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Background. The adjuvanted RSV prefusion F protein–based vaccine (RSVPreF3 OA) was efficacious against RSV-related 
lower respiratory tract disease (RSV-LRTD) in ≥60-years-olds over 1 RSV season. We evaluated efficacy and safety of 1 
RSVPreF3 OA dose and of 2 RSVPreF3 OA doses given 1 year apart against RSV-LRTD over 2 RSV seasons post–dose 1.

Methods. In this phase 3, blinded trial,  ≥60-year-olds were randomized (1:1) to receive RSVPreF3 OA or placebo pre–season 
1. RSVPreF3 OA recipients were re-randomized (1:1) to receive a second RSVPreF3 OA dose (RSV_revaccination group) or placebo 
(RSV_1dose group) pre–season 2; participants who received placebo pre–season 1 received placebo pre–season 2 (placebo group). 
Efficacy of both vaccine regimens against RSV-LRTD was evaluated over 2 seasons combined (confirmatory secondary objective, 
success criterion: lower limits of 2-sided CIs around efficacy estimates >20%).

Results. The efficacy analysis comprised 24 967 participants (RSV_1dose: 6227; RSV_revaccination: 6242; placebo: 12 498). 
Median efficacy follow-up was 17.8 months. Efficacy over 2 seasons of 1 RSVPreF3 OA dose was 67.2% (97.5% CI: 48.2–80.0%) 
against RSV-LRTD and 78.8% (95% CI: 52.6–92.0%) against severe RSV-LRTD. Efficacy over 2 seasons of a first dose followed 
by revaccination was 67.1% (97.5% CI: 48.1–80.0%) against RSV-LRTD and 78.8% (95% CI: 52.5–92.0%) against severe RSV- 
LRTD. Reactogenicity/safety of the revaccination dose were similar to dose 1.

Conclusions. One RSVPreF3 OA dose was efficacious against RSV-LRTD over 2 RSV seasons in ≥60-year-olds. Revaccination 
1 year post–dose 1 was well tolerated but did not seem to provide additional efficacy benefit in the overall study population.
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Respiratory syncytial virus (RSV) is a contagious pathogen that 
causes seasonal epidemics of acute respiratory illness (ARI) [1]. 
RSV infection does not confer robust long-term immunity, and 
reinfections are common throughout life [2, 3]. While infection 

typically causes mild symptoms in adults, older adults and 
those with certain chronic conditions (like cardiorespiratory 
diseases or diabetes) are at increased risk of severe lower respi-
ratory tract disease (LRTD), hospitalization, cardiorespiratory 
complications, and death due to RSV [4–9].

Two vaccines—both based on RSV fusion protein (F) stabilized 
in its prefusion conformation—have recently been authorized to 
prevent RSV-LRTD in individuals aged 60 years and older [10– 
13]. The ongoing AReSVi-006 trial, which studies 1 of these vac-
cines (RSVPreF3 OA; Arexvy; GSK), showed that RSVPreF3 OA 
had an acceptable safety profile and high efficacy against 
RSV-LRTD (82.6%), severe RSV-LRTD (94.1%), and RSV-ARI 
(71.7%) over 1 RSV season [14]. Efficacy was observed in different 
age groups and in participants with co-existing medical conditions 
[14, 15].
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The AReSVi-006 trial also investigates RSVPreF3 OA effica-
cy and safety over multiple RSV seasons. We report the efficacy 
and safety over 2 seasons of 1 RSVPreF3 OA dose and of a first 
dose followed by revaccination 1 year later.

METHODS

Trial Design and Participants

The AReSVi-006 trial is a phase 3, randomized, placebo- 
controlled trial (NCT04886596) that is ongoing in 17 countries. 
Adults aged 60 years or older were enrolled (after providing in-
formed consent) between 25 May 2021 and 31 January 2022. 
Individuals with chronic medical conditions (with/without 
specific treatment) were eligible if the investigator considered 
their conditions medically stable. Detailed eligibility criteria 
were reported previously [14].

Results based on data available until April 2022 (end of the first 
Northern Hemisphere RSV season), including the primary out-
come, have been published [14]. Results disclosed here are based 
on data collected until 31 March 2023, which was considered the 
end of the second Northern Hemisphere RSV season, because 
the numbers of reported RSV-ARIs in several Northern 
Hemisphere countries fell to below the epidemic threshold by 
that point [16–19]. The current analyses also include data for 
Southern Hemisphere participants until the same data lock, cov-
ering 1 or more Southern Hemisphere season.

The protocol is available as an appendix to Papi et al [14]. 
Information on ethical conduct is included in the 
Supplementary Methods.

Interventions

Pre–RSV season 1, participants were randomized 1:1 to receive 
1 intramuscular injection of AS01E-adjuvanted RSVPreF3 OA 
or placebo. Pre–season 2, RSVPreF3 OA recipients were re- 
randomized 1:1 to receive a second RSVPreF3 OA dose 

(RSV_revaccination group) or placebo (RSV_1dose group) 
(Figure 1). To maintain blinding, participants who had received 
placebo pre–season 1 received placebo again pre–season 2 (pla-
cebo group) (Supplementary Methods). Participants, investiga-
tors, and personnel involved in data collection and sample 
testing were blinded.

Objectives

Confirmatory secondary objectives were to demonstrate the ef-
ficacy of 1 RSVPreF3 OA dose and of a first dose followed by a 
revaccination dose 1 year later in preventing RSV-LRTD over 2 
RSV seasons post–dose 1. Other (descriptive) secondary objec-
tives were to evaluate the efficacy of these 2 regimens in prevent-
ing severe RSV-LRTD, RSV-ARI, and RSV-LRTD by RSV 
subtype, season, year, participant age at dose 1, presence of co- 
existing medical conditions, and frailty status, and both regi-
mens’ safety.

Acute Respiratory Illness Surveillance

Acute respiratory illness surveillance was done through sponta-
neous reporting by the participants and scheduled contacts by 
the site staff with the participants [14]. Whenever a participant 
experienced 2 or more ARI symptoms/signs lasting 24 hours or 
longer, an ARI assessment visit was to occur (Supplementary 
Methods) [14].

