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Background. Data on respiratory syncytial virus (RSV) disease burden in adults remain scarce. We assessed the burden of confirmed
RSV-acute respiratory infections (cCRSV-ARIs) in community-dwelling (CD) adults and those in long-term care facilities (LTCFs).

Methods. 1In this prospective cohort study covering 2 RSV seasons (October 2019-March 2020 and October 2020-June 2021), RSV-
ARIs were identified through active surveillance, in medically stable CD-adults >50 years (Europe) or adults >65 years in LTCFs
(Europe and the United States). RSV infection was confirmed by polymerase chain reaction from combined nasal and throat swabs.

Results. Of 1981 adults enrolled, 1251 adults in CD and 664 LTCFs (season 1) and 1223 adults in CD and 494 LTCFs (season 2)
were included in the analyses. During season 1, overall incidence rates ([IRs] cases/1000 person-years) and attack rates (ARs) for cRSV-
ARIs were 37.25 (95% confidence interval [CI], 22.62-61.35) and 1.84% in adults in CD and 47.85 (CI, 22.58-101.4) and 2.26% in adults
in LTCFs. Complications occurred for 17.4% (CD) and 13.3% (LTCFs) of cRSV-ARIs. One cRSV-ARI occurred in season 2 (IR =291
[CL, 0.40-20.97]; AR = 0.20%), without complications. No cRSV-ARIs led to hospitalization or death. Viral pathogens were codetected
in <17.4% of cRSV-ARIs.

Conclusions. RSV is an important cause of disease burden in adults in CD and LTCFs. Despite the observed low severity of cRSV-
AR, our results support the need for RSV prevention strategies among adults >50 years old.
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Lay Summary. Respiratory syncytial virus (RSV) causes respiratory illnesses, which can lead to serious complications in older
adults. We estimated how common infections due to RSV are in adults living in the community or long-term care facilities
(LTCFs). For 2 years, we observed approximately 2000 adults 50 years and older in Europe and the United States. Between
October 2019 and March 2020, about 2 in 100 adults in this study had RSV infections; of these, fewer than one fifth had
complications and there were no hospitalizations or deaths. Other viruses were present for less than one fifth of RSV infections.
Between October 2020 and June 2021, during coronavirus disease 2019 (COVID-19) restrictions, we detected RSV infection in
one adult, living in a LTCF, with no complications. RSV causes respiratory disease among adults 50 years and older, and
therefore programs to prevent RSV infection are needed in this age group.
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Human RSV is a ribonucleic acid virus of the family
Prneumoviridae. Two antigenically distinct subtypes (RSV-A
and RSV-B) exist [1] and cocirculate with alternating domi-
nance, but without any clear pattern [2].

Because the clinical symptoms of RSV infection are not spe-
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is challenging without laboratory confirmation. Moreover, vi-
rus titers in respiratory secretions are usually lower in adults
compared with children and shedding is of shorter duration
[3]. In addition, infections start with mild symptoms leading
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to delays in seeking medical advice and hence to lower likeli-
hood to test positive for RSV [3]. Therefore, the burden of
RSV infection continues to be underestimated in the older
adult population.

Still, RSV is increasingly recognized as an important patho-
gen in adults because it can lead to severe lower respiratory
tract disease in patients with comorbidities (in particular, im-
munocompromised adults and those with cardiopulmonary
conditions) and in older adults, due to immunosenescence
[4-8].

Globally, more than 1.5 million episodes of laboratory-
confirmed acute respiratory infection due to RSV
(cRSV-ARI), 336 000 hospitalizations, and 14 000 in-hospital
deaths related to RSV-ARI were estimated in adults >65 years
of age in 2015 [9]. However, more recently, approximately 5.2
million cRSV-ARI episodes, 470 000 related hospitalizations,
and 33000 in-hospital deaths were estimated to occur in
2019, in a meta-analysis assessing the burden of RSV-ARI in
adults >60 years of age from high-income countries [10].
Other recent studies indicate that the burden of RSV disease
may be even greater than that of influenza in hospitalized old-
er adults [11-13]. Older adults living in long-term care facil-
ities (LTCFs) are known to experience a high burden of
respiratory diseases [14], and several studies have shown
that the risk of severe RSV infection is higher among older
adults living in LTCF settings than in adults in community-
dwelling (CD) [15, 16].

