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ABSTRACT ARTICLE HISTORY
Respiratory syncytial virus (RSV) is a leading cause of acute respiratory infection and can lead to severe Received 29 November 2024
disease in older adults or those with comorbidities. This analysis aims to evaluate the demographic and Revised 27 February 2025
clinical burden of RSV hospitalizations among older adults in Italy and inform potential preventative  Accepted 11 March 2025
strategies. Adults aged >50 years with >1 hospitalization discharge diagnosis for RSV from 2010 to 2021 KEYWORDS

were included. Demographic characteristics before the first RSV hospitalization and clinical outcomes Respiratory syncytial virus
during this hospitalization and the 12 months following are described. Of the 243 patients, mean (SD) age (RSV); older adults; high risk;
was 73.7 (13.1) years, 40.7% were male, and the most common comorbidities were chronic obstructive burden of disease;
pulmonary disease (37.9%), diabetes (21.8%), and heart failure (15.2%). Mean length of index hospitaliza- hospitalizations

tion was 17.0 days, during which 9.1% of patients died. At index or during the 12-month follow-up, 5.8%

had an intensive care unit admission, 61.3% were prescribed antibiotics, 8.2% had a stroke, and 3.3% had

an acute myocardial infarction. During the 12-month follow-up, approximately, half of patients experi-

enced worsening of preexisting comorbidities, with notable rates of re-hospitalization and mortality

(44.4% and 29.6%). This study shows a high clinical burden of RSV among older adults in Italy, emphasiz-

ing a need for improved RSV surveillance, and may guide policymakers and healthcare providers in

making informed recommendations for, and implementation of, RSV vaccination in Italy.

Demographics and Clinical Burden
Of Disease Among RSV_ Hospitalized Patients included in this study had the following characteristics:
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Introduction . . .
which can progress to severe disease, may lead to complica-

Respiratory syncytial virus (RSV) is a seasonal virus that causes  tions, exacerbation of preexisting comorbidities, hospitaliza-
acute respiratory infections (ARIs), including upper and lower ~ tion, and death, especially in vulnerable populations.* RSV
respiratory tract diseases (URTD, LRTD)." These infections, infections are common in adults and the risk of developing
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severe complications increases with age and presence of
comorbidities, likely due to a more compromised immune
system or changes in lung physiology.>* Comorbidities asso-
ciated with increased severity of RSV infection include lung
disease, heart disease, and diabetes."

There is a significant estimated global annual burden of
RSV in older adults in high-income countries.” Using 2019
global population data to model estimates, Savic et al. sug-
gested that there could be 5.2 million RSV-acute respiratory
infections (ARI) cases, 470,000 hospitalizations, and 33,000 in-
hospital deaths in adults aged =60 years in high-income
countries.” Meanwhile, the RSV Consortium in Europe has
estimated RSV-associated hospitalizations in adults in 28
European Union (EU) countries, reporting that RSV causes
a high annual number of hospital admissions in adults across
the EU (approximately 160,000 per year), with roughly 92% of
cases occurring in adults aged >65 years.® However, these
studies are limited by the uncertainty in testing, ascertainment,
and coding of RSV.

There are a limited number of studies specifically reporting
the clinical burden of RSV in Italy. Every year, there are an
estimated 290,000 cases of RSV-ARI, 26,000 hospitalizations,
and 1,800 in-hospital deaths in Italian adults aged >60 years.’
Consistent with the rest of Europe, rates of RSV-
hospitalization in Italy increase with age and presence of
comorbidities, such as chronic obstructive pulmonary disease
(COPD), asthma, and cardiovascular disease (CVD).” RSV is
also associated with increased functional impairment in those
aged >65 years and those with comorbidities.” In a recent
systematic literature review investigating RSV disease burden
in Italy, the prevalence of RSV was estimated at 4.4% in adults
older than working age, with in-hospital mortality as high as
7.2%. However, the study also reported that some RSV clinical
outcomes, such as complications and hospitalization rate, were
unavailable.® In addition to age and comorbidities, factors such
as socioeconomic disparities, geographic variability, and
healthcare access may influence hospitalization rates in Italy.
Prolonged hospitalizations and potential re-hospitalization
following RSV infection have a societal and economic impact,
highlighting the need for comprehensive public health strate-
gies and targeted interventions to mitigate these burdens.
Indeed, the economic impact of RSV hospitalizations among
older adults in Italy is also high in those with comorbidities
and immunocompromising conditions.” In addition, costs
associated with RSV hospitalizations are significantly higher
than costs associated with hospitalizations for any other
cause.’

Despite the literature reporting a significant RSV burden in
high-income countries, after adjusting for case under-
ascertainment, it has been estimated that the true burden of
RSV-associated hospitalization could be 2.2 times higher.'® In
Italy, accurate disease burden measurement requires a clear
case definition,'" yet RSV surveillance currently relies on
influenza-like illness (ILI) and fever-based case definitions,
which may lead to under-reporting and underestimation.'*"
Many adults with mild-to-moderate RSV do not exhibit fever,
resulting in missed cases since they present different symp-
toms than those typical to ILL'* In addition, the ILI case
definition underestimates RSV-ARI cases by up to nine-

fold,"* and diagnostic testing for RSV is not universally per-
formed, with several available tests showing suboptimal
sensitivity.'>'® Additional challenges include under-reporting
and misclassification of RSV in International Classification of
Diseases (ICD) codes and under-ascertainment due to varied
testing and sampling methodologies.">™” Addressing these
issues with precise case definitions and enhanced diagnostic
strategies is essential for an accurate understanding of RSV’s
epidemiological impact in Italy.

