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Background. Respiratory syncytial virus (RSV) causes substantial morbidity and mortality in older adults and adults with 
comorbidities. An effective vaccine is needed. An investigational bivalent prefusion F vaccine (RSVpreF) was assessed in healthy adults.

Methods. This phase 1/2 study randomized adults 18–85 years old to receive placebo or 60, 120, or 240 µg RSVpreF (with or 
without aluminum hydroxide) alone or concomitantly with seasonal inactivated influenza vaccine (SIIV). Safety and immunoge-
nicity were assessed.

Results. In older adults, reactogenicity events were predominantly mild or moderate among RSVpreF recipients; adverse events 
through 1 month postvaccination were similar across formulations. Coadministration with SIIV did not appear to affect safety 
among younger or older adults. All RSVpreF formulations with or without concomitant SIIV elicited robust RSV serum-neutralizing 
responses in adults aged 50–85 years 1 month postvaccination. Neutralizing titers 1 and 12 months postvaccination were 6.9–14.9 
and 2.9–4.5 times, respectively, those before vaccination. SIIV immune responses trended lower when coadministered with RSVpreF.

Conclusions. RSVpreF formulations administered alone or with SIIV were well tolerated and highly immunogenic in older 
adults, supporting the potential for RSVpreF to protect older adults from RSV disease.

Clinical Trials Registration. NCT03529773.
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Respiratory syncytial virus (RSV) is a major cause of severe lower 
respiratory disease in infants and young children [1] and an impor-
tant respiratory pathogen in older adults [2]. In adults older than 
65 years in the United States, attack rates are 3%–7%, and RSV is 
associated with approximately 177 000 hospitalizations and 14 000 
deaths annually [3]. However, disease burden in older adults is likely 
underestimated due to lack of standard RSV testing practices and 
lower viral shedding compared with infant RSV disease [2, 4, 5].

Immunity to RSV is incomplete, with reinfection throughout 
life despite the presence of relatively high serum RSV neutraliza-
tion titers [2]. Several risk factors for serious disease have been 
identified, including older age [6] and comorbidities such as 
chronic obstructive pulmonary disease, congestive heart failure, 
stroke, chronic kidney disease, and immunosuppression [7, 8]. 
Poor protection against reinfection and risk of severe disease 
in older adults are likely associated with age-related changes in 
T-cell responses and effector memory to the virus [9]. Despite 
no known correlate of immunity among older adults, limited 
data associate higher serum RSV neutralization titers with 
less severe disease, and low serum and nasal RSV antibodies 
are associated with increased risk [10]. Currently, RSV disease 
management in adults is limited to supportive measures [8]. 
Antiviral approaches have proven unsuccessful in natural infec-
tion [11]. Vaccination remains a high priority.

Despite a large medical need and years of development, no 
RSV vaccine is licensed for use in any population [12]. Vaccines 
using live-attenuated viruses, recombinant vectors, messenger 
RNA, and recombinant protein subunits are in clinical trials 
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[13, 14]. The fusion (F) protein, an RSV envelope glycoprotein, 
is a prominent vaccine target due to its conserved neutralizing 
epitopes [15, 16]. The protein has distinct conformational states: 
a metastable prefusion state on intact virions that is primed to 
mediate cell entry, and a stable postfusion state that forms after 
entry-associated rearrangement [16, 17]. Antibodies specific to 
the prefusion F conformation account for most of the serum-
neutralizing activity against RSV [18], explaining the relatively 
low neutralizing titers elicited by postfusion F vaccines [19–21].

A bivalent prefusion F vaccine (RSVpreF) containing trimeric 
F glycoproteins from both major RSV subgroups (A and B) en-
gineered for stability in the prefusion conformation is in clinical 
development in adults. The vaccine is intended to protect older 
adults directly and protect infants via maternal immunization 
during pregnancy. This dose-ranging, hypothesis-generating, 
first-in-human, phase 1/2 study evaluated RSVpreF safety and 
immunogenicity in healthy adults 18–85 years of age. In the first 
phase of the study, the sentinel cohort comprised younger par-
ticipants aged 18–49 years and older participants aged 50–85 
years. A larger second phase of the study included expanded 
cohorts of younger (aged 18–49 years) and older (65–85 years) 
participants. Reported here are safety and immunogenicity 
results for older participants 50–85 years of age, with a focus 
on the expanded cohort (ie, participants 65–85 years of age). 
We also report safety and immunogenicity data for all partici-
pants 18–49 and 65–85 years of age who concomitantly received 
RSVpreF and seasonal inactivated influenza vaccine (SIIV) 
during the trial, as RSVpreF may be coadministered with a sea-
sonal influenza vaccine.