Nevertheless, there are still few prospective surveillance
studies performed in either LTCF or CD settings that provide
incidence rate (IR) estimates for laboratory-cRSV-ARI. In ad-
dition, most studies report data for medically attended cases
and therefore the incidence of RSV is most likely underestimat-
ed. Knowing the true burden of RSV disease in the general adult
population and in older adults is crucial in the evaluation and
future implementation of novel antiviral agents for treatment
and vaccines for prevention of RSV, which are currently under
development. We conducted a prospective study to provide ro-
bust estimates of the burden of RSV-ARI in adults >50 years of
age in different settings, using the most sensitive and specific
reaction

test, reverse-transcriptase polymerase chain

(RT-PCR), for confirmation of RSV cases.

METHODS

Study Design and Participants

We conducted a prospective, multicountry, multicenter cohort
study between May 8, 2019 and July 29, 2021 in 5 European
countries (Belgium, Estonia, Germany, United
Kingdom) and in the United States (US).

We enrolled individuals aged >50 years living in the com-

Spain,

munity (from European countries only) and >65 years of age
living in LTCFs who were able to understand and comply

with the study requirements, were medically stable in the inves-
tigators’ opinion, and had plans to remain in the same commu-
nity or LTCF during 2 years from study start. Individuals with
history of vaccination with an investigational RSV vaccine, or
those with administration of an RSV-targeting drug or planned
administration during the study, were not eligible for
enrollment.

We observed all participants for approximately 2 years
through active surveillance for potential ARI cases (see Case
Definitions). A physical examination and physical frailty as-
sessments were performed each year before the start of the
RSV season, and influenza patient-reported outcome instru-
ment (Flu-PRO) and health-related quality of life (HRQoL)
questionnaires were completed by each participant. During
the RSV seasons (October 2019 to March 2020 for season 1
and October 2020 to June 2021 for season 2), the investigator
or study staff contacted the participants every 2 weeks to detect
the occurrence of respiratory symptoms; participants were also
instructed to contact the site spontaneously in case of >2 ARI
symptoms (see Case Definitions) occurring between 2 planned
surveillance contacts. ARI onset visits were scheduled prefera-
bly within 48-72 hours from detection of ARI symptoms and
within 7 days of onset of the first symptom. Monthly surveil-
lance contacts were planned between seasons.

Study procedures are summarized in Supplementary
Figure 1. For each ARI episode detected during season, an onset
visit, follow-up contacts (every 2 weeks until resolution), and a
follow-up visit (at 28 days after the onset visit) were planned.
Nasal and throat swab samples for the detection of RSV and
other respiratory viruses were collected during the onset visit.
All assays are described in Supplementary Table 1. The
Flu-PRO [17] scores, HRQoL data (SF-12 [18] domain scores
and EQ-5D [19] utility scores), healthcare resource utilization
(HCRU),
(Supplementary Figure 1).

and workdays lost were also collected

Due to the COVID-19 pandemic, study procedures were
amended for the second RSV season: RSV antibody detection
was no longer performed; EQ-5D and SF-12 questionnaires
were not used for LTCF participants (due to implementation
challenges and increased workload during the pandemic);
and RT-PCR testing for severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) was performed for all samples
collected.

Patient Consent Statement

We conducted the study in accordance with the principles
of Good Clinical Practice, the Declaration of Helsinki, and
all applicable regulatory requirements. Local or regional
Independent Ethics Committees at each site (Supplementary
Text 1) approved the study design. Informed consent was ob-
tained from all participants.
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Case Definitions
An ARI was defined as a respiratory infection when at least 2 of
the following signs and/or symptoms occurred together: rhi-
norrhea/nasal congestion, sore throat, cough (new or increas-
ing), sputum production (new or increasing), shortness of
breath or dyspnea (new or increasing), wheezing (new or in-
creasing), or feverishness or fever (temperature >37.5°C).
cRSV-ARI was defined as an ARI episode with detection of
RSV by RT-PCR in a combined nasal and throat swab.
Episodes with no swab collection or invalid RT-PCR results
were classified as with missing RT-PCR results. An ARI epi-
sode for which a 4-fold increase in RSV antibody titer (as pre-
viously used for diagnosis of RSV infection in older adults [5])
from ARI onset visit to ARI follow-up visit was detected but
with a combined nasal and throat swab with negative/inva-
lid/missing RT-PCR result was considered a probable
RSV-ARI (pRSV-ARI). Combined nasal and throat swabs
were used to enhance the diagnostic yield of respiratory virus-
es [20, 21].