As there is no RSV-specific treatment, severe RSV cases
mainly receive supportive care, such as supplemental oxygen,
intravenous fluids, intubation, and mechanical ventilation.'®
The European Medicines Agency has approved the use of three
RSV vaccines for the prevention of RSV in adults aged >60
years."”*' The Vaccination Calendar for Life, an alliance of
scientific and professional societies of public health physicians,
pediatricians, and general practitioners in Italy, recommends
RSV vaccination for those aged >75 years and those aged >60
years with comorbidities.

More data on the clinical burden of RSV in Italy would
support policymakers and clinicians in making informed deci-
sions about RSV vaccination recommendation and implemen-
tation strategies in Italy. This study aims to assess the
demographic and clinical characteristics of older adults hospi-
talized for RSV in Italy and describe the short- and long-term
outcomes associated with RSV hospitalizations in this
population.

Patients and methods/materials and methods
Data source

An observational retrospective analysis was performed on
secondary use data extracted from six administrative databases
from a pool of Italian Local Health authorities (LHAs) geo-
graphically distributed across 11 out of 20 Italian regions,
covering approximately 20% of the Italian population. For
this analysis, LHA databases were selected by their geographi-
cal distribution (Northern/Central/Southern Italy), by data
completeness, and by the high-quality linked datasets. These
databases store all data concerning the healthcare resources
reimbursed by the Italian National Health Service (NHS).
Universal healthcare coverage in Italy allows completeness
and comprehensiveness of the information contained in
these databases, which have been used in previous epidemio-
logical studies.” Patients included in these databases are repre-
sentative, in terms of demographic variables (age and sex), of
the overall Italian population.”>**

The six administrative databases were the following:
a beneficiaries database, containing demographic informa-
tion on all included patients; a pharmaceuticals database,
containing prescription information on all included patients;
a hospitalization database, containing hospitalization data
for all included patients; a diagnostic test and specialist/
outpatient visit database, containing information on tests
and visits for all included patients; a patient waiver database,
containing active payment waiver codes; and a laboratory
test results database, containing laboratory results for
a subsample of LHAs.



To guarantee patients’ privacy and in full compliance with
the European General Data Protection Regulation (GDPR)
(2016/679), an anonymous univocal numeric code was
assigned to each included participant. No identifiers related
to patients were provided to the authors. Appropriate data
anonymization procedures are implemented by the LHAs.
Anonymous univocal numeric codes allowed electronic link-
ing of patient records across six databases, integrating data to
represent patients’ entire clinical history. To ensure data relia-
bility and consistency, quality control measures were carried
out during the analysis process. These measures included (i)
verifying the correct record linkage between the various data-
bases to ensure that all relevant data for each patient were
accurately integrated; (ii) ensuring the accurate and consistent
anonymous identification of each patient; (iii) validating the
correct and coherent identification of diseases among included
subjects, based on their clinical characteristics, type of treat-
ment, and follow-up events. These processes helped harmo-
nize data across different sources and addressed potential
discrepancies in patient identifiers or variables, thereby enhan-
cing the reliability and replicability of the study. All results of
the analyses were produced as aggregated summaries, prevent-
ing them from being directly or indirectly attributed to indi-
vidual patients. Informed consent was not required
(pronouncement of the Data Privacy Guarantor Authority,
General Authorization for personal data treatment for scien-
tific research purposes — number 9/2014), and approval was
obtained from the ethics committees of the involved Local
Health Units.

Study design and patient population

Patients within the Italian administrative databases aged =50
years (at the index date) who had at least one hospitalization
with a primary or secondary discharge diagnosis of RSV (com-
prising hospitalization due to RSV [ICD-9-CM code 079.6],
acute RSV bronchiolitis [ICD-9-CM code 466.11], or RSV
pneumonia [ICD-9-CM code 480.1]) from January 1, 2010,
to December 31, 2021, were included in this analysis. The
index date was defined as the date of the first RSV hospitaliza-
tion within the study period. Patients were included in the
analysis once, based on the first RSV-hospitalization.
Subsequent RSV-hospitalizations within 12 months of the
first hospitalization were recorded as an outcome, and RSV-
hospitalizations occurring after the 12-month follow-up per-
iod were not counted toward this analysis. In order to collect
long-term (as well as short-term) outcomes, patients were
followed up for a 12-month period after their index date
(Supplementary Figure S1). To prevent missing data, patients
who transferred to a different LHA during the study period
were excluded from this analysis.