METHODS

Study Design

This was a phase 1/2 randomized, placebo-controlled, observer-
blinded, dose-finding, first-in-human study (NCT03529773) 
conducted at 36 sites in the United States between 18 April 2018 
and 28 December 2020. Safety, tolerability, and immunogenicity 
of 3 RSVpreF doses (60 µg, 120 µg, and 240 µg) formulated with 
or without aluminum hydroxide (Al[OH]3) were evaluated in 2 
phases. First, a sentinel cohort of participants 18–49 or 50–85 
years of age was randomized (1:3:3 ratio) to receive a single dose 
of placebo, 1 of the 3 antigen doses without Al(OH)3, or 1 of 
the 3 antigen doses with Al(OH)3. Randomization began at the 
60-µg dose and escalated to 120- and 240-µg doses following re-
view of 14-day safety and tolerability data by an internal review 
committee. In the second phase, an expanded cohort of partici-
pants 18–49 or 65–85 years of age was randomized within age 
groups to receive placebo or 1 of the 3 dose levels of RSVpreF 
± Al(OH)3, with or without SIIV. These participants received 2 
vaccinations approximately 1 month apart: either concomitant 
SIIV with RSVpreF at vaccination 1 then placebo alone for vac-
cination 2, or concomitant placebo and RSVpreF at vaccination 
1 then SIIV alone at vaccination 2. Placebo recipients received 

2 doses of placebo at vaccination 1 then SIIV alone for vacci-
nation 2. In the expanded cohort, participants were at least 65 
years of age, allowing administration of a commercially available 
high-dose SIIV licensed for adults ≥65 years of age. Additional 
details are in the Supplementary Appendix, and the study pro-
tocol is available at ClinicalTrials.gov (https://clinicaltrials.gov/
ct2/show/study/NCT03529773).

Participants

Participants were required to use effective contraception for 28 
days after the last dose or otherwise be unable to bear or fa-
ther children. Individuals with preexisting, stable disease not 
requiring any significant change in therapy or hospitalization in 
the past 6 weeks were eligible for enrollment. Full inclusion and 
exclusion criteria are provided in the Supplementary Appendix.

Randomization and Masking

Participants were randomized using an interactive response 
technology system. Participants, study and sponsor team mem-
bers, and laboratory personnel were blinded as appropriate; site 
dispensers and administrators were unblinded because the vac-
cines’ physical appearances differed.

Investigational Product

RSVpreF formulations contained equal amounts of 2 stabilized 
prefusion F antigens, 1 from the subgroup A/Ontario strain and 1 
from the subgroup B/Buenos Aires strain, totaling 60 μg, 120 μg, 
or 240 μg, with or without 0.2 mg Al(OH)3. Commercially avail-
able quadrivalent SIIV (Fluzone Quadrivalent, Sanofi Pasteur, 
Swiftwater, Pennsylvania) was administered to participants 18–49 
years of age, and high-dose trivalent SIIV (Fluzone High-Dose, 
Sanofi Pasteur) was administered to participants 65–85 years 
of age [22, 23]. For the 2018–2019 influenza season, high-dose 
trivalent SIIV contained strains A/Michigan/45/2015 (H1N1)
pdm09-like, A/Singapore/INFIMH-16-0019/2016 A(H3N2)-
like, and B/Colorado/06/2017-like (Victoria lineage), and the 
quadrivalent SIIV additionally contained a B/Phuket/3073/2013-
like (Yamagata lineage) strain. Placebo was a sterile 0.9% sodium 
chloride solution.

Outcomes

The primary study objective evaluated the safety and tolerability 
of RSVpreF administered alone or concomitantly with SIIV. 
Safety endpoints included local reactions (redness, swelling, and 
pain at the injection site) and systemic events (fatigue, head-
ache, vomiting, nausea, diarrhea, muscle pain, joint pain, and 
fever) within 14 days postvaccination, as recorded by electronic 
diary; adverse events (AEs) within 1 month post–vaccination 1 
and 1 month post–vaccination 2 (expanded cohort only); and 
medically attended AEs (MAEs) and serious AEs (SAEs) within 
12 months postvaccination.

