; Arima, S.; Antonelli, G.;
et al. Novel Variants of Respiratory Syncytial Virus A ON1 Associated with Increased Clinical Severity of Bronchiolitis. J. Infect.
Dis. 2020, 222, 102–110. [CrossRef] [PubMed]

26. den Hartog, G.; van Kasteren, P.B.; Schepp, R.M.; Teirlinck, A.C.; van der Klis, F.R.M.; van Binnendijk, R.S. Decline of RSV-specific
antibodies during the COVID-19 pandemic. Lancet Infect. Dis. 2023, 23, 23–25. [CrossRef] [PubMed]

27. Bardsley, M.; Morbey, R.A.; Hughes, H.E.; Beck, C.R.; Watson, C.H.; Zhao, H.; Ellis, J.; Smith, G.E.; Elliot, A.J. Epidemiology of
respiratory syncytial virus in children younger than 5 years in England during the COVID-19 pandemic, measured by laboratory,
clinical, and syndromic surveillance: A retrospective observational study. Lancet Infect. Dis. 2023, 23, 56–66. [CrossRef] [PubMed]

28. Venkatesan, P. First RSV vaccine approvals. Lancet Microbe 2023, 4, e577. [CrossRef]
29. Kampmann, B.; Madhi, S.A.; Munjal, I.; Simões, E.A.F.; Pahud, B.A.; Llapur, C.; Baker, J.; Pérez Marc, G.; Radley, D.; Shittu, E.;

et al. Bivalent Prefusion F Vaccine in Pregnancy to Prevent RSV Illness in Infants. N. Engl. J. Med. 2023, 388, 1451–1464. [CrossRef]
30. Eichinger, K.M.; Kosanovich, J.L.; Lipp, M.; Empey, K.M.; Petrovsky, N. Strategies for active and passive pediatric RSV immuniza-

tion. Ther. Adv. Vaccines Immunother. 2021, 10, 2515135520981516. [CrossRef]
31. Esposito, S.; Scarselli, E.; Lelii, M.; Scala, A.; Vitelli, A.; Capone, S.; Fornili, M.; Biganzoli, E.; Orenti, A.; Nicosia, A.; et al. Antibody

response to respiratory syncytial virus infection in children <18 months old. Hum. Vaccines Immunother. 2016, 12, 1700–1706.
[CrossRef]

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

33. Drysdale, S.; Green, C.A.; Sande, C.J. Best practice in the prevention and management of paediatric respiratory syncytial virus
infection. Ther. Adv. Infect. Dis. 2016, 3, 63–71. [CrossRef]

34. Gatt, D.; Martin, I.; AlFouzan, R.; Moraes, T.J. Prevention and Treatment Strategies for Respiratory Syncytial Virus (RSV).
Pathogens 2023, 12, 154. [CrossRef] [PubMed]

35. Pollack, P.; Groothuis, J.R. Development and use of palivizumab (Synagis): A passive immunoprophylactic agent for RSV. J. Infect.
Chemother. 2002, 8, 201–206. [CrossRef]

36. Robbie, G.J.; Zhao, L.; Mondick, J.; Losonsky, G.; Roskos, L.K. Population pharmacokinetics of palivizumab, a humanized
anti-respiratory syncytial virus monoclonal antibody, in adults and children. Antimicrob. Agents Chemother. 2012, 56, 4927–4936,
Erratum in: Antimicrob. Agents Chemother. 2012, 56, 5431. [CrossRef] [PubMed]

37. Tabor, D.E.; Fernandes, F.; Langedijk, A.C.; Wilkins, D.; Lebbink, R.J.; Tovchigrechko, A.; Ruzin, A.; Kragten-Tabatabaie, L.; Jin, H.;
Esser, M.T.; et al. Global Molecular Epidemiology of Respiratory Syncytial Virus from the 2017–2018 INFORM-RSV Study. J. Clin.
Microbiol. 2020, 59, e01828-20. [CrossRef] [PubMed]

38. Simoes, E.A.F. Environmental and Demographic Risk Factors for Respiratory Syncytial Virus Lower Respiratory Tract Disease. J.
Pediatr. 2003, 143, S118–S126. [CrossRef]

39. Mecklin, M.; Heikkilä, P.; Korppi, M. Low Age, Low Birthweight and Congenital Heart Disease Are Risk Factors for Intensive
Care in Infants with Bronchiolitis. Acta Paediatr. 2017, 106, 2004–2010. [CrossRef]

https://doi.org/10.1097/MD.0000000000000831
https://www.ncbi.nlm.nih.gov/pubmed/26020386
https://doi.org/10.1093/infdis/jiad188
https://doi.org/10.1016/S2213-2600(22)00414-3
https://doi.org/10.1186/s12879-023-08358-x
https://doi.org/10.3390/ijerph20054565
https://doi.org/10.3390/ijerph18189550
https://doi.org/10.1111/apa.16326
https://www.ncbi.nlm.nih.gov/pubmed/35266576
https://doi.org/10.1093/infdis/jiaa059
https://www.ncbi.nlm.nih.gov/pubmed/32031626
https://doi.org/10.1016/S1473-3099(22)00763-0
https://www.ncbi.nlm.nih.gov/pubmed/36463892
https://doi.org/10.1016/S1473-3099(22)00525-4
https://www.ncbi.nlm.nih.gov/pubmed/36063828
https://doi.org/10.1016/S2666-5247(23)00195-7
https://doi.org/10.1056/NEJMoa2216480
https://doi.org/10.1177/2515135520981516
https://doi.org/10.1080/21645515.2016.1145847
https://doi.org/10.1056/NEJMoa2110275
https://doi.org/10.1177/2049936116630243
https://doi.org/10.3390/pathogens12020154
https://www.ncbi.nlm.nih.gov/pubmed/36839426
https://doi.org/10.1007/s10156-002-0178-6
https://doi.org/10.1128/AAC.06446-11
https://www.ncbi.nlm.nih.gov/pubmed/22802243
https://doi.org/10.1128/JCM.01828-20
https://www.ncbi.nlm.nih.gov/pubmed/33087438
https://doi.org/10.1067/S0022-3476(03)00511-0
https://doi.org/10.1111/apa.14021


Diseases 2024, 12, 17 11 of 11

40. Ghazaly, M.; Nadel, S. Characteristics of Children Admitted to Intensive Care with Acute Bronchiolitis. Eur. J. Pediatr. 2018, 177,
913–920. [CrossRef]

41. Handforth, J.; Friedland, J.S.; Sharland, M. Basic epidemiology and immunopathology of RSV in children. Paediatr. Respir. Rev.
2000, 1, 210–214. [CrossRef]

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/10.1007/s00431-018-3138-6
https://doi.org/10.1053/prrv.2000.0050

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

