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Background. Respiratory syncytial virus (RSV) remains a leading cause of pediatric morbidity, with no approved vaccine. We 
assessed the safety and immunogenicity of the Ad26.RSV.preF vaccine candidate in adults and children.

Methods. In this randomized, double-blind, phase 1/2a, placebo-controlled study, 12 adults (18–50 years) and 36 RSV- 
seropositive children (12–24 months) were randomized 2:1 to Ad26.RSV.preF (1 × 1011 viral particles [vp] for adults, 5 × 1010 vp 
for children) or placebo, at day 1 and 29, with 6-month immunogenicity and 1-year safety follow-up. Respiratory syncytial virus 
infection was an exploratory outcome in children.

Results. In adults, solicited adverse events (AEs) were generally mild to moderate, with no serious AEs. In children, no 
vaccination-related serious AEs were reported; fever was reported in 14 (58.3%) Ad26.RSV.preF recipients. Baseline pediatric 
geometric mean titers for RSV A2 neutralization increased from 121 (95% confidence interval [CI], 76–191) to 1608 (95% CI, 
730–3544) at day 29, and 2235 (95% CI, 1586–3150) at day 57, remaining elevated over 7 months. Respiratory syncytial virus 
infection was confirmed in fewer children receiving Ad26.RSV.preF (1, 4.2%) than placebo (5, 41.7%).

Conclusions. Ad26.RSV.preF demonstrated immunogenicity in healthy adults and toddlers, with no safety concerns raised. 
Evaluations in RSV-seronegative children are underway.
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Respiratory syncytial virus (RSV) is the most important cause of 
serious acute respiratory illness in infants globally, with an esti
mated 33.1 million episodes of RSV acute lower respiratory tract 
infection (LRTI) and 3.2 million hospitalizations in children 
<5 years annually [1]. Despite this, there is no current licensed 
vaccine for RSV. An early vaccine developed against RSV in the 
1960s, formalin-inactivated-RSV, was associated with enhanced 
respiratory disease (ERD) and deaths in a study of infants and 

toddlers [2]. Although the mechanisms of ERD are not fully un
derstood, it is thought that formalin-inactivated-RSV failed to 
induce adequate RSV-neutralizing antibodies and induced a 
T-helper cell type 2 (Th2) skewed response.

There are currently several RSV fusion protein 
(F-protein)-based vaccines targeting older adults and maternal 
immunization in development; however, there have been many 
late-stage failures in this field [3, 4]. Until recently, a single neu
tralizing monoclonal antibody was the only effective prophy
laxis available, but high-cost and intensive dosing largely 
restricted use to high-risk infants. Although advances with 
antenatal immunization [5] and a recently licensed extended 
half-life monoclonal antibody [6, 7] that may provide seasonal 
RSV protection through passive immunization show potential, 
neither approach has been shown to prevent transmission of 
RSV. In contrast, active immunization has the potential to pro
vide both direct and indirect protection to at-risk groups.

An efficacious active RSV vaccine is believed to require potent 
neutralizing antibodies and T-helper cell type 1 (Th1)-skewed 
cellular immune responses [8]. This type of response has been 
demonstrated in other vaccines utilizing the Ad26-based 
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platform, including against Ebola virus disease and coronavirus 
disease 2019 (COVID-19) [9–11]. The RSV F-protein is an at
tractive vaccine target, because it is essential in the development 
of infection in its prefusion (pre-F) conformation and is highly 
conserved across RSV strains [12, 13]. Epitopes specific to the 
pre-F protein appear to be more potent than those on the post
fusion (post-F) conformation of the RSV-F protein [12, 13].

The RSV adenovirus 26 vector encoding pre-F vaccine 
(Ad26.RSV.preF) utilizes the Ad26 platform with RSV 
F-protein stabilized in the pre-F conformation and has demon
strated immunogenicity, safety, and protection from RSV infec
tion in adult phase 1 and human challenge trials [14, 15]. This 
vaccine induces a Th1-biased response in neonatal mice, pro
viding reassurance for its further development in infants [16].