Immunogenicity objectives described immune responses 
elicited by RSVpreF administered alone or concomitantly with 
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SIIV. Corresponding endpoints included serum-neutralizing 
titers to RSV A and RSV B up to 12 months post–vaccination 
1, serum hemagglutination inhibition (HAI) titers for the ap-
plicable 3 or 4 influenza strains in the administered SIIV and 
H3N2-neutralizing titers up to 1 month after SIIV (expanded 
cohort), and levels of RSV A and RSV B prefusion F–binding 
immunoglobulin G (IgG) through 12 months post–vaccination 
1, as measured by Luminex immunoassay. Details regarding the 
RSV neutralization assay, Luminex immunoassays, and HAI as-
says, as well as the evaluable safety and immunogenicity popu-
lations, are available in the Supplementary Appendix. 

This report presents RSVpreF and SIIV safety and immunoge-
nicity data from sentinel cohort participants 50–85 years of age 
and expanded cohort participants 65–85 years of age. RSVpreF 
and SIIV immunogenicity data from expanded cohort partici-
pants 18–49 years of age are also presented. Immunogenicity 
data from expanded cohort participants 18–49 years of age who 
received placebo are reported here and in the companion re-
port. Safety data and RSVpreF (without concomitant SIIV) 
immunogenicity data from combined sentinel and expanded 
cohort participants 18–49 years of age are reported separately.

Statistical Analyses

This was a dose-ranging, hypothesis-generating study with 
safety as a primary objective and was not designed or powered 

for formal hypothesis testing regarding dose or formulation 
comparisons. All data were analyzed descriptively. Safety 
endpoints were reported using counts and percentages with 
2-sided 95% confidence intervals (CIs). Geometric mean titers 
(GMTs) at each time point and geometric mean fold rises 
(GMFRs) from prevaccination to each postvaccination time 
point were calculated and presented with 95% CIs based on 
a Student t distribution of log-transformed data followed by 
back-transformation to the original scale. Geometric mean 
ratios (GMRs) were calculated for HAI of strains in SIIV by 
comparing sera obtained 1 month postvaccination with SIIV 
from participants vaccinated with SIIV and RSVpreF concomi-
tantly (vaccination 1) or with SIIV alone (vaccination 2). Two-
sided CIs for the GMRs were obtained by calculating CIs using 
2-sample Student t distribution for the mean difference of the 
logarithmically transformed assay results and exponentiating 
the confidence limits.

RESULTS

Participants

The study randomized 617 older adult participants 50–85 
years of age in the sentinel (n = 84; 50–85 years) and expanded 
(n = 533; 65–85 years) cohorts (Figure 1). In the sentinel cohort, 
all participants were vaccinated and 92.9% (78/84) completed 
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Figure 1. Disposition of participants 50–85 years of age in the sentinel (A) and expanded (B) cohorts. Participants who did not receive seasonal inactivated influenza vaccine 
(SIIV) concomitantly with the respiratory syncytial virus (RSV) vaccine received it 1 month later. aOne participant randomized to the 60-µg bivalent RSV prefusion F vaccine 
(RSVpreF) + SIIV group did not receive vaccination. bOne participant randomized to the 120-µg RSVpreF + SIIV group was instead administered RSVpreF 240 µg + aluminum 
hydroxide + SIIV; this participant is included in the population to which the participant was randomized. Abbreviations: AE, adverse event; Al(OH)3, aluminum hydroxide; f/u, 
follow-up; PV1, post–vaccination 1; RSV, respiratory syncytial virus; RSVpreF, bivalent respiratory syncytial virus prefusion F vaccine; SIIV, seasonal inactivated influenza vaccine.
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the 12-month follow-up visit. In the expanded cohort, all but 
1 participant were vaccinated; 96.4% (514/533) completed 
the 12-month follow-up visit. Demographic characteristics 
were broadly similar across vaccine groups and study cohorts 
(Supplementary Table 1). The disposition of participants 18–49 
years of age is shown in Supplementary Figure 1; demographic 
characteristics are reported separately.

