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Abstract 

Background Respiratory Syncytial Virus (RSV) infections may lead to severe consequences in infants born preterm 
with breathing problems (such as bronchopulmonary dysplasia (BPD) and respiratory distress syndrome (RDS)) 
or congenital heart diseases (CHD). Since studies investigating the influence of different gestational age (WGA) 
and concomitant specific comorbidities on the burden of RSV infections are scarce, the present study aimed to better 
characterize these high-risk populations in the Italian context.

Methods This retrospective, longitudinal and record-linkage cohort study involved infants born between 2017 
and 2019 in Lazio Region (Italy) and is based on data extracted from administrative databases. Each infant was exclu-
sively included in one of the following cohorts: (1) BPD-RDS (WGA ≤35 with or without CHD) or (2) CHD (without BPD 
and/or RDS) or (3) Preterm (WGA ≤35 without BPD (and/or RDS) or CHD). Each cohort was followed for 12 months 
from birth. Information related to sociodemographic at birth, and RSV and Undetermined Respiratory Agents (URA) 
hospitalizations and drug consumption at follow-up were retrieved and described.

Results A total of 8,196 infants were selected and classified as 1,084 BPD-RDS, 3,286 CHD and 3,826 Preterm. More 
than 30% of the BPD-RDS cohort was composed by early preterm infants (WGA ≤ 29) in contrast to the Preterm 
cohort predominantly constitute by moderate preterm infants (98.2%), while CHD infants were primarily born at term 
(83.9%). At follow-up, despite the cohorts showed similar proportions of RSV hospitalizations, in BPD-RDS cohort hos-
pitalizations were more frequently severe compared to those occurred in the Preterm cohort (p<0.01), in the BPD-RDS 
cohort was also found the highest proportion of URA hospitalizations (p<0.0001). In addition, BPD-RDS infants, com-
pared to those of the remaining cohorts, received more frequently prophylaxis with palivizumab (p<0.0001) and were 
more frequently treated with adrenergics inhalants, and glucocorticoids for systemic use.

Conclusions The assessment of the study clinical outcomes highlighted that, the demographic and clinical charac-
teristics at birth of the study cohorts influence their level of vulnerability to RSV and URA infections. As such, continu-
ous monitoring of these populations is necessary in order to ensure a timely organization of health care system able 
to respond to their needs in the future.

Keywords RSV, CHD, BPD, Prematurity, Healthcare resources utilization, Drug consumption

*Correspondence:
Antonio Addis
agmaddis@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13052-024-01627-8&domain=pdf
http://orcid.org/0000-0003-0962-9959


Page 2 of 14Servadio et al. Italian Journal of Pediatrics           (2024) 50:56 

Background
The Respiratory Syncytial Virus (RSV) is a common RNA 
virus belonging to the Pneumoviridae family [1, 2]. In 
young children, RSV is considered the leading cause of 
lower respiratory tract infections (LRTI) and related ill-
ness [3], especially bronchiolitis [4]. RSV epidemic in 
Italy, as well as in northern hemisphere, typically follows 
a seasonal pattern that usually starts between October 
and November, peaks during the winter season (Janu-
ary and February) and resolves between April and May 
[5]. According to this seasonal trend, on an annual basis, 
countries organize healthcare services planning [6]. 
Globally, it has been recently reported that in 2019 there 
were 3.6 million LRTI RSV-associated hospital admis-
sions in children under 5 years of age, of which 1.4 mil-
lion were in infants aged 0-6 months, and around 26,300 
resulted in death, of which around 50% were infants aged 
0-6 months [7]. In Italy, over a 5-year period (2014-2019), 
62.5% RSV hospitalization cases were found in infants 
under 3 months of age and 41.0% in neonates younger 
than 30 days [8]. Indeed, the severe clinical manifesta-
tions of RSV infection are more likely to require hospi-
talizations in specific high-risk populations, including 
the elderly (≥ 65 years), adults with chronic heart or lung 
disease [9, 10] and infants and children up to 24 months 
of age [11–13]. Furthermore, specific factors are associ-
ated with higher risks of RSV hospitalization in infants 
and children, including prematurity, especially early pre-
maturity, and clinical conditions both in preterm and 
full-term infants and children (i.e., bronchopulmonary 
dysplasia (BPD), congenital heart disease (CHD), neuro-
logical and neuromuscular diseases) [14]. In particular, in 
infants and children younger than 24 months, BPD and 
CHD have been associated with the highest risk of severe 
symptoms and hospitalization following RSV infection 
[15–17]. In line with this evidence, the approved thera-
peutic indication of passive immunoprophylaxis, the only 
available treatment in Italy against serious RSV infec-
tions provided by EMA, is for protection of children and 
infants at risk of serious LRT diseases following RSV 
infection [18, 19]. In addition, also respiratory distress 
syndrome (RDS), a common condition found in preterm 
infants [20], has been identified as a risk factor for RSV 
hospitalizations during the first year of life in preterm 
infants [21, 22].