This study investigated the safety, tolerability, and immuno
genicity of the Ad26.RSV.preF vaccine candidate in 
RSV-seropositive 12- to 24-month-olds, as a precursor to the 
use of this vaccine in younger seronegative children (EudraCT 
2017:-001345-27). Because this was the first study of 
Ad26.RSV.preF in a new buffer formulation, a “run-in” cohort 
of healthy adults aged 18–50 years was vaccinated before chil
dren to assess reactogenicity.

METHODS

Study Design

This was a randomized, double-blind, placebo-controlled 
phase 1/2a study with vaccination on days 1 and 29, immune fol
low up through 6 months post second dose, and safety follow up 
through 1-year after first dose (Clinical Trials Registration: 
NCT03303625). The study included 2 cohorts: adults aged 
18–50 years and RSV-seropositive 12- to 24-month-olds.

The study was conducted at sites in the United States, 
Finland, and the United Kingdom, in compliance with Good 
Clinical Practice guidelines, the Declaration of Helsinki, and 
national regulatory requirements and was approved by the 
institutional review boards and research ethics in relevant 
countries. All participants or their parents/legal guardians 
provided written informed consent.

The primary objective was to assess the safety and tolerability 
of a 2-dose regimen of Ad26.RSV.preF in adults and 
RSV-seropositive children. The secondary objective was to 
assess humoral and cellular immune responses to 
Ad26.RSV.preF as measured by virus neutralization assay 
(VNA), F-protein binding antibodies (pre-F and post-F), and 
intracellular cytokine staining ([ICS] to assess Th1/Th2 pheno
type). Exploratory objectives were to further assess (1) humoral 
and cellular immune responses in all participants and (2) RSV 
infection rates, symptoms of respiratory illness, and severe 
RSV-LRTI in children. The original sample size of 12 adults 
and 48 children was chosen to provide a preliminary safety 
and immunogenicity assessment; the pediatric sample size 

was subsequently amended to 36, after an initial safety assess
ment of the first 24 enrolled participants, which raised no 
concerns.

Randomization and Blinding

Participants were randomized within adult and pediatric 
cohorts in a 2:1 ratio to receive either 2 single doses of 
Ad26.RSV.preF or equivalent of placebo. Doses were given at 
days 1 and 29. Randomization was balanced using randomly 
permuted blocks. Two sentinel participants in each cohort 
(1:1, active/placebo) were enrolled for safety monitoring. The 
remainder of the blocks were filled to overall 2:1 randomiza
tion. Placebo recipients were included for blinding and safety 
purposes and provided additional control specimens for immu
nogenicity assays.

Only staff with responsibility for vaccine preparation and 
dispensing were aware of vaccine allocation. The investigator 
was not unblinded until the final analysis was performed. 
Primary and interim analyses were performed on data unblind
ed at the group level.

Participants

Included adults were aged 18–50 years and determined to be in 
good health. Children were aged 12–24 months, seropositive 
for RSV, and in good health by assessment of medical history 
and physical examination. Respiratory syncytial virus seroposi
tivity was assessed by RSV enzyme-linked immune assay ([EIA] 
titer > 10 EIA units) or VNA (titer > 4). See Supplementary 
Methods for full inclusion and/or exclusion criteria.

Interventions

Ad26.RSV.preF vaccine was formulated for intramuscular 
injection, presented in single-use 2-mL vials, with doses of 
0.5 mL (1 × 1011 viral particles [vp]) for adults and 0.25 mL 
(5 × 1010 vp) for children. Placebo was supplied in 2-mL 
ampoules (sterile 0.9% saline) for intramuscular injection.