Acute respiratory illness was defined as 2 or more respiratory 
symptoms/signs or 1 or more respiratory and 1 systemic symp-
tom/sign, lasting 24 hours or longer. Lower respiratory tract 
disease was defined as 2 or more lower respiratory symptoms/ 
signs (including ≥1 lower respiratory sign) or 3 or more lower 
respiratory symptoms, lasting 24 hours or longer 
(Supplementary Methods). The presence of RSV-A/RSV-B 
was confirmed on nasal self-swabs (collected by the partici-
pants) or nasal/throat swabs (collected at the ARI visits) by 
quantitative reverse transcriptase–polymerase chain reaction 

Figure 1. Study design. Participants were randomized before RSV season 1 to receive 1 dose of RSV prefusion F protein–based vaccine (RSVPreF3 OA) or placebo. 
RSVPreF3 OA recipients were re-randomized before RSV season 2 to receive a second RSVPreF3 OA dose (RSV_revaccination group) or placebo (RSV_1dose group). 
Participants who received placebo pre–season 1 received a second placebo dose pre–season 2. Abbreviations: NH, Northern Hemisphere; RSV, respiratory syncytial virus; 
SH, Southern Hemisphere.
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(qRT-PCR). An external adjudication committee reviewed all 
qRT-PCR–confirmed RSV-LRTD cases. Only cases adjudicated 
as RSV-LRTD by this committee were included in the analyses 
[14].

Safety Assessments

Reactogenicity was evaluated in a subset of participants in se-
lected countries/sites (reactogenicity-immunogenicity cohort) 

who recorded solicited adverse events (AEs) starting within 
4 days and unsolicited AEs within 30 days after each vaccine/ 
placebo dose in paper diaries. Participants not part of this co-
hort recorded all AEs starting within 30 days after each dose 
(including reactogenicity events) as unsolicited AEs. Serious 
AEs (SAEs) and potential immune-mediated diseases (pIMDs) 
were reported for 6 months after each dose; those considered 
vaccine/placebo-related by the investigator, fatal SAEs, and AEs 

Figure 2. Flow of participants. Abbreviations: ICF, informed consent form; N, number of participants; n, number of participants eliminated; placebo, group of participants 
randomized to receive placebo pre-season 1 and 2; R, randominzation (1:1); RSV, respiratory syncytial virus; RSV-ARI, RSV-related acute respiratory illness; RSV_1dose, group 
of participants who received a dose of RSV prefusion F protein-based vaccine (RSVPreF3 OA) pre–season 1 and were randomized to receive a placebo dose pre–season 2; 
RSVPreF3 OA, group of participants randomized to receive a dose of RSVPreF3 OA pre–RSV season 1; RSV_revaccination, group of participants who received a first dose of 
RSVPreF3 OA pre–season 1 and were randomized to receive a second RSVPreF3 OA dose (revaccination) pre–season 2.
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leading to withdrawal are reported throughout the trial and pre-
sented here until the end of season 2.

Statistical Analyses

We planned to enroll up to 25 000 participants and include 
approximately1800 participants in the reactogenicity-immuno-
genicity cohort and assumed a 20% drop-out rate between sea-
sons (Supplementary Methods). Efficacy over 2 seasons of 
1 RSVPreF3 OA dose or a first dose followed by revaccination 
1 year later (confirmatory secondary objectives) was analyzed 
in the modified exposed population (participants who received 
dose 1 and had no RSV-ARI before day 15 post–dose 1). Efficacy 
over season 2 was analyzed in the dose 2–modified exposed pop-
ulation (participants who received dose 2 and had no RSV-ARI 
before day 15 post–dose 2).

Confirmatory secondary objectives were met if the lower 
limits of the 2-sided confidence intervals (CIs) around the effi-
cacy estimates were greater than 20%. A Bonferroni adjustment 
for multiplicity was applied to evaluate these objectives in par-
allel; therefore, these analyses were conducted using a 1-sided 
alpha of 1.25% (97.5% CI). No multiplicity adjustments were 
applied for the other secondary objectives.

Efficacy against a first occurrence of RSV-LRTD, severe 
RSV-LRTD, and RSV-ARI over 2 seasons was calculated as 
1 minus the relative risk comparing participants receiving 
1 RSVPreF3 OA dose or participants receiving the revaccination 
regimen with participants in the placebo group, using the con-
ditional exact binomial method, based on a Poisson model in-
cluding season, age, and region as covariates. Season was 
included as a covariate to account for potential differences 

Table 1. Baseline Characteristics of the Participants (Exposed Population)

Characteristics RSVPreF3 OA (N = 12 470) RSV_revaccination (N = 6242) RSV_1dose (N = 6228) Placebo (N = 12 503)

Mean (SD) age, y 69.5 (6.5) 69.6 (6.5) 69.5 (6.4) 69.6 (6.4)

Age group, n (%)

≥70 y 5507 (44.2) 2759 (44.2) 2748 (44.1) 5521 (44.2)

≥80 y 1018 (8.2) 514 (8.2) 504 (8.1) 1028 (8.2)

60–69 y 6963 (55.8) 3483 (55.8) 3480 (55.9) 6982 (55.8)

70–79 y 4489 (36.0) 2245 (36.0) 2244 (36.0) 4493 (35.9)

Sex, n (%)

Female 6489 (52.0) 3206 (51.4) 3283 (52.7) 6429 (51.4)

Male 5981 (48.0) 3036 (48.6) 2945 (47.3) 6074 (48.6)

Race, n (%)

Black 1064 (8.5) 524 (8.4) 540 (8.7) 1101 (8.8)

Asian 953 (7.6) 484 (7.8) 469 (7.5) 956 (7.6)

White 9890 (79.3) 4951 (79.3) 4939 (79.3) 9936 (79.5)

Other 563 (4.5) 283 (4.5) 280 (4.5) 510 (4.1)

Hemisphere,a n (%)

Northern 11 499 (92.2) 5757 (92.2) 5742 (92.2) 11 526 (92.2)

Southern 971 (7.8) 485 (7.8) 486 (7.8) 977 (7.8)

Type of residence, n (%)

Community 12 310 (98.7) 6165 (98.8) 6145 (98.7) 12 356 (98.8)

Long-term care facility 160 (1.3) 77 (1.2) 83 (1.3) 147 (1.2)

Mean BMI (SD), kg/m2 29.1 (6.1) 29.1 (6.1) 29.2 (6.1) 29.1 (6.0)

