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ABSTRACT

Introduction: Respiratory syncytial virus (RSV) 
is an important cause of lower respiratory tract 
disease in older adults, resulting in substantial 
morbidity and mortality.
Methods: This study estimates the pub‑
lic health impact of vaccination with the 
adjuvanted RSVPreF3 vaccine among adults 
aged ≥ 60  years in the United States (US). A 

static, multi‑cohort Markov model was used 
to estimate RSV‑related outcomes over a 3‑year 
time horizon for scenarios with and without 
one‑time RSV vaccination. The base‑case anal‑
ysis assumed the same vaccination coverage 
as for influenza vaccines, with key epidemi‑
ology and vaccine inputs obtained from the 
published literature and phase 3 clinical trial 
results for the adjuvanted RSVPreF3 vaccine. 
Model outcomes included the clinical burden 
of RSV (symptomatic RSV acute respiratory 
illness [RSV‑ARI] cases [classified as upper or 
lower respiratory tract disease], pneumonia 
complications, and mortality) and RSV‑related 
healthcare resource use (hospitalizations, emer‑
gency department visits, outpatient visits, and 
antibiotic prescriptions).
Results: In the base‑case analysis, approxi‑
mately 56.7 million adults aged ≥ 60  years 
received the vaccine, resulting in 2,954,465 
fewer symptomatic RSV‑ARI cases over 3 years 
compared with no vaccination, including 
321,019 fewer X‑ray confirmed pneumonia 
cases and 16,660 fewer RSV‑related deaths. Vac‑
cination also prevented a substantial number of 
RSV‑related hospitalizations (203,891), emer‑
gency department visits (164,060), outpatient 
visits (1,577,586), and antibiotic prescriptions 
(1,343,915) over the 3‑year period. A consider‑
able public health impact was observed across a 
range of sensitivity analyses.

Prior presentation: Preliminary public health 
impact results from the model were presented at the 
International Society for Pharmacoeconomics and 
Outcomes Research (ISPOR‑US) 2023 congress, 7–10 May, 
2023, Boston, United States.
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Conclusions: These findings highlight the 
potential of the adjuvanted RSVPreF3 vaccine to 
substantially reduce RSV disease burden among 
US older adults aged ≥ 60 years.

Keywords: Respiratory syncytial virus; Public 
health impact; Adjuvanted RSVPreF3 vaccine; 
Vaccination; Healthcare resource use; Older 
adults; United States

Key Summary Points 

Why carry out this study?

Respiratory syncytial virus (RSV) results in a 
substantial number of cases, complications, 
healthcare resource use, and deaths in older 
adults.

Two vaccines are now available in the United 
States for the prevention of RSV in adults 
aged 60 years and older. This study modeled 
the public health impact of vaccinating older 
adults in the United States with the adju‑
vanted RSVPreF3 vaccine. Vaccination was 
given once at the start of the analysis and the 
impact was assessed over 3 years.

What was learned from the study?

Assuming the same vaccination coverage as 
for influenza vaccines, adjuvanted RSVPreF3 
vaccination was estimated to prevent nearly 3 
million symptomatic RSV cases over 3 years, 
including over 1.5 million outpatient visits, 
over 200,000 hospitalizations, and nearly 
17,000 deaths compared with no vaccination.

Vaccinating adults aged 60 years and older 
with the adjuvanted RSVPreF3 vaccine pro‑
vides substantial public health benefits in the 
United States.

INTRODUCTION

Respiratory syncytial virus (RSV) is highly con‑
tagious, with infection resulting in acute res‑
piratory illness (ARI) in individuals of all ages 

[1]. Although RSV has long been recognized as 
a common cause of respiratory infections in 
young infants and children, it has been increas‑
ingly acknowledged as an important cause of 
severe respiratory illness in older adults and 
adults with certain chronic conditions, leading 
to substantial morbidity and mortality [2–5]. In 
a landmark prospective cohort study conducted 
over four consecutive winters (1999–2003), Fal‑
sey et al. found that RSV infection occurs in 
3–7% of healthy older adults each year and in 
4–10% of adults considered at increased risk of 
severe RSV outcomes, resulting in an estimated 
177,525 RSV‑related hospitalizations and 14,000 
RSV‑related deaths among adults aged ≥ 65 years 
in the United States (US) each year [2]. After 
adjusting for RSV testing sensitivity, a recent 
systematic literature review and meta‑analy‑
sis estimated rates of medically attended RSV 
that ranged from 1722.2 to 2278.2 per 100,000 
and rates of RSV‑related hospitalizations that 
ranged from 66.9 to 266.7 per 100,000 for older 
adults aged 50–64 and ≥ 65 years, respectively 
[6]. Further, Tseng et al. reported that among 
adults aged ≥ 60 years who were hospitalized 
for RSV, mortality was 5.6% in‑hospital, 8.6% 
within 1 month, and 25.8% within 12 months 
of admission [7].

Typically, RSV infections in adults result in 
mild, cold‑like symptoms [8]. However, in older 
adults and adults with certain chronic condi‑
tions or weakened immune systems, RSV can 
lead to more serious outcomes, such as pneu‑
monia, and exacerbation of underlying medical 
conditions (e.g., asthma or chronic obstructive 
pulmonary disease [COPD]) [9]. Symptomatic 
RSV‑ARI cases can be classified as either lower 
respiratory tract disease (RSV‑LRTD) or upper 
respiratory tract disease (RSV‑URTD), with RSV‑
URTD cases generally being milder because they 
do not have lower respiratory tract involvement 
[10]. The study by Ackerson et al. compared RSV 
and influenza cases in hospitalized older adults 
(aged ≥ 60 years) and found that RSV cases were 
associated with more severe outcomes (e.g., pro‑
longed hospital stays, higher rate of intensive 
care unit admission, higher rate of developing 
pneumonia, and higher probability of death 
within 1 year of admission) [11]. Similar find‑
ings were reported more recently by Surie et al., 
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where older adults hospitalized with RSV had 
more severe outcomes than older adults hospi‑
talized with influenza or SARS‑CoV2 infection 
[12]. Some older adults with RSV (e.g., those 
who are hospitalized) may experience functional 
decline that persists beyond the acute RSV infec‑
tion [13].

