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Background. Protection against human respiratory syncytial virus (RSV) remains an unmet need potentially addressable by 
maternal immunization. This phase 1/2 study evaluated a bivalent prefusion F vaccine (RSVpreF) with antigens from RSV subgroups 
A and B.

Methods. Adults 18–49 years old (N = 618) were randomized to receive placebo or 60, 120, or 240 µg RSVpreF with or without 
Al(OH)3. Safety and immunogenicity were evaluated.

Results. RSVpreF recipients more frequently reported local reactions and systemic events than placebo recipients; these were 
mostly mild or moderate. No vaccine-related serious adverse events occurred through 12 months postvaccination. All RSVpreF for-
mulations induced 1-month postvaccination virus-neutralizing titers higher than those associated with protection of high-risk in-
fants by palivizumab, the only prophylactic currently available for RSV. Geometric mean fold rises (GMFRs) across RSVpreF doses/
formulations were 10.6–16.9 for RSV A and 10.3–19.8 for RSV B at 1 month postvaccination, greater than those historically elicited 
by postfusion F vaccines. GMFRs were 3.9–5.2 and 3.7–5.1, respectively, at 12 months postvaccination.

Conclusions. RSVpreF formulations were safe, well tolerated, and induced robust neutralizing responses in adults. These find-
ings support development of RSVpreF, which is being evaluated in a pivotal phase 3 study for maternal immunization.

Clinical Trials Registration. NCT03529773.
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Human respiratory syncytial virus (RSV) is the most common 
cause of severe acute lower respiratory tract illness in infants 
and an important cause of disease in older adults [1]. In the 
United States, most infants are infected during their first winter 
[2], with RSV-associated hospitalization rates of approximately 
1%–2% and highest in the first months of life [3, 4].

Over 50 years of vaccine development efforts have not pro-
duced a licensed RSV vaccine [5]. The only available preven-
tive is palivizumab (Synagis; MedImmune LLC), a neutralizing 
monoclonal antibody targeting RSV fusion glycoprotein (F) [6]. 
Palivizumab reduces RSV-related high-risk infant hospitaliza-
tions [7], supporting the ability of neutralizing antibodies to 
protect against severe disease; however, its practicality is limited 

by high cost [8] and up to 5 monthly injections each season [9]. 
Thus, an effective RSV vaccine remains a significant unmet 
medical need.

Pediatric RSV vaccine development has been impeded since 
the 1960s, when RSV-naive infants immunized with a formalin-
inactivated vaccine candidate experienced enhanced disease 
upon subsequent natural RSV infection [5, 10–13]. This phe-
nomenon was linked to the vaccine eliciting predominantly 
non-neutralizing antibodies [10] and a T helper 2 (TH2)-biased 
helper T-cell response [14]. In contrast, RSV infection elicits 
neutralizing antibodies and TH1 phenotype T-cell responses 
that are unassociated with disease enhancement upon RSV 
reexposure [14, 15]. Disease enhancement was not observed in 
individuals previously infected with RSV, regardless of subse-
quent immunization [11–13].

Pregnant women are universally RSV experienced [2], and 
maternally transferred virus-neutralizing antibodies have been 
linked to less-severe disease in infants [16]. Immunization 
during pregnancy could augment transplacental transfer of 
maternal antibodies to protect against disease [5, 17–20]. 
Maternal immunization also addresses the temporal challenge 
of protecting infants when most vulnerable to RSV and when 
direct protection is difficult to achieve with vaccination [21]. 
Moreover, immunization of pregnant women against tetanus, 
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diphtheria, and pertussis (Tdap) and influenza is safe, effective, 
and well accepted [22–25].

Respiratory syncytial virus expresses 2 envelope glycopro-
teins, a heavily glycosylated attachment protein (G) [26, 27] 
and the type I fusion protein F [28]. Unlike the antigenically 
divergent RSV G (primary determinant of A and B subgroups) 
[29], RSV F carries multiple, relatively conserved neutralizing 
epitopes [30], making it a key vaccine antigen. Sequence vari-
ability in F between RSV subgroup A and B strains clusters in 
antigenic site φ, the target of very potent neutralizing antibodies 
[28, 31]. F on the virion exists in a metastable prefusion state, 
transitioning to a stable postfusion state while mediating virus 
entry into cells [32, 33]. Determination of prefusion F structure 
informed the engineering of a conformationally stable prefusion 
F immunogen at the US National Institutes of Health [28, 34]. In 
an exploratory clinical study, that stabilized immunogen elicited 
higher neutralizing titers than those obtained in any trial of an 
F-subunit vaccine candidate not stabilized in the prefusion con-
formation [35]. F-specific antibodies must bind their prefusion 
conformation to neutralize RSV (though some can also bind 
postfusion F) [36], partly explaining failures of postfusion F vac-
cine trials in adults [19, 37]. These data suggest a vaccine should 
include prefusion F immunogens from both subgroups A and B 
for maximal protection against circulating RSV strains.

