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case definitions. This study aims to compare RSV 
rates captured by ARI versus ILI case definitions 
and to describe the clinical and economic trajec‑
tories of RSV in older adults.
Methods:  The study was conducted in Italy 
during the 2023/2024 and 2024/2025 seasons. 
Thirty-eight general practitioners were ran‑
domized 1:1 to enroll individuals ≥ 50 years 
presenting for care and meeting the European 
criteria for ARI or ILI, respectively. Alternative 
definitions were also explored. All subjects were 
tested for respiratory pathogens. RSV-positive 
individuals were followed for up to one month.
Results:  Of 1431 patients (ARI: 741; ILI: 690) 
included, 5.2% tested positive for RSV. Odds of 
RSV in the ARI group (5.8%) was 26% higher than 
in the ILI group (4.6%) [odds ratio (OR) 1.26; 95% 
CI 0.60–2.65]. Exclusion of GPs with unexpect‑
edly low enrollment rates increased the OR to 
1.67 (95% CI 0.80–3.42). Conversely, adults in 
the ILI group showed higher rates of influenza A 
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(OR 0.83; 95% CI 0.47–1.44) and SARS-CoV-2 (OR 
0.57; 95% CI 0.34–0.95). A proposed alternative 
case definition, denoted as ARI with wheezing 
and/or productive cough and/or rhonchi and/
or dyspnea was sensitive at 92.0% and specific at 
30.8%. Among 75 RSV-positive outpatients, the 
case-complication, case-hospitalization and case-
fatality rates were 30.7%, 2.7%, and 1.3%, respec‑
tively. The mean costs per RSV case were € 168.71 
from the payer perspective and up to € 899.51 
from the societal perspective.
Conclusions:  Compared to a highly sensitive 
ARI definition, ILI-based surveillance likely 
underestimates the incidence of RSV. Further 
qualifiers can enhance specificity of the ARI case 
definition. The study confirms a significant bur‑
den of RSV in older adults.

Keywords:  Respiratory syncytial virus; RSV; 
Acute respiratory infection (ARI); Influenza-
like illness (ILI); Surveillance; Case definition; 
Burden of disease; Complications; Cost of 
illness; Older adults

Key Summary Points 

Why carry out this study?

Currently available studies on the epidemi‑
ology and burden of respiratory syncytial 
virus (RSV) in older adults underscore critical 
knowledge gaps, including the need for an 
accurate clinical case definition and prospec‑
tively collected data on the burden of disease.

Driven by these evidence gaps, the 
RESPIRA-50 study envisaged a direct compari‑
son of acute respiratory infection (ARI) and 
influenza-like illness (ILI) case definitions for 
their ability to capture RSV in primary care 
and a prospective tracking of RSV-related 
clinical and economic consequences.

What was learned from the study?

Although the difference was not statistically 
significant, a highly sensitive ARI case defi‑
nition identified about one-third more RSV 
cases than ILI-based surveillance platforms, 
which are more specific for influenza or 
SARS-CoV-2. Consequently, ARI-based defini‑
tions may better reflect the true burden of 
disease in older adults.

Prospectively collected and granular data 
highlighted a high rate of RSV-related com‑
plications, which are responsible for a signifi‑
cant economic impact.

INTRODUCTION

Initially identified as a predominantly pediatric 
pathogen, respiratory syncytial virus (RSV) has 
been increasingly recognized as a major cause 
of respiratory illness in older adults [1]. Among 
older people living in high-income countries, 
the average RSV-related incidence, hospitali‑
zation, and case-fatality rates attributable to 
RSV are estimated at 1.62%, 0.15%, and 7.13%, 
respectively. With the corresponding popula‑
tion of 321.3 million, these rates translate into 
5.2 million symptomatic cases, 470,000 hospi‑
talizations, and 33,000 in-hospital deaths [1]. 
To reduce this burden of disease, three effective 
RSV vaccines have recently become available for 
older adults [2].

Comprehensive literature reviews [3–5] have 
indicated some critical evidence gaps in epide‑
miological and clinical features of RSV in older 
adults. First, there is not any universally accepted 
RSV clinical case definition that triggers collec‑
tion of a biological sample for virological analy‑
ses. Previous surveillance studies used a variety 
of case definitions, most of which have been 
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specifically developed for influenza [3]. Several 
European countries, including Italy, have recently 
incorporated surveillance of RSV into the existing 
influenza monitoring platforms, which are based 
on influenza-like illness (ILI) case definitions. Sur‑
veillance of respiratory viruses in other countries 
is based on a broader acute respiratory infection 
(ARI) case definition, while still other countries 
report both ILI and ARI incidence rates [6]. As a 
substantial proportion of RSV-positive older adults 
lacks fever as a symptom, it seems that fever-based 
case definitions underestimate the burden of RSV 
[7]. While more sensitive case definitions are use‑
ful for detecting the majority of RSV cases, more 
specific (and thus less sensitive) case definitions 
require fewer resources and still allow pursuit of 
common surveillance objectives [8].

Regarding RSV-related outcomes in older adults, 
most evidence is limited to retrospective, register-
based studies conducted in hospital settings, while 
very few community-based prospective surveys 
have investigated the natural history of RSV in 
adult outpatients [4, 5]. For instance, the current 
Italian data are generally restricted to mere esti‑
mation of positivity prevalence, with little infor‑
mation on the complication rates, their spectrum, 
and associated resource consumption [5].

This study, named RESPIRA-50, aims to repro‑
duce two parallel sentinel surveillance networks, 
which are based on ARI and ILI case definitions, 
in order to compare rates of RSV and other respir‑
atory pathogens detected using these established 
syndromic case definitions. The study also aims 
to identify an alternative RSV-specific case defini‑
tion and to scrutinize clinical and economic tra‑
jectories of RSV infection in community-dwelling 
adults aged ≥ 50 years. The chosen population 
target reflects the broadened age indication for 
an RSV vaccine, now encompassing individu‑
als ≥ 50 years, as opposed to the prior ≥ 60-year 
threshold [9].

METHODS

Study Design and Setting

The study was conducted in Genoa (northern 
Italy) during the 2023/2024 and 2024/2025 

RSV seasons. Interim first-season results can be 
assessed elsewhere [10]. Each RSV season was 
defined as a period between week 42 (mid-Octo‑
ber) and week 17 (end of April). General practi‑
tioners (GPs) who took part of a large coopera‑
tive were invited to participate in the study. To 
simulate two different sentinel surveillance net‑
works, volunteer GPs were randomly (1:1) allo‑
cated to one of two groups to enroll individuals 
seeking care for ARI or ILI, respectively. Separate 
ARI and ILI training modules were administered 
to all GPs before the start of each season.

