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Background.  Respiratory syncytial virus (RSV) causes respiratory tract infections, which may require hospitalization especially 
in early infancy. Transplacental transfer of RSV antibodies could confer protection to infants in their first months of life.

Methods.  In this first-in-human, placebo-controlled study, 502 healthy nonpregnant women were randomized 1:1:1:1 to receive 
a single dose of unadjuvanted vaccine containing 30/60/120 µg of RSV fusion (F) protein stabilized in the prefusion conformation 
(RSVPreF3) or placebo.

Results.  Solicited local adverse events (AEs) were more frequently reported in the RSVPreF3 groups (4%–53.2%) versus placebo 
(0%–15.9%); most were mild/moderate. Unsolicited AEs were comparably reported among groups. Three serious AEs were reported; 
none was vaccination-related. Compared with prevaccination values, anti-RSV A neutralizing antibody geometric mean titers and 
anti-RSVPreF3 immunoglobulin G geometric mean concentrations increased 8- to 14-fold and 12- to 21-fold at day 8 and persisted 
5- to 6-fold and 6- to 8-fold higher until day 91 in the RSVPreF3 groups versus 1-fold in placebo. Comparisons at day 8 and day 31 
showed that the higher dose levels were significantly more immunogenic than the lowest one.

Conclusions.  The RSVPreF3 vaccine was well tolerated and immunogenic. The 60 and 120 µg dose levels were selected for fur-
ther investigation in pregnant women.

Clinical Trials Registration.  NCT03674177.
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vaccine.

Respiratory syncytial virus (RSV) causes lower respiratory 
tract infections (LRTI) leading to an estimated 3.2 million 
hospital admissions worldwide and 118  200 overall deaths 
in children younger than 5  years, especially in developing 
countries [1]. The incidence of severe disease requiring hos-
pitalization is highest in infants under 6 months, and it is 3 
times greater among premature compared to full-term infants 
under  1 year of age [1–3].

Despite the significant global health and financial burden of 
RSV infection, there are no licensed vaccines. Palivizumab and 

ribavirin are the solely available prophylactic and therapeutic 
options. However, the extensive use of palivizumab is hin-
dered by the associated high costs, while the clinical benefit of 
ribavirin has not been conclusively established, and both ther-
apies are only reserved for vulnerable groups at higher risk of 
severe RSV disease [4–7].

Current evidence suggests that vaccination of pregnant 
women against influenza, pertussis, diphtheria, and tetanus 
is safe, has an efficacy of up to 93% against infections in early 
infancy and provides protection to mothers and their infants 
[8, 9]. RSV vaccination during pregnancy is expected to boost 
serum neutralizing antibody responses induced by previous 
natural infections [10] and might reduce the incidence of RSV-
associated LRTI in young infants by conferring passive immu-
nity through placental antibody transfer [8, 9]. Previous studies 
investigating an RSV fusion (F) protein vaccine administered 
to pregnant women demonstrated that vaccine-induced RSV-
specific antibodies were efficiently transferred from mother to 
infant [11–13].

The RSV F protein, which is highly conserved across RSV-A 
and RSV-B antigenic subgroups, is the main target of anti-RSV 
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neutralizing antibody responses in human sera [14]. In addition, 
the prefusion conformation of the F protein exposes additional 
epitopes that elicit more potent neutralizing antibodies than 
the postfusion conformation [15, 16]. This led to the develop-
ment of an RSV vaccine using the RSVPreF3 antigen, an engin-
eered version of the F protein with a previously used sequence 
[17] stabilized in its prefusion conformation by introduction of 
cysteine residues, leading to the formation of a disulfide bond, 
and by filling of hydrophobic cavities [18, 19]. Immunogenicity 
and safety of RSVPreF3 were assessed in a series of preclinical 
studies, including 2 repeat-dose studies (rabbits) and 2 develop-
mental and reproductive toxicity studies (1 in rabbits and 1 in 
rats), which indicated that the RSVPreF3 vaccine candidate was 
well tolerated at the proposed doses.

