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Background. Respiratory syncytial virus (RSV) is an important cause of disease in older adults. We evaluated the safety and 
immunogenicity of a stabilized RSV prefusion F subunit (RSVpreF) vaccine candidate with/without adjuvant in adults aged 65– 
85 years.

Methods. Primary cohort participants were equally randomized to 1 of 7 RSVpreF formulations: 60 µg with either Al(OH)3 or 
CpG/Al(OH)3, 120 µg with either Al(OH)3 or CpG/Al(OH)3, 240 µg with either Al(OH)3 or CpG/Al(OH)3, 240 µg unadjuvanted, 
or placebo, administered concomitantly with high-dose seasonal inactivated influenza vaccine (SIIV). Participants in the month 0,2 
cohort were randomized to RSVpreF 240 µg with CpG/Al(OH)3 or placebo, administered at months 0 and 2.

Results. All RSVpreF vaccine candidates elicited robust and persistent serum neutralizing responses when administered alone 
or with SIIV. There was no notable difference in neutralizing response between the formulations, including those containing CpG. 
In the month 0,2 cohort, there was no booster effect of dose 2. SIIV responses were similar or slightly lower with concomitant 
administration of RSVpreF. Most systemic and local reactions were mild and more frequent after RSVpreF than placebo.

Conclusions. RSVpreF formulations were well tolerated and elicited robust neutralizing responses in older adults; however, 
CpG/Al(OH)3 did not further enhance responses.

Clinical Trials Registration. NCT03572062.
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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]. 
Although typically associated with mild symptoms in young 
adults, RSV can lead to more severe complications, including 
lower respiratory tract illness, in older adults and those with 
underlying medical conditions, such as chronic kidney disease, 
congestive heart failure, chronic obstructive pulmonary dis-
ease, stroke, solid organ cancer, and hematologic malignancy 
[2, 3]. In US adults .65 years old, RSV leads to approximately 
177 000 hospitalizations and 14 000 deaths annually [4, 5]. Low 

serum neutralizing titers are associated with increased risk of 
severe RSV disease, suggesting that increasing serum neutraliz-
ing titers by immunization may reduce disease severity [6]. 
Although other RSV candidate vaccines have been evaluated 
[7, 8], none have been successful in preventing RSV disease, 
and current treatment consists of supportive care [9]. An 
RSV subunit vaccine (RSVpreF) that contains prefusion stabi-
lized F immunogens from the 2 RSV antigenic subgroups (A 
and B) is currently in development. In a first-in-human study 
in healthy adults 18–85 years old, RSVpreF was safe, well toler-
ated, and highly immunogenic [10, 11]. Because immunosenes-
cence can reduce vaccine responses in the elderly, the addition 
of adjuvants to vaccine formulations may enhance immune re-
sponses in older adults [12, 13].

The first-in-human phase 1/2 study evaluated RSVpreF for-
mulations with and without Al(OH)3, and no benefit of the ad-
dition of Al(OH)3 was observed. Here, we report the results of a 
study of RSVpreF in healthy adults 65–85 years old in which 
RSVpreF formulations with the oligodeoxynucleotide adjuvant 
CpG, a toll-like receptor 9 agonist, bound to Al(OH)3 were in-
vestigated to determine whether the addition of CpG further 
improves humoral and cellular responses in elderly 
participants.
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METHODS

Study Design

This phase 1/2 randomized, placebo-controlled, observer- 
blind, dose-finding study (NCT03572062) was conducted at 
12 sites in Australia. Participants were enrolled into 2 cohorts 
(Supplementary Figure 1). The primary cohort evaluated sev-
eral RSV vaccine dose levels and formulations, which were 
administered as a single dose concomitantly with seasonal in-
activated influenza vaccine (SIIV). An additional cohort eval-
uated a 2-dose regimen of RSV vaccine (240 µg dose level with 
CpG/Al(OH)3) administered without SIIV in a month 0, 
month 2 schedule (month 0,2 cohort). Participant enrollment 
commenced at the beginning of the southern hemisphere in-
fluenza season; however, a delay in SIIV availability prevent-
ed completion of enrollment into the primary cohort. The 
protocol was amended in August 2019 to include the month 
0,2 cohort, to supplement enrollment. Because participants 
were enrolled into the month 0,2 cohort before the influenza 
season, concomitant SIIV was not administered to this co-
hort. Twelve months of follow-up after completion of vacci-
nation were planned for both cohorts, but the sponsor 
terminated the study early on 10 August 2020. The planned 
12-month follow-up of the primary cohort was completed. 
Follow-up of the month 0,2 cohort was shortened to 6 
months after dose 2.