The European Centre for Disease Prevention 
and Control (ECDC) criteria [11] were used for 
both ARI [sudden onset of ≥ 1 respiratory symp‑
tom (cough, sore throat, shortness of breath, 
coryza) and GP’s judgment of an underlying 
infection] and ILI [sudden onset of ≥ 1 systemic 
(fever or feverishness, malaise, headache, myal‑
gia) and ≥ 1 respiratory (cough, sore throat, 
shortness of breath) symptoms] case definitions 
(Table S1).

The Italian sentinel surveillance network, 
which is based on the ECDC ILI case definition, 
recommends covering ≥ 4% of the population 
[12]. For this study, we aimed to cover a more 
conservative threshold of  ≥  5% of the total 
Genoa population aged ≥ 50 years (n = 297,486). 
With an average of 1300 patients aged ≥ 14 years 
per GP, of which 59% were  ≥  50  years, 24 
GPs would cover 6.2% of the population 
aged  ≥  50  years. By assuming that each GP 
would swab approximately 20–30 patients per 
season, we expected to enroll 960–1440 subjects. 
However, at the end of the first season, several 
GPs enrolled < 30 patients and, for the second 
season, we additionally randomized 12 GPs. In 
all, 38 GPs contributed to ≥ 1 season (n = 24 in 
the first season and n = 36 in the second season).

During the study period, adult RSV vaccina‑
tion was not publicly funded in Italy; however, 
the authorized vaccines could be purchased out-
of-pocket. By the end of the study, we checked 
RSV vaccination status in a local immunization 
registry, where the registration of all adminis‑
tered vaccines is mandatory. Of the 1443 sub‑
jects enrolled, only 16 (1%) had received a sin‑
gle dose of an adjuvanted RSV vaccine (between 
March and June 2024), and none of these indi‑
viduals tested positive for RSV.
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This study was conducted in accordance with 
the Helsinki Declaration of 1964 and its later 
amendments. The study protocol was approved 
by the Liguria Region Ethics Committee (#13354 
of 18/09/2023). Written informed consent was 
obtained from all patients.

Eligibility Criteria

Inclusion criteria were formulated as follows: 
individuals aged ≥ 50 years, who were able to 
provide informed consent and met the ARI/ILI 
case definitions. Subjects were excluded if they 
did not meet the above-described ECDC criteria, 
were residents of long-term care facilities, had 
known positivity for RSV in the current season 
or developed symptoms > 7 days before the GP 
visit.

Study Procedures

On the day of enrollment, GPs obtained the 
informed consent and performed a baseline 
assessment (t0) by gathering demographic (sex, 
age, nationality) and medical history (pres‑
ence of underlying health conditions) data and 
evaluated signs and symptoms associated with 
the current visit. The list of respiratory and sys‑
temic symptoms collected is reported later in 
the manuscript. The GPs then collected a naso‑
pharyngeal swab specimen that was eluted in a 
transport medium (UTM, Copan Italia; Brescia, 
Italy), barcoded, stored at 2–8 °C for a maximum 
of 72 h and shipped in batch in an isothermal 
bag to the regional reference laboratory located 
at San Martino Research Hospital (Genoa, Italy).

Individuals who tested positive for RSV were 
followed for up to 30 days, while those who 
tested negative for RSV ended the study at 
t0. The first follow-up call (t1) was performed 
14 ± 1 days after the onset of symptoms and 
the following information deemed to be related 
to the current RSV episode was collected: (1) 
eventual development of complication(s); (2) 
further GP visits; (3) specialist visits (type and 
number); (4) medications used (brand, type, 
dosage, frequency and duration); (5) diagnos‑
tic tests and procedures (type and number); 
(6) emergency department (ED) referrals and/

or hospitalizations; and (7) for working adults, 
number of full-time or part-time working days 
lost. Patients who fully recovered (self-judged as 
return to the premorbid state) by day 14 ended 
the study, while a second follow-up call (t2) was 
performed on day 30 ± 1 for not fully recovered 
individuals and the same data were collected. All 
follow-up calls were systematically performed by 
a trained physician.

All specimens were tested in two different 
real-time polymerase chain reaction (RT-PCR) 
assays [Allplex Respiratory Panels 1–4 (RSV is 
included in Panel 1) and Allplex SARS-CoV-2/
FluA/FluB/RSV; Seegene, Seoul, Korea] and one 
rapid RSV antigen detection test (RADT; STAND‑
ARD Q RSV Ag; SD Biosensor, Suwon-si, Korea). 
To ensure the same testing conditions and avoid 
a double swab collection, which may reduce 
patient’s compliance, both RT-PCR and RADT 
were performed at the laboratory using the same 
specimen. Laboratory staff was blinded to the 
sample origin. Considering their high sensitivity 
and specificity for RSV [13], the Allplex Respira‑
tory Panel 1, which also differentiates between 
RSV subtypes A and B, was considered the refer‑
ence standard. In summary, all swabs were tested 
for 25 viral [RSV A and B; influenza A(H1N1)
pdm09, A(H3N2) and B; SARS-CoV-2; adenovi‑
rus; rhinovirus; enterovirus; metapneumovirus; 
parainfluenza viruses 1, 2, 3 and 4; bocaviruses 
1–4; coronaviruses 229E, NL63 and OC43] and 
bacterial [Hemophilus (H.) influenzae; Streptococ-
cus (S.) pneumoniae; Bordetella pertussis; Bordetella 
parapertussis; Mycoplasma pneumoniae; Legionella 
pneumophila, and Chlamydophila pneumoniae] 
pathogens. Finally, 64 (85.3%) RSV-positive sam‑
ples with a sufficient viral load were sequenced 
using either whole-genome next generation or 
Sanger G gene sequencing. All sequences gener‑
ated were uploaded to the GISAID (Global Ini‑
tiative on Sharing All Influenza Data) database 
(https://​gisaid.​org/). Descriptions of all the labo‑
ratory methods are provided in Table S2.

Study Endpoints

The study has two co-primary endpoints. The 
first endpoint was the RSV detection rate in 
both ARI and ILI groups defined as a proportion 

https://gisaid.org/
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of swabs tested positive for RSV to the total of 
swabs processed. The second endpoint was prev‑
alence of complications (including hospitaliza‑
tions) among subjects testing positive for RSV to 
the total of RSV-positive subjects.