This first-in-human study evaluated the safety, reactogenicity, 
and immunogenicity of the maternal RSVPreF3 vaccine candi-
date administered to nonpregnant women of childbearing age, 
at 3 different dose levels, as compared with placebo. A plain lan-
guage summary contextualizing the relevance, the results, and 
the impact of our study is described in Figure 1.

METHODS

Study Design and Participants

This phase I/II, randomized, placebo-controlled, observer-
blind, first-in-human trial was conducted between October 
2018 and September 2019 at 2 centers in the United States, 4 
in Finland, and 5 in Germany. Healthy nonpregnant women 
18–45 years of age were enrolled in the study after providing in-
formed consent. Women of childbearing potential were willing 
to practice adequate contraception for 30 days prior to vaccina-
tion, had a negative pregnancy test on the day of vaccination, 
and agreed to continue adequate contraception up to 90 days 
postvaccination. Women who previously received an investiga-
tional RSV vaccine or any vaccine within 30  days before and 

after study vaccination (except inactivated influenza vaccine, 
which could be administered up to 15  days before or from 
15 days after study vaccination) were excluded.

Women were randomized in a 1:1:1:1 ratio to receive a single 
dose of either 30 µg (30 RSVPreF3 group), 60 µg (60 RSVPreF3 
group), or 120  µg (120 RSVPreF3 group) of unadjuvanted 
RSVPreF3 vaccine, or placebo (placebo group). Women were 
vaccinated on day 1 and had 4 additional clinic visits (days 8, 31, 
61, and 91) and 1 follow-up phone call (day 181 [study end]).

All 3 dose levels of the study vaccine were presented in 
single-dose vials as lyophilized RSVPreF3 antigen and were 
reconstituted in 150  mM sodium chloride solution to obtain 
30 µg, 60 µg, and 120 µg of antigen per 0.5 mL dose. Placebo 
was administered as a 0.5 mL dose of 150 mM sodium chloride 
solution. Study vaccine and placebo were administered intra-
muscularly in the deltoid region of the nondominant arm.

As this was the first administration of the unadjuvanted 
RSVPreF3 vaccine in humans, enrollment and vaccination 
were conducted in 2 sequential steps monitored by a blinded 
safety review team and by an unblinded internal safety review 
committee, not otherwise involved in the current study. During 
the first step, 60 women were enrolled and randomized across 
the 4 study groups, only at United States sites. Vaccination was 
limited to a total of 10 women per day across sites until the first 
30 women had been sequentially vaccinated at least 60 minutes 
apart. Enrollment and vaccination in the second step were con-
tingent on the lack of an observed safety signal during each of 
the 2 safety reviews performed by the safety review team and 
the internal safety review committee on days 8 and 31.

Women were randomized using a centralized randomization 
system on the Internet. The randomization algorithm used a min-
imization procedure accounting for age and center. The study was 
observer blind up to day 91, after which the statistician and data 
management staff had access to the individual woman treatment 

Respiratory syncytial virus (RSV) is a leading cause of  bronchiolitis and pneumonia in childhood. Natural
infections do not confer complete protection and no treatment nor vaccine are licensed to prevent RSV
disease. Vaccination during pregnancy could help to protect infants from RSV-associated infections in their
first months of  life through placental transfer of  maternal antibodies.

The immune responses and side reactions associated with the administration of  an investigational 
RSV maternal (RSVPreF3) vaccine in nonpregnant women have been evaluated in a phase 1/2
clinical trial. Women aged 18 to 45 years from Germany, Finland and United States received
di�erent dose levels of  the vaccine or placebo.

All vaccine dose levels were well tolerated and triggered rapid and robust immune responses
persisting at least 3 months. Most side reactions were mild or moderate in intensity.

Young infants could benefit from vaccination of  their mothers during pregnancy to protect them from RSV and
its complications. Further investigations are being conducted in pregnant women.

Figure 1.  Plain language summary.
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assignments and the study was conducted in a single-blinded 
manner. Study participants, site investigators, laboratories, and 
study personnel responsible for assessing the study endpoints re-
mained blinded to treatment allocation up to study end.