Frailty status,b n (%)

Frail 189 (1.5) 86 (1.4) 103 (1.7) 177 (1.4)

Pre-frail 4795 (38.5) 2437 (39.0) 2358 (37.9) 4782 (38.2)

Fit 7465 (59.9) 3707 (59.4) 3758 (60.3) 7524 (60.2)

Unknown 21 (0.2) 12 (0.2) 9 (0.1) 20 (0.2)

Co-existing conditions of interest,c n (%)

≥1 condition of interest 4983 (40.0) 2502 (40.1) 2481 (39.8) 4922 (39.4)

Cardiorespiratory condition of interest 2546 (20.4) 1285 (20.6) 1261 (20.2) 2480 (19.8)

Endocrine or metabolic condition of interest 3229 (25.9) 1618 (25.9) 1611 (25.9) 3257 (26.0)

Abbreviations: BMI, body mass index; n (%), number (percentage) of participants in the indicated category; N, number of participants in the exposed population (ie, who received at least dose 1 
of RSVPreF3 OA or placebo); placebo, group of participants who received placebo pre–season 1; RSV, respiratory syncytial virus; RSV_1dose, group of participants (subset of RSVPreF3 OA 
group) who received a dose of RSV prefusion F protein–based vaccine (RSVPreF3 OA) pre–season 1 and were randomized to receive a placebo dose pre–season 2; RSVPreF3 OA, group of 
participants who received a dose of RSVPreF3 OA pre–RSV season 1; RSV_revaccination, group of participants (subset of RSVPreF3 OA group) who received a first dose of RSVPreF3 OA pre– 
season 1 and were randomized to receive a second RSVPreF3 OA dose (revaccination) pre–season 2; SD, standard deviation.  
aNorthern Hemisphere countries included in the trial are Belgium, Canada, Estonia, Finland, Germany, Italy, Japan, Mexico, Poland, Republic of Korea, Russian Federation, Spain, United 
Kingdom, and United States. Southern Hemisphere countries are Australia, New Zealand, and South Africa.  
bFrailty status was assessed using a gait speed test: frail, participants with a walking speed <0.4 m/s or not able to perform the test; pre-frail, participants with a walking speed of 0.4–0.99 m/s; 
fit, participants with a walking speed ≥1 m/s.  
cConditions of interest included any chronic respiratory/pulmonary disease (including chronic obstructive pulmonary disease and asthma) and chronic heart failure (cardiorespiratory), and 
diabetes mellitus type 1 or type 2 and advanced liver or renal disease (endocrine or metabolic).

RSVPreF3 OA Vaccine Over 2 Seasons • CID 2024:78 (15 June) • 1735

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae010#supplementary-data


between RSV seasons. As studies with other RSV vaccines may 
not account for these differences, we conducted a post hoc anal-
ysis without including season as a covariate.

Periods-at-risk started on day 15 post–dose 1 (or day 15 post– 
dose 2 for the season 2–only analysis) and ended at the first event, 
data lock, or drop-out (Supplementary Methods). We also evalu-
ated how efficacy evolved over time by descriptively comparing ef-
ficacy over different follow-up times (1 season, 1 year, mid–season 
2 [post hoc], 2 seasons) (Supplementary Methods).

Dose 2 reactogenicity was analyzed in the dose 2–solicited 
safety population (participants in the reactogenicity- 
immunogenicity cohort with solicited safety data available 
post–dose 2). Safety was analyzed in the exposed population 

(participants who received dose 1) or the dose 2–exposed pop-
ulation (participants who received dose 2) (Supplementary 
Methods).

RESULTS

Trial Population

The exposed population included 24 973 participants, of whom 
12 470 received RSVPreF3 OA and 12 503 received placebo 
pre–season 1. Of these, 19 990 were included in the dose 2–ex-
posed population: 4966 in the RSV_revaccination group, 4991 
in the RSV_1dose group, and 10 033 in the placebo group 
(Figure 2). In total, 4725 (18.9%) participants withdrew before 

Table 2. Vaccine Efficacy of a Single Dose of RSVPreF3 OA Against a First Occurrence of RSV-LRTD and RSV-ARI Over 2 RSV Seasons (Modified Exposed 
Population)

RSVPreF3 OA (1 Dose) Placebo Vaccine Efficacy, % (CIa)

Endpoint N n
T, 

person-years
n/T, n/1000 

person-years N n
T, 

person-years
n/T, n/1000 

person-years
With Season  
as a Covariate

Without Season  
as a Covariate

RSV-LRTD

Overall 12 469 30 14 662.6 2.0 12 498 139 17 269.0 8.0 67.2 (48.2, 80.0) 74.5 (60.0, 84.5)

Severeb 12 469 7 14 672.6 0.5 12 498 48 17 320.6 2.8 78.8 (52.6, 92.0) 82.7 (61.6, 93.4)

By subtypec

RSV-A 12 469 6 14 673.7 0.4 12 498 48 17 323.5 2.8 80.5 (54.0, 93.2) 85.2 (65.4, 94.8)

RSV-B 12 469 24 14 665.5 1.6 12 498 90 17 297.6 5.2 59.7 (35.8, 75.5) 68.5 (50.2, 80.8)

By age

≥70 y 5506 13 6419.5 2.0 5517 65 7614.9 8.5 69.3 (43.4, 84.6) 76.4 (56.7, 88.1)

≥80 y 1017 4 1151.2 3.5 1028 10 1384.4 7.2 38.4 (−118.2, 86.1) 52.6 (−64.2, 89.2)

60–69 y 6963 17 8243.0 2.1 6981 74 9654.1 7.7 65.4 (40.4, 80.9) 72.9 (53.7, 85.0)

70–79 y 4489 9 5268.3 1.7 4489 55 6230.4 8.8 74.9 (48.4, 89.2) 80.7 (60.6, 91.6)

By co-existing 
condition of interestd

No condition 7486 14 8779.7 1.6 7579 67 10 478.1 6.4 68.3 (42.7, 83.6) 75.0 (55.1, 87.0)

≥1 condition 4983 16 5882.9 2.7 4919 72 6790.9 10.6 66.7 (41.8, 82.0) 74.5 (55.7, 86.1)