The study had several secondary and explor‑
atory endpoints. First, RSV detections were 
described by month and season, age-class 
(50–64, 65–74, and ≥ 75 years), subtype, clade, 
and co-detection patterns (single detections or 
co-detections). Second, the association between 
signs/symptoms and RSV status was tested to 
develop an alternative RSV-specific case defi‑
nition, and the performance of the latter was 
assessed by computing sensitivity, specificity, 
positive (PPV), and negative (NPV) predictive 
values and the area under the curve (AUC). For 
comparison, all patients were also re-classified 
according to the World Health Organization’s 
(WHO)-like (ARI with measured fever ≥ 38 °C 
and cough) [14] and the United States (US) Cent‑
ers for Disease Control and Prevention (CDC) 
(fever ≥ 37.8 °C with cough and/or sore throat) 
[15] ILI case definitions (Table S1). Third, ARI 
and ILI groups were compared in terms of the 
detection rates of other respiratory pathogens. 
Fourth, diagnostic accuracy [positive (PPA) and 
negative (NPA) percent agreements, PPV and 
NPV] of the alternative RT-PCR kit and RADT, 
compared to the reference RT-PCR kit, was evalu‑
ated. Finally, resource consumption in terms of 
GP and specialist visits, diagnostic tests and pro‑
cedures, medicines, ED referrals and hospitaliza‑
tions, and relative costs incurred by RSV-positive 
individuals were quantified.

Analysis of Costs

The bottom-up costing approach was imple‑
mented. All analyses were conducted using costs 
expressed in Euros (€) as of 2024. Cost calcula‑
tion, performed by the study staff, specifically 
included only resources associated with the RSV 
episode, thereby excluding other healthcare 
expenditures, such as pre-existing medications 
or clearly unrelated visits. Direct costs included 
costs related to medicines, GP and specialist 
visits, diagnostic procedures, ED referrals, and 

hospitalizations associated with the current RSV 
episode (time horizon 30 days). Ex-factory prices 
were considered for reimbursable medicines [16], 
while list prices were used for non-reimbursable 
products. The cost of only effectively consumed 
doses was considered. The costs of GP visits per‑
formed at either GP’s office or patient’s home 
derived from an Italian costing study [17] and 
were actualized to 2024 [18]. Analogously, the 
costs related to ED visits were taken from a cost 
study conducted in Genoa [19]. Official tariffs 
[20, 21] were used for specialist visits, diagnos‑
tic tests, and hospitalizations. Costs related to 
RT-PCR and RADT were not included. For indi‑
rect costs, we considered productivity losses 
that were applied to working adults only [22]. 
Perspective of the Italian National Health Ser‑
vice (NHS) considered all direct costs except for 
non-reimbursable medicines. Societal perspec‑
tive included all direct and indirect costs. Costs 
were summarized as both means with standard 
deviations (SDs) and medians with ranges. A 
summary of all cost items, assumptions, and 
data sources is provided in Table S3.

Statistical Analysis

RSV detection and complication rates were 
expressed as proportions with Clopper–Pearson’s 
exact 95% confidence intervals (CIs). Charac‑
teristics of patients enrolled in the ARI and ILI 
groups, as well as those tested positive and nega‑
tive for RSV, were compared by means of the 
Fisher’s exact or t tests. Notably, the statistical 
significance (p < 0.05) of these tests should be 
interpreted cautiously, as the clustered nature 
of the data was ignored.

Considering the clustered nature of the data, 
generalized estimating equations (GEE) logistic 
regression with an exchangeable working cor‑
relation structure was used to study the asso‑
ciation between RSV positivity and surveillance 
group, as well as between RSV positivity and 
reported signs/symptoms. The effect size was 
expressed as odds ratios (ORs) with 95% CIs. 
The estimands of participant-average effect and 
the participant-level estimator were therefore 
of interest. The dependent variable was either 
any RSV detection or RSV mono-detection. The 
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base-case GEE models were controlled for the 
effect of varying cluster sizes (i.e., the number of 
swabs collected by single GPs) by including the 
logarithm of the cluster size as an offset. Several 
sensitivity analyses were then conducted. First, 
the offset of cluster size was excluded from the 
model specification. Second, we added poten‑
tial confounders of season, sex, age, nationality, 
smoking status, and presence of co-morbidities. 
Third, as informative cluster size cannot be ruled 
out, we changed the GEE working correlation 
structure to independent [23]. Finally, to reduce 
noise due to low-enrolling GPs, we limited the 
dataset to clusters with ≥ 30 swabs. In all mod‑
els, the sandwich variance estimator was used 
to calculate robust standard errors. Data were 
analyzed in R packages, v. 4.5.0 (R Foundation 
for Statistical Computing, Vienna, Austria).

RESULTS

Characteristics of the Study Population

Across two seasons, 38 GPs (18 in the ARI and 
20 in the ILI groups) enrolled 1443 subjects 
(2023/2024: n  =  524; 2024/2025: n  =  919). 
Twelve (0.8%) subjects were excluded for the 
following reasons: (1) five were < 50 years; (2) 
four were swabbed outside the allowed time win‑
dow; (3) two did not meet the definition of ARI/
ILI; and (4) one swab had no cotton flock inside 
the transport tube. A total of 1431 adults were 
therefore included in the analysis.

The mean age of participants was 67.9 (SD 
11.3) years and females prevailed (62.4%). Two-
thirds (61.7%) of patients had ≥ 1 co-morbidity, 
of which cardiovascular (42.9%) and respira‑
tory (17.7%) diseases were the most preva‑
lent (Table 1). Of the study population, 51.8% 
(n = 741) and 48.2% (n = 690) of subjects were 
enrolled by GPs randomized to the ARI and 
ILI groups, respectively. The number of adults 
enrolled by single GPs varied from 2 to 97. As 
shown in Table 1, ARI and ILI patients were com‑
parable for most variables, but there were some 
imbalances in terms of mean age (Δ 1.6 years), 
nationality, prevalence of cancer, and smoking 
status.

All patients in the ILI group satisfied the 
ECDC ARI criteria, while 92.6% (686/741) of 
patients in the ARI group also satisfied the ECDC 
ILI criteria.

Epidemiology of RSV and its Characteristics

RSV was detected in 5.2% (75/1431; 95% CI 
4.1–6.5%) of participants and its detection 
rate was higher in the 2023/2024 season than 
in the 2024/2025 season (7.0% vs. 4.3%). RSV 
accounted for 7.8% (75/965) of all viral detec‑
tions and of 5.7% (75/1315) of all viral/bacte‑
rial detections. During the first season, RSV 
clearly peaked between January and February 
2024 with a monthly peak positivity rate of up 
to 18.9%. Conversely, in the 2024/2025 season, 
the observed detection rates plateaued at a com‑
paratively low level (Fig. 1A).

Although both RSV subtypes co-circulated, 
RSV A was predominant in both seasons 
(2023/2024: 61.1%; 2024/2025: 69.2%) (Fig. 1B). 
The population of molecularly characterized RSV 
A strains (n = 41) was heterogeneous and repre‑
sented by subclades adjoining A.D.1* (26.8%), 
A.D.3* (51.2%), and A.D.5* (22.0%). Sequences 
of RSV B strains (n = 23) belonged to four differ‑
ent (sub)clades, of which B.D.E.1 (69.6%) was 
the most frequent (Table S4).