Endpoints

Primary Endpoints
Solicited local and systemic adverse events (AEs) were collected 
daily for 7 days after vaccination; a full list of these symptoms 
and grading are provided in Supplementary Tables 1 and 2. 
Unsolicited AEs were collected through 28 days, and serious 
AEs (SAEs) were collected through 1 year postvaccination.

Clinical hematology and biochemistry blood parameters 
were examined in adults at baseline and 7 days after first vacci
nation. Clinically significant changes in vital signs were report
ed as AEs (baseline, day 1, day 7, day 28, and day 211).

Secondary Endpoints

Immunogenicity samples were collected on days 1, 29, 57, and 
211 and evaluated according to the after assays.
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Respiratory Syncytial Virus Neutralization Assays
Vaccine-induced antibody responses were investigated by 
determination of virus-neutralizing antibodies in a VNA using 
A549 cells and RSV A2 or B virus, which expresses luciferase 
(RSV A2-FFL or B-FFL) as previously described [15]. Assay 
responses of serially diluted sample were plotted in a 4-parameter 
logistic regression curve, and the 50% inhibitory concentration 
was reported as the neutralization titer.

F-Protein-Specific Immunoglobulin G Enzyme-Linked  
Immunosorbent Assays
A reference curve enzyme-linked immunosorbent assay 
(ELISA) was used to determine geometric mean binding con
centrations (in ELISA units/liter) of immunoglobulin (Ig)G 
targeting the pre- or post-F-protein of RSV as previously 
described [15]. Total IgG against the randomly biotinylated 
pre-F protein in the stabilized conformation (RSV A2 F; 
GenBank ACO83301.1) and the post-F protein was evaluated.

Cell-Mediated Responses
Total cytokine response after in vitro RSV F-protein peptide 
stimulation was determined by ICS as described in the 
Supplementary Methods and reported as the percentage of 
CD4+ and CD8+ T cells that produced at least 1 of 3 cytokines 
(interferon gamma [IFNγ], tumor necrosis factor alpha 
[TNFα], interleukin-2 [IL-2]). The Th1-type response was 
defined as an increase in the percentage of IFNγ+ CD4+ T cells, 
and Th2-type response was defined as an increase in the per
centage of IL-4+ CD4+ T cells.

Exploratory Endpoints

Immunogenicity
Further immunogenicity endpoints included (1) RSV strain 
cross-neutralization and (2) neutralizing antibody titers to 
the Ad26 vector (Supplementary Table 3).

Clinical
Surveillance for symptoms of LRTI and severe RSV-LRTI was 
performed in children. Samples and symptoms were collected 
from all participants with RTI in days 0–28 postvaccination 
and beyond day 28, samples and symptoms were collected 
only during the RSV season. Samples were collected through
out the study from any participants with a medically attended 
RSV-RTI or severe LRTI (see Supplementary Methods).

Statistical Analysis

The study was descriptive, without formal statistical testing. 
Per-protocol immunogenicity ([PPI] randomized and vaccinated 
participants with immunogenicity data, excluding participants 
with major protocol deviations impacting immunogenicity out
comes) and full analyses (all who were randomized and received 
at least 1 dose of study vaccine) were conducted.

Descriptive statistics (geometric mean and 95% confidence 
interval [CI] for ELISA and VNAs; median and quartiles for 
ICS) were calculated for continuous immunologic parameters 
at all timepoints. Primary analysis for immunogenicity was per
formed on the PPI set.

All reported AEs with onset up to 28 days postvaccination, 
and all SAEs, were included in the analysis. For each AE, the 
percentage of participants experiencing at least 1 occurrence 
were summarized by vaccination group. Unsolicited AEs 
were presented by System Organ Class and preferred term.

Clinical biochemistry and hematology blood parameters, 
and postvaccination vital signs (adult cohort), were tabulated 
by worst grade (US Food and Drug Administration grading). 
In children, clinically significant vital sign abnormalities were 
recorded as AEs.