Healthcare service planning should particularly focus 
on the most fragile populations and consider the preva-
lence of high-risk concomitant conditions in these popu-
lations. Although association between prematurity and 
BPD has been extensively demonstrated, as reported by 
a recent systematic review dedicated to this topic [23], 
and specific congenital heart diseases in newborns have 
been found as a relevant risk of developing BPD [24, 25], 

most of the available studies focusing on characteriza-
tions of high-risk population for serious RSV infections 
separately evaluated the presence of high-risk condi-
tions in infants hospitalized following RSV infections 
and studies on real-word data on this topic are lacking. A 
series of systematic reviews revealed that RSV hospitali-
zations rate in preterm infants and children without BPD 
or CHD is extremely variable ranging from ~5 to > 100 
per 1000 [26], in infants and children with BPD the rate 
varying from 8.8% to 46.2% [27] and in those with CHD 
RSV hospitalizations range from 14 to 357 per 1000 [28]. 
Overall, similarly to what was stated in a recent literature 
review [29], in order to determine the true burden of RSV 
infections, further studies should focus on RSV infec-
tions and related outcomes in heterogeneous populations 
with different gestational age and concomitant clinical 
conditions.

For these reasons, with the present population-based 
study, we aimed to describe and characterize, in the Ital-
ian context, infants that have a high risk of severe RSV 
infections, using healthcare administrative databases. 
Specifically, our analyses focus on the socio-demographic 
characteristics and clinical outcomes, primarily hospi-
talizations during the first year of life, of high risk infants 
born between 2017 and 2019 in Lazio Region.

Methods
Study design and cohorts
This is a retrospective, longitudinal and record-linkage 
cohort study. The infants included in the study were those 
with a gestational age ≤ 35 weeks (WGA ≤ 35), with or 
without a diagnosis of BPD (and/or RDS), and those with 
a diagnosis of CHD, born alive in Lazio Region between 
January 2017 and December 2019. Since RDS, especially 
in early preterm infants, may evolve into BPD [30] and, 
as reported in the recently published European Consen-
sus Guidelines on the Management of RDS, the aim of 
RDS management is to minimize developing of BPD [31], 
infants with a diagnosis of one or both these two clinical 
conditions, were included in the same cohort.

Infants were selected using two main administrative 
databases: the Certificate of Delivery Care (CEDAP) of 
Lazio Region and Hospital Information System (HIS). 
CEDAP is a national registry and the primary source 
of information about newborns, including WGA, birth 
weight, sex, date of birth and specific information about 
sociodemographic of parents; HIS collects information 
on all hospital admissions and discharges registered in 
regional hospitals, including dates, diagnoses, procedures 
(primary and secondary) and internal transfer, such as 
admission to Intensive Care Unit (ICU). Identification of 
CHD and BPD (and/or RDS) diagnoses was performed  
through specific International Classification of Diseases, 
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Ninth Revision, Clinical Modification (ICD-9-CM) codes 
found in hospital discharge records after birth hospi-
talizations (ICD-9 codes used are available in Table  1S 
of supplementary materials). According to WGA and 
comorbidities, infants were categorized into 3 mutually 
exclusive cohorts with a specific priority criterion: BPD-
RDS cohort (priority 1), CHD cohort (priority 2), prema-
turity (priority 3):

• BPD-RDS cohort: infants with WGA ≤ 35 and a 
diagnosis of BPD and/or RDS and absence or pres-
ence of CHD;

• CHD cohort: infants with CHD and absence or pres-
ence of prematurity;

• Preterm cohort: infants with WGA ≤ 35 without 
BPD (and/or RDS) or CHD.

The present study in accordance with national legisla-
tion regarding observational study, was notified to the 
local ethical committee (Comitato Etico Lazio 1, protocol 
number 1133).

Variables and outcomes measures
All infants were observed for a maximum period of 12 
months after birth date (index date) and specific out-
comes, and related information occurring during this 
observational period were extracted and analyzed. At 
birth, specific infants’ characteristics (sex, WGA, birth 
month, birth weight and duration of birth hospitaliza-
tion) and mothers’ characteristics (age, education, occu-
pation) were extracted from CEDAP and HIS.

At follow-up specific outcomes related to infants’ hospi-
talizations were extracted from HIS and ICU and recorded: 
hospital admission with a diagnosis of RSV infection, hos-
pital admission with a diagnosis of infection caused by an 
Undetermined Respiratory Agents (URA), number of RSV 
and URA hospitalizations with Health Care Resources 
Utilization (HCRU) (i.e., RSV and URA hospitalization 
with oxygen therapy, or mechanical ventilation, or ICU 
accesses). In addition, total number of infants receiving 
first dose of palivizumab (including age at administra-
tion), and number of infants receiving first prescription of 
the following drug categories: antibacterials for systemic 
use, adrenergics inhalants, selective β-2-adrenoreceptor 
agonists, glucocorticoids inhalants  for obstructive airway 
diseases and glucocorticoids for systemic use, were also 
recorded. The exploration on drugs consumption was 
performed in order to evaluate the utilization of health-
care resources in the cohorts in terms of drugs, during the 
follow-up period, for the treatment of recurrent wheezing, 
bronchospasm or childhood asthma. Information about 
drugs were retrieved from Drug Claims Registry (DCR), 
a registry collecting information on drug prescriptions 

reimbursed by the healthcare system, including drugs dis-
pensed by private, public and hospital pharmacies and by 
local health units. All drugs were identified through the 
Anatomical Therapeutic Chemical (ATC) classification 
system (ICD-9 codes and ATC codes used respectively 
for outcomes and drugs identification, are available in 
Table 2S and Table 3S of supplementary materials).