Study Objectives

Study objectives included determining the IRs and attack rates
(ARs) of cRSV-ARI in older adults in CD (primary objective)
and LTCF (secondary objective). Other secondary objectives
were estimating the IR and AR of pRSV-ARI, the proportion
of complications, hospitalizations, and case fatality among
RSV-ARIs, the proportion of RSV codetection with other viral
pathogens, physical frailty status at the start of each RSV sea-
son, as well as the impact of RSV-ARI on Flu-PRO scores,
HRQoL, and HCRU, and workdays lost in participants with
RSV-ARI and associated caregivers. All complications occur-
ring during an ARI episode were recorded. Respiratory (e.g.,
leading to bronchitis, bronchopneumonia, pneumonia, wors-
ening of chronic obstructive pulmonary disease, or asthma)
and nonrespiratory complications were followed up to

resolution.

Statistical Analyses

Sample size estimations were based on IRs of cRSV-ARI in
adults aged >50 years ranging between 15 and 55 cases/
1000 person-years during the RSV season depending on
the age category [5, 22, 23]. With an overall sample size of
1000 evaluable adults in the CD cohort, exact Poisson confi-
dence intervals (CIs) are 3.2-23.3 for an IR of 10 cases/1000
person-years and 40.5-85.7 for an IR of 60 cases/1000
person-years; corresponding CIs are 0.0-21.2 and 32.5-
87.5 for the normal approximation with design effect assum-
ing an intracluster correlation of 0.02 and 15 centers. With
an overall sample size of 600 evaluable adults in the LTCF
cohort, exact Poisson Cls are 2.1-29.2 for an IR of 10 cas-
es/1000 person-years and 35.6-94.8 for an IR of 60 cases/
1000 person-years; corresponding CIs are 0.0-23.3 and

27.4-92.6 for the normal approximation with design effect.
The targets for enrollment were 1250 adults in the CD co-
hort and 667 adults in LTCF cohort, assuming a dropout
rate of 20% among CD participants and 10% among LTCF
participants over 2 RSV seasons.

IRs were calculated by dividing the number of older adults
with first cRSV-ARI episodes over the sum of the follow-up pe-
riod at risk for the participants and expressed as number of cas-
es per 1000 person-years, with 95% ClIs. The follow-up period
at risk for a participant was defined as the duration from start of
season until the first cRSV-ARI during the season (for partici-
pants with >1 cRSV-ARI episode) or end of season or the last
follow up during the season, whichever comes first. ARs were
calculated as the percentage of participants with >1
cRSV-ARI episode, with 95% Cls.

Proportions of complications, hospitalizations, case fatality
among RSV-ARI cases, and of RSV codetection with other viral
pathogens were estimated with 95% Cls. Flu-PRO and HRQoL
data at each timepoint, as well as HCRU and workdays lost,
were analyzed descriptively.

Univariate analysis of predictive and/or risk factors associat-
ed with development of RSV infection was performed based on
participant characteristics, medical history, physical frailty sta-
tus, and HRQoL at RSV preseason using Poisson regression
model accounting for over dispersion. To identify predictive
and/or risk factors for the development of RSV infection, a
multivariable Poisson regression model accounting for overdis-
persion was fitted using backward elimination strategy with p-
value < 0.1 (level of significance). Analyses were performed on
participants without any protocol deviations leading to exclu-
sion (Figure 1). All statistical analyses were performed using
SAS software, version 9.4.

RESULTS

Demographics

The enrolled set comprised 1263 adults in the CD cohort and
718 in the LTCF cohort, 1251 and 664 of whom were included
in the analyses at the start of season 1 and 1223 and 494 at the
start of season 2 (Figure 1).

In the CD cohort, the mean age at enrollment was 65.1 years
(standard deviation [SD] = 8.8), with most adults (869 [69.5%])
aged >60 years at enrollment. More than half of the partici-
pants (766 [61.2%]) were female (Table 1). Most participants
(904 [72.3%]) were living at home without assistance, with
only adults in the household.

In the LTCF cohort, the mean age was 82.7 years (SD =
8.5), and 433 (65.2%) of participants were >80 years old
at enrollment; most (430 [64.8%]) were female (Table 1).
Approximately half (305 [45.9%]) lived alone in the room,
191 (28.8%) had 1 roommate, 103 (15.5%) had 2 roommates,
and 65 (9.8%) had >3 roommates.
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Figure 1.
of participants; RSV, respiratory syncytial virus.