Of 75 RSV cases, 47 (62.7%) were single RSV 
detections, 10 (13.3%) samples were co-detected 
with other respiratory viruses, of which human 
rhinovirus was the most common, 11 (14.7%) 
were co-detected with H. influenzae and/or S. 
pneumoniae, while the remaining seven (9.3%) 
specimens showed a mixed viral/bacterial co-
detection pattern (Table S5).

Compared with RT-PCR, RADT had low PPA 
(22.7%) and perfect NPA (100%). Indeed, if only 
RADT was used, the overall RSV prevalence 
would drop from 5.2% to 1.2%. RSV RADT per‑
formed comparatively well (PPA 63.2%) only for 
high viral load samples (cycle threshold < 25) 
(Table S6). Analogously, diagnostic performance 
of the two RT-PCR assays differed: compared 
with the Allplex Respiratory Panel 1, PPA and 
NPA of the Allplex SARS-CoV-2/FluA/FluB/RSV 
were 85.3% and 100%, respectively. The lower 
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sensitivity of the latter kit was driven by low 
load samples (cycle threshold > 30) (Table S7).

Compared to RSV-negative subjects, those who 
tested positive for RSV exhibited a higher propor‑
tion of females (77.3% vs. 61.6%), and had ≥ 1 
chronic condition (72.0% vs. 61.1%), particularly 
renal disease (9.3% vs. 4.1%) and obesity (18.7% 
vs. 9.4%). Other characteristics were comparable 
(Table S8).

Detection Rates of RSV and Other 
Respiratory Pathogens by Surveillance Group

Overall, RSV detection rate in the ARI group 
(5.8%; 43/741) was higher than in the ILI 
group (4.6%; 32/690). When only RSV mono-
detections were considered, the difference was 
similar (ARI: 3.9%; ILI: 2.6%). This pattern was 

Table 1   Characteristics of the study population; Genoa (Italy), 2023/2024 and 2024/2025 seasons

ARI acute respiratory infection, ILI influenza-like illness, SD standard deviation

Characteristic Level n (%) p value 
(ARI vs. 
ILI)

Total (n = 1431) ARI (n = 741) ILI (n = 690)

Sex Female 893 (62.4) 465 (62.8) 428 (62.0) 0.79

Male 538 (37.6) 276 (37.2) 262 (38.0)

Age, years Mean (SD) 67.9 (11.3) 68.7 (11.3) 67.1 (11.1) 0.009

50–64 622 (43.5) 300 (40.5) 322 (46.7) 0.058

65–74 379 (26.5) 204 (27.5) 175 (25.4)

≥ 75 430 (30.0) 237 (32.0) 193 (28.0)

Nationality Italian 1340 (93.6) 711 (96.0) 629 (91.2) < 0.001

Foreign-born 91 (6.4) 30 (4.0) 61 (8.8)

Season 2023/2024 517 (36.1) 250 (33.7) 267 (38.7) 0.054

2024/2025 914 (63.9) 491 (66.3) 423 (61.3)

Underlying health 
conditions

≥ 1 883 (61.7) 446 (60.2) 437 (63.3) 0.23

Cardiovascular 614 (42.9) 319 (43.0) 295 (42.8) 0.92

Respiratory 254 (17.7) 129 (17.4) 125 (18.1) 0.73

Diabetes 121 (8.5) 70 (9.4) 51 (7.4) 0.18

Hepatic 34 (2.4) 14 (1.9) 20 (2.9) 0.23

Renal 63 (4.4) 35 (4.7) 28 (4.1) 0.61

Anemia 56 (3.9) 29 (3.9) 27 (3.9) 0.99

Obesity 142 (9.9) 74 (10.0) 68 (9.9) 0.99

Dementia 33 (2.3) 15 (2.0) 18 (2.6) 0.49

Cancer 149 (10.4) 64 (8.6) 85 (12.3) 0.024

Immunosuppression 52 (3.6) 24 (3.2) 28 (4.1) 0.48
Current smoker No 808 (56.5) 641 (86.5) 568 (82.3) 0.034

Yes 222 (15.5) 100 (13.5) 122 (17.7)
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consistently observed in both 2023/2024 (ARI: 
8.0%; ILI: 6.0%) and 2024/2025 (ARI: 4.7%; ILI: 
3.8%) seasons and for both RSV A (ARI: 3.8%; 
ILI: 3.0%) and RSV B (ARI: 2.0%; ILI: 1.6%) sub‑
types. Of 75 RSV cases, 100% (75/75), 98.7% 
(74/75), 28.4% (21/74) and 33.8% (25/74) of 
individuals satisfied the ECDC ARI, ECDC ILI, 
CDC ILI, and WHO ILI criteria, respectively. 
RSV detection rates were slightly higher in 
individuals aged ≥ 75 years (5.6%; 24/430) than 
in younger adults (65–74 years: 4.7%, 18/379; 
50–64 years: 5.3%, 33/622).

As shown in Fig.  2, in the base-case GEE 
model, the odds of any RSV and RSV mono-
detections were 26% and 51% higher for 
subjects in the ARI than in the ILI groups, 
respectively. Alternative model specifications 
produced concordant results and the ORs 
were always higher for RSV mono-detections. 
Notably, when only GPs with ≥ 30 swabs were 
considered, the ORs of any and single RSV 
detections were 1.67 and 1.80, respectively. 
However, all 95% CIs included the null.

In an exploratory analysis of all respira‑
tory pathogens tested (Table  S9), positivity 

to ≥ 1 pathogen was very similar (OR 0.96; 
95% CI 0.60–1.53) between the ARI (74.9%) 
and ILI (73.2%) groups. With regard to single 
pathogens detected, patients in the ARI group 
more frequently tested positive for adenovi‑
rus (ARI: 1.1% vs. ILI: 0.3%; OR 3.75, 95% CI 
0.85–16.60), enterovirus (ARI: 3.2% vs. ILI: 
2.5%; OR 1.32, 95% CI 0.54–3.23), metap‑
neumovirus (ARI: 6.5% vs. ILI: 5.2%; OR 1.25, 
95% CI 0.71–2.22), and bacteria (ARI: 25.9% vs. 
ILI: 18.4%; OR 1.52, 95% CI 0.84–2.77). Con‑
versely, SARS-CoV-2 (ARI: 7.4% vs. ILI: 12.2%; 
OR 0.57, 95% CI 0.34–0.95), influenza A(H1N1)
pdm09 (ARI: 6.1% vs. ILI: 8.0%; OR 0.74, 95% 
CI 0.46–1.19), and parainfluenza viruses (ARI: 
1.9% vs. ILI: 3.0%; OR 0.61, 95% CI 0.30–1.26) 
were more common findings in the ILI group.