This large phase 1/2 trial evaluated safety, tolerability, and im-
munogenicity of a novel bivalent prefusion F vaccine (RSVpreF) 
in adults. To initiate maternal, older adult, and high-risk adult 
RSV immunization programs, healthy adults 18–49 and 50–85 
years old were recruited. This report summarizes results in 
adults 18–49 years of age; results in adults 50–85 years of age 
will be presented separately.

METHODS

Study Design

This phase 1/2 randomized, placebo-controlled, observer-blind, 
dose-finding study (NCT03529773) was conducted at 40 sites in 
the United States from April 2018 through November 2019. Three 
RSVpreF dose levels formulated with and without aluminum 
hydroxide (Al[OH]3) were evaluated in 2 phases (Figure 1). In 
phase 1, a sentinel cohort of up to approximately 168 participants 
18–49 or 50–85 years old was randomized in a 1:3:3 ratio for each 
dose level and age stratum to receive placebo or RSVpreF with or 
without Al(OH)3. Randomization for the sentinel cohort began at 
the 60-µg dose level and proceeded stepwise to the 120- and 240-
µg dose levels only after 14-day safety and tolerability data from 
the lower doses were deemed acceptable. In phase 2, an expanded 
cohort of up to approximately 1014 participants 18–49 or 65–85 

Sentinel cohort 18–49 y and 50–85 y

Dose/formulation/regimen 18–49 y, n
Planned

18–49 y, n
VaccinatedVisit 1

60 µg

RSVpreF 1212

RSVpreF + Al(OH)3 12

12 12

12

Placebo 4

Total 28 28

120 µg 

RSVpreF

RSVpreF + Al(OH)3 12

12 12

12

Placebo 4

Total 28 28

240 µg 
RSVpreF + Al(OH)3 12 12

Placebo 4

Total 28 28

Total sentinel 84 84

Expanded cohort 18–49 y and 65–85 y

Dose/formulation/regimen 18–49 y, n
Planned

18–49 y, n
VaccinatedVisit 1 Visit 2

60 µg

RSVpreF
SIIV

Placebo 39 41
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Placebo

SIIV 39 42

RSVpreF + Al(OH)3
SIIV

Placebo 39 41

RSVpreF + Al(OH)3
Placebo

SIIV 39 40

120 µg

RSVpreF
SIIV

Placebo 39 41
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Placebo

SIIV 39 41

RSVpreF + Al(OH)3
SIIV

Placebo 39 41

RSVpreF + Al(OH)3
Placebo

SIIV 39 41

240 µg 

RSVpreF
SIIV

Placebo 39 41

RSVpreF
Placebo

SIIV 39 41

RSVpreF + Al(OH)3
SIIV

Placebo 39 41

RSVpreF + Al(OH)3
Placebo

SIIV 39 41

Placebo
Placebo

SIIV 39 41

Total expanded 507 533

Total study size
sentinel + expanded

 
591 617

4

4

RSVpreF

4

Figure 1. Study design. Expanded cohort groups included in this report are highlighted in yellow. Abbreviations: RSVpreF, bivalent respiratory syncytial virus prefusion F 
vaccine; SIIV, seasonal inactivated influenza vaccine.
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years old were randomized (n = 507 per age group) to receive 
placebo or 1 of the dose levels and formulations, with or without 
seasonal inactivated influenza vaccine (SIIV). Expanded-cohort 
participants received 2 vaccinations approximately 1 month apart. 
Participants who received concomitant RSVpreF and SIIV at vac-
cination 1 received placebo at vaccination 2; those who received 
only RSVpreF or placebo at vaccination 1 received SIIV at vaccina-
tion 2. Safety of RSVpreF administered with SIIV for participants 
18–49 years old, safety and immunogenicity results for partici-
pants 50–85 years old, and SIIV immune responses are presented 
in the separate report. Immunogenicity data from expanded co-
hort participants 18–49 years of age who received placebo are 
reported here and in the companion report. Additional details 
regarding study design and methods are in the Supplementary 
Material and study protocol, available at clinicaltrials.gov. Pfizer 
Inc was involved in study design and data collection, analysis, and 
interpretation. All authors had access to the data and attest to data 
accuracy and completeness.