Participant flowchart. AR, acute respiratory infection; CD, community-dwelling; cRSV-ARI, confirmed RSV-ARI episode; LTCF, long-term care facility; N, number

Outcomes
During season 1, we identified 38 cRSV-ARI episodes: 23 (4.0%
of all ARIs) in the CD cohort and 15 (7.0% of all ARIs) in the
LTCF cohort. IRs for cRSV-ARI were 37.25 cases/1000 person-
years (95% CI, 22.62-61.35) in the CD cohort and 47.85 cases/
1000 person-years (95% CI, 22.58-101.41) in the LTCF cohort,
with corresponding ARs of 1.84% (CD cohort) and 2.26%
(LTCF cohort). In both cohorts, higher IR and AR point esti-
mates were observed for RSV-A than RSV-B ARI cases
(Figure 2, Supplementary Table 2). In season 2, there was
only 1 case of cRSV-ARI (RSV-A), an 87-year-old woman in
the LTCF cohort, corresponding to an IR of 2.91 cases/1000
person-years (95% CI, .40-20.97) and an AR of 0.20%.

When using a 4-fold increase threshold in anti-RSV antibody
titers, during season 1, 3 pRSV-ARI cases were identified in

each cohort (Supplementary Figure 2), corresponding to total
ARs of 2.00% (CD cohort) and 2.71% (LTCF cohort) for
cRSV-ARI + pRSV-ARI. No recurrent RSV-ARI episodes
were reported during the same season. The participant with
cRSV-ARI in season 2 did not have cRSV-ARI in season
1. Of participants with cRSV-ARI, >95.7% had various medical
conditions (Table 1, Supplementary Table 3) at season start.
The duration and outcomes of ARI episodes varied by season
and cohort (Supplementary Table 4).

In season 1, complications tended to be more frequent in
participants with cRSV-ARI than those without: 17.4% versus
3.0% in the CD cohort and 13.3% versus 8.0% in the LTCF co-
hort. Most complications were respiratory complications.
None of the cRSV-ARI episodes led to hospitalization or death
(Figure 3). No complications were reported for the single case

4 « OFID « Narejos Pérez et al


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad111#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad111#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad111#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad111#supplementary-data

Table 1. Baseline Characteristics for Study Participants (Analysis Set) Table 1. Continued

Characteristics CD Cohort LTCF Cohort Characteristics CD Cohort LTCF Cohort

Season 1 60-64 233 (19.1%)

N 1251 664 65-69 255 (20.9%) 34 (6.9%)

Age at enrollment, mean + SD (years) 65.1+£8.8 82.7+85 70-79 345 (28.2%) 126 (25.5%)

Age Group at Enrollment (Years) >80 96 (7.8%) 334 (67.6%)
50-569 382 (30.5%) Female sex, n (%) 749 (61.2%) 318 (64.4%)
60-64 238 (19.0%) Race, n (%)

65-69 242 (19.3%) 59 (8.9%) White-Caucasian/European heritage 1218 (99.6%) 464 (93.9%)
70-79 315(25.2%) 172 (25.9%) Other 5(0.4%) 30 (6.1%)
>80 74 (5.9%) 433 (65.2%) Any past or current relevant medical 1154 (94.4%) 491 (99.4%)

Female sex, n (%) 766 (61.2%) 430 (64.8%) conditions, n (%)

Race, n (%) Received Any Influenza/Pneumococcal/ 838 (68.56%) 410 (83.0%)

. o S
White-Caucasian/European heritage 1245 (99.5%) 629 (94.7%) lpeﬂrtUSS's Vacc_'nat_'on' m (7 758 (62.0%) 405 (32%)
tion 0% o
Other 6(0.5%)  35(5.3%) ntiuenza vaceina

Educational Status, n (%) Pneumococcal vaccination 268 (21.9%) 165 (33.4%)
None 2(0.2%) 14 (2.1%) Pertussis vaccination 182 (14.9%) 17 (3.4%)
Elementary 307 (24.6%) 177 (26.7%) Abbreviations: CD, community-dwelling; LTCF, long-term care facility; N, number of