Data collection

Demographic characteristics at the index date (age, sex), clin-
ical characteristics during the baseline period (Charlson
comorbidity index [CCI] and presence of comorbidities), and
clinical outcomes during the 12-month follow-up were
extracted from six administrative databases. Outcomes for
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patients aged >50 years were stratified by age at index date
(=50 years, 260 years, 265 years, and =75 years). Patients aged
260 years were further stratified by whether they were high
risk, by the presence of specific comorbidities (COPD, heart
failure, diabetes), and by whether they were immunocompro-
mised. Patients were defined as high risk by the presence of at
least one of the following comorbidities: COPD, asthma, dia-
betes, heart failure, advanced liver disease, and renal disease.
Immunocompromised patients were defined by the presence
of at least one of the following criteria: hematopoietic stem cell
transplant (HSCT), solid organ transplantation, chronic
inflammatory diseases, human immunodeficiency virus
(HIV), end-stage renal disease (ESRD), cancer, and immuno-
suppressive therapy. Full details as well as the codes and
criteria for the identification of comorbidities and immuno-
compromised patients are shown in Supplementary Table S1.

Clinical outcomes during the first RSV hospitalization and
12-month follow-up included the number and percentage of
patients who: had a post-index hospital readmission, under-
went invasive hospital procedures (codes for invasive proce-
dures are detailed in Supplementary Table S1), developed RSV
or LRTD (an occurrence of RSV was defined as reinfection
[i.e., following the initial RSV hospitalization] and occurrence
of LRTD was defined as infection either during the index RSV-
hospitalization or during the 12-month follow-up period), had
an acute myocardial outcome, presented a worsening of pre-
existing conditions (codes and proxies in Supplementary Table
S1), were prescribed with several classes of medications, or
died due to any cause during the index hospitalization, within
a month of the index hospitalization or during the 12-month
follow-up period. Worsening of a preexisting comorbidity was
defined as at least one hospitalization due to a specific comor-
bidity after the index date, among those who already had
comorbidity before the index date. Hospitalizations for
a specific comorbidity were identified using codes and proxies,
which are detailed in Supplementary Table S1.

Data analysis

Data were analyzed using STATA SE version 17.0 (StataCorp
LLC, College Station, TX, USA). Continuous data were sum-
marized in terms of the number of observations, mean, stan-
dard deviation (SD), median, lower and upper quartiles, and
interquartile range (IQR) to provide a comprehensive descrip-
tion of the data and ensure that the descriptive statistics accu-
rately reflected the characteristics of the dataset. While
skewness was not explicitly calculated, the inclusion of both
parametric and non-parametric measures helps mitigate the
impact of non-normal distributions, offering a more complete
understanding of the data. Categorical data were summarized
in terms of the number and proportion of patients providing
data, and no formal statistical comparisons were performed.

Results
Demographics and clinical characteristics

A total of 243 patients aged =50 years with at least one hospi-
talization with a diagnosis discharge code for RSV between
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January 1, 2010, and December 31, 2021, were included in this
analysis. The mean age of patients at the index date was 73.7
years and 40.7% were male. A high and very high CCI score
was observed in 20.6% and 6.6% of patients, respectively, and
the most common preexisting comorbidities were COPD
(37.9%), diabetes (21.8%), and heart failure (15.2%). Among
patients aged >50 years, 44.4% were immunocompromised.

Of the patients aged 260 years (n = 201), 65.7% were classi-
fied as high risk, meaning that the majority of those included
in this analysis had at least one comorbidity. The most com-
mon preexisting comorbidities in patients aged =60 years were
similar to those aged >50years: COPD (40.3%), diabetes
(23.9%), and heart failure (17.4%). Furthermore, 42.3% of
patients aged =60 years were immunocompromised.

Demographic and clinical characteristics stratified by age
and whether patients were high risk or had preexisting comor-
bidities are presented in Tables 1 and 2, respectively.

Clinical outcomes

The clinical outcomes recorded during index hospitalization
and the 12-month follow-up period were stratified by age

(Table 3) and for those aged =60 years, by risk status, presence
of comorbidities, and immunocompromised status (Table 4).

Index hospitalization

The mean (SD) length of index hospitalization among those
aged =50 years was 17.0 (20.8) days. A similar length of index
hospitalization was observed for individuals aged =60 years,
265 years, and 275 years (Table 3). Among those aged 260
years with specific comorbidities, the longest index hospital
stay was reported in those with heart failure (mean [SD] of 20.0
[20.0] days; Table 4).

Index and post-index hospitalization

During index hospitalization and 12 months following, 5.8% of
patients aged =50 years were admitted to the intensive care
unit (ICU; Table 3), 2.5% required intubation, 3.3% required
high-flow oxygen therapy, and 7.0% required mechanical ven-
tilation. Following the index hospitalization, 44.4% of indivi-
duals were re-hospitalized for any cause (Table 3 ; Figure 1).
The 10 most common causes of re-hospitalization during the
12-month follow-up period are reported in Table 5; the most
frequent principal diagnoses for re-hospitalization were
related to the respiratory system (66.3%), circulatory system

Table 1. Baseline demographics for RSV-hospitalized patients in Italy between 2010 and 2021, stratified by age.