RESULTS

Study Population

Twelve adults (16 screened) and 36 children (77 screened) were 
enrolled and received at least 1 dose of study vaccine (Figure 1). 
In children, 63.4% (26 of 41) of screening failures were due to 
RSV seronegativity.

Baseline characteristics were generally well balanced 
between vaccination groups in both cohorts (Table 1). The 
majority of adults were female (8 of 12, 66.7%), White (10 of 
12, 83.3%), with median age of 36.5 years (range, 27–47). The 
majority of children were female (21 of 36, 58.3%), White (35 
of 36, 97.2%), with median age 17.5 months (range, 13–23).

Primary Endpoint: Safety and Reactogenicity

Adults
In adults, local and systemic solicited AEs were mostly grade 1 
or 2 severity and transient (Supplementary Tables 4–7).

All unsolicited AEs (within 28 days postdose) in adults were 
severity grade 1 or 2, and there were no SAEs. Vital sign and 
laboratory hematology abnormalities are presented in 
Supplementary Tables 8 and 9. There were no postvaccination 
biochemistry abnormalities.

Children
In children, injection site pain and/or tenderness was the most 
common solicited local AE, and this was reported after each 
dose in 14 of 24 (58.4%) in the Ad26.RSV.preF group and in 
4 of 12 (33.3%) in the placebo group (Figure 2). Most solicited 
local AEs were severity grade 1 or 2, with only 1 participant 
(4.2%) experiencing grade 3 injection site pain and/or tender
ness after each vaccination; all were of transient duration 
(Supplementary Table 7).

Solicited systemic AEs in the Ad26.RSV.preF group were re
ported after first and second doses in 23 of 24 (95.8%) and 22 of 
24 (91.7%) of participants, respectively. This compares with 10 
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of 12 (83.3%) and 9 of 12 (75.0%) after first and second doses in 
the placebo group (Figure 3). Most common were irritability 
and/or crying, loss of appetite, and decreased activity and/or 
lethargy. The majority were grade 1 or 2, with grade 3 reported 
in 5 of 24 (20.8%) in the Ad26.RSV.preF group versus 1 of 12 
(8.3%) in the placebo group. All were of transient duration 
(Supplementary Table 10). Fever ≥38.0°C occurred in 14 of 
24 (58.3%) participants in the Ad26.RSV.preF group, and 3 
of 12 (25%) in the placebo group (Figure 3). Most fever resolved 
within 2 days. There was 1 grade 3 (≥40.0°C) fever in a partic
ipant in the placebo group experiencing intercurrent enterovi
rus infection; all others were grade 1 or 2.

Unsolicited AEs within 28 days of any vaccination were 
reported in 19 of 24 (79.2%) participants in the 
Ad26.RSV.preF group and in 10 of 12 (83.3%) in the placebo 
group. The most frequent events were upper respiratory tract 
infection, respiratory tract infection, and otitis media. All were 
grade 1 or 2 severity, except for 1 grade 3 AE relating to entero
virus infection in the placebo group post dose 2. Three SAEs 
were reported after day 28 postvaccination: a case of wheezing 

and a case of syncope in the placebo group, and a case of cellulitis 
in the Ad26.RSV.preF group. None was considered related to the 
study interventions, and all resolved without sequelae.

Immunogenicity: Secondary Endpoints

Adults
In adults, an increase in RSV A2 neutralizing, pre-F and post-F 
protein binding antibody titers were observed 28 days after the 
first dose with Ad26.RSV.preF. After a second dose, titers 
remained stable for 28 days and modestly decreased at 6 
months (Supplementary Figure 1). Total cytokine response to 
RSV F-protein for CD4+ and CD8+ T cells and Th1 and Th2 
responses are presented in Supplementary Figure 2 and 3.