In 2023, two vaccines were approved by the 
US Food and Drug Administration (FDA) for the 
prevention of LRTD caused by RSV in individu‑
als 60 years of age and older: the adjuvanted 
RSVPreF3 vaccine (Arexvy, GSK) [14] and the 
RSVpreF vaccine (Abrysvo, Pfizer) [15]. Both vac‑
cines target the RSV viral F glycoprotein which 
facilitates RSV cell entry in its functional prefu‑
sion conformation, with demonstrated efficacy 
against RSV infection [16, 17]. The adjuvanted 
RSVPreF3 vaccine utilizes a recombinant F pro‑
tein antigen (RSVPreF3) engineered to preferen‑
tially maintain its prefusion form, along with 
the long‑established  AS01E adjuvant which 
promotes induction/boosting of antibody and 
cellular responses to help overcome age‑related 
decline in immunity [18], making it highly 
suited for use in older adults. In June 2023, the 
Centers for Disease Control and Prevention’s 
(CDC’s) Advisory Committee on Immunization 
Practices (ACIP) recommended that “adults 
aged ≥ 60 years may receive a single dose of an 
RSV vaccine, using shared clinical decision‑
making” [19]. Because of the relatively recent 
introduction of RSV vaccines in the US, few 
studies have evaluated their potential public 
health benefit. Estimating the impact of vacci‑
nation in terms of reductions in RSV cases, com‑
plications, and RSV‑related mortality, as well as 
the broader impact on healthcare resource use 
(HCRU) can help inform healthcare profession‑
als and patients of the potential benefits of RSV 
vaccination. Comparing such outcomes with 
RSV disease and HCRU burden in the absence of 
vaccination can provide a valuable benchmark 
for estimating the impact of recently introduced 
RSV vaccines.

The objective of this study was to estimate the 
public health impact of RSV vaccination with 
the adjuvanted RSVPreF3 vaccine compared with 
no vaccination in US adults aged ≥ 60 years. This 
included an evaluation of the clinical burden of 
RSV at the population level in the absence of 

vaccination (in terms of symptomatic RSV‑ARI 
cases, complications, and RSV‑related mortal‑
ity) and estimated reductions in these outcomes 
with RSV vaccination. The impact of RSV on 
HCRU, in terms of RSV‑related outpatient visits, 
emergency department (ED) visits, hospitaliza‑
tions, and antibiotic use was also evaluated in 
both scenarios (without and with adjuvanted 
RSVPreF3 vaccination).

METHODS

Model Overview and Modeling Approach

A static, multi‑cohort Markov model was devel‑
oped to evaluate the impact of the adjuvanted 
RSVPreF3 vaccine on symptomatic RSV‑ARI cases 
and related morbidity and mortality compared 
with no vaccination in US adults aged ≥ 60 years. 
The modeled population was aligned to the cur‑
rent indication for the adjuvanted RSVPreF3 
vaccine [14] and was stratified into seven age‑
specific cohorts (60–64, 65–69, 70–74, 75–79, 
80–84, 85–89, and ≥ 90 years) to account for dif‑
ferential risks of key outcomes (e.g., RSV‑related 
hospitalizations or deaths). The youngest age in 
a given cohort was used for the full cohort at the 
start of the simulation. The model was devel‑
oped in Microsoft Excel (Microsoft Corporation; 
Redmond, WA, USA) and included a 3‑year time 
horizon with adjuvanted RSVPreF3 vaccination 
occurring at the start of the simulation. The 
modeled time horizon was selected based on 
results from the adjuvanted RSVPreF3 vaccine’s 
phase 3 clinical trial. Specifically, data through 
two full RSV seasons suggest that while adju‑
vanted RSVPreF3 vaccine efficacy against RSV is 
greatest within the first year, some degree of pro‑
tection is projected to persist for up to 3 years, 
accounting for waning [16, 20]. An overview of 
the model’s underlying Markov framework, as 
applied in the present analysis, is presented in 
Fig. 1.

The Markov model and its inputs account for 
US population characteristics (size, age distribu‑
tion, and all‑cause mortality), RSV epidemiologi‑
cal data, HCRU, vaccine efficacy (VE) and wan‑
ing, and vaccination coverage in older adults. 



830 Infect Dis Ther (2024) 13:827–844

The model follows older adults over 3 years, with 
a 1‑month cycle length to account for seasonal 
variation in RSV epidemiology and for waning 
of VE over time. Use of the underlying Markov 
structure allows individuals to start in the “No 
RSV” health state and transition between differ‑
ent health states and events over the modeled 
time horizon (e.g., from the “No RSV” health 
state to the disease event “Symptomatic RSV‑
ARI” [classified as either “RSV‑URTD” or “RSV‑
LRTD”] and then to the recovery health state 
[“Post‑RSV”], also allowing for individuals to be 
reinfected). Additional details are provided in 
Table S1 in the Supplementary Material. These 
health states each represent important model 
outcomes for estimating the burden of RSV at 
an individual and population level. Sympto‑
matic RSV‑ARI cases provide a measure of the 
core disease burden of RSV infection within the 
older adult population, with those considered as 
RSV‑LRTD more likely to have more severe RSV 

outcomes (e.g., ED visits, hospitalizations, X‑ray 
confirmed pneumonia, RSV‑related mortality). 
The model also accounts for all‑cause mortality 
and allows for RSV reinfection.

Model Input Parameters

Model inputs were based on data from publicly 
available US sources, the published literature, 
and the pivotal Adult Respiratory Syncytial Virus 
(AReSVi‑006) phase 3 clinical study (including 
data through two full RSV seasons) [16, 20] 
(Table 1). The model structure, data inputs, and 
underlying assumptions were informed by a 
targeted review of the literature and validated 
throughout the model development process by 
a number of RSV expert clinicians, epidemiolo‑
gists, and health economists. For symptomatic 
RSV‑ARI, core incidence data were based on data 
gathered over four consecutive seasons from 

Fig. 1  Markov model structure. The multi-cohort Markov 
model follows US adults aged ≥ 60 years over 3 years, with 
a 1-month cycle length. The model includes seven age-spe-
cific cohorts and evaluates outcomes for scenarios with and 
without adjuvanted RSVPreF3 vaccination. The underly-

ing model structure for RSV reinfections is the same as for 
initial RSV infections. ARI acute respiratory illness; LRTD 
lower respiratory tract disease; RSV respiratory syncytial 
virus; URTD upper respiratory tract disease; US United 
States
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Table 1  Epidemiological and healthcare resource use model inputs