. participants in the analysis set; SD, standard deviation; n (%), number (percentage) of
High School 340 (27.2%)  228(343%)  pariicipants in a given category.
Vocational/Technical 291 (23.3%) 67 (10.1%) NOTE: Frailty status was determined based on the short physical performance battery total
College/University 309 (24.7%) 178 (26.8%) scores: fit 10-12 points; prefrail 8-9 points; frail <7 points.
Missing 2 (0.1%) 0(0.0%)
Smoking Status, n (%)
Current smoker 210 (16.8%) 48 (7.2%)
Former smoker 406 (32.5%) 200 (30.1%) . . . .
N ked 635 (50 8"/0) 416 (62 7(;) of cRSV-ARI occurring during season 2. During RSV intersea-
ever smoke .07 7o
o - . o/

Frailty Status* son, 56 (4.5%) participants in the CD cohort and 49 (8.5%) in
Fit 909 (72.7%) 39 (5.9%) the LTCF cohort reported presence of >2 ARI symptoms (not
Prefrail 232 (18.56%) 79 (11.9%) caused by RSV).

Frail 105(8.4%) 419 (63.1%) Viral pathogens were codetected for 17.4% of cRSV-ARI
i H 0 0
Missing _ ol R AR ) episodes in the CD cohort and 13.3% of episodes in the

Any past or current relevant medical 1167 (93.3%) 660 (99.4%) . .
conditions, n (%) LTCF cohort. Codetected viruses were seasonal coronavirus,

Any Current Medical Conditions, n (%) 1139 (91.0%) 659 (99.2%) adenovirus, parainfluenza, and rhinovirus among CD partic-
Vascular disorders 689 (55.1%) 530 (79.8%) ipants and seasonal coronavirus and rhinovirus among
Metabolism and nutrition disorders 545 (43.6%) 388 (68.4%) LTCF participants (Figure 4). No other viral pathogens
Diabetes 192 (156.3%) 176 (26.5%) . . .

_ . . were codetected in the case of cRSV-ARI occurring during
Obesity 71(67%) 20 (3.0%) ) ] .
Respiratory, thoracic, and mediastinal 249 (19.9%) 170 (25.6%) season 2. Any viral pathogens were detected in 46.8% and
disorders 48.1% of the non-RSV-ARI episodes in the CD and LTCF co-
Chronic obstructive pulmonary disease 67(54%)  92(13.9%)  horts during season 1; the most detected virus was rhinovi-

[0 0
éstzlmadl d 123 E?:ﬁ/)) sz 23332/2/)) rus. A lower proportion (12.3% for CD and 10.2% for
ardiac disorders 1% 2% . . .

Left ventricular failure 4(0.3%) 110.2%) LTCF adults) was observed during season 2, when rhinovi-
Coronary artery disease 21 (1.7%) 25 (3.8%) rus and SARS-CoV-2 were the most frequently detected
Renal and urinary disorders 112 (9.0%) 181 (27.3%) pathogens.
Neoplasms benign, malignant, and 68(6.4%)  45(6.8%) Overall, 99.6% and 98.8% of participants in the CD cohort
unspecified (including cysts and polyps) .

TETET—— — and 80.9% and 67.1% of those in the LTCF cohort completed
Hepatobiliary disorders 47 (3.8%) 15 (2.3%) ]

Received Any Influenza/Pneumococcal/ 796 (63.6%) 496 (74.7%) the short phy51ca1 performance battery test pre-RSV season 1
Pertussis Vaccination, n (%) and season 2. Among participants with cRSV-ARI episodes,
Influenza vaccination 711 (56.8%) 480 (72.3%) most older adults (69.6%) in CD were classified as fit, whereas

1 1 0 0
gneumgcoccal_ Va‘?c'nanon ?j’; :12:;; 2(2)? ng//;) most older adults (69.2%) in LTCFs were classified as frail
ertussis vaccination 17 L7
pre-RSV season 1 (Supplementary Table 5). In the first season,

Season 2

N 1923 494 1.9% (CD cohort) and 2.1% (LTCF cohort) of participants with

Age at enrollment, mean + SD (years) 66.5+8.8 83.4+84 frail status had cRSV-ARI (Supplementary Table 6). The LTCF

Age Group at Enrollment (Years) participant with the only cRSV-ARI episode during season 2
50-69 294 (24%)

was classified as frail.
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Figure 2. Incidence rate (IR) and attack rate (AR) for confirmed respiratory syncytial virus-acute respiratory infection episode (CRSV-ARI) in the community-dwelling (CD) (A)

and long-term care facility (LTCF) (B) cohorts during season 1, overall, by RSV type and by age group at enrollment (analysis set). Note: Error bars represent 95% confidence
intervals (Cls). For IRs, Wald 95% Cls accounting for clustered data were calculated using Poisson regression with Rao-Scott transformation; when the design effect was
either <1 or could not be estimated, the exact Poisson 95% Cls were calculated instead. For ARs, extended Clopper-Pearson exact 95% Cls accounting for clustered data
were calculated; when the adjusted effective sample size was greater than the actual sample size or the design effect could not be estimated, Clopper-Pearson exact 95% Cls
not extended for clustered data were calculated instead. LL, lower limit; N, number of participants in the analysis set; n, number of participants with cRSV-ARI; UL, upper

limit.