≥1 
cardiorespiratory 
condition

2546 10 2997.5 3.3 2479 56 3411.6 16.4 73.8 (47.9, 88.2) 80.1 (60.6, 91.0)

≥1 endocrine or 
metabolic condition

3229 8 3822.6 2.1 3255 32 4509.4 7.1 63.1 (17.4, 85.4) 70.6 (34.8, 88.3)

By frailtye

Frail 189 2 213.5 9.4 177 1 230.7 4.3 −147.9 (−15 796.3, 88.2) −116.3 (−12 773.1, 88.9)

Pre-frail 4794 8 5537.3 1.4 4779 47 6478.5 7.3 73.3 (42.4, 89.2) 80.0 (57.3, 91.8)

Fit 7465 20 8891.0 2.2 7522 89 10 533.7 8.4 66.2 (44.3, 80.4) 73.4 (56.5, 84.5)

RSV-ARI

Overall 12 469 94 14 626.4 6.4 12 498 292 17 167.0 17.0 52.7 (40.0, 63.0) 62.1 (52.1, 70.3)

Analysis includes RSV season 1 data from participants who received dose 1 (vaccine or placebo) and season 2 data from participants who received dose 1 (vaccine or placebo) and dose 
2 (placebo). Season 1 data were collected from day 15 post–dose 1 until dose 2 administration or until 30 September 2022 (end of Southern Hemisphere season 1) for participants who 
did not receive dose 2. Season 2 data were collected from dose 2 until 31 March 2023 (end of Northern Hemisphere season 2). Participants who received vaccine as dose 1 and placebo 
as dose 2 (RSV_1dose group) contributed to both seasons. Participants who received 2 vaccine doses (RSV_revaccination group) contributed to season 1 but were censored before dose 
2 administration. Vaccine efficacy was estimated using a Poisson model adjusted for age, region, and season (“with season as covariate”) or for age and region (“without season as 
covariate”; post hoc analyses), except for the analysis by age, which used region and season or region only as covariates.  

Abbreviations: CI, confidence interval; n, number of participants with ≥1 RSV-LRTD or RSV-ARI; N, number of participants in the modified exposed population; n/T, incidence rate of participants 
reporting at least 1 event; RSV, respiratory syncytial virus; RSV-ARI, RSV-related acute respiratory illness; RSV-LRTD, RSV-related lower respiratory tract disease confirmed by the adjudication 
committee; RSVPreF3 OA, RSV prefusion F protein–based vaccine; T, sum of follow-up time (from day 15 post–dose 1 until first occurrence of the event, data lock point, or drop-out).  
a97.5% CI for confirmatory secondary endpoint (RSV-LRTD, overall); 95% CI for other endpoints.  
bSevere disease according to either of the 2 case definitions (definition 1 based on clinical signs/investigator assessment or definition 2 based on supportive therapy, see Supplementary 
Methods). All severe cases met case definition 1; 1 case in the vaccine group and 5 in placebo were confirmed by the adjudication committee as also meeting case definition 2.  
cRSV subtype was unknown for 1 RSV-LRTD case (placebo group).  
dConditions of interest are as explained in Table 1, footnote c.  
eFrailty status was assessed using a gait speed test as explained in Table 1, footnote b.
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the end of season 2, with similar proportions withdrawn in each 
group (RSV_revaccination: 19.5%; RSV_1dose: 18.6%; placebo: 
18.8%). Baseline characteristics were balanced between groups 
(Table 1, Supplementary Table 1).

Efficacy

The modified exposed population included 24 967 participants 
(RSV_revaccination: 6242; RSV_1dose: 6227; placebo: 12 498). 
The median efficacy follow-up from day 15 post–dose 1 until 
the end of RSV season 2 was 17.8 months. During this follow-up, 
50 adjudicated RSV-LRTD cases were accrued among 

participants who received RSVPreF3 OA (10 in the RSVPreF3 
OA group during season 1 and 20 cases each in 
RSV_revaccination and RSV_1dose during season 2), and 139 
were accrued in the placebo group (47 in season 1, 92 in season 
2). In both seasons, RSV-B was the dominant subtype: 40 of 57 
(70.2%) RSV-LRTD cases in season 1 and 83 of 132 (62.9%) in sea-
son 2 were RSV-B positive.

Efficacy of 1 Dose Over 2 RSV Seasons
The efficacy of 1 RSVPreF3 OA dose given pre–season 1 in pre-
venting RSV-LRTD over 2 full seasons was 67.2% (97.5% CI: 

Figure 3. Cumulative incidence of RSV-LRTD over 2 RSV seasons. Analysis includes cases reported from day 15 post–dose 1 until 31 March 2023 for participants who 
received dose 2 or until 30 September 2022 for those who did not receive dose 2. A, For the analysis of a single vaccine dose, participants who received 2 vaccine doses 
(RSV_revaccination group) contributed to RSV season 1 but were censored before dose 2 administration. B, For the analysis of the revaccination regimen, participants who 
received vaccine as dose 1 and placebo as dose 2 (RSV_1dose group) contributed to season 1 but were censored before dose 2 administration. Abbreviations: RSV, respiratory 
syncytial virus; RSV-LRTD, RSV-related lower respiratory tract disease confirmed by the adjudication committee; RSVPreF3 OA, RSV prefusion F protein–based vaccine.
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48.2–80.0%; confirmatory objective met) (Table 2). A sensitiv-
ity analysis showed similar efficacy against RSV-LRTD without 
viral coinfections (67.0%; 97.5% CI: 42.9–82.0%). Cumulative 
incidence curves confirmed sustained efficacy over 2 full sea-
sons (Figure 3A). When calculating efficacy without accounting 
for potential interseason differences (model without season as a 
covariate), the efficacy over 2 seasons was 74.5% (Table 2).

The efficacy over 2 seasons was 78.8% against severe 
RSV-LRTD and 52.7% against RSV-ARI. Efficacy was observed 
against medically attended RSV-LRTD and RSV-ARI 
(Supplementary Table 2) but could not be evaluated against 
RSV-related hospitalizations, because only 1 participant in 
the RSV_1dose group and 5 in the placebo group were hospi-
talized for RSV-related respiratory disease.