Participants were allocated to vaccine groups using an inter-
active web-response system. Participants in the primary cohort 
were equally randomized to 1 of 7 dose levels and formulations 
(3 dose levels of RSVpreF [60 µg, 120 µg, and 240 µg], each for-
mulated with Al[OH]3 or CpG/Al[OH]3, or 240 µg RSVpreF 
alone) or placebo, all administered with concomitant SIIV. 
Those in the month 0,2 cohort were equally randomized to 
receive 2 doses, 2 months apart, of 240 µg RSVpreF with 
CpG/Al(OH)3 or placebo without concomitant SIIV. The 
participants, investigators, study coordinator, and laboratory 
personnel were blinded to vaccine assignment throughout 
the study. The sponsor study team were blinded until the 
conduct of planned interim analyses when safety and immu-
nogenicity data were available 1 month after vaccination (prima-
ry cohort) and 1 month after dose 2 (month 0,2 cohort). Study 
site vaccine dispensers and administrators were not blinded 
due to differences in the physical appearance of vaccine formu-
lations and placebo.

Ethical conduct of the trial is summarized in the 
Supplementary Material.

Participants

Study participants were healthy men and women 65–85 years 
old. Women were not of childbearing potential. Exclusion cri-
teria included any previous investigational RSV vaccination; 
known infection with HIV, hepatitis B virus, or hepatitis C vi-
rus; severe allergic reaction to any vaccine or other substance, 

including documented allergy to egg proteins or chicken pro-
teins; any autoimmune or immunodeficient conditions; treat-
ment with immunosuppressive therapy; and receipt of blood/ 
plasma product or immunoglobulin within 60 days of study en-
try or during the study. For the primary cohort only, influenza 
vaccination within 6 months of study entry was also an exclu-
sion criterion. A full list of inclusion and exclusion criteria is 
included in the Supplementary Material.

Exploratory cellular analyses were conducted on whole- 
blood samples from a subset of participants (the peripheral 
blood mononuclear cell [PBMC] subset). The PBMC subset 
was selected at the study site level from those sites with access 
to appropriate specimen processing laboratories.

Vaccination

Each RSVpreF vaccine candidate was provided as vials contain-
ing a lyophilized mixture of equal amounts of 2 stabilized pre-
fusion F antigens, 1 from each RSV subgroup, A and 
B. Lyophilized RSVpreF was reconstituted to 0.5 mL with 1 
of 3 diluents: Al(OH)3, CpG/Al(OH)3, or water for injection. 
Three dose levels of RSVpreF antigen (60, 120, or 240 μg) 
were each evaluated in formulations containing Al(OH)3 or 
CpG/Al(OH)3. The formulation without Al(OH)3 or CpG/ 
Al(OH)3 consisted of a single 240 μg dose of RSVpreF. 
Placebo was a sterile 0.9% normal saline solution in a 
0.5 mL dose. Vaccine candidates or placebo were injected 
into the left deltoid. Participants in the primary cohort also 
received a commercially available high-dose trivalent SIIV 
(Fluzone HD, Southern Hemisphere 2019), injected into 
the right deltoid on the same day as immunization with 
the RSVpreF candidates.

Safety Assessments

We assessed the safety and tolerability of adjuvanted RSV vac-
cine administered concomitantly with SIIV in the primary co-
hort. Safety and tolerability of doses 1 and 2 administered 
2 months apart in the month 0,2 cohort were also evaluated.

Participants recorded information about local reactions 
and systemic events occurring within 14 days after vaccina-
tion using e-diaries. Local reactions and systemic events 
were graded according to severity scales derived from the 
US Food and Drug Administration Center for Biologics 
Evaluation and Research guidelines [14]. Grade 4 events re-
quired investigator confirmation.