Children
Immunogenicity data for children were available for n = 7–26 
per assay due to no sample availability and/or low sample qual
ity. In children, the geometric mean titer (GMT) of RSV 
A2-neutralizing antibody increased from 121 (95% CI, 76–
191) at baseline to 1608 (95% CI, 730–3544) on day 29 after 

Children Screened (n = 77)

Randomized and received
at least 1 dose of study

vaccine (n = 36)

Allocated to Ad26.RSV.preF
(5x1010 vp) (n = 24)

Allocated to placebo
(n = 12)

Ad26.RSV.preF (5x1010 vp)
(n = 24) Placebo (n = 12)

Completed (n = 12)Completed (n = 24)

Discontinued
(n = 0)

Discontinued
(n = 0)

Discontinued
(n = 0)

Discontinued
(n = 0)

Reasons for exclusion (n = 41)
Seronegative for RSV (n = 26)
Acute illness/temperature >38°C 
within 24 hours of first dose (n = 1)
History of malignancy (n = 1)
Screening failure (n = 7)
Significant underlying medical
condition (n = 3)
Withdrew consent between
screening and randomization (n = 1)
Communication issues (n = 1)
Participation in another IMP/device
trial within exclusion period (n = 1)

Adults Screened (n = 16)

Randomized and received
at least 1 dose of study

vaccine (n = 12)

Allocated to Ad26.RSV.preF
(1x1011 vp) (n = 8)

Allocated to placebo
(n = 4)

Ad26.RSV.preF (1x1011 vp)
(n = 6) Placebo (n = 4)

Completed (n = 4)Completed (n = 6)

Discontinued
(n = 2 withdrew 
after vaccination)

Discontinued
(n = 0)

Discontinued
(n = 0)

Discontinued
(n = 0)

Reasons for exclusion (n = 4)
Screening failure (n = 3)
Participation in another IMP/device
trial within exclusion period (n = 1)

Figure 1. Consort flow of participants by cohort. Ad26.RSV.preF, adenovirus serotype 26 prefusion conformation-stabilized F protein; IMP, investigational medicinal prod
uct; RSV, respiratory syncytial virus; vp, viral particles.
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the first dose with Ad26.RSV.preF. After the second dose, 
GMT further increased in the Ad26.RSV.preF group to 2235 
at day 57 (95% CI, 1586–3150). In the placebo group, no in
crease was seen from the baseline GMT of 187 (95% CI, 68– 
358) (Figure 4).

Pre-F and post-F-specific antibodies increased substantially 
from baseline post-vaccination with Ad26.RSV.preF, with no 
increase in placebo recipients (Figure 4). After the second vac
cination with Ad26.RSV.preF, pre-F and post-F antibody titers 
increased modestly, with GMT reaching 1918 (95% CI, 
1497–2456) and 863 (95% CI, 630–1184) on day 57, respectively.

Six months after the second vaccination (day 211), GMT of 
RSV A2-neutralizing antibody titers, pre-F protein antibody 
titers, and post-F-protein antibody titers decreased from peak 
responses to 1164 (95% CI, 734–1847), 924 (95% CI, 639–1334), 
and 420 (95% CI, 306–576), respectively, but they remained well 
above baseline (Figure 4).

Total cytokine response to RSV F-protein for CD4+ and 
CD8+ T cells in children is presented in Figure 5. In the 
Ad26.RSV.preF group, group median values increased from 
0.030 (interquartile range [IQR], 0.013–0.095) at baseline to 
0.089 (IQR, 0.062–0.131) on day 29 for CD4+ T cells. One par
ticipant did not show an increase in response over baseline. 
Group median values modestly increased from 0.033 (IQR, 
0.024–0.049) at baseline to 0.077 (IQR, 0.024–0.116) on day 
29 for CD8+ T cells; some participants did not show an increase 
in response (Figure 5). The ICS data indicated a total cytokine 
response for both CD4+ and CD8+ T cells and a predominant 
Th1 response 28 days after the first vaccination in the 
Ad26.RSV.preF group (Figure 6).