Sustained efficacy over 2 seasons was observed against 
RSV-LRTD caused by RSV-A (80.5%) and RSV-B (59.7%), 
among participants 60–69 years old (65.4%) and 70–79 years 
old (74.9%), those with 1 or more co-existing condition of in-
terest (66.7%), and pre-frail participants (73.3%) (Table 2). 
Too few RSV-LRTD cases were reported among participants 
aged 80 years and older and frail participants to conclude on 
efficacy in these subgroups.

Although efficacy against RSV-LRTD remained high during 
2 seasons, estimates tended to decline with increasing follow- 
up postvaccination: 82.6% over 1 season (median follow-up, 
6.7 months) [14], 78.9% over 1 year, 77.3% until mid–season 
2 (median follow-up, 13.9 months), and 67.2% over 2 full sea-
sons (median follow-up, 17.8 months). Similar trends were ob-
served for severe RSV-LRTD and RSV-ARI (Table 3).

When considering season 2 only, the efficacy of 1 RSVPreF3 
OA dose given pre–season 1 was 56.1% (95% CI: 28.2–74.4%) 
against RSV-LRTD, 64.2% (95% CI: 6.2–89.2%) against severe 
RSV-LRTD, and 40.6% (95% CI: 19.0–57.0%) against RSV-ARI 

over a median follow-up of 6.3 months during season 2 
(Supplementary Table 3).

Efficacy of a First Dose Followed by Revaccination 1 Year Later
The efficacy of a first RSVPreF3 OA dose given pre–season 1 
and revaccination given pre–season 2 in preventing a first oc-
currence of RSV-LRTD over 2 seasons post–dose 1 was 
67.1% (97.5% CI: 48.1–80.0%; confirmatory objective met) 
(Table 4). Cumulative incidence curves confirmed the efficacy 
of the revaccination regimen over 2 seasons (Figure 3B).

The efficacy of the revaccination regimen over 2 seasons was 
78.8% against severe RSV-LRTD and 60.3% against RSV-ARI. 
None of the participants who received RSVPreF3 OA revacci-
nation were hospitalized due to RSV-related respiratory 
disease.

The revaccination regimen was efficacious over 2 seasons 
against RSV-LRTD caused by RSV-A (55.9%) and RSV-B 
(72.1%) among participants aged 60–69 years old (71.6%) 
and 70–79 years old (66.2%), those with 1 or more co-existing 
condition of interest (75.1%), and pre-frail participants (77.3%) 
(Table 4). We could not conclude on efficacy in participants 
aged 80 years and older and frail participants due to too few 
cases.

The efficacy of the revaccination regimen over season 2 only 
was 55.9% (95% CI: 27.9–74.3%) against RSV-LRTD, 64.1% 
(95% CI: 5.9–89.2%) against severe RSV-LRTD, and 55.8% 
(95% CI: 37.5–69.5%) against RSV-ARI (median follow-up, 
6.3 months during season 2) (Supplementary Table 3).

Safety

In the dose 2–solicited safety population, 63.6% of participants 
in the RSV_revaccination group reported solicited AEs within 
4 days after the second RSVPreF3 OA dose, versus 26.4% and 

Table 3. Vaccine Efficacy of a Single Dose of RSVPreF3 OA Against a First Occurrence of RSV-LRTD and RSV-ARI After Different Follow-up Times 
Postvaccination (Modified Exposed Population)

Follow-up Postvaccination

RSV-LRTD, % (CIa) Severe RSV-LRTD,b % (CIa) RSV-ARI, % (CIa)

With Season as  
a Covariate

Without Season  
as a Covariate

With Season  
as a Covariate

Without Season  
as a Covariate

With Season  
as a Covariate

Without Season  
as a Covariate

Season 1 (6.7 mo) NA 82.6 (57.9, 94.1) NA 94.1 (62.4, 99.9) NA 71.7 (56.2, 82.3)

1 y (12 mo) NA 78.9 (57.6, 90.5) NA ND NA ND

Season 1 + mid-season 2 (13.9 mo) 77.3 (60.2, 87.9) 80.9 (66.7, 89.8) 84.6 (56.4, 96.1) 86.8 (63.0, 96.6) 56.5 (41.6, 68.0) 62.8 (50.3, 72.6)

Season 1 + 2 (17.8 mo) 67.2 (48.2, 80.0) 74.5 (60.0, 84.5) 78.8 (52.6, 92.0) 82.7 (61.6, 93.4) 52.7 (40.0, 63.0) 62.1 (52.1, 70.3)

“Season 1” follow-up included cases collected from day 15 post–dose 1 until 11 April 2022 (end of Northern Hemisphere season 1). The “1 year” follow-up included cases collected from day 15 
post–dose 1 until dose 2 administration or until 30 September 2022 (end of Southern Hemisphere season 1) if no dose 2 was administered. “Season 1 + mid-season 2” follow-up included cases 
collected from day 15 post–dose 1 until dose 2 administration or until 30 September 2022 (end of Southern Hemisphere season 1) if no dose 2 was administered and cases collected from dose 2 
until 30 November 2022 (mid–Northern Hemisphere season 2). “Season 1 + 2” follow-up included cases collected from day 15 post–dose 1 until dose 2 administration or until 30 September 
2022 (end of Southern Hemisphere season 1) if no dose 2 was administered and cases collected from dose 2 until 31 March 2023 (end of Northern Hemisphere season 2). Vaccine efficacy was 
estimated using a Poisson model adjusted for age, region, and season (“with season as a covariate”) or for age and region (“without season as a covariate”; post hoc analyses).  

Abbreviations: CI, confidence interval; NA, not applicable; ND, not determined; RSV, respiratory syncytial virus; RSV-ARI, RSV-related acute respiratory illness; RSV-LRTD, RSV-related lower 
respiratory tract disease confirmed by the adjudication committee; RSVPreF3 OA, RSV prefusion F protein–based vaccine.  
a96.95% CI for primary endpoint (RSV-LRTD, season 1); 97.5% CI for confirmatory secondary endpoint (RSV-LRTD, season 1 + 2); 95% CI for other endpoints.  
bSevere disease according to either of the 2 case definitions (definition 1 based on clinical signs/investigator assessment or definition 2 based on supportive therapy, see Supplementary 
Methods).
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22.0% after the placebo doses in the RSV_1dose and placebo 
groups, respectively (Table 5). Pain and fatigue were the most 
frequently reported solicited administration-site and systemic 
AEs (Figure 4). Most events were mild or moderate and re-
solved within 2–3 days. Solicited AE rates after RSVPreF3 
OA dose 2 were similar to those post–dose 1 (Figure 4).