Adverse events (AEs) occurring within 1 month after vacci-
nation 1 in the primary cohort and through 1 month after vac-
cination 2 in the month 0,2 cohort were collected. In addition, 
medically attended AEs (MAEs), AEs of specific interest (auto-
immune and neuroinflammatory conditions), and serious AEs 
(SAEs) occurring within 12 months after vaccination (primary 
cohort) or 6 months after vaccination 2 (month 0,2 cohort) 
were collected at scheduled study follow-up visits (Figure 1).
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Immunogenicity Assessments

Immune responses elicited by RSVpreF administered concom-
itantly with SIIV, based on RSV A and RSV B serum neutraliz-
ing titers, and those elicited by SIIV given alone or with 
RSVpreF vaccine, based on hemagglutination inhibition 
(HAI) titers for all SIIV strains, were measured before and 1 

month after single-dose administration in the primary cohort. 
In the primary cohort, RSV A and RSV B neutralizing titers 
were measured at additional time points (1 week [PBMC subset 
of participants] and 3, 6, and 12 months after vaccination) and 
prefusion F-binding immunoglobulin G (IgG) and levels of Ig 
binding nonvaccine RSV antigens (matrix, nucleoprotein, and/or 

Figure 1. Participant disposition in the (A) primary cohort and (B) month 0,2 cohort. Abbreviations: AE, adverse event; PBMC, peripheral blood mononuclear cell; RSVpreF 
60, 120, and 240, stabilized respiratory syncytial virus prefusion F subunit vaccine (dose levels 60, 120, and 240 µg, respectively).
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G [Ga or Gb]), were measured before vaccination and 1, 3, 6, 
and 12 months after vaccination. H3N2-neutralizing titers 
were measured before vaccination and 1 month after vaccina-
tion. The RSV neutralization assay and RSV Luminex immuno-
assays have been described previously [10].

In the month 0,2 cohort, the immune responses were mea-
sured before and 1 month after the first dose, before the second 
dose, and 1 and 6 months after the second dose. RSV A and B 
neutralizing titers, prefusion F-binding IgG, and nonvaccine 
RSV antigen-binding Ig levels were measured. An additional 
immunogenicity assessment planned at 12 months after vacci-
nation 2 was not done.

Additional exploratory analyses of cellular immune respons-
es to RSV vaccine formulations, including characterization of 
RSV F-specific memory B-cell frequencies (FluoroSpot) and 
T-cell phenotypes, and cytokine secretion profiles (ELISpot 
and intracellular cytokine staining) were conducted using 
PBMCs isolated before vaccination and 1 week and 1 month 
after vaccination from a subset of participants in the primary 
cohort (Figure 1A). These assays are described in the 
Supplementary Material.

Statistical Analysis

The sample size for this study was not based on any formal 
hypothesis testing; all data were analyzed descriptively. 
Safety was analyzed in the safety population, which included 
all randomized participants who received at least 1 dose of 
study vaccine. Safety end points were reported by vaccination 
group using counts and percentages with corresponding 
2-sided 95% Clopper-Pearson confidence intervals (CIs). 
AEs and SAEs were summarized by system organ class and 
preferred term. Study populations and additional statistical 
methods are included in the Supplementary Material.

RESULTS

Participants

A total of 317 participants 65–85 years old were randomized 
beginning 29 April 2019 (primary cohort, n= 254; month 0,2 
cohort, n= 63); the last participant visit was 19 August 2020. 
As shown in Figure 1, 250 primary cohort participants 
(98.4%) received a single administration of RSVpreF, and 247 
(97.2%) completed the 12-month follow-up visit. In the month 
0,2 cohort, all 63 participants received the first RSVpreF vacci-
nation, 57 participants (90.5%) received the second RSVpreF 
vaccination, and 56 (88.9%) completed the 6-month post-dose 2 
follow-up visit.

Participant demographic characteristics were broadly similar 
across vaccine groups (Supplementary Table 1). Overall, the 
study enrolled similar percentages of men and women (53.7% 
men), with a median age of 70 years. Participants were predom-
inantly white (91.1%) and non-Hispanic/non-Latino (99.7%), 

and most had never smoked (52.4%) or were former (43.5%) 
smokers.

Safety

Reactogenicity
Injection-site pain was the most common local reaction in 
RSVpreF recipients in both cohorts (Figure 2). Most local reac-
tions were mild and transient, with median durations of 1–2 
days for injection-site pain, 1–6 days for redness, and 1–3 
days for swelling across the RSVpreF groups. There were no re-
ports of severe injection-site pain or swelling. One primary co-
hort participant who received RSVpreF 240 µg+Al(OH)3 

reported a severe local reaction of redness with a duration of 
6 days. There was no apparent trend in local reaction frequency 
across dose levels or formulations, and no substantial increases 
in frequency or severity observed with the second dose com-
pared with the first dose in the month 0,2 cohort.

Among RSVpreF recipients in both cohorts, the most com-
mon systemic events were fatigue/tiredness, headache, and 
muscle pain (Figure 3). These events were reported by more 
participants after the first than the second dose in the month 
0,2 cohort. Most events were mild in severity, with median du-
rations of 1 day for fever, 1–9 days for fatigue/tiredness, 1–5 
days for muscle pain, and 1–3 days for headache.