The study was registered on ClinicalTrials.gov (NCT03674177) 
and was conducted in accordance with the principles of Good 
Clinical Practice, the Declaration of Helsinki, and all appli-
cable regulatory requirements. The full protocol of this study 
is available at https://www.gsk-studyregister.com (ID 208068). 
Anonymized individual participant data and study docu-
ments can be requested for further research at https://www.
clinicalstudydatarequest.com.

Objectives

The primary objective was to evaluate the safety and 
reactogenicity of the 30, 60, and 120  µg dose levels of the 
RSVPreF3 investigational vaccine versus placebo up to 
1 month postvaccination (day 31). Secondary objectives were 
to evaluate the safety of the 30, 60, and 120 µg dose levels of 
the RSVPreF3 investigational vaccine versus placebo up to 
6 months postvaccination (day 181) and the humoral response 
to RSV antigenic subgroup A  of the 30, 60, and 120  µg dose 
levels of the RSVPreF3 investigational vaccine versus placebo 
up to 3  months postvaccination (day 91). Tertiary objectives 
(including humoral response to RSV antigenic subgroup B) are 
not presented here.

Reactogenicity and Safety Assessment

All women were observed for 60 minutes postvaccination for 
any reactions. Solicited local and general adverse events (AEs) 
were recorded on diary cards for a 7-day and unsolicited AEs 
for a 30-day postvaccination period. Symptom intensity was 
graded as 0 (none, used only for solicited AEs), 1 (mild), 2 
(moderate), and 3 (severe). Grade 3 was defined as significant 
injection site pain at rest, redness and/or swelling at the injec-
tion site of >100 mm diameter, fever of >39°C, and preventing 
normal everyday activities for all the other AEs.

Medically attended solicited and unsolicited AEs were col-
lected. Serious AEs (SAEs), AEs leading to withdrawal, and oc-
currence of pregnancies were collected from day 1 to day 181. 
Hematological and biochemical parameters were measured at 
the screening visit, and days 8 and 31 postvaccination (Figure 2).

Immunogenicity Assessment

Approximately 30 mL of blood were collected from participating 
women at the screening visit, and at days 8, 31, 61, and 91 
postvaccination to assess anti-RSV A  neutralizing antibodies 
geometric mean titers (GMTs) and anti-RSVPreF3 immu-
noglobulin G (IgG) geometric mean concentrations (GMCs) 
(Figure 2).

Anti-RSV A neutralizing antibodies were measured using an 
in-house RSV serum neutralization assay at GSK laboratory, 
Wavre, Belgium. The RSV-infected cells were detected using a 

primary antibody directed against RSV (anti-RSV IgG) and a 
secondary antibody conjugated with horseradish peroxidase, 
allowing the visualization of plaques after coloring. Serum neu-
tralizing antibodies titers, expressed as the estimated dilution 
60 (ED60), corresponded to the inverse of the interpolated 
serum dilution inducing a 60% reduction in the number of 
plaques compared to the virus placebo wells. The assay cutoff 
was 18 ED60.

Anti-RSVPreF3 IgG antibodies were measured using an 
enzyme-linked immunosorbent assay (ELISA) at Nexelis Labs, 
Laval, Quebec, Canada. The assay cutoff was 25 ELISA units 
(EU)/mL. Additional details are provided in the Supplementary 
Material.

Statistical Analysis

A planned sample size of 125 women per group was justified 
based on precision estimation on safety and immunogenicity:

	1.	Safety considerations: with 125 women per group, if an AE is 
not observed in a given group, the true incidence rate of the 
AE in that group is ≤2.9% with 95% confidence.

	2.	Immunogenicity considerations: with 125 women per group, 
if the geometric mean ratio of 1.5 for RSV-A neutralizing 
antibodies between 2 dose groups is observed, the 95% con-
fidence interval (CI) would be 1.19–1.89 based on a standard 
deviation of 0.4 of log10 transformed RSV-A neutralizing 
antibodies.

All statistical analyses were performed using SAS Drug 
Development software.