Statistical analysis
Categorial variables were presented as counts and pro-
portions, while continuous variables were presented as 
mean and standard deviation and median and interquar-
tile range. Cohorts were observed for a follow-up period 
of 12 months after birth date, RSV and URA-associated 
hospitalizations and palivizumab administration  were 
counted during RSV seasons (October-April). Propor-
tions refer to the number of infants with at least one event 
of interest during the follow-up period/total cohort. For 
each proportion, related to events of interest, was calcu-
lated the confidence interval (CI) at 95% and statistical 
analysis was performed to compare the 3 cohorts, using 
Pearson’s Chi-square Test (Fisher’s exact where appropri-
ate). In addition, as supplementary analyses, the investi-
gation of RSV and URA hospitalizations was repeated for 
each of the individual risk group of the study. Although 
our observational period pertained 12 months after birth, 
we extended the period to 24 months after birth in BPD-
RDS and CHD cohorts for RSV and URA hospitaliza-
tions, and in all cohorts for drug consumption. Finally, in 
addition to sociodemographic characteristics, also data 
regarding palivizumab administration have been strati-
fied by gestational age (i.e., ≤29 WGA and 30-35 WGA). 
A p-value < 0.05 was considered as significant and data 
management and statistical analyses were carried out 
using Sas software (Sas Enterprise Guide Vers 7.15, SAS 
Institute Inc., Cary, NC, USA).

Results
Characteristics of study cohorts
Eligible population of the study was composed by infants 
born between 2017 and 2019 in Lazio Region, resident 
in this Region at birth and belonging to one of the fol-
lowing mutually exclusive cohorts: infants with BPD 
and/or RDS, infants born with CHD or preterm infants 
(WGA ≤35). According to these inclusion criteria, a 
total of 8,196 infants were selected, of which: 1,084 in 
the BPD-RDS cohort 3,286 in the CHD cohort and 3,826 
in the Preterm cohort. Total number of infants in each 
cohort corresponded respectively to 0.9%, 2.8% and 3.2% 
of total infants born in the study period in Lazio Region 
(Fig.  1). In order to clearly evaluate overlapping clinical 
conditions among study cohorts, a Venn diagram was 
implemented (Fig.  2). Distribution of study population 
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Fig. 1 Flowchart of study population

ID Identification number (Unique anonymous key used for data linkage), CEDAP Certificate of Delivery Care, HIS Hospital Information System, BPD 
Bronchopulmonary Dysplasia, RDS Respiratory Distress Syndrome, CHD Congenital Heart Diseases

Fig. 2 Graphical representation of concomitant risk conditions in the study population

Early preterm: infants born at gestational age ≤ 29 weeks; Preterm: infants born at gestational age 30-35 weeks, Term: infants born at gestational age 
> 35 weeks. BPD Bronchopulmonary Dysplasia, RDS Respiratory Distress Syndrome, CHD Congenital Heart Diseases
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according to WGA showed that early prematurity (≤29 
WGA) highly overlaps with BPD (and/or RDS) and CHD 
conditions, compared to moderate prematurity (30-35 
WGA). Indeed, only 67 early preterm infants (equal to 
14.8% of the total early preterm population of the study 
and 1.8% of the Preterm cohort) had no other concomi-
tant comorbidities, against 3,759 of moderate preterm 
(equal to 75.4% of the total moderate preterm population 
of the study). The CHD cohort was predominantly com-
posed by infants born at term (83.9% of the total cohort). 
In the BPD-RDS cohort presence of early preterm infants 
was not negligible: 33.8% of the total cohort, correspond-
ing to 366 infants of which 147 had also a CHD diagnosis 
(40.2%). Overall, presence of CHD diagnosis in BPD-RDS 
cohort was found in 363 infants (33.5%) and stratification 
of the cohort according to WGA, showed that the pres-
ence of CHD diagnosis increased as WGA decreased: 
40.2, 30.1% of early preterm and moderate preterm BPD-
RDS infants.

Sociodemographic characteristics of the cohorts 
(Table 1) showed that more than 50% of infants in each 
cohort were males: 54.3% of BPD-RDS, 52.4% of CHD 
and 53.6% of Preterm cohorts. BPD-RDS cohort was the 
one with the lowest birth weight (median: 1.5 Kg (1.1-1.9) 
and mean: 1.6 Kg (±0.6)) and the longest duration of birth 
hospitalization (median: 41 days (23 –67) and mean: 51 
days (±42.4)). Furthermore, early preterm infants within 
each cohort were those with the longest duration of birth 
hospitalizations with median values of 73 days (61-92), 
48 days (40-73), 33 days (4-53), and mean values of 82.9 
days (±40.4), 54.3 days (±27.5), 32.8 days (±28.7) in BPD-
RDS, CHD, and Preterm cohorts respectively (Table  1). 
Based on mothers’ sociodemographic characteristics at 
the moment of childbirth, the overall median age was 
similar across cohorts (~ 34.5 years), more than 50.0% 
were employed, and 40.0% completed secondary educa-
tion (had a high school diploma).