Symptomatic Profile of Older Adults Who 
Tested Positive for RSV

Among RSV-positive adults, malaise (92.0%) was 
the most common systemic symptom, while 
cough (97.3%) and coryza (90.7%) were the 

Fig. 1   Detection rates of respiratory syncytial virus (RSV) and other respiratory viruses overall (A) and by RSV subtype 
(B); Genoa (Italy), 2023/2024 and 2024/2025 seasons
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most frequently reported respiratory symptoms 
(Table 2). Fever ≥ 38 °C was reported by only 
31.1% of subjects. Compared to RSV-negative 
individuals, those positive for RSV had a higher 
prevalence of several respiratory symptoms 
(wheezing, productive cough, dyspnea, rhon‑
chi, coryza, altered smell, and desaturation), 
while no systemic symptoms were predictive of 
RSV. An analysis based on RSV mono-detections 
showed generally comparable results apart from 
the altered smell that was no longer associated 
with RSV (Table S10). Considering both a low 
prevalence of desaturation in the entire cohort 
(5.1%) and a high prevalence of coryza among 
subjects tested positive for rhinovirus (88.4%), 
we selected the symptoms of wheezing, produc‑
tive cough, rhonchi, and dyspnea for further 
evaluation.

All available ILI criteria (ECDC, CDC, and 
WHO) performed poorly for RSV with AUC 
values ≤ 0.51 (Table S11). Specificity was maxi‑
mized (64.9%; 95% CI 62.3–67.5%) with the 
WHO case definition, but its sensitivity was 
only 28.4% (95% CI 19.4–39.5%). The newly 
proposed alternative RSV-specific case definition 

of ARI (RSV-ARI) with wheezing and/or produc‑
tive cough and/or rhonchi and/or dyspnea per‑
formed better, the corresponding AUC, sensitiv‑
ity and specificity parameters being 0.61 (95% 
CI 0.58–0.65), 92.0% (95% CI 83.6–96.3%), 
and 30.8% (95% CI 28.4–33.3%), respectively. 
Eventual use of only “wheezing” qualifier would 
increase specificity up to 86.7%, but the sensi‑
tivity would drop to 30.7% (Table S11). When 
applied to influenza, the alternative RSV-ARI 
case definition performed worse (AUC: 0.52; 
sensitivity: 74.2%; specificity: 30.1%), while the 
WHO (AUC: 0.71; sensitivity: 71.1%; specific‑
ity: 71.0%) and CDC (AUC: 0.71; sensitivity: 
76.8%; specificity: 64.6%) ILI criteria performed 
the best.

Clinical Consequences of RSV Infection

All participants completed the follow-up 
period. Of 75 RSV infections, 66.7% (50/75) did 
not fully recover by day 14 and the average 
duration of RSV episode was 20.1 (SD 7.8) days. 
Twenty-three (30.7%; 95% CI 20.5–42.4%) 

Fig. 2   Association between positivity for respiratory syn-
cytial virus (RSV) and surveillance group; Genoa (Italy), 
2023/2024 and 2024/2025 seasons. ARI acute respiratory 

infection, CI confidence interval, GP general practitioner, 
GEE generalized estimating equation, ILI influenza-like ill-
ness



2102	 Infect Dis Ther (2025) 14:2093–2111

patients developed  ≥  1 complication that 
involved mostly (73.9%; 17/23) lower respira‑
tory tract (Table 3). Two pneumonia cases, one 
of which was with pleural effusion, required 
hospitalization (case-hospitalization rate 

2.7%; 95% CI 0.3–9.3%) and involved 71- and 
96-year-old women. The sample of the former 
was positive for RSV B and H. influenzae, while 
the latter was positive for RSV A only. The 
96-year-old woman developed acute respiratory 

Table 2   Association between positivity for respiratory syncytial virus (RSV) and signs and symptoms reported by adults 
aged ≥ 50 years; Genoa (Italy), 2023/2024 and 2024/2025 seasons

aOR adjusted odds ratio, CI confidence interval, OR odds ratio
a Includes also subjects with co-detections
b Adjusted for surveillance group, age, sex, smoking status, and presence of co-morbidities
c Data on measured body temperature were available for 48 and 884 febrile subjects testing positive and negative for RSV, 
respectively
d Data on SaO2 were available for 75 and 1329 subjects testing positive and negative for RSV, respectively

Symptom RSV-positive 
(n = 75)a

RSV-negative 
(n = 1356)

OR (95% CI) aOR (95% CI)b

Any fever or feverishness 49 (65.3) 908 (67.0) 1.00 (0.62–1.60) 1.14 (0.69–1.90)

Fever ≥ 38 °Cc 23 (31.1) 499 (37.5) 0.79 (0.53–1.18) 0.86 (0.55–1.32)

Shivering 45 (60.0) 766 (56.5) 1.29 (0.84–1.98) 1.35 (0.90–2.04)

Headache 39 (52.0) 802 (59.1) 0.81 (0.52–1.27) 0.81 (0.48–1.34)

Myalgia 40 (53.3) 865 (63.8) 0.69 (0.43–1.11) 0.69 (0.44–1.08)

Arthralgia 37 (49.3) 830 (61.2) 0.66 (0.41–1.07) 0.66 (0.40–1.08)

Malaise 69 (92.0) 1156 (85.3) 2.17 (0.81–5.84) 2.13 (0.83–5.47)

Decreased appetite 39 (52.0) 607 (44.8) 1.44 (0.87–2.38) 1.40 (0.84–2.35)

Nausea 17 (22.7) 267 (19.7) 1.29 (0.71–2.37) 1.23 (0.65–2.32)

Diarrhea 11 (14.7) 149 (11.0) 1.52 (0.74–3.12) 1.63 (0.77–3.43)

Any cough 73 (97.3) 1275 (94.0) 2.54 (0.54–11.96) 2.54 (0.50–12.76)

Productive cough 56 (74.7) 798 (58.8) 2.35 (1.31–4.20) 2.52 (1.34–4.75)

Dyspnea 24 (32.0) 260 (19.2) 2.15 (1.24–3.72) 2.12 (1.19–3.78)

Tachypnea 2 (2.7) 34 (2.5) 1.14 (0.28–4.68) 1.20 (0.30–4.81)

Rhonchi 29 (38.7) 316 (23.3) 2.28 (1.37–3.81) 2.45 (1.41–4.24)

Wheezing 23 (30.7) 181 (13.3) 3.15 (1.76–5.63) 3.12 (1.61–6.04)

Need for supplemental O2 0 (0) 13 (1.0) – –

Low/decreased SaO2
d 7 (9.3) 64 (4.8) 2.20 (0.86–5.68) 2.60 (0.99–6.81)

Sore throat 38 (50.7) 790 (58.3) 0.78 (0.47–1.31) 0.77 (0.47–1.26)

Coryza 68 (90.7) 1112 (82.0) 2.81 (1.02–7.79) 2.88 (1.09–7.58)

Altered smell 16 (21.3) 216 (15.9) 1.57 (0.99–2.48) 1.71 (1.07–2.75)
Altered taste 15 (20.0) 222 (16.4) 1.39 (0.81–2.38) 1.48 (0.87–2.53)
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failure and died 16 days after the initial GP 
visit (case-fatality rate 1.3%; 95% CI 0.0–7.2%). 
All hospitalizations and the death occurred in 
the ARI group.