Overall, >65.0% of participants completed all surveillance
contacts during each RSV season; compliance decreased over
time (Supplementary Figure 3). In the combined CD + LTCF
cohort, adherence to completion of daily questionnaires during
the cRSV-ARI episode was >90% for the Flu-PRO between
days 3 and 9; all participants completed >1 questionnaire.
Completion rates were 100% at day 7 and 80% at day 14 for
the weekly SF-12 and EQ-5D questionnaires (Supplementary
Table 7, Supplementary Figure 4). The Flu-PRO domains
most impacted as demonstrated by the mean maximum (worst)
score during cRSV-ARI were nose (mean, 1.97; interquartile
range [IQR], 1.25-2.75), chest/respiratory (mean, 1.76; IQR,
1.00-2.57), and throat (mean, 1.51; IQR, 0.67-2.33). Mean
worst scores appeared higher for participants with cRSV-ARI
with non-RSV-ARI
Supplementary Table 9 presents the SF-12 and EQ-5D domain
scores at days 7 and 14 of the cRSV-ARI episode and the cor-
responding mean change from preseason values. At day 7,

versus (Supplementary Table 8).

the domains with the largest change from preseason were phys-
ical functioning (mean = —11.1; SD = 28.3), role emotional
(mean = —8.4; SD = 21.1), and vitality (mean = —6.6; SD =

20.7). At day 14, the values were closer to the preseason values
except for vitality (mean = —12.1; SD = 23.5). The mean change
in EQ5D utility at day 7 was —0.05 (SD = 0.26), whereas the ob-
served mean change in the visual analog scale score was —16.2
(SD = 22.2).

In the combined CD + LTCF cohort, cRSV-ARI episodes re-
quired 14 general practitioner and 1 emergency room visits
(Table 2, Supplementary Table 10) and 63.2% of episodes re-
quired medication. Lost workdays for cRSV-ARI episodes
were reported by 2 of 13 (15.4%) participants in active employ-
ment and no caregiver support was required (Table 2). The
cRSV-ARI episode in season 2 did not require medical visits
or caregiver support.

No risk factors for developing RSV infections were identified
through univariate analysis (Supplementary Table 11), using
the data during season 1. No independent variable was selected
in the final multivariable Poisson regression model in either co-
hort. However, these results should be interpreted with caution,
given the relatively small sample size and low ARs observed for
cRSV-ARI, which might have hindered the identification of
risk factors.
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Figure 3. Proportions of complications, hospitalizations, and fatalities among adults with acute respiratory infection episode (ARI) in the community-dwelling (CD) (A) and
long-term care facility (LTCF) (B) cohorts during season 1, by respiratory syncytial virus (RSV) status (analysis set). Notes: Error bars represent 95% confidence intervals (Cls).
Extended Clopper-Pearson exact 95% Cls accounting for clustered data were calculated; when the adjusted effective sample size was greater than the actual sample size or
the design effect could not be estimated, Clopper-Pearson exact 95% Cls not extended for clustered data were calculated instead. cRSV-ARI, participants with confirmed
RSV-ARI episode (by reverse-transcriptase polymerase chain reaction [RT-PCR]); missing data, participants with missing and/or invalid RT-PCR RSV results for at least 1 ARI
episode and without any RT-PCR RSV-positive ARI episode; N, number of participants in the analysis set; non-cRSV, participants with ARI episodes with either no respiratory

viral pathogen or a non-RSV viral pathogen identified by RT-PCR.

DISCUSSION

Our results from this observational multicountry study confirm
that RSV disease is prevalent among the older adult population,
in both community dwellers and those in LTCF settings.