RSV and URA hospitalizations at follow‑up
The incidence of RSV and URA-associated hospital 
admissions was assessed during the first year of life 
and showed that hospitalizations for URA (i.e., unde-
fined pathogen diagnosis) were more frequent in all 
cohorts compared to hospitalizations with an RSV 
diagnosis.

Total numbers of infants hospitalized for RSV in 
BPD-RDS, CHD and Preterm cohorts were respec-
tively 23, 55 and 86, corresponding to 2.1% (95% CI, 
1.3-3.0), 1.7% (95% CI, 1.2-2.1) and 2.2% (95% CI, 
1.8-2.7) of each cohort (Table  2), whereas values for 
URA hospitalizations were respectively 102, 162 and 
206, corresponding to 9.4% (95% CI, 7.7-11.1), 4.9% 

(95% CI, 4.2-5.7) and 5.4% (95% CI, 4.7-6.1). No sta-
tistically significantly differences were found between 
RSV hospitalizations among the cohorts, while the 
higher proportion of URA hospitalizations found in 
BPD-RDS cohort, compared to those of CHD and Pre-
term cohorts, was statistically significant (p < 0.0001) 
(Table 2). More infants hospitalized with RSV infection 
required HCRU (i.e. oxygen therapy, mechanical ven-
tilation, ICU accesses) compared to those hospitalized 
due to URA infections. As such, 52.2, 34.5 and 20.9% of 
RSV hospitalizations, respectively found in BPD-RDS, 
CHD and Preterm cohorts, required HCRU, in con-
trast to 29.4, 19.1 and 18.4% of URA hospitalizations. 
In particular, HCRU during RSV and URA hospitaliza-
tions was higher for infants in BPD-RDS cohort com-
pared to infants in Preterm cohort (HCRU during RSV: 
p <0.01; HCRU during URA: p<0.05) (Table 2). Regard-
ing the analyses repeated for each single risk group rep-
resented in Fig. 2, although the small number of events 
obtained do not support any statistical analyses, results 
about RSV hospitalizations do not suggest any relevant 
differences between each group, while early preterm 
infants with BPD (and/or RDS) and CHD, followed 
by early preterm infants with BPD (and/or RDS) were 
those with the highest proportions URA hospitaliza-
tions compared to the other risk groups (Table 4S). We 
also analyzed data about the second year of life for both 
BPD-RDS and CHD cohorts and observed that RSV 
and URA hospitalizations, including severe hospitali-
zations with HCRU occurred less frequently compared 
to the first year of life, even if proportions of URA and 
RSV hospitalizations with HCRU (severe hospitaliza-
tions) in BPD-RDS cohort remained high (Table  5S). 
Graphical distribution of frequency of first hospitaliza-
tion events according to infants’ age and median dura-
tion of hospitalizations are represented in Fig.  3. In 
particular, the vast majority of RSV hospitalizations in 
each cohort occurred during the first 6 months of life, 
specifically 80.0 % in BPD-RDS cohort, 92.3% in CHD 
cohort and 84.9% in Preterm cohort, while a lower 
proportions of URA hospitalizations occurred during 
the first 6 months of life, specifically 70.4%, 81.3% and 
77.0% in BPD-RDS, CHD and Preterm cohorts respec-
tively (Fig. 3a and b). Median duration of RSV hospitali-
zations ranged between 7.0 and 8.5 days and in-hospital 
stay was longer in BPD-RDS and CHD cohorts than in 
Preterm cohorts (both in early and moderate Preterm 
sub-cohorts), but no statistically significant differences 
were found. In terms of length of hospital stay, URA 
hospitalizations were more similar between cohorts 
(Fig. 3b and c).
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Drug consumption at follow‑up
By analyzing drug consumption during the first year of life 
we found that BPD-RDS infants were those more frequently 
receiving palivizumab. Specifically, during the first RSV 
season after birth, 48.6% (95% CI, 45.6-51.6) of BPD-RDS 
cohort was treated with at least one dose of palivizumab, in 
contrast to 7.2% (95% CI, 6.3-8.0) and 11.0% (95% CI, 10.0%-
11.9%) of CHD and Preterm cohorts respectively (Table 3). 
Stratification of infants that received palivizumab accord-
ing to age at first dose showed that 31.9% BPD-RDS, 44.7% 
CHD and 56.8% Preterm infants received prophylaxis at 
<3 months of age, 40.9% BPD-RDS, 34.0% CHD and 29.1% 
Preterm infants between 3 and <6 months of age, and 27.2% 
BPD-RDS, 21.3% CHD and 14.1% Preterm infants between 
6 and 12 months of age. Palivizumab administration, within 