Category/input Base-case value Range Source

Lower bound Upper bound

Population size (N), overall and by age 2023 US population projections from US 
Census Bureau [21]

 ≥ 60 years 82,862,258 – –

 60–64 years 21,307,839 – –

 65–69 years 19,378,641 – –

 70–74 years 15,796,904 – –

 75–79 years 11,805,733 – –

 80–84 years 7,489,487 – –

 85–89 years 4,213,769 – –

  ≥ 90 years 2,869,885 – –

Annual probability of all-cause mortalitya Probability of dying by 
single year of age

Arias et al. [22]

Annual incidence of symptomatic RSV-ARI 
per person year at riskb

0.0465 0.0272 0.0627 Calculated from Falsey et al. [2] and 
DiazGranados et al. [23]

Seasonality adjustment factor for sympto-
matic RSV-ARI infectionc

3.0–286.7% NREVSS (2018–2019) [25]

Percentage of symptomatic RSV-ARI cases 
that are RSV-LRTDd

47.6% 41.9% 53.3% AReSVi-006 phase 3 clinical study [20] 
(and data on file)

Percentage of RSV-LRTD cases with resource usee

Hospitalizationf Calibrated based on rates reported by 
McLaughlin et al. [6] with adjustment 
for medical attendance rate

Range: calibrated based on rates reported 
by Herring et al. [26] and Branche et al. 
[30]

 60–64 years 3.0% 1.9% 4.7%

 65–74 years 10.7% 4.7% 16.6%

 75–84 years 14.3% 7.1% 22.2%

  ≥ 85 years 14.3% 12.1% 22.2%

ED visit Calibrated based on rates reported by 
McLaughlin et al. [6] with adjustment 
for medical attendance rate 60–64 years 5.0% – –

 65–74 years 9.2% – –

Outpatient visit Calibrated based on rates reported by 
McLaughlin et al. [6] with adjustment 
for medical attendance rate 60–64 years 50.6% – –

  ≥ 65 years 67.6% – –

Antibiotic use Calculated from Belongia et al. [27] with 
adjustment for medical attendance rate

 60–64 years 44.6% – –

  ≥ 65 years 59.6% – –

Percentage of RSV-URTD cases with resource usee

Outpatient visit Calibrated based on rates reported by 
McLaughlin et al. [6] with adjustment 
for medical attendance rate 60–64 years 25.1%

  ≥ 65 years 33.6%
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Ranges reported were used in sensitivity analyses to evaluate the sensitivity of results to key model inputs.
ARI Acute respiratory illness; LRTD lower respiratory tract disease; N number; NREVSS National respiratory and enteric 
virus surveillance system; PCR polymerase chain reaction; RSV respiratory syncytial virus; URTD upper respiratory tract 
disease; US United States
a The model accounted for all-cause mortality, derived from age-specific US 2020 annualized values for probability of death 
[22], converted to monthly probabilities. See additional data in Table S2
b Symptomatic RSV-ARI incidence was calculated as the average incidence of symptomatic RSV-ARI across four winter sea-
sons from Falsey et al. [2], with weighting based on the proportions of non-high-risk and high-risk adults (66.3 and 33.7%, 
respectively) enrolled in a large influenza vaccine trial conducted in the US by DiazGranados et al. [23]. Lower and upper 
bounds were based on the minimum and maximum seasonal incidence of symptomatic RSV-ARI across the four winter sea-
sons from Falsey et al. [2]
c Seasonality multipliers were calculated based on the total number of PCR-confirmed RSV detections each month from 
the National Respiratory and Enteric Virus Surveillance System RSV data (for 2018–2019) [25]. See additional details in 
Table S3
d The percentage of symptomatic RSV-ARI cases that are RSV-LRTD was obtained from the placebo arm of the AReSVi-006 
phase 3 clinical trial over two full seasons, where 139/292 RSV-ARI cases were classified as RSV-LRTD [20] (and data on 
file). Lower and upper bounds were based on 95% confidence intervals
e Healthcare resource use was based on age-specific rates of outpatient visits, ED visits, and hospitalizations (adjusted for 
underdetection) obtained from McLaughlin et al. [6], and antibiotic use obtained from Belongia et al. [27]. For outpatient 
visits, ED visits, and hospitalizations, the model used a calibration process to determine the respective model inputs. The data 
from McLaughlin et al. and Belongia et al. only included medically attended RSV cases. Therefore, to estimate the percent-
age of all symptomatic RSV cases with resource use (including both medically attended and nonmedically attended RSV 
cases), the resource use was adjusted by the percentage of symptomatic RSV cases that are medically attended (estimated 
from McLaughlin et al. [6] and Herring et al. [26])
f Lower and upper bounds for the age-specific percentages of RSV-LRTD cases resulting in hospitalizations were based on 
the range of hospitalization rates observed in the literature. Specifically, the lower bound was based on the age-specific RSV-
related hospitalization rates reported by Branche et al. (using the lowest RSV-related hospitalization rates reported from the 
study’s Rochester, New York site during the 2019–2020 RSV season) [30]. The upper bound was based on the upper limits 
of the modeled RSV-related hospitalization rate from Herring et al. [26]
g RSV-related mortality rates among LRTD cases were calculated based on the estimated percentage of RSV-LRTD cases that are 
medically attended (60–64 years: 50.6%; ≥ 65 years: 67.6%, derived from McLaughlin et al. [6] and Herring et al. [26]), the esti-

Table 1  continued
Category/input Base-case value Range Source

Lower bound Upper bound

Antibiotic use Calculated from Belongia et al. [27] with 
adjustment for medical attendance rate

 60–64 years 18.4% – –

  ≥ 65 years 24.6% – –

Probability of death given RSV-LRTDg Calculated from Tseng et al. [7] with 
adjustment for hospitalization rate

 60–64 years 0.002166 0.001173 0.003159

 65–74 years 0.007621 0.004126 0.011116

  ≥ 75 years 0.013467 0.009505 0.017430

Percentage of RSV-LRTD cases resulting in 
pneumoniah

Calculated from Belongia et al. [27] with 
adjustment for medical attendance rate

 60–64 years 12.9% – –

  ≥ 65 years 17.2% – –
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Falsey et al. [2] (see below). The percentage of 
cases classified as RSV‑LRTD was drawn from 
data across two seasons from the AReSVi‑006 
phase 3 study, with vaccine efficacy also based 
upon these longer‑term data [16, 20] (and data 
on file). A more detailed description of these 
parameters and specific values are presented 
below.