Participants

Participants were healthy adult men and nonpregnant women 
18–49 years old who were required to use effective contraceptive 
methods or be otherwise unable to father or bear children, able 
to comply with study procedures, and provided written informed 
consent. The Supplementary Material lists exclusion criteria.

Randomization and Masking

In both phases, participants were randomized by an interactive 
response technology system. Participants, study and sponsor 
team members, and laboratory personnel performing immu-
nologic assays were blinded as appropriate. Site dispensers and 
administrators were unblinded because the administered vac-
cines’ physical appearance differed.

Procedures

Each RSVpreF formulation contained equal amounts of recom-
binant RSV prefusion F trimer from subgroups A (Ontario) and 
B (Buenos Aires), totaling 60, 120, or 240 µg, formulated with 
or without 0.2  mg Al(OH)3. Lyophilized RSVpreF was recon-
stituted with either sterile water or Al(OH)3 in water as diluent 
and administered in a 0.5-mL injection volume; sentinel and 
expanded cohort participants receiving the vaccine were in-
jected into the left deltoid. In the sentinel cohort, placebo (0.9% 
sodium chloride) was injected into the left deltoid. In the ex-
panded cohort, placebo or SIIV (Fluzone Quadrivalent; Sanofi 
Pasteur) was injected into the right deltoid at vaccination 1 and 
into the deltoid of the nondominant arm at vaccination 2.

Outcomes

The primary study objective was to describe safety and toler-
ability of RSVpreF. Safety end points included local reactions 
and systemic events as reported by electronic diary within 
14 days postvaccination 1 (see Supplementary Material for 

details; Supplementary Table 1), adverse events (AEs) within 1 
month postvaccination 1 (sentinel and expanded cohort) and 
postvaccination 2 (expanded cohort), and medically attended 
AEs (MAEs) and serious AEs (SAEs) through 12 months 
postvaccination 1. Safety data were analyzed according to in-
vestigational product received. The safety population included 
all participants who received a dose of investigational product. 
The current report includes safety data from the sentinel and 
expanded cohorts combined.

Secondary study objectives included describing immune 
responses elicited by RSVpreF. Corresponding secondary end 
points included RSV A and RSV B neutralizing titers measured 
at prespecified time points through 6 months postvaccination 
1. RSV neutralizing titers corresponding to a 100-µg/mL 
palivizumab serum concentration, which was associated with 
protection of high-risk infants from intensive care admissions 
for RSV disease in the pivotal IMPACT study (leading to licen-
sure of palivizumab [38]), were also determined. Pfizer par-
ticipated in the interlaboratory studies that assessed the first 
World Health Organization (WHO) International Standard for 
Antiserum to RSV (16/284; National Institute for Biological 
Standards and Control, Hertfordshire, United Kingdom) in our 
neutralization assays for RSV A [39] and RSV B [40]. We report 
a neutralization geometric mean titer (GMT) for the first WHO 
International Standard of 5300 for RSV A and 5632 for RSV B. 
To approximate WHO International Units/mL, Pfizer neutrali-
zation titers may be multiplied by the conversion factor of 0.377 
for RSV A and 0.355 for RSV B. The Supplementary Material 
provides additional details regarding immunogenicity assays, 
exploratory objectives, and evaluable population.

This report includes safety and immunogenicity data from the 
sentinel and expanded cohorts combined according to investi-
gational product received, but not for groups coadministered 
SIIV, which are reported separately.

Statistical Analysis

The sample size was not based on formal statistical hypothesis 
testing; safety and immunogenicity analyses were descriptive. 
Safety end points were evaluated descriptively using counts and 
percentages with 2-sided 95% confidence intervals (CIs). For 
immunogenicity analyses, GMTs at each time point and geo-
metric mean fold rises (GMFRs) from prevaccination to each 
available time point postvaccination 1 were calculated for each 
group or subgroup. For GMTs and GMFRs, 95% CIs were calcu-
lated using a Student t distribution of the log-transformed data 
followed by back transformation to the original scale. Missing 
safety and immunogenicity data were not imputed.

RESULTS

Study Participants

A total of 618 participants 18–49 years old were recruited 
in the sentinel (n = 84) and expanded (n = 534) cohorts. 

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab612#supplementary-data
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Demographic characteristics were similar across cohorts and 
dose levels (Supplementary Tables 2 and 3).