each cohort, was inversely related to WGA and directly 
related to the number of concomitant clinical conditions. 
As such, across cohorts, early preterm infants were those 
treated the most: 78.7% (BPD-RDS), 71.4% (CHD) and 
47.8% (Preterm). A similar trend was found also among 
moderate preterm infants, with the following values: 33.3% 
in BPD-RDS cohort, 21.5% in CHD cohort and 10.3% in 
Preterm cohort. According to statistical analyses, among 
moderate preterm subcohorts, the proportion of BPD-RDS 
infants treated with palivizumab was significantly higher 
compared to CHD and Preterm cohorts (p < 0.0001). Like-
wise, drug consumption was higher in BPD-RDS cohort. In 
particular, statistically significantly higher values were found 
for adrenergics inhalants (30.4% (95% CI, 27.6-33.1)), where 
the contribution of selective beta-2 adrenoreceptor agonists 

Fig. 3 Characteristics of RSV and URA hospitalizations

In figure a and b hospitalizations are expressed as frequency. In figure c and d duration is expressed in days (median (q1-q3). BPD 
Bronchopulmonary Dysplasia, RDS Respiratory Distress Syndrome, CHD Congenital Heart Diseases, RSV Respiratory Syncytial Virus, URA  
Undetermined Respiratory Agents

Table 2 RSV and URA hospitalizations at first year of follow-up

***p<0.0001 for BPD-RDS cohort versus CHD and Preterm cohorts; **p<0.01 for BPD-RDS versus Preterm cohort; *p<0.05 for BPD-RDS cohort versus Preterm cohort 
(χ2 test)

BPD Bronchopulmonary Dysplasia, RDS Respiratory Distress Syndrome, CHD Congenital Heart Diseases, RSV Respiratory Syncytial Virus, URA  Undetermined Respiratory 
Agents, HCRU  Health Care Resources Utilization, CI Confidence Intervals

BPD‑RDS CHD PRETERM

Outcomes N Proportion 95% CI N Proportion 95% CI N Proportion 95% CI

RSV hospitalizations 23 2.1% 1.3 3.0 55 1.7% 1.2 2.1 86 2.2% 1.8 2.7

 with HCRU 12 52.2%** 31.8 72.6 19 34.5% 22.0 47.1 18 20.9% 12.3 29.5

URA hospitalizations 102 9.4%*** 7.7 11.1 162 4.9% 4.2 5.7 206 5.4% 4.7 6.1

 with HCRU 30 29.4%* 20.6 38.3 31 19.1% 13.1 25.2 38 18.4% 13.1 23.7
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account for 17.3% (95% CI, 15.1-19.6) of the total, and glu-
cocorticoids for systemic use (20.8% (95% CI, 18.3-23.2)) 
(Table  3). Data regarding the second year of life showed 
that, while in CHD and Preterm cohorts drug consumption 
decreased compared to the first year of life, in BPD-RDS 
cohort drug consumption remained high (Table 6S).

Discussion
The results of the present retrospective cohort study pro-
vide an epidemiological description of infants at higher 
risk for severe RSV infection and related hospitalization 
in Italy. In particular, descriptive analyses focused on 
socio-demographics at birth and on specific outcomes 
registered at follow-up during the first year of life: hos-
pitalizations associated with RSV and URA infections, 
related HCRU, palivizumab administration and drug 
consumption by specific categories. According to the 
present findings, mothers’ socio-demographic charac-
teristics appeared similar among the study cohorts, while 
infants’ socio-demographic characteristics and study out-
comes revealed that different levels of vulnerability exist 
between the study cohorts. Indeed, presence of clini-
cal conditions, especially BPD and/or RDS, is more fre-
quently associated with severe RSV hospitalizations and 
URA hospitalizations, palivizumab administration and 
drug consumption, mainly during the first year of follow-
up. The exploration of concomitant risk conditions in our 
sample, showed that BPD (and/or RDS) diagnosis is more 
frequently associated with other risk conditions, com-
pared to CHD diagnosis and prematurity, suggesting that 
the poorer clinical outcomes found in BPD-RDS cohort 
compared to the other cohorts may be also related to the 
presence of overlapped clinical and risk conditions.

The prevalence of concomitant BPD (and/or RDS), 
CHD, early and moderate prematurity was differentially 
distributed among the cohorts. Specifically, while the 
Preterm cohort was predominantly composed by mod-
erate preterm infants without concomitant BPD (and/or 
RDS) or CHD, early prematurity condition highly over-
lapped with the other risk conditions. As a result, early 
preterm infants were only 1.8% of the Preterm cohort. 
In particular, a strong association between early prema-
turity and BPD (and/or RDS) was found in our study. 
Indeed, considering the overall number of early pre-
term infants, about 80.0% (366/454) were in BPD-RDS 
cohort and about 50.0% (219/454) had only BPD (and/
or RDS). These findings are in line with previous stud-
ies indicating that incidence of BPD increases as gesta-
tional age decreases [32–35]. In particular, Mowitzel 
and colleagues, using Medicaid databases, found that 
in a cohort of extremely preterm infants (WGA <28), 
excluding those with diagnosis of CHD, presence of BPD 
was found in 61.9% of infants [36]. In previous studies, 