Population Characteristics

In line with the indication for the adju‑
vanted RSVPreF3 vaccine, the modeled popu‑
lation included all US adults aged ≥ 60 years 
(n = 82,862,258), based on US Census Bureau 
population projections for 2023 (Table 1) [21]. 
All‑cause mortality was derived from age‑specific 
US 2020 annualized values for probability of 
death [22], converted to monthly probabilities 
(Table S2 in Supplementary Material).

Epidemiological Input Parameters

Epidemiological model input parameters are 
presented in Table 1. Incidence of symptomatic 
RSV‑ARI was derived from data reported by Fal‑
sey et al. [2], calculated as the mean weighted 
average incidence among non‑high‑risk older 
adults (aged ≥ 65  years) and high‑risk adults 
(aged ≥ 21 years with congestive heart failure 
or chronic lung conditions) across four win‑
ter seasons, after removing asymptomatic RSV 
cases. The derivation used weighting based on 

the proportions of non‑high‑risk and high‑risk 
adults enrolled in a large influenza vaccine trial 
conducted in the US by DiazGranados et  al. 
[23]. As Falsey et al. used multiple RSV testing 
methodologies [2], no further adjustment for 
under ascertainment was made. The estimated 
incidence of symptomatic RSV‑ARI per person‑
year was 0.0465 (0.0272–0.0627); lower and 
upper bounds used in sensitivity analyses were 
calculated as the minimum and maximum inci‑
dence of symptomatic RSV‑ARI across the four 
consecutive winter seasons evaluated by Falsey 
et al. [2].

RSV infection rates show substantial season‑
ality [24]. In our analysis, monthly RSV inci‑
dence estimates were adjusted for seasonality 
using 2018–2019 RSV surveillance data from 
the National Respiratory and Enteric Virus Sur‑
veillance System (NREVSS) [25]. These NREVSS 
data were prior to the Coronavirus Disease 2019 
(COVID‑19) pandemic, providing information 
on RSV seasonality in a typical year. The season‑
ality adjustment factors were derived from the 
NREVSS data by dividing the total number of 
polymerase chain reaction (PCR)‑confirmed RSV 
cases in each month by the average monthly 
number of PCR‑confirmed RSV cases (Table S3 
in Supplementary Material). RSV reinfection 
rates were assumed to be the same as for initial 
infection. The percentages of symptomatic RSV‑
ARI cases characterized as RSV‑URTD and RSV‑
LRTD were based on data from the AReSVi‑006 
phase 3 study; over two full seasons, 47.6% of 

mated age-specific hospitalization rates per  medically attended RSV-LRTD case (60–64 years: 6.0%; 65–74 years: 15.8%; ≥ 75 years: 
21.2%, derived from McLaughlin et al. [6]) and the estimated age-specific 30-day mortality following RSV-LRTD hospitalization 
(60–74 years: 7.1%; ≥ 75 years: 9.4%, derived from Tseng et al. [7]). Although age-specific 30-day mortality data were not reported 
by Tseng et al. [7] the study reported an overall in-hospital mortality rate of 5.6%, including 4.6% in individuals aged 60–74 years 
and 6.1% in individuals aged ≥ 75 years. The relative changes in the in-hospital mortality rates by age versus the overall in-hospital 
mortality rate were used to derive age-specific 30-day mortality. Lower and upper bounds were calculated based on the 95% confi-
dence interval around the 30-day mortality post-hospitalization (60–74 years: 3.9–10.4%; ≥ 75 years: 6.6–12.2%). These rates were 
then applied to the age-specific percentages of RSV-LRTD cases resulting in hospitalization to generate overall RSV-LRTD mortality 
estimates
h Belongia et  al. [27] provides the number of X-ray-confirmed pneumonia cases out of the total number of  medically 
attended moderate to severe RSV-LRTD cases. Because these data include  medically attended RSV cases, the percentage of 
LRTD cases resulting in pneumonia from Belongia et al. [27] was adjusted by the percentage of RSV-LRTD cases that are 
medically attended (estimated from McLaughlin et al. [6] and Herring et al. [26])

Table 1  continued
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symptomatic RSV‑ARI cases in the placebo arm 
were categorized as RSV‑LRTD [20] (and data on 
file).

Healthcare Resource Use and Complications

RSV‑related HCRU inputs (Table 1) were primar‑
ily based on the age‑specific rates of  medically 
attended RSV reported from a systematic litera‑
ture review and meta‑analysis by McLaughlin 
et al. [6]. In the base‑case analysis, rates of RSV‑
related outpatient visits, ED visits, and hospi‑
talizations were adjusted for RSV underdetection 
(Table 1). A calibration process was used within 
the model to determine the input values needed 
in order for the model to estimate the adjusted 
rates reported by McLaughlin et al. [6]. Specific 
inputs included within this calibration process 
included the percentage of symptomatic RSV‑
ARI cases that are medically attended (where  
medically attended symptomatic RSV‑ARI cases 
were assumed to have one outpatient visit each), 
the percentage of RSV‑LRTD cases that experi‑
ence ED visits, and the percentage of RSV‑LRTD 
cases that experience hospitalizations. The 

model assumed that RSV‑LRTD cases are approx‑
imately twice as likely to be medically attended 
compared with RSV‑URTD cases based on the 
previous decision analytic model from Herring 
et al. [26]. All ED visits and hospitalizations were 
assumed to only occur among RSV‑LRTD cases, 
and RSV‑related deaths were assumed to occur 
only among hospitalized RSV‑LRTD cases.