In the sentinel cohort, all but 2 participants completed the 
1-month follow-up visit (Figure 2A). In the expanded cohort, 
533 of 534 randomized participants were vaccinated, 523 com-
pleted the 1-month postvaccination 1 visit, and 462 completed 
the 12-month visit (Figure 2B). Withdrawals primarily resulted 
from loss to follow-up and participant withdrawal; no with-
drawals were due to AEs.

Safety

Safety data from the sentinel cohort supported decisions to move 
to higher dose levels and to the expanded cohort and are combined 
with expanded cohort data for ease of presentation except where 
noted. Local reactions were reported by 38.5%–71.2% of RSVpreF 
recipients per group and 18.9% of placebo recipients (Figure 
3A). Local reactions were more frequent in RSVpreF + Al(OH)3 
groups but did not differ by dose level. Most reported local reac-
tions were mild or moderate; 1 participant in each of the 60-µg 
RSVpreF + Al(OH)3 and 240-µg RSVpreF + Al(OH)3 groups re-
ported severe swelling. Median durations of individual local reac-
tions were 1.0–6.0 days per group.

Systemic events were reported by 62.3%–77.4% of RSVpreF 
recipients per group and 47.2% of placebo recipients. The 
most commonly reported systemic events were headache 
(41.5%–51.9% of RSVpreF recipients per group vs 26.4% of 

placebo recipients), fatigue (37.7%–53.8% vs 30.2%), and my-
algia (32.7%–52.8% vs 11.3%; Figure 3B). Most systemic events 
were mild or moderate with median durations of 1.0–10.0 days; 
the smaller number of severe systemic events were not domin-
ated by any reaction type or associated with any specific treat-
ment group. Seven RSVpreF recipients reported fevers, all of 
which were < 39.0°C and lasted a median of 1.0–5.0 days across 
groups.

Adverse events through 1 month postvaccination 1 were re-
ported by 11.3%–21.2% of RSVpreF recipients per group and 
9.4% of placebo recipients (Supplementary Table 4). Infections 
and infestations were generally the most common system 
organ class of reported AEs. Related AEs were reported by 
0%–5.6% of RSVpreF recipients per group. Through 12 months 
postvaccination 1, SAEs were reported by 0%–5.7% of RSVpreF 
recipients per group and 1.9% of placebo recipients; none were 
considered related to investigational product. MAEs were re-
ported by 13.5%–22.6% of RSVpreF recipients across groups; 
1 was related (exanthem on the abdomen and arm). Eleven 
placebo recipients (20.8%) reported MAEs. Frequencies of re-
ported AEs, SAEs, related AEs, and MAEs in the expanded co-
hort did not appreciably vary between groups (Supplementary 
Table 5). One participant in the 120-µg RSVpreF group died 
within 12 months postvaccination 1 due to toxicity to various 
agents (quetiapine and amlodipine) that was considered not 
vaccine-related.

A

B

84 participants 18–49 y
randomized

12 rec’d
60 µg

RSVpreF 

12 rec’d
60 µg

RSVpreF +
Al(OH)3

12 rec’d
120 µg
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Al(OH)3

12 rec’d
240 µg
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Al(OH)3

12 rec’d
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RSVpreF

12 rec’d
240 µg
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placebo
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12-mo f/u
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visit
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Figure 2. Disposition of participants 18–49 years old in the (A) sentinel and (B) expanded cohorts. Expanded cohort groups included in this report are highlighted in yellow. 
Participants who did not receive SIIV concomitantly with the RSV vaccine received it 1 month later. Abbreviations: Cmplt’d, completed; f/u, follow-up; PV1, postvaccination 
1; rec’d, received; RSV, respiratory syncytial virus; RSVpreF, bivalent RSV prefusion F vaccine; SIIV, seasonal inactivated influenza vaccine.
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Immunogenicity

RSV A 50% neutralizing GMTs in RSVpreF formulation re-
cipients in the combined sentinel and expanded cohorts rose 
from 1434–1828 prevaccination to 18 623–29 009 at 1 month 
postvaccination 1 (Figure 4A); comparatively, the RSV A neu-
tralizing titer corresponding to a 100-μg/mL serum level of 
palivizumab is 903. For RSV B, GMTs rose from 1366–1718 to 
17  374–30  443 (Figure 4B); the RSV B neutralizing titer cor-
responding to a 100-μg/mL palivizumab serum level is 2069. 
Corresponding neutralizing titer GMFRs were 10.6–16.9 for 
RSV A and 10.3–19.8 for RSV B. GMFRs trended higher in the 
240-µg RSVpreF groups, and inclusion of Al(OH)3 did not ap-
pear to impact the immune response at any dose level. RSV A 
and RSV B GMFRs among placebo recipients were 1.2 and 1.1, 
respectively. The geometric mean ratio of combined RSV A/B 
neutralizing titer fold rise to anti-prefusion F immunoglobulin 
G (IgG) fold rise among all RSVpreF recipients was approxi-
mately 0.68 (Supplementary Figure 1).