In the dose 2–exposed population, 28.5% (RSV_ 
revaccination), 15.8% (RSV_1dose), and 14.9% (placebo) of 
participants reported unsolicited AEs within 30 days post– 
dose 2 (Table 5). The higher AE rate in the RSV_ 
revaccination group is primarily due to reactogenicity events, 
reported as unsolicited AEs by participants who were not in-
cluded in the dose 2–solicited safety population.

Both SAEs and pIMDs were reported at similar rates in the 
3 groups (Table 5). The most common system organ classes 
were cardiac disorders and infections for SAEs (Supplementary 
Table 4) and musculoskeletal/connective tissue disorders and 
skin/subcutaneous tissue disorders for pIMDs (Supplementary 
Table 5). No cases of acute disseminated encephalomyelitis, 
Guillain-Barré syndrome, or other demyelinating disorders 
were reported.

A numerical imbalance was noted in atrial fibrillation within 
30 days post–dose 1 (higher rates in vaccine than placebo recip-
ients) but not within 30 days post–dose 2. Within 6 months 
postvaccination, a numerical imbalance in atrial fibrillation re-
ported as an SAE was seen post–dose 2 but not post–dose 1 

Table 4. Vaccine Efficacy of a First RSVPreF3 OA Dose Followed by Revaccination 1 Year Later Against a First Occurrence of RSV-LRTD and RSV-ARI Over 
2 RSV Seasons Post–Dose 1 (Modified Exposed Population)

RSVPreF3 OA (revaccination) Placebo

Vaccine Efficacy With Season 
as a Covariate, % (CIa)Endpoint N n

T, 
person-years

n/T, n/1000 
person-years N n

T, 
person-years

n/T, n/1000 
person-years

RSV-LRTD

Overall 12 469 30 14 660.5 2.0 12 498 139 17 269.0 8.0 67.1 (48.1, 80.0)

Severeb 12 469 7 14 672.9 0.5 12 498 48 17 320.6 2.8 78.8 (52.5, 92.0)

By subtypec

RSV-A 12 469 13 14 670.0 0.9 12 498 48 17 323.5 2.8 55.9 (16.8, 78.2)

RSV-B 12 469 17 14 666.1 1.2 12 498 90 17 297.6 5.2 72.1 (52.5, 84.5)

By age

≥70 y 5506 16 6434.8 2.5 5517 65 7614.9 8.5 61.9 (33.0, 79.6)

≥80 y 1017 4 1153.9 3.5 1028 10 1384.4 7.2 38.6 (−117.2, 86.2)

60–69 y 6963 14 8225.6 1.7 6981 74 9654.1 7.7 71.6 (48.9, 85.2)

70–79 y 4489 12 5280.9 2.3 4489 55 6230.4 8.8 66.2 (35.7, 83.6)

By co-existing 
condition of interestd

No condition 7486 18 8788.0 2.0 7579 67 10 478.1 6.4 58.5 (28.8, 76.9)

≥1 condition 4983 12 5872.5 2.0 4919 72 6790.9 10.6 75.1 (53.6, 87.8)

≥1 
cardiorespiratory 
condition

2546 7 2987.5 2.3 2479 56 3411.6 16.4 81.3 (58.6, 92.9)

≥1 endocrine or 
metabolic condition

3229 7 3814.7 1.8 3255 32 4509.4 7.1 67.5 (24.2, 88.0)

By frailtye

Frail 189 1 209.4 4.8 177 1 230.7 4.3 13.6 (−6751.4, 98.9)

Pre-frail 4794 7 5561.0 1.3 4779 47 6478.5 7.3 77.3 (49.1, 91.4)

Fit 7465 22 8867.6 2.5 7522 89 10 533.7 8.4 62.2 (38.8, 77.5)

RSV-ARI

Overall 12 469 80 14 630.1 5.5 12 498 292 17 167.0 17.0 60.3 (48.8, 69.5)

Analysis includes RSV season 1 data from participants who received dose 1 (vaccine or placebo) and season 2 data from participants who received dose 1 and dose 2 (2 vaccine doses or 2 placebo 
doses). Season 1 data were collected from day 15 post–dose 1 until dose 2 administration or until 30 September 2022 (end of Southern Hemisphere season 1) for participants who did not receive 
dose 2. Season 2 data were collected from dose 2 until 31 March 2023 (end of Northern Hemisphere season 2). Participants who received vaccine as dose 1 and placebo as dose 2 (RSV_1dose group) 
contributed to season 1 but were censored before dose 2 administration. Participants who received 2 vaccine doses (RSV_revaccination group) contributed to both seasons. Vaccine efficacy was 
estimated using a Poisson model adjusted for age, region, and season, except for the analysis by age, which used region and season as covariates.  

Abbreviations: CI, confidence interval; n, number of participants with ≥1 RSV-LRTD or RSV-ARI; N, number of participants in the modified exposed population; n/T, incidence rate of participants 
reporting at least 1 event; RSV, respiratory syncytial virus; RSV-ARI, RSV-related acute respiratory illness; RSV-LRTD, RSV-related lower respiratory tract disease confirmed by the adjudication 
committee; RSVPreF3 OA, RSV prefusion F protein–based vaccine; T, sum of follow-up time (from day 15 post–dose 1 until first occurrence of the event, data lock point, or drop-out).  
a97.5% CI for confirmatory secondary endpoint (RSV-LRTD, overall); 95% CI for other endpoints.  
bSevere disease according to either of the 2 case definitions (definition 1 based on clinical signs/investigator assessment or definition 2 based on supportive therapy; see Supplementary Methods). All 
severe cases met case definition 1; no cases in the vaccine group and 5 in placebo were confirmed by the adjudication committee as also meeting case definition 2.  
cRSV subtype was unknown for 1 RSV-LRTD case (placebo group).  
dConditions of interest are as explained in Table 1, footnote c.  
eFrailty status was assessed using a gait speed test as explained in Table 1, footnote b.
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(Supplementary Results). In-depth review of atrial fibrillation 
cases did not support a vaccine-related effect; the data more 
plausibly reflect a typical picture of paroxysms of atrial fibrilla-
tion in a small number of high-risk individuals, at a rate no 
higher than expected in this population.