Model inputs for antibiotic use and X‑ray con‑
firmed pneumonia were obtained from Belongia 
et al. [27]. We assumed that pneumonia could 
develop only in those individuals with RSV‑
LRTD. Belongia et al. [27] provides the number 
of x‑ray‑confirmed pneumonia cases out of the 
total number of  medically attended moderate‑
to‑severe LRTD (msLRTD) cases. Because these 
data only include outcomes for  medically 
attended RSV cases, we adjusted this percentage 
by the percentage of RSV‑LRTD cases that are 
medically attended (estimated from McLaugh‑
lin et al. and Herring et al. [6, 26]). Mortality 
rates were estimated based on mortality follow‑
ing RSV‑LRTD hospitalization from the study by 
Tseng et al. [7]. Although 30‑day mortality data 
were only reported for the overall population 
aged ≥ 60 years (8.6%), Tseng et al. also reported 

Fig. 2  Adjuvanted RSVPreF3 vaccine efficacy against 
RSV-ARI and RSV-LRTD over modeled 3-year time 
horizon. In the month of first vaccination (i.e., 1st cycle 
of the model), 50% of peak VE is considered. Waning of 
the peak VE starts in the second month following vaccina-
tion. A linear decrease is applied to VE against RSV-ARI 
and against RSV-LRTD. The waning rates are applied each 
month as an absolute percentage point decrease in VE. 
Peak VE and waning rates were estimated based on the 

AReSVi-006 phase 3 clinical trial [16, 20] (and data on 
file). Solid lines represent data from the AReSVi-006 phase 
3 clinical trial [16, 20] (and data on file), while dashed lines 
are extrapolations based on the weighted linear regression 
analysis. VE point estimates are shown over a 4-year period, 
with the model limited to a 3-year time horizon. ARI acute 
respiratory illness, LB lower bound, LRTD lower res-
piratory tract disease, RSV respiratory syncytial virus, UB 
upper bound, VE vaccine efficacy
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an overall in‑hospital mortality rate of 5.6%, 
with age‑specific rates of 4.6% in adults aged 
60–74 years and 6.1% in adults aged ≥ 75 years 
[7]. By applying the same age distribution to 
the reported 30‑day mortality estimate among 
adults aged ≥ 60 years, we derived age‑specific 
30‑day mortality inputs for use in the model 
(60–74 years: 7.1%; ≥ 75 years: 9.4%). These rates 
were then applied to the age‑specific percentages 
of RSV‑LRTD cases resulting in hospitalization to 
generate overall RSV‑LRTD mortality estimates.

Vaccine Characteristics and Vaccine‑Specific 
Parameters

VE inputs for the adjuvanted RSVPreF3 vaccine 
were based on results from the AReSVi‑006 phase 
3 clinical study with a median follow‑up time of 
18 months [16, 20] (and data on file). The model 
accounted for waning of VE against RSV‑ARI 
and against RSV‑LRTD across the 3‑year study 
horizon. Specifically, weighted linear regression 
models were fitted on the trial data to estimate 
the monthly VE for RSV‑ARI and RSV‑LRTD 
during and beyond the clinical trial follow‑up 
period (Fig. 2).

Using this approach, peak VE against RSV‑ARI 
and RSV‑LRTD were estimated to be 74.2 and 
88.0%, respectively. For the first month follow‑
ing vaccination, it was assumed that VE would 
be 50% of peak values to allow for an immune 
build‑up period. Waning of the peak VE was 
assumed to start in the second month follow‑
ing vaccination, and to continue linearly in each 
subsequent month. Waning rates were applied 
each month as an absolute percentage point 
decrease in VE (monthly waning of 2.3% for VE 
against RSV‑ARI and 2.1% for VE against RSV‑
LRTD). Further details about the VE calculations 
are described in the Supplementary Material, 
including Table S4 and Supplementary Fig. 1. It 
was conservatively assumed that RSV vaccina‑
tion has no impact on the risk of reinfection 
following a breakthrough RSV case.

The model assumed vaccination in October 
to align with typical timing of influenza vac‑
cinations. Vaccination coverage was based on 
coverage for influenza vaccines among US older 
adults during the 2021–2022 season (the most 

recent data that were available at the time of the 
analysis) [28]. This assumption has been used 
previously in models evaluating potential ben‑
efits of RSV vaccination [26, 29], in part because 
influenza and RSV follow similar seasonal pat‑
terns and influenza vaccination rates represent a 
potentially achievable target of older adults who 
are willing to be vaccinated against seasonal 
respiratory infections. However, we evaluated 
a wide range of coverage estimates in scenario 
analyses. As such, the base‑case analysis assumes 
that 52.4% of adults aged 60–64 years and 73.9% 
of adults aged ≥ 65 years receive the adjuvanted 
RSVPreF3 vaccine once, at the start of the mod‑
eled 3‑year time horizon [28].

Outcomes

Key health outcomes of interest focused on the 
number of symptomatic RSV‑ARI cases (overall 
and by RSV‑URTD and RSV‑LRTD cases), and 
their associated HCRU (number of hospitaliza‑
tions, ED visits, outpatient visits, and antibiotic 
prescriptions), complications (number of cases 
of X‑ray confirmed pneumonia), and deaths. 
Outcomes over the 3‑year time horizon were 
calculated for each strategy (vaccination with 
the adjuvanted RSVPreF3 vaccine and no vac‑
cination), with the model also calculating the 
incremental differences.

Numbers of individuals needed to vaccinate 
(NNV) to avoid specific outcomes were also 
calculated based on the modeled results. NNV 
estimates were calculated by dividing the num‑
ber of older adults who were vaccinated by the 
number of each outcome avoided as a result of 
vaccination.

Sensitivity and Scenario Analyses

Sensitivity and scenario analyses were conducted 
to assess the robustness of the results to uncer‑
tainties around key input parameters. Because 
of the wide range of RSV burden reported in the 
literature, we examined the impact of differ‑
ent input values for symptomatic RSV‑ARI inci‑
dence (based on the minimum and maximum 
seasonal incidence from Falsey et al. [2, 23]), the 
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percentage of symptomatic RSV‑ARI cases that 
are RSV‑LRTD (based on 95% confidence inter‑
vals), RSV‑related hospitalization rates (based on 
data reported by Branche et al. [30] and Herring 
et al. [26]), and RSV‑related mortality (based on 
95% confidence intervals). Analyses were also 
conducted assuming alternate values for VE 
inputs and vaccination coverage (considering 
25, 50, 75, and 125% of influenza vaccination 
coverage estimates, as well as considering 100% 
RSV vaccination coverage).

Statement of Ethics Compliance

This analysis is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors. Ethical approval for the 
development of the model was not required.