Neutralizing GMTs tended to be slightly higher among 
women than men, with corresponding GMFRs of 10.8–19.6 

versus 8.9–14.2 for RSV A and 10.3–20.6 versus 8.5–18.0 for 
RSV B (Supplementary Figure 2). At 1 month postvaccination, 
GMFRs showed a steep inverse dependence on baseline titers 
(correlation, −0.61); individuals with the lowest baseline titers 
had the greatest vaccine GMFRs (Figure 5). Prefusion RSV F 
IgG subclass 1 (IgG1) GMFRs among women were 18.0–30.0 
for RSV A in RSVpreF groups versus 1.1 in the placebo group at 
1 month postvaccination 1; for RSV B, GMFRs were 16.4–30.6 
versus 1.1 (Supplementary Figure 3).

Serum neutralizing titers remained substantially above 
baseline through 12 months postvaccination 1 (Figure 4). 
Neutralizing titer GMFRs at 12 months for RSV A were 3.9–
5.2 across RSVpreF groups versus 1.2 for placebo and 3.7–5.1 
versus 1.1, respectively, for RSV B.

DISCUSSION

Despite decades of vaccine-development efforts, protec-
tion against RSV disease remains an unmet global need [5]. 
Intranasally administered live attenuated vaccines have not been 
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RSVpreF; 120A, 120 µg RSVpreF + AI(OH)3; 240, 240 µg RSVpreF; 240A, 240 µg RSVpreF + AI(OH)3; P, placebo; RSVpreF, bivalent respiratory syncytial virus prefusion F vaccine.
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http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab612#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab612#supplementary-data
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associated with RSV disease enhancement; however, achieving 
the proper balance of immunogenicity and reactogenicity in 
infants has been challenging [21]. An extended half-life pro-
phylactic monoclonal antibody, nirsevimab, is in development 
for direct protection of infants [41]. Maternal immunization 
aims to elicit a polyclonal response to passively protect infants 
against RSV at the age of greatest risk [3, 21].

In this study, RSVpreF, a bivalent vaccine candidate including 
F antigens from subgroups A and B, showed a benign safety and 
tolerability profile and elicited robust neutralizing responses 
against both subgroups in participants 18–49 years old. Local 
reactions and systemic events were generally mild or moderate 

across vaccine groups, although local reaction rates were higher 
with Al(OH)3-containing formulations. There were no vaccine-
related SAEs.

Serum neutralizing titer GMFRs from prevaccination to 1 
month postvaccination elicited by an intramuscular RSVpreF 
dose were 10–20, far greater than the GMFRs of approximately 
2–4-fold elicited by F not stabilized in the prefusion conforma-
tion in previous trials [19, 37]. Additionally, RSVpreF elicited 
robust neutralizing responses against both RSV A and B sub-
groups in contrast with another investigational RSV prefusion 
F-based vaccine [35], which is important because RSV sub-
group dominance varies over time [42]. These data confirm that 