involving extremely preterm infants with WGA between 
22 and 28, BPD diagnosis was performed using clinical 
database and the resulting percentage was around 50.0% 
[32, 34]. Despite this value is apparently lower compared 
to our, percentage rose to 75.0% in infants with WGA 
22-24 [34], suggesting that in our sample there might 
be a huge number of infants born between 22 and 24 
WGA, however, since we did not investigate distribution 
of newborns according to WGA among early preterm 
infants, this hypothesis is not verifiable. In addition, as 
already reported in the past [32], different diagnostic 
criteria used among hospitals, may influence the num-
ber of BPD diagnoses, and make comparisons difficult. 
Moreover, a recent systematic literature review reported 
a wide range of global BPD incidence in extremely pre-
term infants, reflecting how different diagnostic criteria 
and care practices applied across institutions may influ-
ence these values [23].

For what concern CHD, our descriptive analyses 
revealed that this risk condition, in contrast to BPD (and/
or RDS), is predominantly found in infants born at term 
(83.9%), while only 0.6% of infants in CHD cohort were 
extremely preterm. However, we found a considerable 
number of infants with CHD among BPD-RDS cohort, 
especially among preterm infants. These findings are sup-
ported by previous works where preterm infants with 
CHD showed a higher likelihood to have BPD compared 
to those without CHD [37, 38]. Despite an explanation of 
the increased frequency of BPD among preterm infants 
with CHD is still not clear, a literature review focused on 
preclinical and clinical studies reported that BPD condi-
tion is strongly associated with presence of patent ductus 
arteriosus, one of the most common congenital heart dis-
eases [25]. However, other studies investigating the effect 
of pharmacological or surgical closure of the patent duc-
tus arteriosus on BPD on set, failed to find a decrease in 
the incidence of the comorbidity after surgical or phar-
macological interventions [39].

Furthermore, we found that BPD-RDS infants were the 
ones with the lowest birth weight and the longest dura-
tion of birth hospitalization, and these results worsened 
as gestational age decreased. These findings are in line 
with many previous studies where, in addition to WGA, 
also low birth weight was found as strong risk factor for 
developing BPD [40, 41], and prolonged hospitalization 
stay after birth was found in extremely preterm infants 
with BPD diagnosis, compared to those without [41, 42].

Our findings regarding sociodemographic informa-
tion and concomitant risk conditions in study cohorts, 
supported by previous evidence, suggest that BPD-RDS 
cohort is the most fragile, however, the contribution of 
other risk conditions to the higher vulnerability found 
in this cohort is not negligible, since early prematurity, 
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together with CHD, are strongly associated with BPD 
(and/or RDS) diagnosis.

As extensively reported in the literature [15, 43–45], 
the first year of life, corresponding to the first year of 
follow-up of our population, was a more critical period 
in terms of RSV hospitalizations compared to the sec-
ond year. Furthermore, over the first 12 months of life, 
the first 6 months resulted as even more crucial, since 
more than 70.0% of RSV hospitalization in each cohort 
occurred during this period, and this evidence is sup-
ported by previous studies [15, 44]. Notably, in the study 
by Kuhdari and colleagues, where RSV hospitalizations 
were evaluated during the period 2001-2014 in the over-
all Italian population, it was estimated that 93.0% of RSV 
hospitalizations in infants and children between 0 and 2 
years, occurred in infants with less than 1 year of age and 
was calculated a rate of 674/100,000 inhabitants versus 
1.5/100,000 inhabitants for infants less than 1 years of age 
and children between 1 and 4 years of age respectively. 
Compared to our results, the value obtained was slightly 
lower, since we obtained a rate of 2/100 infants. How-
ever, this discrepancy is understandable because Kuh-
dari’s study included the entire Italian population under 
1 year of age, whereas our study was limited to the high-
risk population, further confirming how risk conditions 
can influence clinical outcomes. Future studies examin-
ing healthy populations in parallel with high-risk popu-
lations may provide more comparable results. Focusing 
on hospital admission events occurring in each study 
cohort, the presence comorbidity, especially BPD (and/or 
RDS) was associated with a higher severity of RSV hos-
pitalizations and a higher frequency and severity of URA 
hospitalizations. Overall, none of the RSV and URA hos-
pitalizations detected were fatal.

Although RDS, CHD, BPD and prematurity are known 
factors that increase the risk of severe hospitaliza-
tions following RSV infections [21, 46], few studies have 
examined different levels of risk among these vulnerable 
populations. Similar to our findings, BPD condition has 
been associated with HCRU during RSV hospitalization 
in terms of higher ICU access rate, mechanical ventila-
tion utilization and longer length of hospitalization than 
those without BPD [17]. Probably, the higher prevalence 
of early preterm infants in BPD cohort, compared to the 
others, in addition to the respiratory problems related to 
the clinical condition itself, drive this greater HCRU dur-
ing RSV hospitalizations. In the study of Lapcharoensap 
and colleagues, it has been shown that infants with very 
low birth weight and BPD, besides to higher HCRU and 
longer birth hospitalization stay, were also more fre-
quently hospitalized (for any causes) during first year of 
life, than those without BPD and required greater HCRU, 
and related costs increased as gestational age decreased 

[41]. According to our results, also HCRU associated to 
RSV hospitalizations of CHD infants was not negligible, 
suggesting that presence of this clinical condition, in the 
absence of a prevalent prematurity (given the low num-
ber of preterm infants in this cohort), may increase sever-
ity of RSV infections. Relevant HCRU associated with 
RSV hospitalizations among CHD infants has emerged 
also from previous works [47–49].