Exploratory Endpoints

The RSV-B strain cross-neutralization assay was performed for 
the pediatric cohort. In the Ad26.RSV.preF group, GMT 
increased from 907 (95% CI, 542–1517) at baseline to 25 306 
(95% CI, 19 028–33 656) at day 57. There was no change 
from baseline in the placebo group (Supplementary Figure 4).

In the adult cohort, Ad26-seropositive participants increased 
from 2 of 8 (25%) at baseline to 5 of 6 (83.3%) at day 29 in the 
Ad26.RSV.preF group. In children, Ad26-seropositive partici
pants increased from 2 of 17 (11.8%) at baseline to 10 of 16 
(62.5%) at day 29 in the Ad26.RSV.preF group. All participants 
in placebo groups in both cohorts were Ad26-seronegative at 
baseline and remained seronegative on day 29.

Only 1 of 24 children (4.2%) Ad26.RSV.preF recipients had 
evidence of virologically confirmed RSV-RTI compared with 5 
of 12 placebo recipients (41.7%) (Supplementary Table 11). The 
confirmed RSV infection in the Ad26.RSV.preF group was due 
to RSV-B strain; in the placebo group, 2 participants had 
RSV-A strain infection, and 3 participants had RSV-B strain. 
No confirmed RSV-RTI in either group met criteria for LRTI.

DISCUSSION

In this study, we demonstrated that administration of 
Ad26.RSV.preF to RSV-seropositive children aged 12–24 
months generated a humoral and cellular immune response 
and had an acceptable reactogenicity profile. There was also 
evidence of humoral immunogenicity in adults receiving 
Ad26.RSV.preF, with an acceptable reactogenicity profile, con
sistent with the results of prior adult studies [14, 15].

Table 1. Baseline Characteristics by Cohort and Study Arm (Full Analysis Set)

Children Adults

Characteristic

Ad26.RSV.preF  
(5 × 1010 vp), 

Ad26.RSV.preF  
(5 × 1010 vp) 

(N = 24)

Placebo,  
Placebo 
(N = 12)

All Participants 
(N = 36)

Ad26.RSV.preF 
(1 × 1011 vp), 

Ad26.RSV.preF 
(1 × 1011 vp) 

(N = 8)

Placebo,  
Placebo 
(N = 4)

All Participants 
(N = 12)

Female, n (%) 13 (54.2) 8 (66.7) 21 (58.3) 6 (75.0) 2 (50.0) 8 (66.7)

Agea, median (min, max) 18.0 (13, 23) 17.0 (14, 23) 17.5 (13, 23) 37.5 (28, 47) 32.0 (27, 41) 36.5 (27, 47)

Ethnicity, n (%)

Asian … … … 1 (12.5) … 1 (8.3)

White 24 (100) 11 (91.7) 35 (97.2) 6 (75.0) 4 (100) 10 (83.3)

Multiple … … … 1 (12.5) … 1 (8.3)

Not reported … 1 (8.3) 1 (2.8) … … …

Hispanic or Latino ethnicity 1 (4.2) 1 (8.3) 2 (5.6) … 1 (25.0) 1 (8.3)

Height (cm), median (min, max) … … … 167.5 (154.0, 182.0) 173.3 (160.0, 184.0) 167.5 (154.0, 184.0)

Weight (kg), median (min, max) … … … 74.5 (57.5, 98.3) 80.3 (62.7, 99.6) 74.8 (57.5, 99.6)

BMI (kg/m2), median (min, max) … … … 26.5 (20.6, 34.3) 26.1 (20.9, 36.1) 26.1 (20.6, 36.1)

Length percentile, median (min, max) 57.0 (9.0, 99.0) 50.0 (3.0, 97.0) 52.0 (3.0, 99.0) … … …

Weight percentile, median (min, max) 83.5 (40.0, 98.9) 56.5 (10.0, 100) 75.0 (10.0, 100) … … …