Fig. 3  RSV-related health outcomes and healthcare 
resource use among US adults aged ≥ 60 years over a 3-year 
time horizon. ARI acute respiratory illness, ED emergency 

department, LRTD lower respiratory tract disease, RSV 
respiratory syncytial virus, URTD upper respiratory tract 
disease
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RESULTS

Base‑Case Analysis

In the absence of vaccination, RSV is estimated 
to result in over 11 million symptomatic RSV‑
ARI cases among older adults over a 3‑year 
period, including nearly 5.8 million RSV‑URTD 
cases and nearly 5.3 million RSV‑LRTD cases. Of 
these modeled RSV cases, an estimated 515,200 
cases are hospitalized, 425,566 cases result in ED 
visits, over 5.1 million cases result in outpatient 
visits, and nearly 4.3 million cases are prescribed 
antibiotics (Fig. 3). In the absence of vaccina‑
tion, the model also estimates a total of 845,308 
cases of X‑ray confirmed pneumonia and 41,926 
RSV‑related deaths in older adults over a 3‑year 
period.

In the base‑case analysis, a total of 56,654,023 
older adults received one dose of the adjuvanted 
RSVPreF3 vaccine at the start of the modeled 
time horizon. Compared to no vaccination, this 
adjuvanted RSVPreF3 vaccination is estimated 
to prevent nearly 3 million symptomatic RSV‑
ARI cases over the 3‑year time horizon, includ‑
ing nearly 1 million RSV‑URTD cases and nearly 
2 million RSV‑LRTD cases (Fig. 3). In addition, 
vaccination would result in 203,891 avoided 
RSV‑related hospitalizations, 164,060 avoided 
ED visits, 1,577,586 avoided outpatient vis‑
its, 1,343,915 avoided antibiotic prescriptions, 
321,019 avoided pneumonia cases, and 16,660 
avoided deaths. Most of this averted RSV burden 
is achieved during the first year following vac‑
cination (e.g., with nearly 1.7 million sympto‑
matic RSV‑ARI cases, 102,143 RSV‑related hospi‑
talizations, and 8364 RSV‑related deaths avoided 
in year 1). RSV burden and the public health 
impact of adjuvanted RSVPreF3 vaccination dur‑
ing the first year of the modeled time horizon 
are further summarized in the Supplementary 
Material (Supplementary Fig. 2).

Over the 3‑year time horizon, the NNV to 
prevent one symptomatic RSV‑ARI case was 
19, the NNV to avoid one RSV‑LRTD case was 
29, and the NNV to avoid one RSV‑related out‑
patient visit was 36. In addition, the NNV to 
avoid one RSV‑related hospitalization was 278, 
with an NNV of 3401 to avoid one RSV‑related 

death (Supplementary Fig.  3). These results 
indicate that vaccinating 1 million US adults 
aged ≥ 60 years with the adjuvanted RSVPreF3 
vaccine could prevent approximately 52,149 
symptomatic RSV‑ARI cases, 27,846 outpatient 
visits, 3599 hospitalizations, and 294 deaths 
over a 3‑year time horizon.

Sensitivity and Scenario Analyses

Results from the sensitivity and scenario anal‑
yses are shown in Table 2. Assuming low and 
high values for the incidence of symptomatic 
RSV‑ARI (based on the minimum and maxi‑
mum incidence observed across four winter 
seasons by Falsey et al. [2]), the public health 
impact of the adjuvanted RSVPreF3 vaccine over 
3 years resulted in a range of approximately 
1.7–4.0 million fewer symptomatic RSV‑ARI 
cases, 1.2–2.6 million fewer RSV‑LRTD cases, 
120,624–272,671 fewer RSV‑related hospitali‑
zations, and 9856–22,280 fewer RSV‑related 
deaths. With regards to other key RSV epide‑
miology inputs, incremental hospitalization 
and death outcomes were less sensitive to the 
input for the percentage of symptomatic RSV‑
ARI cases that are RSV‑LRTD (Table 2) and were 
more sensitive to the input for the percentage 
of RSV‑LRTD cases resulting in hospitalizations. 
Assuming alternate input values for RSV hospi‑
talization rates from the published literature, 
including those reported by Branche et al. [30] 
and Herring et al. [26], resulted in avoided hos‑
pitalizations ranging from 105,444 to 316,539 
and avoided deaths ranging from 8761 to 25,864 
among older adults over 3 years with adjuvanted 
RSVPreF3 vaccination (compared to no vaccina‑
tion). A narrower range was observed for avoided 
RSV‑related deaths when the model’s input for 
probability of death given RSV‑LRTD was varied 
(ranging from 10,472 to 22,846 deaths avoided 
over 3 years compared to no vaccination).

Simultaneously assuming the lower and 
upper range of peak VE against both RSV‑ARI 
and RSV‑LRTD resulted in approximately 1.8–4.4 
million fewer symptomatic RSV‑ARI cases over 
the 3‑year time horizon versus no vaccina‑
tion, including 1.2–2.4 million fewer RSV‑
LRTD cases, 123,416–246,494 fewer RSV‑related 
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Table 2  Results from sensitivity and scenario analyses