As regards to palivizumab administration, our results 
showed that percentages of infants treated in each cohort 
from 0 to <6 months of age were higher compared to 
those between 6 and 12 months of age, and this is in line 
with the well-documented higher impact of RSV infec-
tion during the first 6 months of life. However, while most 
of the CHD and preterm infants received prophylaxis 
during the first 3 months of life, the majority of BPD-RDS 
infants received the first dose of prophylaxis between 3 
and <6 months of age. This discrepancy is probably due 
to the longer hospital stay after birth found in this cohort 
compared to the CHD and Preterm cohorts. Consider-
ing the burden of RSV infection over the first 6 months 
of life, as also confirmed by our analyses, we believe that 
a timelier distribution of first palivizumab doses during 
the first months of life, may further improve the benefits 
produced by prophylaxis. As we aimed to estimate drug 
consumption, including palivizumab administration, 
among high-risk infants, we only evaluated total number 
of infants in each cohort treated with palivizumab dur-
ing the RSV season, and no specific prophylaxis eligibil-
ity criteria for moderate preterm infants without clinical 
conditions (which can receive palivizumab only if < 6 
months old at the start of RSV season) were considered. 
According to the values obtained, in BPD-RDS cohort 
palivizumab administration was significantly higher com-
pared to CHD and Preterm cohorts. This finding is in line 
with the remarkable fragility shown by this cohort in our 
exploration and with the higher risk of severe RSV hos-
pitalization associated with this diagnosis found in the 
literature [15, 17]. Palivizumab administration results, 
stratified by gestational age, showed that early preterm 
infants of each cohort received more frequently prophy-
laxis compared to the remaining sub-cohorts and pro-
portions increased with the number of concomitant risk 
conditions.

However, since we found lower palivizumab admin-
istration proportions than expected, we decided to 
perform an in-depth evaluation of study outcomes 
(including palivizumab administration, drug consump-
tion and RSV and URA hospitalizations). In particular, in 
order to have a more defined population that may even 
more represent the regional health-care management, 
we repeated same analysis only on infants covered by the 
regional healthcare system up to 24 months after birth 
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date. While results concerning drug consumption and 
RSV and URA hospitalizations did not differ from the 
main results, proportions of palivizumab administration 
slightly increased by ~ 8.0, 1.0 and 1.5 percentage points 
in BPD-RDS, CHD and Preterm cohorts respectively, ris-
ing to the following values: 56.9%, 8.2% and 12.5%. Simi-
larly, also results stratified by gestational age increased, 
especially in early preterm sub cohorts where the per-
centages rose by ~ 10 points increment, reaching these 
values: 87.2%, 78.9% and 59.3%.

These findings further confirm the greater contribution 
of concomitant early prematurity and presence of comor-
bidities, especially BPD (and/or RDS), to the definition 
of fragility in this population. Defining the vulnerable 
sub-groups of infants is a crucial aspect for prophylaxis 
administration strategies and definition of related guid-
ance. In accordance with our finding, a recent study con-
ducted in the USA [36] found that, over a period of 2 
years corrected age, 73.1% of extremely preterm infants 
and children diagnosed with BPD were treated with 
at least one dose of palivizumab in contrast to 31.9% of 
those without, these percentages are similar to ours, 
where 78.7% of early preterm infants with BPD (and/or 
RDS) and 47.8% of those without received administration 
of palivizumab. The slightly higher percentages found in 
our study may be partially related to different gestational 
age considered, indeed while in the study of Mowitz and 
colleagues, extreme prematurity indicates WGA <28, in 
our study early preterm infants have WGA ≤29. In a fur-
ther study, investigating palivizumab administration in 
infants and children at high risk of RSV complications, 
was reported that infants with chronic lung disease, or 
extreme prematurity (WGA <28) were more likely to be 
treated with palivizumab [50]. Moreover, in line with our 
findings, several studies indicated that infants with diag-
nosis of BPD are more likely to receive palivizumab com-
pared to those with diagnosis of CHD [50–52].