The reactogenicity and safety analyses were performed on the 
exposed set and included all women with documented vacci-
nation. Percentages of women reporting solicited and unsolic-
ited AEs were tabulated with exact 95% CIs. Same computations 
were performed for AEs of ≥ grade 2, AEs considered as vac-
cination related (all and grade 3), and medically attended AEs 
(all and grade 3). SAEs and occurrence of pregnancies were de-
scribed. Toxicity of hematological and biochemical parameters 
was graded from 1 to 4 using the Food and Drug Administration 
Guidance [20].

The immunogenicity analysis was performed on the per-
protocol set and included all women who met eligibility criteria, 
received the study vaccine or placebo, complied with protocol-
defined procedures, and had immunogenicity results for at least 
1 assay at the corresponding time point. Exploratory comparisons 
between groups were performed for anti-RSV A neutralizing an-
tibody GMTs and anti-RSVPreF3 IgG antibody GMCs at day 8 
(post hoc analysis) and at day 31 (prespecified) using an analysis 
of covariance (ANCOVA) model with vaccine group as fixed effect 
and prevaccination titer/concentration as covariate. Pairwise com-
parisons were made using the Tukey multiple comparison adjust-
ment. Anti-RSV A neutralizing antibodies GMTs, anti-RSVPreF3 

https://www.gsk-studyregister.com
https://www.clinicalstudydatarequest.com
https://www.clinicalstudydatarequest.com
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab317#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab317#supplementary-data


2070  •  jid  2022:225  (15 June)  •  Schwarz et al

IgG antibody GMCs, and seropositivity rates were calculated with 
95% CIs. GMTs and GMCs were determined by taking the anti-log 
of the mean of the log titer transformations. For results below the 
assay cutoff, an arbitrary value of half the cutoff was considered for 
calculation of GMTs, GMCs, and fold increase.

RESULTS

Participants

A total of 502 women were enrolled and vaccinated (124 in the 
30 RSVPreF3 group, 126 in the 60 RSVPreF3 group, 126 in the 
120 RSVPreF3 group, and 126 in the placebo group). Of these, 

Screening (D-7 through D1)

n = 579

n = 502

n = 502

n = 124 n = 126 n = 126 n= 126

Enrolled and randomized (1:1:1:1)