=50 years >60 years 265 years >75 years
(n=243) (n=201) (n=176) (n=120)
Age, mean (SD) 73.7 (13.1) 77.8 (10.4) 80.1 (9.1) 85.0 (6.3)
Male, n (%) 99 (40.7) 78 (38.8) 61 (34.7) 38 (31.7)
CCl, mean (SD) 1.9 (1.5) 1.9 (1.5) 1.9 (1.4) 1.8 (1.4)
Low CCI=0, n (%) 39 (16.0) 30 (14.9) 24 (13.6) 18 (15.0)
Medium CCl=1 or 2, n (%) 138 (56.8) 117 (58.2) 106 (60.2) 70 (58.3)
High CCI=3 or 4, n (%) 50 (20.6) 41 (20.4) 35(19.9) 26 (21.7)
Very High CCl =5, n (%) 16 (6.6) 13 (6.5) 11 (6.3) 6 (5.0)
Preexisting conditions, n (%)
COPD 92 (37.9) 81 (40.3) 71 (40.3) 45 (37.5)
Asthma 8(3.3) 8 (4.0) 8 (4.5) 5(4.2)
Diabetes 53 (21.8) 48 (23.9) 43 (24.4) 28 (23.3)
Heart failure 37 (15.2) 35(17.4) 32 (18.2) 25 (20.8)
Advanced liver disease 4 (1.6) 4 (2.0) 4(2.3) 4 (3.3)
Renal disease 31 (12.8) 30 (14.9) 26 (14.8) 19 (15.8)

Conditions were defined as preexisting if they were present before the index date. Abbreviations: CCl, Charlson
Comorbidity Index; COPD, chronic pulmonary obstructive disorder; SD, standard deviation.

Table 2. Baseline demographics for RSV-hospitalized patients aged =60 years in Italy between 2010 and 2021, stratified by comorbidity and immunocompromised

status.
COPD Heart failure Diabetes
(n=281) (n=35) (n=48) Immunocompromised (n = 85)
Age, mean (SD) 76.6 (9.9) 80.2 (10.6) 77.1 (10.3) 77.4 (10.0)
Male, n (%) 30 (37.0) 13 (37.1) 20 (41.7) 22 (25.9)
CCl, mean (SD) 2.1 (1.5) 2.7 (1.6) 2.8 (1.6) 24 (1.7)
Low CCI=0, n (%) 5(6.2) <4 8 (9.4)
Medium CCI=1 or 2, n (%) 50 (61.7) 15 (42.9) 22 (45.8) 46 (54.1)
High CCl=3 or 4, n (%) 19 (23.5) 13 (37.1) 18 (37.5) 22 (25.9)
Very High CCl =5, n (%) 7 (8.6) 6(17.1) 7 (14.6) 9 (10.6)
Preexisting conditions, n (%)
COPD 81 (100.0) 20 (57.1) 21 (43.8) 39 (45.9)
Asthma 7 (8.6) <4 5(5.9)
Diabetes 21 (25.9) 15 (42.9) 48 (100.0) 14 (16.5)
Heart failure 20 (24.7) 15 (31.3) 16 (18.8)
(100.0)
Advanced liver disease <4 <4 3(3.5)
Renal disease 17 (21.0) 12 (34.3) 10 (20.8) 18 (21.2)

Conditions were defined as preexisting if they were present before the index date. Abbreviations: CCl, Charlson Comorbidity Index; COPD, chronic pulmonary

obstructive disorder; SD, standard deviation.
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Table 3. Clinical outcomes, at the index hospitalization and during the 12-month follow-up, for RSV-hospitalized patients in Italy between 2010 and 2021, stratified by

age.
>50 years 260 years 265 years >75 years
(n=243) (n=201) (n=176) (n=120)
Index hospitalization
Length of index hospital stay (days), mean (SD) 17.0 (20.8) 16.4 (16.0) 16.2 (14.3) 17.1 (15.3)
Length of index hospital stay (days), median (IQR) 12 (7-20) 12 (7-20) 13 (7-20) 13 (7-21)
Index and post-index hospitalization, n (%)
ICU admission (index included) 14 (5.8) 11 (5.5) 9 (5.1) 6 (5.0)
Hospitalization reporting intubation procedure (index included) 6 (2.5) 5(2.5) 4 (2.3) <4
Hospitalization reporting high-flow oxygen therapy (index included) 8 (3.3) 6 (3.0) 6 (3.4) 4 (3.3)
Hospitalization reporting other continuous mechanical ventilation (index included) 17 (7.0) 13 (6.5) 11 (6.3) 6 (5.0)
All-cause post-index hospitalization 108 (44.4) 88 (43.8) 77 (43.8) 52 (43.3)
Diagnosis (index and post-index), n (%)
RSV/LRTD* 62 (25.5) 48 (23.9) 43 (24.4) 30 (25.0)
AMI, n (%) 8(3.3) 7 (3.5) 7 (4.0) 6 (5.0)
Stroke, n (%) 20 (8.2) 20 (10.0) 17 (9.7) 14 (11.7)
Deaths (index and post-index), n (%)
Deaths during index hospitalization (in-hospital mortality) 22 (9.1) 20 (10.0) 19 (10.8) 16 (13.3)
Deaths within 1-month post-index hospitalization 36 (14.8) 34 (16.9) 33 (18.8) 26 (21.7)
All-cause deaths within 12 months post-index hospitalization 72 (29.6) 68 (33.8) 64 (36.4) 50 (41.7)

*Patients with at least one record of RSV during the follow-up (not including the index hospitalization) or LRTD during the index hospitalization or follow-up.
Abbreviations: AMI, acute myocardial infarction; ICU, intensive care unit; IQR, interquartile range; LRTD, lower respiratory tract disease; RSV, respiratory syncytial virus;

SD, standard deviation.