Resource Consumption and Costs

The average number of GP visits associated 
with the RSV episode was 1.7 (SD 0.9), while 
48.0% (36/75) had ≥ 1 follow-up visit. All but 
one (98.7%) patient took ≥ 1 medicine, of which 
antibiotics (57.3%), mucolytics (46.7%), and 
inhaled corticosteroids (41.3%) were the most 
prevalent. Additionally, 21.3% of patients per‑
formed ≥ 1 diagnostic test (mostly chest X-ray), 
while 6.7% had a specialist visit (Table S12).

The mean outpatient costs incurred by RSV-
positive adults were € 74.40. The average hospi‑
talization costs across all RSV-positive subjects 
were € 107.49. The mean hospitalization costs 
of the two hospitalized subjects were instead € 
4031.00 (€ 3802.00 and € 4260.00, respectively). 
From the Italian NHS perspective, the mean cost 
of an RSV episode was € 168.71. Direct costs 

were generally skewed to the right with median 
costs being significantly lower than mean costs. 
Working adults (n = 28) lost on average 5.5 (SD 
5.1) 8-h working days with the associated pro‑
ductivity loss of € 840.61. From the societal per‑
spective, the mean cost of an RSV episode was 
€ 899.51 for working adults and € 255.17 for 
non-working adults (Table 4).

In an analysis stratified by RSV co-detection 
pattern, subjects with single RSV detections gen‑
erally showed lower costs than subjects with 
co-detections (Table S13). For instance, among 
RSV mono-detections, the mean outpatient costs 
and total costs from the Italian NHS perspec‑
tive were € 70.35 and € 138.51, respectively. 
The corresponding costs across subjects with co-
detections were € 81.20 and € 219.42. However, 
owing to a smaller number of co-detections, 
the total mean costs from the Italian NHS per‑
spective were influenced by a single hospital‑
ized case. Indeed, median costs were more bal‑
anced between subjects with mono-detections 
(€ 49.11) and those with co-detections (€ 54.92) 
(Table S13).

DISCUSSION

The RESPIRA-50 study was conceived as an 
attempt to compare available case definitions 
for RSV in a randomized fashion and to pro‑
spectively collect data on the natural history of 
the community-acquired RSV infection in adults 
aged ≥ 50 years. According to the WHO [24], 
interpretation of the global RSV surveillance 
data is challenged by the absence of a standard 
case definition. Current data on the burden of 
RSV in older adults also have various limita‑
tions, were often collected retrospectively [3], 
and therefore heavily depended on the accuracy 
and completeness of the primary data sources.

In the main analysis of the first primary end‑
point, the odds of RSV detection in the ARI 
versus ILI groups was 26% greater, while in the 
sensitivity analyses the difference increased by 
up to 80%. This trend was consistently observed 
in both RSV seasons and for both RSV subtypes. 
While the magnitude of effect sizes is undoubt‑
edly of public health relevance, the 95% CIs of 

Table 3   Clinical outcomes in adults aged ≥ 50 years who 
tested positive for respiratory syncytial virus (RSV); Genoa 
(Italy), 2023/2024 and 2024/2025 seasons (n = 75)

CI confidence interval
a Two subjects developed both sinusitis and bronchitis

Outcome n (%)a 95% CI

Any complication 23 (30.7) 20.5–42.4

Any upper respiratory 
tract complication

8 (10.7) 4.7–19.9

 Otitis media 4 (5.3) 1.5–13.1

 Sinusitis 4 (5.3) 1.5–13.1

Any lower respiratory 
tract complication

17 (22.7) 13.8–33.8

 Bronchitis 10 (13.3) 6.6–23.2

 Pneumonia 7 (9.3) 3.8–18.3

Hospitalization 2 (2.7) 0.3–9.3
Death 1 (1.3) 0.0–7.2
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all point estimates were comparatively wide and 
included the null. We believe that this impreci‑
sion was mainly driven by two concurrent fac‑
tors. First, there was a large variability in terms 
of GP enrollment rates: several GPs enrolled 
an unexpectedly low number of patients. An 
increase in cluster size variability may lead to 
loss of efficiency and decrease in power [25]. Ide‑
ally, an unbiased estimate of RSV detection rate 
could be achieved by tracking a random sam‑
ple of the general population. In this study, as 
well as in actual sentinel surveillance networks, 
the random assumption is likely missed because 
the sample of symptomatic individuals is self-
selected by the GPs [26]. When we excluded 
the GPs with low swabbing rates, the OR of the 

ARI versus the ILI group increased from 1.26 to 
1.67. It can be inferred that the testing behav‑
ior of “poorly engaged” GPs systematically dif‑
fered from their “well engaged” counterparts. 
For example, the former group could experi‑
ence waning initial enthusiasm, have busier 
practices, and thus enroll only the most severe 
cases. This bias is difficult to control since all 
participating GPs are volunteers (rather than 
carefully chosen) and are implicitly assumed to 
be willing to participate in surveillance activities 
[27]. The second reason for the failure to reject 
the null hypothesis is a comparatively low cir‑
culation of RSV, especially in the second season. 
In this regard, the number of SARS-CoV-2 cases 
was about twice (139 vs. 75) that of RSV and the 

Table 4   Direct and indirect episode costs incurred by adults aged ≥ 50 years who tested positive for respiratory syncytial 
virus (RSV) in the first 30 days after the onset of symptoms; Genoa (Italy), 2023/2024 and 2024/2025 seasons (n = 75)

SD standard deviation
a Only working adults (n = 28) were considered
b Includes costs of reimbursable and non-reimbursable medicines, general practitioner, specialist and emergency department 
visits, and diagnostic procedures
c Includes costs of reimbursable medicines, general practitioner, specialist and emergency department visits, diagnostic proce-
dures, and hospitalizations
d Includes costs of reimbursable and non-reimbursable medicines, general practitioner, specialist and emergency department 
visits, diagnostic procedures, and hospitalizations
e Includes costs of reimbursable and non-reimbursable medicines, general practitioner, specialist and emergency department 
visits, diagnostic procedures, hospitalizations, and productivity losses