30 RSVPreF3 60 RSVPreF3 120 RSVPreF3

30 RSVPreF3 60 RSVPreF3 120 RSVPreF3

30 RSVPreF3 60 RSVPreF3 120 RSVPreF3

30 RSVPreF3 60 RSVPreF3 120 RSVPreF3

30 RSVPreF3 60 RSVPreF3 120 RSVPreF3

30 RSVPreF3 60 RSVPreF3 120 RSVPreF3

30 RSVPreF3 60 RSVPreF3 120 RSVPreF3

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

n = 124 n = 126 n = 126 n = 126

n = 120 n = 119 n = 120 n = 123

n = 121 n = 121 n = 124 n = 123

n = 121 n = 121 n = 124 n = 120

n = 116 n = 119 n = 123 n = 118

n = 122 n = 125 n = 126 n = 124

Exposed set

Per protocol set

Completed study

2 Out of  window assessment
2 Eligibility criteria not met

1 Out of  window assessment
2 Eligibility criteria not met

2 Out of  window assessment
1 Missed assessment

4 Out of  window assessment
2 Eligibility criteria not met
2 Lost to follow-up

3 Out of  window assessment
1 Eligibility criteria not met

1 Out of  window assessment
1 Eligibility criteria not met

1 Out of  window assessment
1 Eligibility criteria not met

5 Out of  window assessment
1 Eligibility criteria not met

2 Out of  window assessment
1 Eligibility criteria not met

1 Out of  window assessment
1 Eligibility criteria not met
1 Excluded vaccine administered

2 Out of  window assessment
1 Eligibility criteria not met

1 Excluded vaccine administered
1 Missed assessment

1 Lost to follow-up

4 Out of  window assessment
1 Eligibility criteria not met
1 Excluded vaccine administered
2 Lost to follow-up

4 Out of  window assessment
2 Eligibility criteria not met
1 Positive pregnancy test
1 Lost to follow-up

1 Out of  window assessment
2 Eligibility criteria not met
1 Positive pregnancy test
1 Lost to follow-up

1 Out of  window assessment
2 Eligibility criteria not met
1 Positive pregnancy test
1 Lost to follow-up

3 Out of  window assessment

1 Incomplete assessment
2 Eligibility criteria not met

1 Positive pregnancy test
1 Lost to follow-up

, hematology/biochemistry sample; , immunogenicity sample; , RSVPreF3 vaccine containing either 30, 60 or 120 µg of  RSVPreF3 antigen, or placebo; , exploratory analysis

D1

D8

D31

D61

D91

D181

Figure 2.  Participant flow chart. Abbreviations: 30 RSVPreF3/60 RSVPreF3/120 RSVPreF3, group receiving 1 dose of the RSV vaccine containing 30, 60, or 120 µg of 
RSVPreF3 antigen; D, day; n, number of women; placebo, group receiving 1 dose of placebo; RSV, respiratory syncytial virus.
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497 women completed the study, and 5 women were lost to fol-
low-up. There were no withdrawals due to an AE (Figure 2). 
Groups were well balanced in terms of baseline characteristics 
(Table 1).

Safety and Reactogenicity

Pain at the injection site was the most common solicited local 
AE, reported by 47.6%–53.2% of women in the RSVPreF3 
groups versus 15.9% in the placebo group. Redness was re-
ported by ≤11.2% of women in the RSVPreF3 groups versus 
0.8% in the placebo group. Swelling was reported only in the 
RSVPreF3 groups (≤5.6%). Headache was the most common 
solicited general AE, reported by 29.8%–47.6% of women in the 
RSVPreF3 groups versus 25.4% in the placebo group, followed 
by fatigue and gastrointestinal symptoms (≤39.2% and ≤24.2% 
across all groups). Fever was reported infrequently and only 
in the RSVPreF3 groups (≤3.2% of women [2 in 30 RSVPreF3 
group and 4 in 120 RSVPreF3 group]). Of these, 1 woman re-
ported a temperature >38.5–39°C (120 RSVPreF3 group). No 
grade 3 fever was reported. Overall, grade 3 solicited AEs were 
reported by ≤4.8% of women in all groups (Figure 3). The av-
erage duration of solicited local and general AEs was approxi-
mately 1–3 days in all groups, with a median duration of 2 days 
for injection site pain and 1–2 days for headache.

Unsolicited AEs reports were comparable among all groups 
(36.3%–38.1% of women in the RSVPreF3 groups vs 34.9% in 
the placebo group). Headache, after the 7-day postvaccination 
period, was the most frequently reported unsolicited AE (≤8.1% 
in RSVPreF3 groups vs ≤11.1% in the placebo group). The inci-
dence of unsolicited AEs considered related to vaccination was 
6.5%–11.1% in the RSVPreF3 groups versus 7.9% in the pla-
cebo group. Grade 3 unsolicited AEs were infrequently reported 

(2.4%–7.9% in the RSVPreF3 groups vs 1.6% in the placebo 
group). One grade 3 unsolicited AE (myalgia, ie, muscular pain) 
reported in the 60 RSVPreF3 group was considered as vaccina-
tion related and was resolved within 2 days. The majority of un-
solicited AEs occurring within 30 days postvaccination lasted 
1–7 days, with a 1-day median duration for headache.

There were 3 medically attended solicited AEs (fatigue, 
gastrointestinal symptoms, and headache) experienced by 
the same woman in the 30 RSVPreF3 group. The incidence 
of medically attended unsolicited AEs was 4.0%–7.9% in 
RSVPreF3 groups versus 6.3% in the placebo group. Three 
SAEs were reported throughout the duration of the study (1 
in the 120 RSVPreF3 group and 2 in the placebo group). All 
occurred after more than 60  days following vaccination and 
were resolved within 20 days; none was considered as vaccine 
related by the investigator. Two pregnancies occurred during 
the study, 1 in the 60 RSVPreF3 group that started around the 
time of vaccination and 1 in the 120 RSVPreF3 group that 
started approximately 4  months following vaccination. For 
both pregnancies, the outcome was a live infant with no ap-
parent congenital anomalies.