Parameter Value Number of avoided cases over 3 years

Symptomatic 
RSV-ARI 
cases

RSV-LRTD cases RSV-related 
hospitaliza-
tions

RSV-
related 
deaths

Annual incidence of symptomatic RSV-ARIa

 Lower bound 0.027 1,744,981 1,163,541 120,624 9856

 Upper bound 0.063 3,956,611 2,630,098 272,671 22,280

Percentage of symptomatic RSV-ARI cases that are RSV-LRTDb

 Lower bound 41.9% – 1,730,502 179,405 14,659

 Upper bound 53.3% – 2,202,873 228,374 18,661

Percentage of RSV-LRTD cases resulting in hospitalizationc

 Lower bound 60–64 years: 1.9% – – 105,444 8761

65–74 years: 4.7%

75–84 years: 7.1%

 ≥ 85 years: 12.1%

 Upper bound 60–64 years: 4.7% – – 316,539 25,864

65–74 years: 16.6%

 ≥ 75 years: 22.2%

Probability of death given RSV-LRTDd

 Lower bound 60–64 years: 0.001173 – – – 10,472

65–74 years: 0.004126

 ≥ 75 years: 0.009505

 Upper bound 60–64 years: 0.003159 – – – 22,846

65–74 years: 0.011116

 ≥ 75 years: 0.017430

Peak VEe RSV-ARI RSV-
LRTD

 Lower bound 56.4% 65.8% 1,769,034 1,188,841 123,416 10,091

 Upper bound 94.0% 99.2% 4,440,967 2,378,548 246,494 20,138

VE monthly 
waninge

RSV-ARI RSV-
LRTD

 Lower bound 0.3% 0.1% 5,133,899 3,014,020 311,826 25,455

 Upper bound 4.3% 4.3% 1,729,955 1,149,259 119,519 9780
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hospitalizations, and 10,091–20,138 fewer RSV‑
related deaths. When simultaneously assum‑
ing the lower and upper range of VE waning 
against both RSV‑ARI and RSV‑LRTD, the model 
estimated approximately 5.1–1.7 million fewer 
symptomatic RSV‑ARI cases, 3.0–1.1 million 
fewer RSV‑LRTD cases, 311,826–119,519 fewer 
RSV‑related hospitalizations, and 25,455–9,780 
fewer RSV‑related deaths over the 3‑year time 
horizon.

Assuming different RSV vaccination cov‑
erage rates (ranging from a low of 13.1% in 
adults aged 60–64 years and 18.5% in adults 
aged ≥ 65 years to a high of 100% coverage in 
all older adults), the model estimated approxi‑
mately 0.7–3.7 million fewer symptomatic RSV‑
ARI cases resulting from vaccination, including 

approximately 0.5–2.5 million fewer RSV‑LRTD 
cases, 50,973–254,863 fewer RSV‑related hospi‑
talizations, and 4165–20,825 fewer RSV‑related 
deaths over 3 years.

DISCUSSION

This analysis estimates substantial public 
health benefits associated with the adjuvanted 
RSVPreF3 vaccine for the prevention of RSV 
cases and RSV‑related morbidity and mortal‑
ity in US adults aged ≥ 60 years. Assuming the 
same vaccination coverage as for influenza vac‑
cines, the adjuvanted RSVPreF3 vaccine has the 
potential to avert nearly 3 million symptomatic 

ARI Acute respiratory illness; LRTD lower respiratory tract disease; RSV respiratory syncytial virus; VE vaccine efficacy
a Lower and upper bounds for incidence of symptomatic RSV-ARI were based on the minimum and maximum seasonal val-
ues derived from Falsey et al. [2] adjusted with weighting derived from DiazGranados et al. [23]
b Lower and upper bounds for the percentage of symptomatic RSV-ARI cases that are RSV-LRTD were based on 95% con-
fidence intervals for base-case values reported from the placebo arm of the AReSVi-006 phase 3 clinical trial over two full 
seasons [20] (and data on file)
c Lower bound for the percentage of RSV-LRTD cases resulting in hospitalization was based on the age-specific RSV-related 
hospitalization rates reported by Branche et al. (using the lowest RSV-related hospitalization rates reported from the study’s 
Rochester, New York site during the 2019–2020 RSV season) [30]. The upper bound was based on the modeled RSV-related 
hospitalization rate from Herring et al. [26]
d Lower and upper bounds for probability of death given RSV-LRTD were based on the 95% confidence intervals for the 
base-case probabilities
e For peak VE and monthly waning parameters, lower and upper bounds were based on the 97.5% confidence intervals for 
the base-case values (see Table S4 in the Supplementary Material)

Table 2  continued

Parameter Value Number of avoided cases over 3 years

Symptomatic 
RSV-ARI 
cases

RSV-LRTD cases RSV-related 
hospitaliza-
tions

RSV-
related 
deaths

RSV vaccination 
coverage

60–64 years  ≥ 65 years

 25.0% of base case 13.1% 18.5% 738,616 491,674 50,973 4165

 50.0% of base case 26.2% 37.0% 1,477,232 983,348 101,945 8330

 75.0% of base case 39.3% 55.4% 2,215,849 1,475,022 152,918 12,495

 125.0% of base 
case

65.5% 92.4% 3,693,081 2,458,370 254,863 20,825

 100.0% coverage 100.0% 100.0% 4,327,244 2,881,204 282,591 23,020
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RSV‑ARI cases over a 3‑year period, consequently 
avoiding over 1.5 million outpatient visits, 
164,000 ED visits, 200,000 hospitalizations, 
and nearly 17,000 RSV‑related deaths. Although 
the current analysis was specifically designed to 
address public health benefits, the economic 
impact in terms of reduced healthcare spend‑
ing and broader indirect societal costs realized 
with RSV vaccination may be considerable. A 
related economic evaluation of the impact of 
adjuvanted RSVPreF3 vaccination utilizing the 
same underlying model will be reported in a 
separate publication.

The availability of RSV vaccines for use in 
older adults marks a significant public health 
achievement that will help to improve and save 
the lives of many. In terms of humanistic bur‑
den, a previous study of adults aged ≥ 50 years 
found that RSV infection may adversely impact 
quality of life (e.g., with study participants 
reporting declines in physical function and 
engagement in leisure activities) [31]. Adults 
aged ≥ 60 years who are hospitalized with an 
RSV infection also may require discharges to 
higher levels of care or may experience acute 
functional decline that persists [13]. RSV vac‑
cination among older adults is expected to not 
only promote healthy aging by avoiding RSV 
cases, complications, and deaths, but also free 
up healthcare resources for other uses. This is 
particularly important given the seasonality of 
RSV, where avoided outpatient visits, ED vis‑
its, and hospitalizations during the respiratory 
season could help to considerably reduce stress 
within healthcare systems and strengthen the 
quality of care provided to other patients.

Vaccination can also make substantial contri‑
butions to reductions in antibiotic use, helping 
to potentially mitigate downstream antimicro‑
bial resistance [32]. One recent study estimated 
that, globally, a total of 4.95 million antimi‑
crobial resistance‑associated deaths occurred 
in 2019 [33]. Over a 3‑year period, vaccination 
with the adjuvanted RSVPreF3 vaccine is esti‑
mated to result in over 1.3 million fewer antibi‑
otic prescriptions among older adults in the US, 
which can assist efforts in reducing antimicro‑
bial resistance.