Two participants in the primary cohort reported severe 
events: 1 participant receiving RSVpreF 240 μg alone reported 
severe fatigue and severe headache (resolved within 1 and 2 
days, respectively), and 1 participant receiving RSVpreF 
120 μg+CpG/Al(OH)3 reported severe headache (resolved 
within 5 days). In the month 0,2 cohort, 1 participant reported 
severe headache, fatigue/tiredness, muscle pain, and joint pain 
after RSVpreF vaccination 1. No participants in either cohort 
experienced severe fever (≥39°C), nausea, vomiting, or 
diarrhea.

Adverse Events
Within the month following vaccine administration, 56 of 220 
RSVpreF recipients (25.4%) and 5 of 30 placebo recipients 
(16.7%) in the primary cohort reported AEs, most commonly 
involving the system organ class of infections and infestations 
(n= 22 across RSVpreF groups). Similarly, in the month 0,2 
cohort, 9 (28.1%) and 7 (24.1%) RSVpreF recipients and 
8 (25.8%) and 3 (10.7%) placebo recipients reported AEs during 
the month after the first and second dose, respectively. Two 
AEs (mild dry skin and mild injection site reaction) were con-
sidered vaccine related in RSVpreF recipients. No AEs of spe-
cific interest were reported in either cohort.

AEs occurring during 12 months of postvaccination follow- 
up for the primary cohort and from the first dose through 
6 months after the second dose for the month 0,2 cohort are 
summarized in Table 1. SAEs were reported by 30 of 250 prima-
ry cohort participants (6.3%–16.1% across RSVpreF groups; 
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10.0% placebo group) and 11 of 63 month 0,2 cohort partici-
pants (18.8% RSVpreF group; 16.1% placebo group). MAEs 
were reported at similar frequencies across the RSVpreF and 
placebo groups in the primary cohort (46.9%− 60.0% vs 
50.0%, respectively) and month 0,2 cohort (53.1% vs 38.7%, re-
spectively). No SAEs or MAEs in either cohort were considered 
vaccine related. One participant (male; 71 years old) died dur-
ing the study due to myocardial infarction occurring 211 days 
after vaccination with 240 μg+CpG/Al(OH)3; the death was 
not considered to be vaccine related.

Immunogenicity

RSV Antibody Responses
In the primary cohort, with all RSVpreF dose levels and formu-
lations, RSV A and RSV B neutralizing geometric mean titers 
(GMTs) increased at 1 month after vaccination (geometric 
mean fold rises [GMFRs] of 4.8–11.6 and 4.5–14.1, respective-
ly) (Figure 4). There was a modest trend of higher GMTs with 

increasing dose levels of the RSVpreF+CpG/Al(OH)3 formu-
lations indicating a dose-response; however, there were no no-
table differences in neutralizing responses among the 
formulations, including those containing CpG/Al(OH)3. 
GMTs generally declined after 1 month; however, at 12 months 
after vaccination, they remained 2.1 to 3.5 times (RSV A) and 
2.2 to 4.3 times (RSV B) the baseline GMTs.

As in the primary cohort, in the month 0,2 cohort, RSV A 
and RSV B neutralizing GMTs increased 1 month after the 
first dose in RSVpreF recipients (GMFRs, 10.2 and 12.3, re-
spectively; Figure 4). No increase in GMTs (booster effect) 
was observed 1 month after the second dose (GMFRs, 0.9 
for RSV A and B). After vaccination 1, GMTs generally de-
clined after 1 month; however, through 6 months after vacci-
nation 2, they remained 4.3 times (RSV A) and 6.4 times (RSV B) 
the baseline GMTs.

Prefusion F-binding IgG responses and kinetics for RSV A 
and RSV B generally paralleled neutralizing responses 

Figure 2. Percentages of participants reporting local reactions within 14 days after vaccination in the (A) primary cohort and (B) month 0,2 cohort. Error bars are 95% 
confidence intervals. Abbreviations: A, Al(OH)3; CpG/A, CpG/Al(OH)3; F 60, 120, and 240, stabilized respiratory syncytial virus prefusion F subunit vaccine (dose levels 60, 
120, and 240 µg, respectively).
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(Supplementary Figure 2). RSVpreF-binding IgG geometric 
mean concentrations increased robustly 1 month after an initial 
RSVpreF vaccination in both cohorts, with gradual reductions 
thereafter and with no boosting effect of a second dose in the 
month 0,2 cohort.