No occurrences of clinically significant changes in laboratory 
parameters were observed. At day 8, one woman (30 RSVPreF3 
group) had grade 3 increase in creatinine (laboratory error), 
and another woman (60 RSVPreF3 group) had grade 3 increase 
in alanine and aspartate aminotransferase counts; both women 
had normal values at baseline. Two women (60 RSVPreF3 
group) had grade 3 decrease in hemoglobin count from base-
line, 1 at day 8 (considered related to vaccination by the inves-
tigator and resolved by day 31) and the other 1 at day 31. Both 
values remained within normal ranges and grade 0 based on the 
Food and Drug Administration toxicity scale. One woman (30 

Table 1.  Baseline Characteristics of Study Participants, Exposed Set

Characteristic
30 RSVPreF3  

(n = 124)
60 RSVPreF3  

(n = 126)
120 RSVPreF3  

(n = 126)
Placebo  
(n = 126)

Age in years at first vaccination, mean (SD) 32.5 (7.4) 32.1 (7.9) 31.5 (7.6) 32.2 (7.1)

Age group, n (%)

  18–32, y 62 (50) 64 (50.8) 64 (50.8) 66 (52.4)

  33–45, y 62 (50) 62 (49.2) 62 (49.2) 60 (47.6)

Country, n (%)

  Finland 15 (12.1) 15 (11.9) 16 (12.7) 15 (11.9)

  Germany 52 (41.9) 54 (42.9) 52 (41.3) 53 (42.1)

  United States 57 (46.0) 57 (45.2) 58 (46.0) 58 (46.0)

Ethnicity, n (%)

  Hispanic or Latino 5 (4.0) 2 (1.6) 2 (1.6) 2 (1.6)

  Not Hispanic or Latino 119 (96.0) 124 (98.4) 124 (98.4) 124 (98.4)

Race, n (%)

  Asian 1 (0.8) 1 (0.8) 2 (1.6) 5 (4.0)

  Black or African American 5 (4.0) 5 (4.0) 4 (3.2) 7 (5.6)

  White 115 (92.7) 120 (95.2) 117 (92.9) 114 (90.5)

  Other 3 (2.4) 0 (0) 3 (2.4) 0 (0)

Abbreviations: 30 RSVPreF3/60 RSVPreF3/120 RSVPreF3, group receiving 1 dose of RSV vaccine containing 30, 60, or 120 µg of RSVPreF3 antigen; n, number of women; placebo, group 
receiving 1 dose of placebo; RSV, respiratory syncytial virus.
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RSVPreF3 group), for whom a normal value was observed at 
baseline, had grade 3 change in neutrophil count at day 31 (con-
sidered unrelated to the vaccination and possibly attributable to 
a concomitant cold).

Immunogenicity

All women had anti-RSV A neutralizing antibodies titers equal 
to or above the seropositivity cutoff at baseline (Figure 4). 
Compared to prevaccination titers, anti-RSV A  neutralizing 

antibodies GMTs were boosted in all RSVPreF3 groups with 
a rapid response peaking at day 8 postvaccination. Fold in-
creases of 7.82 in the 30 RSVPreF3 group, 10.79 in the 60 
RSVPreF3 group, 14.28 in the 120 RSVPreF3 group versus 1.06 
in the placebo group were noted. At day 91 postvaccination, 
anti-RSV A  neutralizing antibodies GMTs had declined in 
all RSVPreF3 groups (Figure 4) but remained 4.84-fold (30 
RSvPreF3 group) to 5.88-fold (120 RSVPreF3 group) higher 
than prevaccination values.