Our model’s base‑case results are consistent 
with other decision analytic models that have 

estimated substantial public health benefits of 
RSV vaccination among older adults. For exam‑
ple, Herring et al. found that vaccinating 65.3% 
of US adults aged ≥ 60 years with a hypotheti‑
cal RSV vaccine with a VE of 50% against over‑
all RSV and 65% against msLRTD would result 
in approximately 1.2 million fewer RSV infec‑
tions overall, 323,000–396,000 fewer  medi‑
cally attended RSV cases, 44,000–82,000 fewer 
hospitalizations, and 8000–15,000 fewer deaths 
each year [26]. More recently, Moghadas et al. 
also assessed the potential impact of the adju‑
vanted RSVPreF3 vaccine, as well as the RSVpreF 
vaccine (Abrysvo, Pfizer) and a combination of 
both vaccines [34]. The study found that com‑
pared with no vaccination, vaccinating 66% 
of adults aged ≥ 60 years with the adjuvanted 
RSVPreF3 vaccine would result in 53.6% fewer 
outpatient visits, 60.5% fewer hospitalizations, 
and 60.4% fewer deaths (vs. reductions of 41.4, 
57.6, and 58.6%, respectively, for vaccination 
with RSVpreF) [34]. Additional comparisons 
between our modeled annual RSV burden and 
results from previous studies are provided in the 
Supplementary Material.

The current model’s results were robust to a 
wide range of uncertainties in key parameters 
used to estimate the clinical burden of sympto‑
matic RSV‑ARI cases and HCRU avoided with the 
adjuvanted RSVPreF3 vaccine. Across all sensitiv‑
ity and scenario analyses that were conducted, 
the adjuvanted RSVPreF3 vaccine was estimated 
to result in at least 738,616 fewer symptomatic 
RSV‑ARI cases, 50,973 fewer RSV‑related hospi‑
talizations, and 4165 fewer RSV‑related deaths 
among older adults over a 3‑year period. The 
maximum public health impact estimated across 
all sensitivity and scenario analyses included 
approximately 5.1 million fewer symptomatic 
RSV‑ARI cases, 311,826 fewer RSV‑related hospi‑
talizations, and 25,455 fewer RSV‑related deaths 
among older adults over a 3‑year period. Anal‑
yses can be updated further as additional data 
on RSV burden become available (e.g., if RSV 
testing, detection, and diagnosis becomes more 
widespread in clinical practice, allowing for the 
generation of additional RSV epidemiologic data 
that can help inform model inputs). Similarly, 
our analyses can also be updated as additional 
data on the uptake and duration of protection of 
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the adjuvanted RSVPreF3 vaccine become avail‑
able (following real‑world analyses of vaccina‑
tion uptake in the 2023–2024 season and the 
availability of longer‑term follow‑up data from 
the AReSVi‑006 phase 3 clinical trial).

The present study includes several assump‑
tions and limitations that should be noted. The 
current model’s structure and input values were 
informed by clinical trial data, the scientific 
literature, and external expert opinion where 
possible. When assumptions were needed, they 
were made with preference to conservative 
assumptions. First, although RSV vaccination 
is recommended by the ACIP for use in adults 
aged ≥ 60 years with shared clinical decision‑
making [19], the analysis presented here is 
based on a general population of older adults 
(i.e., without prioritizing those at highest risk 
of severe RSV outcomes). Uniform vaccination 
of older adults may not be representative of 
real‑world uptake patterns, in which a prefer‑
ence may exist for RSV vaccination of certain 
individuals with risk factors for severe RSV. The 
adjuvanted RSVPreF3 vaccine has shown robust 
VE against RSV‑LRTD in older adults with under‑
lying cardiorespiratory and/or endocrine/meta‑
bolic conditions of interest [35], indicating that 
the public health impact of vaccination would 
be considerable in these populations. Second, 
the analysis excludes VE specific to severe RSV‑
LRTD, despite phase 3 clinical trial results dem‑
onstrating 94.1% VE against severe RSV‑LRTD 
in the first season following vaccination and 
78.8% VE through the full second season fol‑
lowing vaccination [16, 20]. Severe RSV‑LRTD 
cases may be more likely to seek medical care in 
real‑world settings, potentially requiring higher 
levels of care (e.g., ED visits, hospitalizations) 
and/or resulting in death. The model excludes 
any disease attenuation resulting from the adju‑
vanted RSVPreF3 vaccine, although phase 3 clin‑
ical trial results indicate less severe symptoms 
(as measured by the Flu‑PRO maximum Chest/
Respiratory score endpoint) and reduced HCRU 
among breakthrough vaccinated RSV cases ver‑
sus placebo cases [36]. For HCRU, the model 
focused on reduced outpatient visits, ED visits, 
and hospitalizations as a result of RSV vaccina‑
tion and did not evaluate any further impacts 
to healthcare systems (e.g., through reduced use 

of intensive care units). Additionally, the model 
assumed that RSV‑related deaths only occur fol‑
lowing RSV‑LRTD hospitalizations, potentially 
underestimating the total number of RSV‑related 
deaths (i.e., excluding deaths among ED visit, 
outpatient visit, and non‑medically attended 
RSV cases).

While the model’s vaccine efficacy inputs 
were derived from the pivotal AReSVi‑006 phase 
3 clinical study and accommodates efficacy wan‑
ing over 3 years, such efficacy estimates may 
differ from those seen in real‑world use. Fur‑
thermore, although model inputs for RSV epide‑
miology and HCRU were based on US data from 
the published literature, such estimates do vary, 
and there remains a need to better characterize 
RSV disease burden and its impact on healthcare 
resource use. Our input for the percentage of 
RSV‑ARI cases that are RSV‑LRTD was obtained 
from the placebo arm of the AReSVi‑006 clini‑
cal study, and again this may differ from values 
seen in real‑world settings. While we have tried 
to account for these considerations in our sen‑
sitivity analyses, our model can be updated as 
additional data become available.

CONCLUSIONS

Assuming the same vaccination coverage as for 
influenza vaccines, the public health benefit 
of the adjuvanted RSVPreF3 vaccine in older 
adults is expected to be substantial. This vac‑
cine provides the opportunity to avoid nearly 
3 million symptomatic RSV‑ARI cases in US older 
adults over a 3‑year period, which would have 
a considerable impact on associated morbid‑
ity and mortality. To achieve this public health 
impact, efforts will be needed to support RSV 
vaccination, particularly focusing on vaccina‑
tion of older adults at highest risk for severe RSV 
outcomes.
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