T- and B-Cell Responses
Interferon-γ (IFN-γ)+ T-cell response to RSVpreF measured by 
ELISpot peaked at 1 week after vaccination for all formulations 
evaluated (Supplementary Figure 3A). At 1 month after vacci-
nation, T-cell responses declined but remained above baseline 
levels. No difference in T-cell response between dose levels or 
with and without CpG/Al(OH)3 was observed at 1 month after 
vaccination (Supplementary Figure 3A). Intracellular cytokine 
staining analysis confirmed the T-cell response was dominated 
by CD4 T cells (Supplementary Figure 3B–3D), with no mea-
surable antigen-specific CD8+ T-cell response (data not 
shown). The CD4+ T-cell response consisted of RSV 
F-reactive IFN-γ+, interleukin-2 (IL-2)+, and IFN-γ+/ 

IL-2+cells (Supplementary Figure 3B–3D). RSVpreF increased 
the frequency of RSV F-specific IgG+ memory B cells at 1 
month after vaccination above baseline, suggesting a strong in-
duction of memory B-cell response (Supplementary Figure 4). 
Similar to the T-cell response, the B-cell response did not differ 
across dose levels or formulations.

Response to SIIV
Immune responses to SIIV 1 month after vaccination, as mea-
sured by HAI and neutralizing titers, were generally similar or 
trended slightly lower among primary cohort participants who 
received SIIV concomitantly with RSVpreF compared with 
those who received SIIV with placebo (Supplementary 
Figure 5). Seroprotection and seroconversion rates to SIIV 
were similar in RSVpreF and placebo groups.

Nonvaccine Antigen-Binding IgG responses
Primary cohort participants were enrolled at the beginning of 
the RSV season, and month 6 postvaccination visits 

Figure 3. Percentages of participants reporting systemic reactions within 14 days after vaccination in the (A) primary cohort and (B) month 0,2 cohort. aMild, moderate, 
severe, and grade 4 fever defined as temperatures of 38.0–38.4°C, 38.5–38.9°C, 39.0–40.0°C, and .40.0°C, respectively. There were no grade 4 reactions or events. No 
cases of vomiting were reported. Error bars are 95% confidence intervals. Abbreviations: A, Al(OH)3; CpG/A, CpG/Al(OH)3; F 60, 120, and 240, stabilized respiratory syncytial 
virus prefusion F subunit vaccine (dose level 60, 120, and 240 µg, respectively).
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corresponded to the end of RSV season. Seroconversion by 
nonvaccine antigen-binding Ig, defined as ≥4-fold rise in Ig 
that bound any of 3 RSV nonvaccine antigens (Ga/Gb, matrix, 
nucleoprotein) at month 6 after vaccination, was observed in 9 
of 212 participants (4.2%) in the RSVpreF groups and 10% in 
the placebo group. No participants in the month 0,2 cohort 
seroconverted to any RSV nonvaccine antigen.

DISCUSSION

In this older adult study, all RSVpreF formulations given as a 
single dose with concomitant SIIV or in a 2-dose series admin-
istered 2 months apart were generally well tolerated, with an ac-
ceptable safety profile. Although more RSVpreF recipients than 
placebo recipients reported local reactions, most were mild or 
moderate, and there were no vaccine-related SAEs or MAEs.

All RSVpreF vaccine candidates elicited robust and persis-
tent serum neutralizing responses when administered alone 
or with SIIV. Serum RSV neutralizing titers generally peaked 
in the first month after the first dose and remained elevated 
above baseline through 6–12 months after vaccination. In the 
primary cohort, when RSVpreF was coadministered with 
SIIV, immune responses to SIIV were similar or trended lower 
compared with SIIV immunization alone. The sustained anti-
body responses observed in this study are consistent with 
data from a phase 1/2 study in older adults, which also supports 
durability of response for ≥12 months after vaccination [11]. 
Furthermore, all RSVpreF vaccine candidates induced a strong 
CD4+ T-cell response and memory B-cell response, in line with 
the robust immunogenicity of RSVpreF.