30 RSVPreF3 60 RSVPreF3 120 RSVPreF3 Placebo 

Pre-vaccination Day 8 Day 31 Day 61 Day 91
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Figure 4.  Anti-RSV A neutralizing antibody geometric mean titers (neutralization assay [ED60]; per protocol set). Error bars indicate 95% confidence intervals. Abbreviations: 
30 RSVPreF3/60 RSVPreF3/120 RSVPreF3, group receiving 1 dose of the RSV vaccine containing 30, 60, or 120 µg of RSVPreF3 antigen; ED60, serum dilution inducing 60% 
reduction in plaque-forming units; GMTs, geometric mean titers; placebo, group receiving 1 dose of placebo; RSV, respiratory syncytial virus.
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Figure 3.  Incidence of solicited local and general adverse events from day 1 to day 7 postvaccination (exposed set). Error bars indicate 95% confidence intervals. 
Abbreviations: 30 RSVPreF3/60 RSVPreF3/120 RSVPreF3, group receiving 1 dose of the RSV vaccine containing 30, 60, or 120 µg of RSVPreF3 antigen; GI, gastrointestinal; 
placebo, group receiving 1 dose of placebo; RSV, respiratory syncytial virus.
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Between-group exploratory comparisons of anti-RSV A neu-
tralizing antibodies GMTs at day 8 and day 31 showed that the 
60 and 120 RSVPreF3 groups were statistically more immuno-
genic than the 30 RSVPreF3 group. Although not statistically 
significant, a trend towards higher immune response for the 120 
RSVPreF3 group compared to that for the 60 RSVPreF3 group 
was observed (Supplementary Table 1).

Anti-RSVPreF3 IgG antibodies GMCs also peaked at day 
8 in all RSVPreF3 groups, with fold increases of 12.16 in the 
30 RSVPreF3 group, 17.58 in the 60 RSVPreF3 group, 21.25 
in the 120 RSVPreF3 group versus 1.05 in the placebo group. 
The immune responses declined slowly over the following time 
points and persisted 5.96-fold (30 RSVPreF3) to 7.61-fold (120 
RSVPreF3) above prevaccination values at day 91 (Figure 5).

As for the anti-RSV A  neutralizing antibodies, between-
group ANCOVA analyses of anti-RSVPreF3 IgG antibodies 
GMCs at day 8 and day 31 showed that the higher RSVPreF3 
dose levels were statistically more immunogenic than the 30 
RSVPreF3 one. Furthermore, the exploratory comparison at 
day 8, but not at day 31, showed that the 120 RSVPreF3 group 
was statistically more immunogenic than the 60 RSVPreF3 
group (Supplementary Table 1).

DISCUSSION

This first-in-human study of a maternal RSVPreF3 vaccine can-
didate, containing either 30, 60, or 120 µg of RSVPreF3 antigen, 
showed that all dose levels were well tolerated and boosted ef-
ficiently preexisting humoral immune responses to RSV in 
nonpregnant women of childbearing age. The incidence of 

AEs was comparable between vaccine groups, with most AEs 
being mild or moderate in intensity. Among solicited AEs, al-
though headache incidence tended to increase with increasing 
dose level, grade 3 headache was similarly reported among 
RSVPreF3 and placebo groups. Fever was mostly uncommon 
and of low grade. These reassuring reactogenicity results are en-
couraging for a vaccine that is intended to be used in pregnant 
women, as maternal fever during pregnancy has been associ-
ated with adverse child outcomes, such as neural tube defects, 
congenital heart defects, oral clefts, or renal anomalies [21–24].