Safety

In the expanded cohort of older adults, 25.3% (124/490) of 
participants in the RSVpreF groups had local reactions within 
14 days post–vaccination 1 (Figure 2). The majority (82.2% 
[102/124]) of participants who reported local reactions rated 
them mild in severity; pain at the injection site was the most 
common (22.2% [109/490]). Incidence and severity of local 
reactions were similar whether RSVpreF was administered 
with or without SIIV or Al(OH)3. One participant reported se-
vere swelling (RSVpreF 240 µg + Al[OH]3), and 1 participant 

(RSVpreF 240 µg) reported severe swelling and redness. The 
median duration of local reactions was 1.0–6.5 days. In the ex-
panded cohort of younger adults, incidence and severity of local 
reactions was similar across groups and comparable with older 
adults, except for a higher incidence of injection site pain in 
younger adults. In the sentinel cohort of older adults (without 
concomitant SIIV), 8.3%–41.7% of participants reported local 
reactions across RSVpreF groups, with frequency and severity 
trending higher in groups receiving Al(OH)3-containing for-
mulations (Supplementary Figure 2).

A systemic event was reported within 14 days post–vaccina-
tion 1 by 48.6% (238/490) of RSVpreF recipients in the older 
adult expanded cohort (Figure 2). Most (95.0% [226/238]) who 
reported systemic events rated them as mild or moderate in 
severity, with incidence and severity generally similar across 
RSVpreF groups. Fatigue (30.2% [148/490]) was the most com-
monly reported systemic event. Median duration was typi-
cally 1.0–6.5 days, with the exceptions of diarrhea (10 days in 

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Mild
Moderate
Severe

Injection site pain

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Mild
Moderate
Severe

Redness

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Mild
Moderate
Severe

Swelling

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

38.0°C to 38.4°C
38.5°C to 38.9°C
39.0°C to 40.0°C
>40.0°C

Fever

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Headache

Mild
Moderate
Severe

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Fatigue

Mild
Moderate
Severe

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Myalgia

Mild
Moderate
Severe

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Nausea

Mild
Moderate
Severe

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Diarrhea

Mild
Moderate
Severe

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Vomiting

Mild
Moderate
Severe

65–85 years of age 18–49 years of age

P 60
S

60 60
AS

60
A

120
S

120 120
AS

120
A

240
S

240 240
AS

240
A

60
S

60
AS

120
S

120
AS

240
S

240
AS

0

25

50

75

100

Pa
rt

ic
ip

an
ts

, %

Joint pain

Mild
Moderate
Severe

65–85 years of age 18–49 years of age

A Local reactions 

B Systemic events

Figure 2. Percentages of expanded cohort participants reporting individual local reactions (A) or systemic events (B) by severity within 14 days postvaccination. Total 
number of participants = 40–43 per group. 60 = 60 µg bivalent respiratory syncytial virus prefusion F vaccine (RSVpreF); 120 = 120 µg RSVpreF; 240 = 240 µg RSVpreF. 
Abbreviations: A, aluminum hydroxide; P, placebo; RSVpreF, bivalent respiratory syncytial virus prefusion F vaccine; S, seasonal inactivated influenza vaccine.
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RSVpreF 60-μg + Al[OH]3 recipients, n = 5) and joint pain (8 
days in RSVpreF 120-μg recipients, n = 6; 8.5 days in RSVpreF 
120-μg + Al[OH]3 recipients, n = 8). Severe systemic events 
were reported by 0–7.3% and 5.0% of RSVpreF and placebo 
recipients, respectively. Two participants were reported to ex-
perience fever >40.0°C (1 each in the RSVpreF 60-μg and 240-
μg groups). One of these grade 4 fevers was an entry error and 
the other was associated with an influenza illness reported as 
an AE the following day. Younger adults in the expanded co-
hort who received RSVpreF and SIIV reported similar propor-
tions of systemic events compared with older adults, but had 
slightly higher rates of headache, fatigue, and myalgia. Similar 
proportions of RSVpreF recipients reported systemic events in 
the older adult sentinel cohort groups (Supplementary Figure 
2). Systemic events were reported by 40.0% (16/40) and 33.3% 
(4/12) of placebo recipients in the older adult expanded and 
sentinel cohorts, respectively.