We observed a lower incidence and prevalence of RSV dis-
ease in CD settings than that reported in other observational
studies conducted in Europe. The proportion of participants
with cRSV-ARI among all CD participants was 1.84% in the

current study during 2019-2020, whereas in the REspiratory
Syncytial virus Consortium in EUrope (RESCEU) study, 2.1%
and 4.9% of >60-year-old CD adults had confirmed PCR
RSV disease in 2 consecutive seasons during 2017-2019 [24].
The proportion of participants with ARI episodes was also low-
er than that observed in the RESCEU study (45.8% versus
59.2%) [24]. However, our study included >50-year-old adults
and partially overlapped with the COVID-19 pandemic, when
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son 1, overall and by age group at enrollment (analysis set for cRSV-ARI). Notes: The age groups for which no other viral pathogens were codetected are not shown. The
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Table 2. Summary of Healthcare Resource Utilization for ARI Episodes During RSV Season 1, by RSV Status (Analysis Set for ARI, Combined CD + LTCF

Cohort)

HCRU/Workdays Lost cRSV-ARI (N =38)

Non-cRSV-ARI (N =900)

Missing cRSV-ARI (N =75) Overall (N=1013)

14 (36.8%)
1(2.6%)
1(2.6%)

General practitioner visits, n (%)
Emergency room visits, n (%)
Specialist visits, n (%)

Medication Taken to Treat ARI, n (%)

Yes 24 (63.2%)
No 14 (36.8%)
Missing® 0 (0.0%)
Intensive care unit admissions number 0
Days spent in intensive care unit 0
Participants with lost days, n (%) 2 (5.3%)
Days lost, mean + SD 0.75+0.35
Participants with no lost days, n (%) 11 (28.9%)
Not applicable, n (%) 25 (65.8%)
Missing, n (%) 0(0.0%)
Caregivers with lost days, n (%) 0(0.0%)
Caregivers with no lost days, n (%) 5(13.2%)
Not applicable, n (%) 33 (86.8%)
Missing,® n (%) 0(0.0%)

462 (51.3%) 52 (69.3%) 528 (562.1%)

26 (2.9%) 12 (16.0%) 39 (3.8%)
14 (1.6%) 4 (5.3%) 19 (1.9%)
584 (64.9%) 48 (64.0%) 656 (64.8%)
316 (35.1%) 23 (30.7%) 353 (34.8%)
0(0.0%) 4 (56.3%) 4 (0.4%)

0 1 1

2 2

79 (8.8%) 8(11.0%) 89 (8.8%)
6.98 +9.41 6.00+4.04 6.75+8.99
266 (29.6%) 10 (13.7%) 287 (28.4%)
555 (61.7%) 55 (75.3%) 635 (62.8%)

0(0.0%) 2(2.7%) 2(0.2%)

0(0.0%) 0(0.0%) 0(0.0%)
129 (14.3%) 4 (5.5%) 138 (13.6%)
771 (85.7%) 69 (94.5%) 873 (86.4%)

0(0.0%) 2(2.7%) 2(0.2%)

Abbreviations: ARI, acute respiratory infection; CD, community-dwelling; cRSV-ARI, participants with confirmed RSV-ARI episode (by reverse-transcriptase polymerase chain reaction
[RT-PCRI); HCRU, healthcare resource utilization; LTCF, long-term care facility; N, number of ARI episodes/participants in the analysis set; n (%), number (percentage) of episodes/
participants in a given category; non-cRSV, participants with ARI episodes with either no respiratory viral pathogen or a non-RSV viral pathogen identified by RT-PCR; RSV, respiratory

syncytial virus; SD, standard deviation.

#Missing data: participants with missing and/or invalid RT-PCR RSV results for at least 1 ARI episode and without any RT-PCR RSV-positive ARI episode.

restrictions were in place. In another study conducted in the
United States between 2013 and 2015, 3.8% of CD adults >65
years of age tested positive for RSV [25]. Lower RSV-ARI rates
(2.4%), similar to those in our study, were observed in a study