From dose 2 until the end of season 2, 20 (0.4%) participants 
in the RSV_ revaccination group, 26 (0.5%) in the RSV_1dose 
group, and 41 (0.4%) in the placebo group died, with general 
disorders and cardiac disorders as most common system organ 
classes (Supplementary Table 6).

During the entire follow-up period from dose 1 until the end 
of season 2, 297 participants died: 77 (1.2%) in the 
RSV_revaccination group, 71 (1.1%) in the RSV_1dose group, 
and 149 (1.2%) in the placebo group. Four fatal SAEs (group al-
location still blinded) were considered by the investigator as 
possibly vaccine/placebo-related; 3 of these (pulmonary embo-
lism 148 days post–dose 1, cardiopulmonary failure 31 days 
post–dose 1, and unknown cause 326 days post–dose 1) 

occurred between doses 1 and 2 (see [14]); 1 occurred post– 
dose 2 (myocardial ischemia 37 days post–dose 2). Because pre- 
existing and concurrent medical conditions were present in 
these participants, the sponsor considered alternative explana-
tions for these deaths plausible.

DISCUSSION

This trial demonstrated that 1 RSVPreF3 OA dose was effica-
cious in preventing RSV-related disease in participants 
aged60 years and older over 2 full RSV seasons, with efficacy 
estimates of 67.2% against RSV-LRTD, 78.8% against severe 
RSV-LRTD, and 52.7% against RSV-ARI. These estimates 
were similar to those in participants who received RSVPreF3 
OA revaccination pre–season 2 (67.1% against RSV-LRTD, 
78.8% against severe RSV-LRTD, and 60.3% against 
RSV-ARI over 2 seasons post–dose 1). Hence, RSVPreF3 OA 
revaccination given 1 year post–dose 1 did not seem to provide 

Table 5. Solicited and Unsolicited Adverse Events After a Second RSVPreF3 OA Dose or Placebo

Adverse Event

RSV_revaccination RSV_1dose Placebo

n % (95% CI) n % (95% CI) n % (95% CI)

Dose 2–solicited safety population N = 327 N = 345 N = 667

Solicited AEs (within 4 d post–dose 2)

Any solicited AE 208 63.6 (58.1, 68.8) 91 26.4 (21.8, 31.4) 147 22.0 (18.9, 25.4)

Grade 3 15 4.6 (2.6, 7.5) 3 0.9 (.2, 2.5) 10 1.5 (.7, 2.7)

Solicited administration-site AE 177 54.1 (48.6, 59.6) 33 9.6 (6.7, 13.2) 51 7.6 (5.7, 9.9)

Grade 3 *10* … *10* … *10* …

Solicited systemic AE 146 44.6 (39.2, 50.2) 74 21.4 (17.2, 26.2) 121 18.1 (15.3, 21.3)

Grade 3 6 1.8 (.7, 4.0) 3 0.9 (.2, 2.5) 10 1.5 (.7, 2.7)

Unsolicited AEs (within 30 d post-dose 2)

Any unsolicited AE 51 15.6 (11.8, 20.0) 36 10.4 (7.4, 14.2) 71 10.6 (8.4, 13.2)

Grade 3 9 2.8 (1.3, 5.2) 7 2.0 (.8, 4.1) 9 1.3 (.6, 2.5)

Dose 2–exposed population N = 4966 N = 4991 N = 10 033

Unsolicited AEs (within 30 d post–dose 2)a

Any unsolicited AE 1416 28.5 (27.3, 29.8) 791 15.8 (14.8, 16.9) 1495 14.9 (14.2, 15.6)

Grade 3 107 2.2 (1.8, 2.6) 54 1.1 (.8, 1.4) 120 1.2 (1.0, 1.4)

Any related unsolicited AE 947 19.1 (18.0, 20.2) 215 4.3 (3.8, 4.9) 326 3.2 (2.9, 3.6)

Grade 3 56 1.1 (.9, 1.5) 7 0.1 (.1, .3) 12 0.1 (.1, .2)

Any medically attended unsolicited AE 337 6.8 (6.1, 7.5) 306 6.1 (5.5, 6.8) 630 6.3 (5.8, 6.8)

Serious AEs and potential immune-mediated diseases (within 6 mo post–dose 2)

Any serious AE 210 4.2 (3.7, 4.8) 219 4.4 (3.8, 5.0) 461 4.6 (4.2, 5.0)

Any potential immune-mediated disease 14 0.3 (.2, .5) 19 0.4 (.2, .6) 35 0.3 (.2, .5)

Serious AEs and potential immune-mediated diseases (from dose 2 up to data lock point)

Any related serious AEb 4 0.1 (.0, .2) 2 0.0 (.0, .1) 4 0.0 (.0, .1)

Any related potential immune-mediated diseaseb 1 0.0 (.0, .1) 1 0.0 (.0, .1) 2 0.0 (.0, .1)

Any fatal serious AE 20 0.4 (.2, .6) 26 0.5 (.3, .8) 41 0.4 (.3, .6)

“Grade 3” was defined as diameter >100 mm for erythema and swelling, temperature >39.0°C for fever, preventing normal everyday activities for all other events; “related” indicates 
considered related to vaccine/placebo administration by investigator assessment.  

Abbreviations: AE, adverse event; CI, confidence interval; n/%, number/percentage of participants reporting the event at least once (numbers between asterisks, eg, *10, * indicate that data 
by group are blinded to avoid participant-level unblinding of the study team; the number between the asterisks shows the total number across the 3 groups); N, number of participants in the 
indicated analysis population; placebo, group of participants who received placebo pre–season 1 and pre–season 2; RSV, respiratory syncytial virus; RSV_1dose, group of participants who 
received a single RSV prefusion F protein–based vaccine (RSVPreF3 OA) dose pre–season 1 and a placebo dose pre–season 2; RSV_revaccination, group of participants who received a 
first dose of RSVPreF3 OA pre–season 1 and a second RSVPreF3 OA dose (revaccination) pre–season 2.  
aMost unsolicited adverse events in the RSV_revaccination group were reactogenicity events, primarily in participants who were not included in the reactogenicity-immunogenicity cohort and 
thus reported reactogenicity events as unsolicited AEs.  
bRelated serious AEs and potential immune-mediated disease are detailed in the Supplementary Results.
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additional efficacy benefit in the overall study population. 
Findings are summarized in plain language in Figure 5. 
Sustained efficacy of 1 RSVPreF3 OA dose over 2 seasons 
was observed with advanced age, among pre-frail participants, 
and those with underlying conditions of interest.