In the expanded cohort, percentages of participants who re-
ported AEs through 1 month postvaccination were 5.0%–26.2% 
across RSVpreF groups and 12.2% among placebo recipients 
(Table 1). The most common system organ class of reported 
AEs was infections and infestations. Six RSVpreF recipients 
reported AEs that were considered related (injection site pru-
ritus [n = 1]; injection site swelling [n = 1]; injection site 
pain [n = 1]; sensation of foreign body [n = 1]; skin exfolia-
tion [n = 1]; upper abdominal pain, chills, decreased appetite, 

myalgia, and hyperhidrosis [n = 1]). Within 1 month after vac-
cination 2 (SIIV or placebo), percentages of participants re-
porting any AE were 7.3%–32.5% across RSVpreF groups and 
17.1% among placebo recipients (corresponding percentages 
in younger adults were 7.3%–26.8% and 9.8%, respectively). 
Percentages of participants reporting SAEs through 12 months 
postvaccination were 4.9%–19.0% and 7.3% across the RSVpreF 
and placebo groups, respectively. No SAEs were considered 
vaccine related. MAEs through 12 months after vaccination 
were reported by 15.0%–47.5% and 14.6% of participants in the 
RSVpreF and placebo groups, respectively. One MAE reported 
by a participant in the RSVpreF 240-µg + SIIV group (upper 
abdominal pain) was considered vaccine related. In the sentinel 
cohort of older adults, percentages of participants reporting 
AEs, related AEs, SAEs, and MAEs were comparable across 
RSVpreF groups (Supplementary Table 2). No reported SAEs 
or MAEs in the sentinel cohort were considered related to the 
vaccine. One sentinel recipient of 240 µg + Al(OH)3 reported an 
AE leading to withdrawal (myocardial infarction) that was not 
considered vaccine related. Four participants 50–85 years of age 
and 1 participant 18–49 years of age died during the study; no 
deaths were considered vaccine related.

Immunogenicity

Among older adults 65–85 years in the expanded cohort, RSV 
A 50% neutralizing GMTs in RSVpreF recipients increased 

Table 1. Percentages of Participants in the Expanded Cohort Reporting Adverse Events After Vaccinationa

Group (No.b) Any AE, No.c (%) Related AE, No.c (%) SAE, No.c (%) MAE, No.c (%) 

65–85 years of age

  Placebo (41) 5 (12.2) 0 3 (7.3) 6 (14.6)

  60 µg RSVpreF + SIIV (40) 4 (10.0) 0 2 (5.0) 6 (15.0)

  60 µg RSVpreF (41) 6 (14.6) 0 7 (17.1) 10 (24.4)

  60 µg RSVpreF + Al(OH)3 + SIIV (40) 2 (5.0) 0 4 (10.0) 12 (30.0)

  60 µg RSVpreF + Al(OH)3 (42) 11 (26.2) 1 (2.4) 8 (19.0) 13 (31.0)

  120 µg RSVpreF + SIIV (40) 9 (22.5) 1 (2.5) 4 (10.0) 9 (22.5)

  120 µg RSVpreF (40) 8 (20.0) 1 (2.5) 2 (5.0) 9 (22.5)

  120 µg RSVpreF + Al(OH)3 + SIIV (41) 6 (14.6) 0 7 (17.1) 7 (17.1)

  120 µg RSVpreF + Al(OH)3 (41) 6 (14.6) 0 2 (4.9) 14 (34.1)

  240 µg RSVpreF + SIIV (40) 6 (15.0) 3 (7.5) 4 (10.0) 19 (47.5)

  240 µg RSVpreF (41) 4 (9.8) 0 3 (7.3) 18 (43.9)

  240 µg RSVpreF + Al(OH)3+ SIIV (42) 5 (11.9) 0 3 (7.1) 12 (28.6)

  240 µg RSVpreF + Al(OH)3(43) 7 (16.3) 0 3 (7.0) 11 (25.6)

18–49 years of age

  60 µg RSVpreF + SIIV (41) 7 (17.1) 1 (2.4) 1 (2.4) 9 (22.0)

  60 µg RSVpreF + Al(OH)3 + SIIV (41) 6 (14.6) 2 (4.9) 0 4 (9.8)