An adjuvanted influenza vaccine (FLUAD) is available for 
people ≥65 years old, and postmarketing studies have generally 
shown greater protection with the adjuvanted vaccine [15–17]. 
It was anticipated that inclusion of CpG bound to Al(OH)3 as 
an adjuvant for RSVpreF might increase immune responses in 
the elderly by overcoming immunosenescence. CpG is a toll- 
like receptor 9 agonist that can support elicitation of 
antigen-specific immunity. CpG has been well tolerated in clin-
ical infectious disease vaccine trials and a CpG adjuvant is in-
cluded in a recently licensed hepatitis B vaccine [18, 19]. 
However, no immune-boosting effect of CpG was observed 
in the current study compared with the RSVpreF formulations 
with or without Al(OH)3. There was also no increased immune 
response to a second dose of RSVpreF vaccine administered 
2 months after the first. As a result, the study was terminated 
early, once all participants in the month 0,2 cohort completed 
at least 6 months of safety and immunogenicity follow-up after 
the second vaccination. The reason for lack of effect of CpG/ 
Al(OH)3 is unknown. The same doses with and without 
Al(OH)3 were tested in another study and showed no signifi-
cant differences between doses, or between formulations with 
and without Al(OH)3 [10, 11]. Based on those results and the Ta
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Figure 4. RSV A and RSV B neutralizing GMTs at month 1 (A and C ) and through month 12 (B and D) in the primary cohort (A and B) and month 0,2 cohort (C and D). Error bars 
are 95% confidence intervals. Abbreviations: A, Al(OH)3; CI, confidence interval; CpG/A, CpG/Al(OH)3; F 60, 120, and 240, stabilized respiratory syncytial virus prefusion F 
subunit vaccine (dose levels 60, 120, and 240 µg, respectively); GMFR, geometric mean fold rise; GMT, geometric mean titer; RSV, respiratory syncytial virus.
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observed lack of enhanced response of CpG/ 
Al(OH)3-containing formulations in this study, the final for-
mulation to be used in older adults was selected: 120 µg dose 
without Al(OH)3.

Given the high burden of RSV disease in older adults, there is 
substantial clinical need for an effective vaccine. Prior vaccine can-
didates have failed to protect against RSV-mediated lower respira-
tory tract disease in elderly individuals [7, 8]. For example, a 
nonprefusion stabilized RSV F subunit vaccine candidate did 
not meet its primary efficacy end point in older adults in a phase 
3 trial [8]. An adenovirus vectored, prefusion F-based vaccine in-
creased neutralizing titers up to 6-fold and provided approximate-
ly 51.9% protection against RSV infection and disease in healthy 
adults aged 18–50 years in a recent proof-of-concept human chal-
lenge study [20]. When combined with a prefusion F subunit, the 
adenovirus vectored prefusion F-based vaccine provided 80% pro-
tection against confirmed RSV-associated lower respiratory tract 
disease in a phase 2 study in adults ≥65 years old [21]. 
Although there is no established immune correlate of protection, 
RSV neutralizing titers in that study correlated with protection 
from infection. In the proof-of-concept study, neutralizing re-
sponses at 1 month were robust, with GMFRs of 4.8–11.6 for 
RSV A and 4.5–14.1 for RSV B. These are slightly lower than those 
observed in 65- to 85-year-old adults in the recent phase 1/2 trial 
of RSVpreF: 7.2–13.2 for RSV A and 6.9–14.9 for RSV B [11]. The 
neutralizing responses in the study reported here were durable, 
with neutralizing titers remaining 2.1–4.3 times the baseline titers 
at 12 months after a single dose. Therefore, despite the lack of ef-
fect of adjuvant in this study and discontinuation of development 
of a CpG/Al(OH)3-containing formulation, the high and durable 
neutralizing responses to unadjuvanted RSVpreF documented in 
this study make it a promising candidate to protect older adults 
from RSV disease.

Limitations include lack of power for statistical comparisons 
across groups. In addition, the study was conducted in 
Australian individuals 65–85 years old, with less racial and eth-
nic diversity compared with some other populations. Study 
strengths include the evaluation of multiple vaccine formula-
tions and dose levels and high study completion rates despite 
the coronavirus disease 2019 (COVID-19) pandemic. The 
study provides evidence of a strong immune response to the 
RSVpreF candidates.

In conclusion, CpG/Al(OH)3 adjuvanted formulations did 
not further enhance the robust neutralizing antibody response 
and cellular immune response to RSVpreF in adults 65–85 
years old. Our results, combined with results from previous 
studies showing that RSVpreF without adjuvant elicited a ro-
bust immune response, support the further clinical develop-
ment of RSVpreF. The 120 µg dose level without Al(OH)3 

was selected for evaluation in a human infectious RSV chal-
lenge study (NCT04785612) and a pivotal phase 3 efficacy trial 
(NCT05035212).
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