As expected, all women were seropositive for anti-RSV 
A neutralizing antibodies and anti-RSVPreF3 IgG antibodies 
due to lifelong priming with RSV. Vaccination with RSVPreF3 
induced a rapid and robust humoral immune response for all 
the RSVPreF3 dose levels, peaking at day 8.  GMTs of anti-
RSV A neutralizing antibodies and GMCs of anti-RSVPreF3 
IgG antibodies declined between day 8 and day 91 with com-
parable kinetics in all RSVPreF3 groups but persisted well 
above prevaccination concentrations at day 91. Vaccination 
during the second or third trimester of pregnancy has been 
shown to be an effective strategy to protect infants during 
the period of great susceptibility to infectious diseases, when 
they are too young to be protected through routine pediatric 
vaccination and unable to mount an optimum immune re-
sponse against certain pathogens [9, 10, 25]. High titers of 
maternally derived RSV neutralizing antibodies have been 
shown to be associated with subsequent serologic protec-
tion of infants against RSV infection and lower incidence 
of RSV-associated acute LRTI during the first 6  months of 
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Figure 5.  Anti-RSVPreF3 IgG antibody geometric mean concentrations (enzyme-linked immunosorbent assay [EU/mL]; per protocol set). Error bars indicate 95% confidence 
intervals. Abbreviations: 30 RSVPreF3/60 RSVPreF3/120 RSVPreF3, group receiving 1 dose of the RSV vaccine containing 30, 60, or 120 µg of RSVPreF3 antigen; EU, laboratory 
units of enzyme-linked immunosorbent assay; GMCs, geometric mean concentrations; IgG, immunoglobulin G; placebo, group receiving 1 dose of placebo; RSV, respiratory 
syncytial virus.
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life [26–30]. Administration of an RSV vaccine to pregnant 
women is expected to boost the serum neutralizing antibody 
response induced by previous natural infections and has the 
potential to prevent or reduce the severity of RSV disease and 
RSV-associated LRTI hospitalizations in infants in their first 
weeks or months of life [11–13, 31, 32].

The optimal time window to vaccinate during pregnancy 
should balance out early enough vaccination (to achieve the 
peak immune response), timing of the most efficient transfer 
of antibodies to the infant, expected time of delivery, and post-
partum antibody persistence. Trials with influenza and per-
tussis vaccines suggested that the optimal transfer of maternal 
antibodies may occur upon vaccination towards the beginning 
of the third trimester of pregnancy for infants born at full-
term but may not be optimal for preterm infants [33–37]. The 
rapid increase in RSV A neutralizing antibody titers observed 
with RSVPreF3 may provide flexibility for mothers to get vac-
cinated while still allowing for a substantial transfer of anti-
bodies to their infants. Moreover, boosted antibodies induced 
by RSVPreF3 remained well above baseline levels at 3 months 
postvaccination, suggesting that RSVPreF3 might be adminis-
tered earlier during pregnancy without impacting the level of 
antibodies transferred to the infants.

Exploratory analysis at days 8 and 31 showed that the 60 
RSVPreF3 and 120 RSVPreF3 dose levels were more immuno-
genic than the 30 RSVPreF3 one. Additionally, a trend towards 
higher immune response was noted for the 120 RSVPreF3 dose 
level, but this did not reach statistical significance for all read-
outs, with the exception of day 8 ANCOVA results for anti-
RSVPreF3 IgG antibodies. These results are supporting further 
evaluation of the vaccine’s higher doses.

Previous studies evaluating the impact of adding alu-
minum into the formulation of an investigational RSV F 
protein vaccine engineered to preferentially maintain the 
prefusion conformation have shown that the presence of 
aluminum adjuvant did not enhance the immune response, 
while significantly contributing to higher rates of grade 2/3 
AEs and/or fever [38, 39]. Our study results show that each 
of the 3 dose levels were able to induce robust neutralizing 
antibodies, despite the fact that the vaccine did not contain 
an aluminum adjuvant.

A limitation of the study is that the vast majority of the 
participants were white, Caucasian women, which may limit 
the generalizability of the results to the broader population. 
Another limitation is the presence of a potential boosting of 
the humoral response due to natural exposure to RSV infec-
tion during study period enrolment or collection of blood sam-
ples, which has been mostly surpassed by the controlled study 
design. Additionally, all comparative analyses were descriptive 
and should be interpreted with caution, as no adjustment for 
multiplicity was performed.

CONCLUSIONS

The RSVPreF3 vaccine was well tolerated and no safety con-
cerns were identified. All dose levels were immunogenic, with 
higher immune response induced by the 60 and 120  µg dose 
levels than the 30 µg one. These data support further investi-
gation of the 60 and 120 µg RSVPreF3 dose levels in pregnant 
women.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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