  120 µg RSVpreF + SIIV (41) 10 (24.4) 1 (2.4) 1 (2.4) 9 (22.0)

  120 µg RSVpreF + Al(OH)3 + SIIV (41) 3 (7.3) 0 0 5 (12.2)

  240 µg RSVpreF + SIIV (41) 4 (9.8) 0 2 (4.9) 10 (24.4)

  240 µg RSVpreF + Al(OH)3 + SIIV (41) 5 (12.2) 0 1 (2.4) 10 (24.4)

Abbreviations: AE, adverse event; Al(OH)3, aluminum hydroxide; MAE, medically attended adverse event; RSVpreF, bivalent respiratory syncytial virus prefusion F vaccine; SAE, serious  
adverse event; SIIV, seasonal inactivated influenza vaccine.
aAEs and related AEs were assessed through 1 month post–vaccination 1; SAEs and MAEs were assessed through 12 months post–vaccination 1.
bTotal number of participants in the specified vaccine group.
cNumber of participants reporting ≥1 specified event.

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab611#supplementary-data
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from 1793–2734 before vaccination to 14  905–27  600 at 1 
month postvaccination (Figure 3). RSV B neutralizing titers in-
creased from 1635–2685 before vaccination to 15 169–30 071 
at 1 month postvaccination. Postimmunization neutralizing 
titers were similarly high across RSVpreF dose levels and for-
mulations; corresponding GMFRs were 7.2–13.2 for RSV A 
and 6.9–14.9 for RSV B across RSVpreF groups, and 1.1 for 
RSV A and 0.9 for RSV B for placebo recipients (findings were 
similar for older adults in the sentinel cohort; Supplementary 
Figure 3). Similar high RSV A and RSV B titers 1 month 
postvaccination were observed for expanded cohort partici-
pants 18–49 years of age (Figure 3A). Coadministration of 
RSVpreF with SIIV did not affect RSV neutralizing GMTs and 
GMFRs in either age group (Figure 3A and 3B). Older adult 
RSVpreF recipients in the combined sentinel and expanded 
cohorts (restricted to participants without concomitant SIIV) 
with lower baseline titers showed greater fold rise at 1 month 
postvaccination, with a steep inverse dependence between 
GMFRs and baseline titers (correlation, –0.53; Supplementary 
Figure 4).

Serum RSV neutralizing titers in the older adult ex-
panded cohort remained above baseline through 12 months 
postvaccination (Figure 4), with GMFRs of 3.0–4.5 for RSV A 
and 2.9–4.3 for RSV B; corresponding GMFRs for placebo re-
cipients were 1.2 for each RSV subgroup (findings were sim-
ilar for older adults in the sentinel cohort; Supplementary 
Figure 5). GMFRs were also above baseline through 12 months 

postvaccination in younger adults in the expanded cohort 
(Figure 4). A similar trend was observed for prefusion F–
binding IgG (Supplementary Figures 6 and 7). Neither dose 
nor formulation had a major impact on durability of antibody 
responses.

A high GMR was observed for the combined RSV A and B 
neutralizing titer fold rise to prefusion F binding IgG fold rise 
among 50- to 85-year-old RSVpreF recipients (without con-
comitant SIIV) 1 month postvaccination, regardless of RSVpreF 
formulation (Supplementary Figure 8).

Before vaccination, HAI and neutralizing GMTs were gen-
erally comparable between groups except for titers against  
A/H1N1/Michigan, which were lower in expanded cohort par-
ticipants 65–85 years of age than in participants 18–49 years 
of age. One month postvaccination, immune responses to SIIV 
as measured by HAI GMTs were generally lower for those ex-
panded cohort participants 18–49 and 65–85 years of age 
coadministered RSVpreF with SIIV vs those receiving SIIV sep-
arately (Figure 5). In general, the reduction in SIIV immune re-
sponses with RSVpreF coadministration was more pronounced 
among younger participants, who received standard dose SIIV, 
than among older participants, who received high-dose SIIV 
(Figure 6).