Our prespecified efficacy analysis over 2 RSV seasons was 
based on a model including season as a covariate to account 
for differences between seasons in RSV-LRTD incidence rates, 
efficacy, follow-up time, or group sizes. Studies with other RSV 
vaccines may not account for interseason differences. 
Therefore, we performed a post hoc analysis using the model 
without season as a covariate. In this post hoc analysis, efficacy 
is driven by the season with the largest person-years of follow- 

up (ie, season 1). Hence, efficacy estimates tended to be higher 
than in our prespecified analysis.

Although no immunological correlate of protection against 
RSV disease has been established, the perceived lack of addi-
tional efficacy benefit of revaccination given 1 year post–dose 
1 is in line with results from immunogenicity studies showing 
that a second dose of RSVPreF3 OA or other RSV prefusion F– 
based vaccines given 1 year post–dose 1 induced a humoral im-
mune response, but post–dose 2 RSV neutralizing titers or im-
munoglobulin G concentrations did not reach post–dose 1 
levels [20–24]. Similarly, RSVPreF3 OA revaccination given 
18 months after 2 initial RSVPreF3 OA doses boosted RSV neu-
tralizing titers, but post-revaccination titers were lower than 

Figure 4. Solicited AEs after a first or second dose of RSVPreF3 OA or placebo. AE rates after dose 1 (RSV season 1) were analyzed in the solicited safety population; AE 
rates after dose 2 (RSV season 2) were analyzed in the dose 2–solicited safety population. Fever was defined as a temperature ≥38.0°C by any route. Abbreviations: AE, 
adverse event; CI, confidence interval (depicted as error bars); N, maximum number of participants with solicited safety data available; placebo group, group of participants 
who received placebo pre–season 1 and pre–season 2; RSV, respiratory syncytial virus; RSV_1dose group, group of participants who received a single RSV prefusion F 
protein–based vaccine (RSVPreF3) OA dose pre–season 1 and a placebo dose pre–season 2; RSVPreF3 OA group, group of participants who received a dose of RSVPre-
F3 OA pre–season 1; RSV_revaccination group, group of participants who received a first RSVPreF3 OA dose pre–season 1 and a second RSVPreF3 OA dose (revaccination) 
pre–season 2.
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post–dose 2 titers [25]. The limited booster effect of revaccina-
tion given 12–18 months after initial vaccination might relate 
to the high levels of RSV-specific antibodies persisting up to 
that point [20–25], which may also explain the sustained 

efficacy over 2 seasons. Further research is needed to evaluate 
whether efficacy is maintained over more than 2 seasons and 
if extending the interval between initial vaccination and revac-
cination may enhance boosting. Longer intervals between vac-
cine doses have been associated with stronger immune 
responses and improved protective efficacy for other vaccines 
[26–28].

Epidemiological differences between the 2 RSV seasons in 
our trial may have contributed to the lower efficacy over 2 sea-
sons than over the first season [14]. Overall, in our study, 
RSV-B was the dominant subtype in both seasons, although 
both subtypes were shown to co-circulate in various propor-
tions worldwide depending on the region during these seasons 
[29–34]. During season 2, there were more RSV circulation and 
RSV disease in the community than during season 1 [16, 18], 
presumably because public health measures to reduce severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
spread had been lifted in many countries. Other respiratory vi-
ruses also circulated more during season 2 than season 1 in 
some regions [17, 35]. Despite this higher circulation and a 
larger proportion of viral coinfections during season 2 in our 
trial (Supplementary Results), a sensitivity analysis showed 
that efficacy was not impacted by the presence of viral 
coinfections.

The high efficacy of RSVPreF3 OA observed over 1 year 
(78.9% against RSV-LRTD) suggests that RSVPreF3 OA may 
be administered several months before the start of the RSV sea-
son without losing substantial clinical benefit throughout the 
season. This, together with results of studies showing acceptable 
reactogenicity/safety and no clinically relevant immunological 
interference of co-administration with influenza vaccines [36, 
37], supports flexible administration of RSVPreF3 OA, either 
concomitantly with other vaccines (eg, influenza) at the start 
of the season or separately ahead of the season.

The reactogenicity/safety profile of the RSVPreF3 OA revac-
cination dose was comparable to that of the first dose [14], with 
mostly mild-to-moderate and transient adverse reactions. 
Safety follow-up for approximately 18 months post–dose 1 con-
firmed the vaccine’s acceptable safety profile.

As described previously [14], a limitation of our trial was the 
relatively low number of frail participants and participants aged 
80 years and older and the low number of RSV-LRTD cases in 
these subgroups at high risk of severe RSV disease. Conclusions 
on efficacy in these subgroups might be drawn as more cases 
accumulate during the trial. Results from another RSVPreF3 
OA phase 3 study (NCT04732871) showed RSV neutralizing ti-
ters at 12 months postvaccination in individuals aged 80 years 
and older similar to those in individuals aged 60–69 and 70–79 
years [38]. The number of RSV-related hospitalizations was low 
in all arms; therefore, longer follow-up and data from larger 
populations are needed to inform the efficacy against 
RSV-related hospitalizations. Further, the comparison of 

Figure 5. Plain-language summary.
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efficacy between the 2 seasons is complicated by the sizes of the 
RSV_revaccination and RSV_1dose groups at season 2, which 
were half that of the RSVPreF3 OA group at season 1.

Our trial showed that 1 dose of RSVPreF3 OA had an accept-
able safety profile and was efficacious against RSV-LRTD dur-
ing at least 2 RSV seasons in individuals aged 60 years and 
older, including those with an increased risk of severe RSV dis-
ease. Revaccination 1 year post–dose 1 was well tolerated but 
did not increase efficacy over 2 seasons combined or over sea-
son 2 alone. Further research is needed to determine the opti-
mal timing of revaccination.
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