Table 4. Clinical outcomes, at the index hospitalization and during the 12-month follow-up, for RSV-hospitalized patients aged =60 years in Italy between 2010 and
2021, stratified by whether they were high risk, had specific comorbidities or were immunocompromised.

High risk COPD Heart failure  Diabetes  Immuno-compromised
(n=132) (n=281) (n=35) (n=48) (n=285)
Index hospitalization
Length of index hospital stay (days), mean (SD) 16.2 (153) 17.1 (16.6) 20.0 (20.0) 18.5(17.8) 16.4 (14.0)
Length of index hospital stay (days), median (IQR) 12 (7-21)  12(8-21) 14 (9-23) 12 (7-23) 13 (8-20)
Index and post-index hospitalization, n (%)
ICU admission (index included) 8 (6.1) 7 (8.6) <4 <4 5 (5.9
Hospitalization reporting intubation procedure (index included) <4 <4 <4 <4 <4
Hospitalization reporting high-flow oxygen therapy (index included) 5(3.8) 5(6.2) <4 0 (0.0) 4(4.7)
Hospitalization reporting other continuous mechanical ventilation (index included) 10 (7.6) 8(9.9) <4 4 (8.3) 6 (7.1)
All-cause post-index hospitalization 61 (46.2) 35 (43.2) 18 (51.4) 25 (52.1) 45 (52.9)
Diagnosis (index and post-index), n (%)
RSV/LRTD* 30 (22.7) 20 (24.7) 6(17.1) 10 (20.8) 26 (30.6)
AMI, n (%) 4 (3.0) <4 0 (0.0 <4 <4
Stroke, n (%) 14 (10.6) 7 (8.6) <4 6 (12.5) 8 (9.4)
Deaths (index and post-index), n (%)
Deaths during index hospitalization (in-hospital mortality) 13 (9.8) 10 (12.3) <4 6 (12.5) 6(7.1)
Deaths within 1-month post-index hospitalization 24 (18.2) 15 (18.5) 6(17.1) 11 (22.9) 12 (14.1)
All-cause deaths within 12 months post-index hospitalization 49 (37.1) 28 (34.6) 14 (40.0) 20 (41.7) 31 (36.5)

*Patients with at least one record of RSV during the follow-up (not including the index hospitalization) or LRTD during the index hospitalization or follow-up.

Abbreviations: AMI, acute myocardial infarction; COPD, chronic obstructive pulmonary disorder; ICU, intensive care unit; IQR, interquartile range; LRTD, lower

respiratory tract disease; RSV, respiratory syncytial virus; SD, standard deviation.

(20.6%), and infectious/parasitic diseases (9.5%). Among high-
risk individuals aged >60 years, 46.2% were re-hospitalized in
the 12months after the initial RSV hospitalization.
Furthermore, among individuals aged 260 years with specific
comorbidities, 43.2% with COPD, 51.4% with heart disease,
and 52.1% with diabetes were hospitalized for any cause. Of
patients who were immunocompromised, 52.9% were hospi-
talized for any cause during the 12-month follow-up (Table 4).

Reinfection with RSV (i.e., not including the RSV occur-
rence that led to the index hospitalization) or LRTD during the
index hospitalization and the 12-month follow-up period
occurred in 25.5% of patients aged =50 years. Similar values
were reported for the other age groups (Table 3). The propor-
tion of patients reinfected with RSV or experiencing LRTD was
highest among the immunocompromised population (30.6%;

Table 4). Among those aged =50 years, 3.3% experienced acute
myocardial infarction (AMI), and 8.2% experienced a stroke
during the 12-month follow-up period (index hospitalization
included). These values were 5.0% and 11.7%, respectively,
among those aged 275 years (Table 3).

The worsening of preexisting comorbidities, namely
COPD, diabetes, heart failure, and renal disease, during the 12-
month follow-up period occurred in approximately 50% of
patients (Table 6, Figure 2).

The 10 most frequently prescribed medications at index
hospitalization and during the 12-month follow-up period
are reported in Table 7. The most frequently prescribed med-
ications were for acid-related disorders (66.3%), antibiotics for
systemic use (61.3%), anti-thrombotic agents (51%), and drugs
for obstructive airway diseases (44.9%).
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Stratified by age

275 years (n=120)

High risk (n=132)
COPD (n=81)
Heart failure (n=35)

Aged 260 years, stratified by
risk group, comorbidity, and
immunocompromised status

Diabetes (n=48)

Immunocompromised (n=85)

250 years (n=243)
260 years (n=201)
265 years (n=176)

46.2

51.4
521
52.9

0 20 40 60
Patients (%)

Figure 1. All-cause post-index hospitalization during the 12-month follow up. Abbreviations: COPD, chronic obstructive pulmonary disease; RSV, respiratory syncytial

virus

Table 5. Most common causes of re-hospitalization during the 12-month follow-up in RSV-hospitalized patients aged =50 years and =60 years in Italy between 2010

and 2021.