DISCUSSION

Historically, RSV has primarily been considered a pediatric 
pathogen, but during the past 30 years it has been increasingly 
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Figure 3. Respiratory syncytial virus (RSV) neutralizing geometric mean titers before and 1 month post–vaccination 1 for RSV subgroups A and B among expanded cohort 
participants aged 18–49 years (A) and 65–85 years (B). Neutralizing titer geometric mean fold rises from prevaccination to 1 month postvaccination are indicated above each 
pair of bars. Total number of participants: 38–41 per group (18–49 years) and 38–43 per group (65–85 years). Abbreviations: Al(OH)3, aluminum hydroxide; GMFR, geometric 
mean fold rise; GMT, geometric mean titer; m, month; RSV, respiratory syncytial virus; SIIV, seasonal inactivated influenza vaccine.
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Figure 4. Respiratory syncytial virus (RSV) neutralizing titer geometric mean fold rises through 12 months post–vaccination 1 compared with prevaccination for RSV sub-
groups A and B in participants aged 18–49 years (A) and 65–85 years (B) in the expanded cohort. Abbreviations: Al(OH)3, aluminum hydroxide; GMFR, geometric mean fold 
rise; RSV, respiratory syncytial virus; RSVpreF, bivalent respiratory syncytial virus prefusion F vaccine; SIIV, seasonal inactivated influenza vaccine.
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Figure 5. Hemagglutination inhibition (HAI) geometric mean titers to A/H3N2/Singapore (A), A/H1N1/Michigan (B), B/Colorado (C), and B/Phuket (D) at 1 month after sea-
sonal inactivated influenza vaccine (SIIV) in participants aged 18–49 and 65–85 years receiving either SIIV concomitantly with bivalent respiratory syncytial virus prefusion F 
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Participants 18–49 years of age received quadrivalent SIIV containing A/H3N2/Singapore, A/H1N1/Michigan, B/Colorado, and B/Phuket; participants 65–85 years of age re-
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recognized as an important cause of respiratory disease among 
older adults. Despite 50 years of vaccine-development efforts, 
no vaccine to protect against RSV disease in any population has 
been licensed [12]. The current study evaluated the safety and 
immunogenicity of a novel RSV vaccine (RSVpreF) in healthy 
older adults with the overall aim to boost immune responses in 
this population sufficiently to protect against RSV disease.

In healthy adults 50–85 years of age, RSVpreF was safe and 
well tolerated. The majority of local reactions and systemic 

events were mild or moderate in severity across RSVpreF 
doses and formulations, with a potential trend toward higher 
rates of local reactions for RSVpreF formulated with Al(OH)3. 
Coadministration with SIIV did not have a substantive im-
pact on reactogenicity or safety. Proportions of participants re-
porting AEs were similar across RSVpreF groups, and no SAEs 
were considered related to the study vaccine. These safety find-
ings are consistent with phase 1/2 study results in adults 18–49 
years of age (reported separately).
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Figure 6. Seasonal inactivated influenza vaccine (SIIV) neutralizing geometric mean titers (GMTs) (A/H3N2/Singapore) and hemagglutination inhibition (HAI) GMTs (A/
H3N2/Singapore, A/H1N1/Michigan, B/Colorado, B/Phuket) at 1 month after SIIV in participants aged 18–49 years (A) and 65–85 years (B) in the expanded cohort (evaluable 
influenza immunogenicity population). Total number of participants = 34–41 per group. Geometric mean ratios at 1 month after SIIV for bivalent respiratory syncytial virus 
prefusion F vaccine (RSVpreF) + SIIV to SIIV alone (ie, 1 month after placebo), to SIIV after RSVpreF, and to pooled SIIV after RSVpreF and SIIV alone are shown above each 
bar. Participants 18–49 years of age received quadrivalent SIIV containing A/H3N2/Singapore, A/H1N1/Michigan, B/Colorado, and B/Phuket; participants 65–85 years of 
age received high-dose trivalent SIIV containing A/H3N2/Singapore, A/H1N1/Michigan, and B/Colorado. Abbreviations: Al(OH)3, aluminum hydroxide; GMR, geometric mean 
ratio; GMT, geometric mean titer; HAI, hemagglutination inhibition; NT, neutralization titer; RSVpreF, bivalent respiratory syncytial virus prefusion F vaccine; SIIV, seasonal 
inactivated influenza vaccine.
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At 1 month postvaccination, RSVpreF elicited vigorous 
serum-neutralizing responses in older adults that were con-
sistent with responses observed in younger adults. From base-
line to 1 month after vaccination, serum-neutralizing GMFRs 
ranged from 7 to 15 in participants 65–85 years of age, 9 to 21 
among those aged 18–49 years, and 11 to 27 among those aged 
50–85 years in the sentinel cohort. Observed GMFRs were sub-
stantially higher than those previously shown in clinical studies 
of RSV vaccine candidates in which F was not stabilized in the 
prefusion conformation [19, 20]. Additionally, robust neutral-
izing responses were observed against RSV subgroups A and B, 
both of which cause substantial disease, varying temporally and 
geographically [24]. Furthermore, much of the vaccine-elicited 
antibody effectively neutralizes RSV, as the GMR of the combined 
RSV A and B neutralizing titer fold rise to prefusion F–binding 
IgG fold rise among 50- to 85-year-old RSVpreF recipients was 
0.78–0.87 across dose levels and formulations. Durability of re-
sponses were demonstrated with neutralizing titer GMFRs re-
maining 3- to 4-fold above baseline levels in adults aged 65–85 
years and 3- to 5-fold higher in adults aged 18–49 years through 
12 months of study. These findings are comparable to those for 
another investigational RSV prefusion F subunit vaccine, which 
in adults aged 18–50 years elicited robust RSV neutralizing ac-
tivity at week 4 postvaccination that remained ≥2.8-fold higher 
than baseline at week 44 [25]. Adsorption to Al(OH)3 did not 
augment neutralizing responses to RSVpreF, similar to other in-
vestigational RSV F vaccines [25, 26]. Robust immunogenicity 
in older adults is particularly encouraging given the age-related 
reductions in antibody responses observed for other vaccines 
in this population, including influenza vaccines [27]. Taken to-
gether, RSVpreF induces robust immune responses in healthy 
adults 18–85 years of age, with an observed persistence through 
12 months, suggesting potential benefit beyond a single RSV 
season.