in Japanese adults aged >65 years living mostly in CD settings
during the 2019-2020 season [26]. Higher IRs and ARs were
observed in our study in LTCF participants >65 years of age
than in the >50-year-old CD adults. Other studies in older
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adults living in LTCF settings reported incidence proportions
of 1.1%-10.8% (compared to 2.25% in the current study) for
RSV infections [14]. In our study, serology increased the diag-
nostic yield for RSV by 13% in the CD and 20% in the LTCF
ARs. This is lower than the 34%-64% increase reported in a re-
cent systematic review, but which only included studies con-
ducted in medically attended RSV infections among US
adults [27]. Of note, any comparisons between studies are hin-
dered by varying case definitions, methodology, difference in
the age group of study populations, RSV testing method, and
timing and other factors (eg, geography, duration of RSV sea-
son). Only 1 case of cRSV-ARI was detected in our study during
season 2, when RSV virtually disappeared. This disappearance
was due to nonpharmaceutical interventions implemented dur-
ing the COVID-19 pandemic, which led to disruptions in the
transmission and seasonality of respiratory viruses, including
RSV [28-30]. These disruptions ultimately led to off-season
RSV epidemics after lifting of nonpharmaceutical interven-
tions, as documented in several countries in 2021-2022 mostly
in children [31-33] but also in adults [34]. The COVID-19 pan-
demic started in March 2020; therefore, we expect some under-
estimation of RSV IR/ARs in season 1 in our study because RSV
surveillance was scheduled to finish at the end of March 2020.

Complications, mostly respiratory in nature, tended to be
more frequent for cRSV-ARI than other ARI episodes.
However, they were not severe, and no hospitalizations or
deaths were observed among adults with cRSV-ARI in both
CD and LTCF cohorts in this study. This was an expected find-
ing, because the study included medically stable participants
with access to high-quality healthcare services; similarly, in
the RESCEU study, severe RSV disease was rare, and no hospi-
talizations or deaths were observed [24]. In a recent meta-
analysis conducted in adults >60 years from United States,
Canada, European countries, Japan, and South Korea between
2000 and 2021, pooled hospitalization AR of 0.15% and in-
hospital case-fatality ratio of 7.13% were estimated for
RSV-ARI [10].

Other pathogens were codetected with RSV in <18% of par-
ticipants in both cohorts in our study, in line with recently re-
ported low viral coinfection rates in adults (7.4%) [35].
RSV-influenza coinfections in adults [36] have been previously
shown to be associated with poorer outcomes, including mor-
tality, compared with monoinfections. Most participants in our
study had influenza vaccination before RSV season, likely re-
ducing the risk of coinfections. In addition, viral interference
between RSV and influenza could also have led to lower code-
tection of influenza in our study [37].

Most participants with cRSV-ARI in the CD cohort in our
study were classified as fit or prefrail. However, most of those
in the LTCF cohort were classified as frail. The symptomatol-
ogy of cRSV-ARI was demonstrated by the mean worst scores
observed during the episode in the Flu-PRO nose, throat, chest/

respiratory, and eyes domains and the consistently higher mean
worst scores in participants with cRSV-ARI. The impact of
cRSV-ARI on HRQoL was apparent during the first 7 days of
the episode with notable worsening (from preseason) of the
participants’ physical functioning and ability to carry out nor-
mal activities due to emotional impact. This emotional impact
was also observed in a concept elicitation study of the effects of
RSV on HRQoL [38]. The cRSV-ARI episode had a notable
longer impact on the participants’ vitality with worsening fa-
tigue evident during the first 14 days.

The HCRU attributable to cRSV-ARI episodes was similar to
that for all ARI episodes. Although to date there are no studies
comparing pathogen-specific HCRU, a recent systematic re-
view and meta-analysis showed that ARI management costs
are high in older adults [39].

The results of our study support the need for a vaccine and the
adoption of prevention strategies to reduce the burden of RSV
disease in older adults. Currently, no licensed vaccine is avail-
able, but several candidates have reached phase 3 trials [40, 41].

This study’s prospective design allowed full description of
RSV disease outcome and course. Other study strengths in-
clude the collection of paired nasopharyngeal swabs and blood
samples to maximize RSV detection. However, the study has
several limitations. The case definition (excluding infections
with mild respiratory symptoms) may have led to an underes-
timation of RSV incidence. In addition, only the first season
the estimation of RSV-ARI
Generalization of study results to the population >50 years is

contributed to incidence.
not possible because study participants had to be medically sta-
ble. Moreover, it is not guaranteed that the sample population
enrolled in the study are representative of the general popula-
tion of the country or region from which older adults were en-
rolled. Some selection bias and health-seeking behavior bias
cannot be excluded. Finally, the relatively small sample size
and healthier condition of the study population might explain
the fact that RSV complications leading to hospitalization were
not reported.

CONCLUSIONS

In conclusion, despite the limited number of participants, this
study showed that RSV causes disease burden in CD and LTCF
older adults. Although hospitalizations and fatalities were not
frequent in this population, the observed disease burden sup-
ports the need for prevention strategies against RSV among
the older adults.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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