>50 years (n =243) >60 years (n=201)

Cause of hospitalization n % n %

Respiratory system 161 66.3 133 66.2
Circulatory system 50 20.6 44 219
Infectious and parasitic diseases and disorders 23 9.5 21 104
Myeloproliferative diseases and disorders (poorly differentiated neoplasms) 19 7.8 13 6.5
Blood and blood-forming organs and immunological disorders 15 6.2 8 4.0
Digestive system 12 49 1 5.5
Musculoskeletal system and connective tissue 11 45 8 4.0
Nervous system 1 45 1 5.5
Kidney and urinary tract 10 4.1 8 4.0
Factors influencing health status* 6 2.5 4 2.0

*Factors influencing health status included: persons encountering health services for examinations, genetic carrier and genetic susceptibility to disease, resistance to
antimicrobial drugs, estrogen receptor status, retained foreign body fragments, hormone sensitivity malignancy status, persons with potential health hazards related
to communicable diseases, persons encountering health services in circumstances related to reproduction, encounters for other specific healthcare, persons with
potential health hazards related to socioeconomic and psychosocial circumstances, do not resuscitate status, blood type, body mass index, persons encountering
health services in other circumstances, persons with potential health hazards related to family and personal history and certain conditions influencing health status.”

Table 6. Worsening of preexisting comorbidities for RSV-hospitalized patients aged >50 years, >60 years and =65 years in Italy between 2010 and 2021.

=50 years =60 years =65 years
(n=243) (n=201) (n=176)
At baseline, n  Worsening comorbidity, n (%) At baseline, n  Worsening comorbidity, n (%) At baseline, n  Worsening comorbidity, n (%)
COPD 92 47 (51.1) 81 42 (51.9) 71 39 (54.9)
Diabetes 53 26 (49.1) 48 24 (50.0) 43 23 (53.5)
Heart failure 37 20 (54.1) 35 18 (51.4) 32 18 (56.3)
Renal disease 31 15 (48.4) 30 15 (50.0) 26 11 (42.3)
Abbreviations: COPD, chronic obstructive pulmonary disease.
Mortality Discussion

During the index hospitalization, in-hospital mortality
occurred in 9.1% of patients aged >50years. In the month
following index hospitalization, 14.8% of patients died. In-
hospital deaths and deaths within the month of index hospi-
talization increased with age, reaching 13.3% and 21.7%,
respectively, in those aged =75 years (Table 3, Figure 3). In-
hospital mortality for patients considered high risk was 9.8%,
while 18.2% died within a month of index hospitalization
(Table 4, Figure 4). During the 12-month follow-up period,
29.6% of patients aged =50years died due to any cause
(Table 3) and all-cause mortality was 37.1% in high-risk
patients.

It is widely noted that the incidence of RSV infection is high in
older adults and those with comorbidities,” with RSV infections
in these individuals often leading to severe complications.”
Understanding the clinical burden of RSV is central to decision-
making and patient management, to facilitate effective disease
prevention and treatment. This retrospective cohort study
investigated the demographic characteristics and clinical out-
comes among older adults in the 12 months following RSV
hospitalization in Italy.

The demographic characteristics of patients included in this
study corroborate the notion that RSV incidence is higher in
older individuals and those with comorbidities; the mean age
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Figure 2. Worsening of pre-existing comorbidities for RSV-hospitalized patients aged =50 years in Italy between 2010 and 2021, stratified by age. Abbreviations: COPD,
chronic obstructive pulmonary disease; RSV, respiratory syncytial virus.

Table 7. Most commonly prescribed therapies at the index hospitalization and during the 12-month follow-up in RSV-hospitalized patients aged >50 years
and =60 years in Italy between 2010 and 2021.

>50years (n=243) >60 years (n=201)

ATC CODE Prescription drugs n % n %

A02 Drugs for acid-related disorders 161 66.3 133 66.2
Jo1 Antibacterials for systemic use 149 613 123 61.2
BO1 Anti-thrombotic agents 124 51 1m 55.2
RO3 Drugs for obstructive airway diseases 109 449 88 438
HO2 Corticosteroids for systemic use 109 449 88 438
o7 Beta blocking agents 97 39.9 80 39.8
Co3 Diuretics 96 39.5 83 413
C09 Agents acting on the renin-angiotensin system 94 38.7 81 40.3
A11 Vitamins 64 26.3 55 27.4
c10 Lipid modifying agents 63 259 57 284

Abbreviations: ATC, Anatomical Therapeutic Chemical.

| |
100 | |
| |
I |
90 | I
I |
80 | |
l |
70 | |
| |
60 I |
8 | |
)74 | |
t 50 : :
g [ I a7
= ' ] 36.4
40 ! : 338 :
| | 296
30 [ |
: 18.8 Ll
20 I 148 16.9 ’ |
133 | : |
91 10.0 10.8 | |
10 : | |
| |
anh | |
0 | |
>50years 260years 265years 275years | 250years 260years 265years 275years | 250years 260years 265years 275 years
(n=243) (n=201) (n=176) (n=120) (n=243) (n=201) (n=176) (n=120) (n=243) (n=201) (n=176) (n=120)
Deaths during index hospitalization (in-hospital | Deaths within 1-month post-index hospitalization |  All-cause deaths within 12-months post-index
mortality) hospitalization