For all ages, coadministration of RSVpreF with SIIV did not 
affect RSV immunogenicity, regardless of dose level or formula-
tion. However, immune responses to SIIV trended lower when 
RSVpreF was coadministered with SIIV compared with SIIV 
administered alone. This reduction in responses to SIIV was 
more pronounced in younger adults, who received standard 
dose SIIV (15 µg hemagglutinin per strain), than in older 
adults, who received high-dose SIIV (60 µg hemagglutinin per 
strain) [22, 23]. The underlying reason for the interference is 
unclear, but it is notable that RSV prefusion F is a relatively 
immunodominant antigen, as shown by (1) the high RSV neu-
tralizing responses to RSVpreF without adjuvant, and (2) the 
lack of effect of SIIV on RSVpreF immunogenicity. However, as 
this was a dose-ranging, hypothesis-generating study designed 
primarily to evaluate safety, these observations require further 
study to determine clinical significance.

The strengths of this study include its large size, random-
ized controlled design, and evaluation of multiple vaccine 

formulations administered alone or concomitantly with SIIV. 
Limitations are a lack of statistical power to analyze compari-
sons across groups and uncertain generalizability of these find-
ings to adults at greatest risk of severe disease (ie, elderly with 
cardiopulmonary disease or immunosuppression). Additional 
safety and immunogenicity evaluations of RSVpreF in adult 
populations will further inform use for this population, in-
cluding a phase 1/2 study in older adults (NCT03572062) as-
sessing additional adjuvanted formulations of RSVpreF and 
a phase 2 study in adults (NCT04785612) assessing RSVpreF 
safety, immunogenicity, and efficacy against experimental chal-
lenge with RSV.

This phase 1/2 study showed that different formulations and 
dose levels of RSVpreF administered alone or with SIIV were 
safe, well tolerated, and highly immunogenic in healthy older 
adults. A 120-µg RSVpreF dose formulated without Al(OH)3 has 
been selected for further evaluation, as this dose formulation 
elicited the strongest immune response in the presence of the 
most favorable overall safety profile across multiple studies. In 
addition, future evaluation of RSVpreF/SIIV coadministration 
in adults will use high-dose or adjuvanted SIIV formulations. 
This study supports continued development of RSVpreF to 
protect vulnerable adult populations from RSV disease, with 
further study regarding potential annual concomitant immuni-
zation with SIIV.
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