Cost item Mean (SD), € Median [Min–Max], €

Reimbursable medicines 14.29 (12.51) 12.96 [0.00–64.99]

Non-reimbursable medicines 13.18 (13.26) 12.50 [0.00–53.68]

General practitioner visits 33.58 (18.30) 18.39 [18.39–120.18]

Specialist visits 1.80 (6.83) 0.00 [0.00–33.60]

Diagnostic procedures 7.31 (22.07) 0.00 [0.00–136.95]

Emergency department visits 4.25 (20.94) 0.00 [0.00–106.15]

Hospitalizations 107.49 (654.88) 0.00 [0.00–4,260.00]

Productivity lossa 840.61 (782.02) 687.24 [0.00–3,054.40]

Total outpatient costsb 74.40 (47.99) 63.00 [18.39–291.65]

Total costs (Italian National Health Service perspective)c 168.71 (680.93) 49.11 [18.39–4,533.79]

Total costs (societal perspective, non-working adults)d 255.17 (855.04) 74.83 [18.39–4,551.65]
Total costs (societal perspective, working adults)e 899.51 (802.08) 738.42 (24.02–3,155.03)
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detection rate of the former virus was signifi‑
cantly higher in the ILI group.

In the WHO’s pilot surveillance program 
[24], compared to ILI (defined as measured 
fever  ≥  38  °C plus cough), the use of an 
extended ARI case definition (respiratory infec‑
tion with shortness of breath or cough or sore 
throat or coryza) increased the number of RSV 
detections. Korsten et al. [7] showed that only 
2 of 36 (6%) RSV-positive had fever ≥ 38 °C and 
the sensitivity of the WHO ILI definition for 
RSV was as low as 11%. Our findings are in line 
with these observations, although the sensitiv‑
ity of the WHO ILI case definition in our study 
was higher (28.4%). On the other hand, the 
ECDC ILI criteria are much less stringent than 
the WHO ones and are therefore more sensitive 
to capturing RSV cases. For instance, among 
other systemic signs and symptoms, the ECDC 
ILI case definition includes malaise, which is 
highly non-specific. In this study, malaise was 
the most common systemic symptom reported 
by 92% of adults. This fact implies that the 
ECDC ILI case definition for RSV is much 
more sensitive than the WHO ILI criteria and 
approaches the ARI case definition; in other 
words, the ECDC ILI case definition is a subset 
of the ECDC ARI case definition. Indeed, in our 
study, all adults in the ILI group met the ECDC 
ARI criteria, and most (92.6%) patients in the 
ARI group also met the ECDC ILI criteria. A 
retrospective Portuguese study [28] found that 
the sensitivity of ECDC ILI and ARI-like (cough 
or sore throat or shortness of breath, while data 
on coryza were unavailable) case definitions 
for RSV yielded almost identical estimates of 
81.1% and 82.1%, respectively. However, as 
sensitivity and specificity are inversely related, 
highly sensitive case definitions would be asso‑
ciated with a modest specificity. In the above-
mentioned Portuguese study [28], in fact, the 
specificity of ECDC ILI and ARI-like case defi‑
nitions for RSV were only 21.1% and 20.8%, 
respectively, while the AUC was 0.51 for both, 
suggesting no discrimination. While highly 
sensitive definitions, such as ARI, are useful for 
surveillance purposes as they can capture most 
symptomatic cases, their low specificity may 
be disadvantageous in other circumstances. 
For instance, in future cohort or test-negative 

case–control studies on RSV vaccine effective‑
ness, poorly specific case definitions would lead 
to an increase in the required sample size (espe‑
cially during seasons characterized by a low 
RSV circulation), and consequently increased 
workload and costs. There is also some evi‑
dence [29] that RSV vaccination attenuates the 
severity of symptoms in breakthrough infec‑
tions. In this latter case, the use of more sensi‑
tive case definitions would capture more vac‑
cinated RSV cases with mild symptoms, which 
would potentially result in lower vaccine effec‑
tiveness [30]. Based on the clinical presenta‑
tion of RSV episodes, we proposed the RSV-ARI 
case definition denoted as “ARI with wheezing 
and/or productive cough and/or rhonchi and/
or dyspnea”, which performed better than the 
established alternatives and showed a balanced 
accuracy of 61.4%. This proposal is partially 
aligned with the alternative RSV-specific crite‑
ria identified in a prospective European study 
[7]. They found that infectious productive 
cough (i.e., respiratory infection with cough 
and production of sputum/phlegm) was a dis‑
criminating symptom among 36 RSV-positive 
community-dwelling older adults and was 
present in 94% of cases. Sensitivity, specificity, 
and AUC of the productive cough alone were 
94%, 30%, and 0.62, respectively. Yet, a similar 
performance was observed for influenza (89%, 
31%, and 0.60, respectively). To differentiate 
between RSV and influenza, the authors added 
a criterion of “no fever” (i.e., infectious pro‑
ductive cough without measured fever of feel‑
ing feverish); this determined an increase in 
specificity (55%) but also a substantial decrease 
in sensitivity (61%) [7]. In our study, which 
was based on a larger number of RSV cases, the 
prevalence of productive cough with sputum 
was lower (74.7% vs. 94%) and adding other 
qualifiers (wheezing, rhonchi, and dyspnea) 
improved the discriminating power. We also 
believe that excluding fever or feverishness, 
which were present in two-thirds of RSV cases, 
from the case definition would skew the sur‑
veyed population to mild infections.

RSV detection in this study was based solely 
on nasopharyngeal swabs, the "gold standard" 
and highest-yield sample type for respiratory 
viruses [31]. While some research [32] suggests 
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that adding sputum and saliva samples signifi‑
cantly increases RSV detection in hospitalized 
patients compared to nasopharyngeal swabs 
alone, utilizing these alternative specimen types 
presents greater challenges in primary care than 
in a hospital setting.