Figure 3. Mortality among RSV-hospitalized patients aged >50 years in Italy between 2010 and 2021, stratified by age. Abbreviations: RSV, respiratory syncytial virus.
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Figure 4. Mortality among RSV-hospitalized patients aged >60 years in Italy between 2010 and 2021, stratified by risk group, comorbidity, and immunocompromised
status. To ensure patient anonymization, values are presented as n <4 for outcomes that were reported in fewer than four patients. Abbreviations: COPD, chronic
obstructive pulmonary disease; RSV, respiratory syncytial virus.



was 73.7 years and 65.7% of patients had at least one comor-
bidity. When assessing the duration of index hospitalization in
the cohort, mean (SD) length of index hospitalization was 17.0
(20.8) days, and the median (IQR) length of stay was 12 (7-20)
days. While the data indicated high variance around the mean
and a negative skew, results were consistent with those pub-
lished elsewhere, where median (IQR) length of stay during
a 2-year cohort study was 11 (7-16) for RSV hospitalized
patients.”® Additionally, in published literature, mortality
among RSV-hospitalized individuals is reported to increase
with age.””*® The present analysis further supports this notion,
as nearly 10% of patients died during index hospitalization,
and mortality in the month and year following index hospita-
lization was higher in those aged =75 years compared to those
aged =50 years.

In general, reinfection with RSV is considered to have mild
consequences.” However, the risk of more severe complica-
tions is higher in older adults and those with immunocompro-
mising conditions, likely due to changes in lung physiology
and weaker immune systems which decrease an individual’s
infection-fighting capacity.*” In this study, a quarter of
patients experienced RSV reinfection (not including the
index hospitalization) or LRTD during the index hospitaliza-
tion and 12-month follow-up period, with a higher rate of
reinfection or LRTD in patients who were immunocompro-
mised. These reinfection rates indicate a need for better RSV
management strategies for high-risk populations, including
increased vaccinations.

Older adults comprise a high proportion of RSV-associated
hospitalizations. In a study investigating countries within the
EU, 92% of adult RSV hospitalizations occurred in those aged
>65 years.® Nearly half of patients included in this analysis
were re-hospitalized for any cause during the 12-month fol-
low-up period, with respiratory system-related causes forming
the most common principal diagnosis. Furthermore, RSV is
also associated with high levels of hospitalization among
patients with comorbidities.”” Here, re-hospitalization during
the follow-up period occurred in 52.9% of patients who were
immunocompromised. =~ Together, these high re-
hospitalizations levels indicate that older adults and high-risk
patients often experience general health complications follow-
ing RSV infection. Indeed, RSV has previously been shown to
worsen health conditions; a study conducted in the UK and the
Netherlands over three consecutive RSV seasons reported that
8.7% of outpatient-managed COPD exacerbations were due to
RSV.”” In the present analysis, during the 12 months following
RSV hospitalization, approximately half of patients experi-
enced worsening of preexisting comorbidities. The worsening
of preexisting conditions due to RSV may contribute to higher
morbidity and mortality, highlighting the importance of inte-
grating RSV management into broader chronic disease care
strategies.

It is important to note that during the 12-month follow-up
period (index included), antibacterials for systemic use were
the second most prescribed medication, with prescriptions
recorded for over 60% of RSV-hospitalized individuals. High
levels of antibiotic use among patients with RSV have been
reported in Italy.'>?° This finding should not be overlooked;
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overuse and misuse of antibiotics contribute to the increas-
ingly pressing global threat of antimicrobial resistance, esti-
mated to cause up to 10 million deaths per year by 2050.>"
Achieving a high rate of RSV vaccination coverage could
reduce the number of clinical cases that often lead to antibiotic
prescriptions and may complement national efforts to reduce
antibiotic usage.”?

Overall, this study highlights the clinical burden of RSV on
older adults, which increases strain on healthcare systems by
raising demand for hospital resources, thereby adding to the
economic burden of disease. There is a clear need for enhanced
long-term care solutions for older patients with RSV. One such
option is to leverage preventative measures against initial RSV
infection, such as vaccination, particularly among older adults,
high-risk individuals, and those who are immunocompro-
mised, to reduce the risk of more serious complications.
Additionally, long-term clinical outcomes among adults with
RSV are not commonly reported in the literature; this study
adds to this limited body of evidence, reporting 12-month
clinical outcomes in older adults hospitalized with RSV in
Italy.

This study is characterized by some limitations. First, data
were not originally collected for research purposes, but for the
purpose of reimbursement. As much of this analysis, such as
the diagnosis of RSV, comorbidities, and some clinical out-
comes, relies on codes and proxies, coding input errors or even
incomplete capture of certain variables may have occurred and
impacted the analysis. Although administrative databases are
primarily intended for administrative management, their use
for healthcare research purposes is increasing, as they repre-
sent readily available sources of real-world healthcare data on
a large population of unselected patients.”

Similar to previously conducted studies, this analysis is
potentially limited by the underdiagnosis of RSV, due to cur-
rent clinical practice, and research issues, such as the lack of
a unified RSV definition for case research.'®'> As a result, the
number of RSV-associated hospitalizations in the adult and
older adult population in industrialized countries is likely
greater than is currently reported. Indeed, it is estimated that
the incidence of RSV hospitalizations could be up to 2.2 times
higher than that suggested in the literature,'’ with one study
conducted across 937 hospitals in the United States finding
that only 4.3% of patients hospitalized with lower respiratory
tract infections were tested for RSV.** Until there is wider and
more consistent testing of respiratory diseases, the true overall
clinical burden of RSV will remain unknown. This underre-
porting may have led to the few RSV cases found, with only
243 patients aged =50 years with >1 hospitalization due to RSV
captured by the database, leading to a small sample size in
some subgroups.