105

104

103

50
%

 N
eu

tr
al

iz
at

io
n

 t
it

er

0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12

100 µg/mL
palivizumab

GMFR

1.2

14.20.8

1.0

1.4

1.2 8.4

7.9

6.0

4.4

10.6

8.7

7.6

6.7
5.0

12.1
8.7

8.5
6.9

5.2
12.7

7.9
7.5

5.7
4.4

16.9
9.6

9.1
6.4

4.5
16.9

8.6
6.9

5.1
3.9

Placebo

60 µg
RSVpreF

120 µg
RSVpreF

60 µg
RSVpreF
+ Al(OH)3

120 µg
RSVpreF
+ Al(OH)3

240 µg
RSVpreF

240 µg
RSVpreF
+ Al(OH)3

Time relative to immunization, mo

50
%

 N
eu

tr
al

iz
at

io
n

 t
it

er

Time relative to immunization, mo

GMFR
1.1

13.30.9
1.1 1.1 8.4

1.4 7.8
6.6

4.5
10.3

8.3
7.1

6.0
4.4

14.0
9.3

8.7
7.2

5.1
12.6

7.7
7.0

5.8
4.1

19.8
11.1

9.8
7.3

5.0
18.2

9.5
7.2

5.4
3.7

A RSV A

B RSV B

105

104

103

0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12 0 1 2 3 6 12

100 µg/mL
palivizumab

Placebo

60 µg
RSVpreF

120 µg
RSVpreF

60 µg
RSVpreF
+ Al(OH)3

120 µg
RSVpreF
+ Al(OH)3

240 µg
RSVpreF

240 µg
RSVpreF
+ Al(OH)3
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prefusion F elicits far greater neutralizing responses in humans 
than postfusion or structurally undefined F [35] and that a bi-
valent vaccine candidate elicits a more balanced neutralizing 
response across subgroups. The postvaccination serum neu-
tralizing GMTs were approximately 10-fold greater than those 
corresponding to the highly protective 100-μg/mL serum level 
of palivizumab [38]. The similarity of RSV neutralization titers 
of placebo recipients’ sera to those of a protective palivizumab 
concentration is consistent with the low incidence of severe 
RSV disease in healthy young adults and the increase in RSV 
disease in infants after 1 or 2 maternal antibody half-lives [43–
45]. Immune responses trended toward a shallow dose-level 
response, with highest neutralizing GMTs and GMFRs elicited 
by the 240-µg dose level. Adsorption to Al(OH)3 did not gener-
ally appear to enhance neutralizing responses to RSVpreF, con-
sistent with other RSV investigational vaccines [35, 46].

Several additional findings are particularly promising for 
using RSVpreF for maternal immunization. Slightly higher im-
mune responses were elicited in women than men, similar to 
other vaccines [47]. Because neutralizing GMFRs were much 
higher for women with low versus high baseline titers, infants 
most in need of transplacentally transferred neutralizing an-
tibody will likely receive the most benefit from maternal im-
munization. While neutralizing GMFRs declined through 12 
months postvaccination, an important finding was that GMFRs 
were still 4–5 fold higher than prevaccination at 12 months. 
These data are encouraging as immunization in the late second 

or third trimester may result in substantially elevated titers 
through delivery. High IgG1 antigen-binding GMFRs indicate 
that RSVpreF elicits the antibody subclass most efficiently trans-
ferred across the placenta to the fetus [48]. Additionally, the ap-
proximately 0.68 ratio of RSV A/B neutralizing titer fold rise to 
vaccine antigen-binding IgG fold rise for all formulations and 
dose levels combined suggests that most of the vaccine-elicited 
antibody can neutralize RSV. As described previously, greater 
elicitation of RSV neutralizing relative to F binding activity 
may increase the likelihood of vaccine efficacy and decrease the 
likelihood of vaccine-mediated disease enhancement [35]. The 
high ratio observed in this study contrasts with the < 0.25 ratio 
for a monovalent nonprefusion F vaccine [49], which did not 
meet prespecified primary efficacy end points in a pivotal phase 
3 study [19].

Study strengths include its large size and evaluation of 
multiple vaccine formulations. By relating vaccine-elicited 
serum neutralizing titers to those associated with protective 
palivizumab levels in high-risk infants, the serological findings 
presented here are linked to a potential biomarker for efficacy. 
A study limitation is the lack of power for statistical compari-
sons across groups. Ongoing studies will further inform use of 
RSVpreF for maternal immunization. A subset of participants 
from this study will be revaccinated 1 year after initial vacci-
nation; resulting safety and immunogenicity data will inform 
repeated immunizations potentially required for women with 
multiple pregnancies.
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Additional adjuvanted formulations of RSVpreF are being 
evaluated in a phase 1/2 study in older adults (NCT03572062). 
The RSVpreF maternal immunization program also includes 
a Tdap concomitant use phase 2b study (NCT04071158) in 
nonpregnant women 18–49 years old and a phase 2b safety and 
immunogenicity study (NCT04032093) in pregnant women 
and their infants. A pivotal phase 3 efficacy study in pregnant 
women and their infants (NCT04424316) is currently un-
derway using the 120-µg dose without Al(OH)3, as informed by 
this and the phase 2b study in nonpregnant women [50].

Overall, this phase 1/2 study showed different formulations 
and dose levels of the RSVpreF investigational vaccine to be 
safe, well tolerated, and highly immunogenic in adults 18–49 
years of age. The findings support continued RSVpreF devel-
opment for maternal vaccination to protect young infants from 
RSV disease.
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