Our second main finding confirms that RSV 
is responsible for a measurable burden in older 
adults. Being prospective, it contributes to 
existing literature, as most available studies are 
retrospective or model-based. The overall com‑
plication rate was 30.7%, while 9.3% of adults 
with RSV developed pneumonia and the case-
hospitalization rate was 2.7%. Available research 
on the consequences of community-acquired 
RSV in older adults has yielded widely varying 
estimates. In a retrospective cohort of US adults 
aged ≥ 60 years [33], 9.5% of RSV-positive indi‑
viduals developed pneumonia, while 11.9% were 
hospitalized within 4 weeks. The hospitalization 
rate in outpatients aged ≥ 50 years was lower 
(8.3%) [34]. Another US cohort among Medi‑
care-insured US adults (≥ 60 years) [35] found 
a much higher complication rate of 47.9%, of 
which pneumonia (24.0%), chronic respiratory 
disease (23.6%), and hypoxia/dyspnea (22.0%) 
were the most common. A German claim-based 
retrospective study reported [36] that 86% of 
adults aged ≥ 60 years and 79% of those aged 
50–59 years developed ≥ 1 complication follow‑
ing a confirmed RSV episode. Using three dif‑
ferent US databases, Landi et al. [37] assessed 
the 28-day all-cause hospitalization rate follow‑
ing an outpatient diagnosis of RSV; these rates 
were 4.5–6.2% among adults aged ≥ 18 years and 
7.9–10.3% among older adults ≥ 65 years. On the 
other hand, in a prospective European cohort 
of community-dwelling adults aged ≥ 50 years 
[38], the overall complication rate was 17.4% 
and no RSV-related hospitalizations or deaths 
occurred. In a small (n = 152, of which 33 were 
RSV-positive) prospective Italian study [39], 
the overall complication rate was 21% and one 
(3.0%) patient required hospitalization. In a nut‑
shell, while severe RSV outcomes in older adults 
are undeniable, complication and hospitaliza‑
tion estimates are typically higher in retrospec‑
tive compared to prospective studies, possibly 
because retrospective cohorts are skewed to 
more severe cases.

In this study, 57% of RSV-positive outpatients 
were prescribed antibiotics, which is very close 
to a previous Italian estimate of 52% [39]. The 
available literature, however, is highly heteroge‑
neous and reports prescription rates between 6% 
[40] and 77% [33]. While regional variability in 
antibiotic prescription is well known [41], pre‑
scribing practices may be driven by the availabil‑
ity of microbiological diagnosis to prescribers. In 
our study, as well as in the earlier Italian study 
reporting a comparable rate [39], the RT-PCR 
output was shared with all GPs. However, there 
was a gap of 1–3 days between the swab collec‑
tion and RT-PCR diagnosis sent to GPs, and sev‑
eral RSV-positive adults were prescribed an anti‑
biotic before the test results were known. One 
solution to reduce the inappropriate prescrip‑
tion of antibiotics could be the use of RADTs, 
but in this study the latter was associated with 
a high false negative rate performing relatively 
well only for swabs with high viral loads. This 
finding is in line with previous observations [42] 
indicating that most adults have a comparatively 
low RSV load and consequently RADTs are of 
limited value. The limited sensitivity of RADTs 
can be circumvented by point-of-care multiplex 
RT-PCR kits able to provide results in 1 h or less, 
but these assays are much more expensive and 
there is no compelling evidence of their effec‑
tiveness in reducing antibiotic prescriptions 
[43]. Moreover, even RT-PCR assays produced 
by the same manufacturer may have different 
limits of detection. Therefore, when comparing 
(or combining) results of RSV surveillance stud‑
ies, attention should be paid to the diagnostic 
accuracy of the tests used in those studies.

Most available RSV cost-of-illness studies 
comes from the US [44], whose healthcare sys‑
tem is different from Italy and other European 
countries. One recent US study showed [45] that 
4% of hospitalized RSV cases determined 94% of 
all direct medical costs incurred by older adults. 
In our study, two hospitalized cases contributed 
about 60% of all direct medical costs. Few avail‑
able European data [44] approach our cost esti‑
mates. In particular, a prospective study from 
the United Kingdom, Netherlands, and Belgium 
reported [46] that the mean (median) direct 
cost (Euros 2020) of a medically attended RSV 
episode in primary care was € 75.22 (€ 65.31). 
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This appears to be very close to the outpatient 
costs of € 74.40 (€ 63.00) estimated in this study. 
Regarding Italy, available economic and resource 
use data [47] are confined to hospitalized older 
adults followed for 12 months post-hospitaliza‑
tion and therefore no comparison with our find‑
ings can be made.

This study suffers from some important limi‑
tations. As we discussed earlier, unequal cluster 
sizes and comparatively low circulation of RSV 
reduced statistical power. Furthermore, we were 
not able to consider the design effect due to a 
largely uncertain intra-class correlation, which 
is essential for sample size determination in 
cluster randomized studies. Second, owing to 
a relatively small number of GP clusters [48], 
there was some covariance imbalance between 
patients in the ARI and ILI groups. It is, how‑
ever, unlikely that this imbalance had a signifi‑
cant impact on the primary endpoint, as after 
adjustment the estimated ORs changed by no 
more than 1.5%. Third, the proposed RSV-ARI 
case definition derived from a comparatively low 
number of RSV cases was not validated exter‑
nally, and it is unclear whether it performs well 
in individuals aged < 50 years or in settings not 
specifically using the ECDC ARI/ILI criteria for 
surveillance. Fourth, the estimated costs, espe‑
cially from the societal perspective, are likely 
underestimated since direct non-medical costs 
incurred by patients and their families (e.g., 
transportation, caregiving expenses) were not 
considered. As the follow-up period was limited 
to 30 days, long-term consequences and the 
associated increase in healthcare resource use 
(e.g., arising from deterioration of underlying 
conditions) were not captured. Furthermore, 
as laboratory testing for respiratory pathogens 
is not currently a routine diagnostics proce‑
dure, the costs of RT-PCR and RADT were not 
included. If they were, the total costs would 
increase significantly (e.g., the current tariff of 
the multiplex RT-PCR for respiratory viruses is 
€ 142.20). Finally, the study was conducted in 
a limited geographic area and during seasons 
characterized by low-to-moderate circulation 
of RSV. It therefore remains unclear whether 
our findings are generalizable to other realities 
and high-incidence periods. In our opinion, 
however, Liguria is a good model for studying 

the epidemiology of respiratory viruses and the 
effectiveness of preventive measures, as it is cur‑
rently the “oldest” European region with a mean 
population age of 52.3 years [49].

CONCLUSIONS

This cluster randomized study showed that ARI-
based case definitions may capture more RSV 
cases than ILI-based criteria, and therefore better 
quantify the true burden of RSV in older adults. 
Among the available fever-based ILI criteria his‑
torically developed for influenza surveillance, 
the ECDC ILI case definition was associated 
with the lowest RSV underestimation because 
the presence of fever or feverishness is not the 
only qualifying systemic symptom. While being 
highly sensitive, ARI case definitions have poor 
specificity, which may be improved by adding 
further qualifiers. The proposed RSV-ARI case 
definition significantly improved specificity 
without causing heavy loss in sensitivity, but 
warrants further independent evaluation. Our 
granular evaluation of the natural history of 
community-acquired RSV adds to the body of 
evidence, confirming a substantial clinical and 
socioeconomic burden of RSV in older adults. 
We believe that the data generated will be use‑
ful for the upcoming health technology assess‑
ment of different preventive and therapeutic 
strategies.
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