The limited RSV surveillance system and irrelevance of
testing for RSV in the past due to a lack of specific treatments
or vaccines means it is likely that no specific RSV ICD codes
were given. As described above, the under-ascertainment of
RSV is well established and so it is possible that cases of RSV,
and therefore clinical outcomes associated with RSV, were not
fully captured in this analysis."” Misclassification of RSV-
coded hospitalizations has been reported in Denmark, and it
is possible this also occurs in Italy, leading to potential
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inaccuracies in conclusions and highlighting a limitation to
using coding-based case identification.'”

Although this analysis was conducted using a 20% sample
of the Italian population, the sample used was deemed repre-
sentative (in terms of age and sex) of the entire Italian popula-
tion and, therefore, the clinical characteristics reported here
are likely also representative.”** However, it is important to
acknowledge that the sample might not fully capture regional
variations in healthcare access or RSV diagnosis rates. Any
such variation may stem from differences in regional health-
care policies, diagnostic practices, and resource availability.
Despite these potential limitations, the inclusion of data from
LHAs across 11 regions provides a broad geographic distribu-
tion, which enhances the generalizability of the findings to
a significant proportion of the Italian population.

Lastly, the 12-month follow-up data in this analysis were
not compared to a non-RSV control population, and therefore,
these outcomes may not be RSV-related. An in-depth analysis
comparing post-index RSV clinical outcomes with a control-
matched cohort is required to further understand the burden
of disease associated with RSV. Regarding the overall study
period, the present analysis spans 11 years and does not
account for the potential impact of advances in RSV diagnosis
and management during this timeframe. A temporal stratifica-
tion of results could have provided insights into these
advancements.

To plan and implement effective future preventive strate-
gies in Italy, several barriers must be addressed. Awareness of
RSV is low among older adults aged =50 years, with 60%
unaware of the virus.”> Currently, Italy’s RSV surveillance
system relies on an ILI case definition rather than ARI,
which underestimates the incidence of RSV.'* Accurate
reporting of RSV cases and complications is essential, and
shifting the surveillance system to ARI could be a critical first
step. Enhanced testing and improved surveillance, along with
increased vaccine availability, can help prevent cases and com-
plications, benefiting fragile populations.'

Improving access to the RSV vaccine, such as through co-
administration with the seasonal flu vaccine, could boost
uptake and lower immunization barriers, leading to better
public health outcomes. In Italy, health promotion and pre-
ventative strategies account for only 5% of the National Health
Fund.”® While the availability of new vaccines represents an
opportunity to improve individual and collective protection,
they can also create problems, such as the financial commit-
ment that must be sustained for additional expenses, including
costs for new vaccines and training. These aspects, combined
with the limited availability of healthcare resources, may repre-
sent an obstacle to the inclusion of new RSV vaccinations in
the Italian National Immunization Program, despite approval
and recommendations of RSV vaccination by several other
countries’ health authorities and scientific societies.””*

Regional differences in vaccination management and sub-
optimal collaboration among healthcare specialists can hinder
program effectiveness. The integrated life course approach to
vaccination, part of the European Immunization Agenda 2030,
aims to ensure that everyone benefits from recommended
immunizations throughout their life, using lessons from the
COVID-19 pandemic to establish or reinforce immunization

of older adults and those with comorbidities.*’ For the life
course approach to vaccination to succeed, it is important that
vaccination of fragile populations is organized in collaboration
with different healthcare professionals. A collaborative
approach is in line with that of value-based healthcare and
considers the wider impact of vaccinations, including their
personal, allocative, technical, and societal value.**

Future studies should focus on assessing the economic burden
of RSV and how this impacts the NHS. Additionally, evaluating
the cost-effectiveness of various RSV vaccination strategies
within the Italian healthcare system context could provide valu-
able insights for optimizing resource allocation and improving
patient outcomes. In addition, future studies should focus on
inferential analysis to assess potential differences in demo-
graphics, clinical characteristics, and outcomes associated with
RSV hospitalization between important patient subgroups.

Conclusions

Despite possible underestimation of RSV, this analysis reports
demographic and clinical outcomes in older adults hospita-
lized for RSV in Italy. The 12-month clinical outcomes
reported in this analysis highlight the importance of vaccina-
tion for individual protection, collective protection, and
healthcare system sustainability. Italian RSV vaccination
recommendations and inclusion of a diverse array of health-
care professionals to promote vaccine uptake among high-risk
populations need to be established. Co-administration of the
RSV vaccine with the seasonal influenza vaccine could further
improve vaccination rates by offering increased accessibility.
In conclusion, this analysis highlights an unmet need for pre-
ventative RSV strategies among older adults and those with
comorbidities. Future prospective studies in both the inpatient
and outpatient setting may help to describe long-term patient
outcomes, natural history, and epidemiology of RSV in older
adults. This analysis could be used to inform cost-effectiveness
analyses in the Italian context that may assist policymakers and
healthcare professionals in making informed decisions about
recommendations for, and implementation of, RSV vaccina-
tion in Italy.
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