In accordance with their higher fragility, BPD-RDS 
infants were also those more frequently exposed to the 
following drug categories: adrenergics   inhalants, and 
glucocorticoids for systemic use. Although previous 
investigations of drug consumption in this population 
are scarce, the higher drug consumption found in this 
cohort can be related to the higher presence of extremely 
preterm infants, as well as the greater respiratory prob-
lems related to the diagnosis itself. In a population-based 
study analyzing drug prescriptions in preterm children 
(WGA < 37) was reported that these children had higher 
risk of being prescribed/dispensed with anti-asthmatic 
drugs (beta-2 agonists and glucocorticoids) compared 
to full-term children [53]. In addition, a recent study has 
demonstrated that the use of inhaled bronchodilators and 
systemic corticosteroids is higher in extremely preterm 

infants with BPD compared to those without [36], and 
these findings are in line with our findings, considering 
the prevalence of early prematurity in BPD-RDS cohort.

Strengths
Our study has several strengths. To the best of our knowl-
edge this is one of the few studies in Italy investigating 
from an epidemiological point of view the populations 
at highest risk for severe RSV infections and prevalence 
of concomitant risk conditions. Our descriptive results 
suggest that early prematurity is strongly associated with 
BPD (and/or RDS) condition and that preterm infants 
with CHD seem to be more frequently associated with 
BPD (and/or RDS) compared to those born at term. This 
evidence provides important information concerning 
the level of fragility of different high-risk populations. In 
addition, it is one of the few studies that broadly investi-
gates drug consumption in these populations from birth 
to 24 months. Through the integration of several admin-
istrative database, this real word study describes from 
different point of views a very frail population of infants 
born in Lazio Region, which represents ~ 10.0% of Italian 
population with these characteristics.

Furthermore, an additional strength of our study is 
to have highlighted the importance of monitoring the 
impact of RSV epidemic in a population that, in the 
future, would be even more affected by the influence 
of environmental factors related to climate change [54, 
55] and concomitant circulation of new viruses, like 
SARS-CoV-2 [56, 57], on the incidence and severity 
of RSV and other viral respiratory pathogens. In this 
context, it is important to mention the consequences 
of the significant change in RSV seasonality registered 
during and after the COVID-19 pandemic, which pro-
duced first a strong reduction in RSV transmission 
and a subsequent unexpected increase of RSV-asso-
ciated hospitalizations starting from late spring 2021 
and during the summer and autumn months [58–61]. 
In Italy admissions for bronchiolitis sharply increased 
between September and November 2021, by four folds 
as compared to pre-pandemic year 2019 [57].

Limitations
Our study presents some limitations that are mostly 
related to the source of the data. Indeed, our analyses 
are based on data retrieved from administrative data-
base, where several clinical characteristics and infor-
mation are not available. For instance, in Italy, where 
the molecular diagnosis of infectious agents is not 
routinely done during hospitalization and an RSV sur-
veillance system, similar to the one present in other 
countries, has not been implemented yet, many cases of 
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hospitalization are probably classified as URA, instead 
of RSV. As a consequence, in the present study there 
might be an underestimation of RSV hospitalizations, 
even if the extraction of both RSV and URA hospitali-
zations gave us the possibility to distinguish RSV from 
other respiratory tract infections. In addition, the analy-
sis is based on data from one single Italian Region and 
results obtained may not reflect trends about similar 
outcomes of other geographical area. However, Lazio is 
one of the most populated regions in Italy with around 
40,000 newborns per year. Furthermore, the use of 
ICD-9 codes to identify diagnosis from hospital dis-
charge records, may has approximated actual diagnoses 
and may has not captured all relevant medical diagno-
ses, especially for BPD.  Being this a study that adopts 
administrative data from secondary care (excluding 
drug prescriptions which were analyzed from both pri-
mary as well as secondary setting), a limitation of the 
analysis is the lack of data which are not recorded in 
such data sources, in particular outpatient data regard-
ing medical visits for respiratory infections. Lastly, 
possible resolution of CHD (especially the presence of 
patent ductus arteriosus in CHD cohort) or BPD (and/
or RDS) comorbidities after birth were not detectable 
and as a consequence, this aspect may have overesti-
mated the persistence of comorbidities after birth in the 
cohorts

Conclusions
We studied 8,196 infants from diverse fragile popula-
tions born in Lazio Region and gathered relevant data 
for clinicians and decision-makers in Italy and other 
developed countries.

Altogether, the results of our study showed that there is 
a need of continuous monitoring of populations at higher 
risk of developing severe RSV infections. In particular, the 
different level of fragility found among high-risk infants, 
especially BPD-RDS and early preterm infants, indicate 
that these populations would benefit from a more ade-
quate health care management. The future involvement 
of clinicians with expertise in neonatology in our studies 
may further improve knowledge on this topic and bet-
ter clarify evidence regarding concomitant clinical con-
ditions. Indeed, despite our study showed that there is 
a certain burden of RSV infections also in CHD cohort 
compared to Preterm cohort, small number of works were 
dedicated to this comorbidity compared to BPD. Further-
more, given the present and future variations in seasonal 
trends of RSV epidemic, studies investigating the impact 
of these variations on clinical outcomes in these at-risk 
populations are warranted. In this context, studies based 
on administrative database regarding an entire Region or 
Country may provide exhaustive findings in a relatively 

short time, compared to monocentric or multicentric 
studies. These future perspectives are necessary in order to 
ensure a timely organization of the healthcare system able 
to respond to the needs of infants in high-risk populations.
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