Abbreviations: Ad26.RSV.preF, adenovirus serotype 26 prefusion conformation-stabilized F protein; BMI, body mass index; max, maximum; min, minimum; vp, viral particles.  
aAge in months for children, age in years for adults.
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Figure 2. Solicited local adverse events in days 0–7 postvaccination by worst severity grade, dose, and study arm in children (full analysis set, Ad26.RSV.preF n = 24, 
placebo n = 12). Ad26.RSV.preF, adenovirus serotype 26 prefusion conformation-stabilized F protein.
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Figure 3. Solicited systemic adverse events in days 0–7 postvaccination by worst severity grade, dose, and study arm in children (full analysis set, Ad26.RSV.preF n = 24, 
placebo n = 12). Ad26.RSV.preF, adenovirus serotype 26 prefusion conformation-stabilized F protein.
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Figure 4. Neutralizing antibody titers over time in children (per-protocol immunogenicity set*, n = 26). (A) Respiratory syncytial virus (RSV) A2 strain. (B) Pre-fusion (pre-F) 
antibodies. (C) Post-fusion (post-F) antibodies, (D) neutralizing antibodies over time, by participant. Geometric mean with 95% confidence interval shown in the figure. N, num
ber of participants with data at baseline. *Data for some subjects are not available due to no sample availability and/or low sample quality for the planned immunogenicity 
analyses. Ad26.RSV.preF, adenovirus serotype 26 prefusion conformation-stabilized F protein; ELISA, enzyme-linked immunosorbent assays; EU, ELISA units; GMT, geometric 
mean titer; vp, viral particles.
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No safety concerns were raised in adults or children receiving 
Ad26.RSV.preF. Most local and systemic solicited reactogenicity 
in adults and children was below grade 3 and of short duration 
[15]. Transient fevers after vaccination were commonly observed 
in RSV-seropositive children and adults (58.3% and 50%, respec
tively). Based on these results, a dose reduction was implemented 
in an ongoing study of Ad26.RSV.preF in RSV-seronegative 
children [17].

Immunization with Ad26.RSV.preF induced humoral 
immune responses including RSV A2 neutralizing, 
pre-F-protein, and post-F-protein binding antibodies 28 days 

after first dose in both adults and children. Immunization 
with this vaccine also induced cross-neutralizing antibodies 
against the RSV-B strain in children, as seen in the phase 1 trial 
in adults >60 years, and with other F-protein based vaccines 
[15, 18]. This is encouraging in suggesting potential cross 
RSV-A and RSV-B protection in RSV pre-exposed individuals. 
In children, a second vaccination with Ad26.RSV.preF resulted 
in only a modest increase in humoral immune responses in the 
short term. Although this raises the possibility of using a single 
dose in a known seropositive population, pragmatically, distin
guishing serostatus before immunization would be challenging. 
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Figure 5. Total cytokine response (mock subtracted intracellular cytokine staining) over time in children (per-protocol immunogenicity set*, n = 22). (A) CD4+ T-cell 
response. (B) CD8+ T-cell response. Values below 0.001% were imputed with 0.0005%. Total cytokine response after in vitro respiratory syncytial virus (RSV) F-protein peptide 
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sample quality for the planned immunogenicity analyses. †n = 13 with sample available after day 1. Ad26.RSV.preF, adenovirus serotype 26 prefusion conformation-stabilized 
F-protein; F-protein, fusion protein; vp, viral particles.
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Two children showed no increase in humoral immune responses 
after first dose, both responded to the second dose; given both 
were Ad26 seronegative at baseline, the lack of initial response 
did not appear to be related to antivector immunity.

Responses appeared durable to at least 6 months after second 
dose, consistent with previous trials using the Ad26 viral vector 
—in the phase 1 study of Ad26.RSV.preF, responses were main
tained at 2 years, and an Ebola vaccine schedule with 
Ad26.ZEBOV prime and MVA-BN-Filo boost showed persis
tent responses 2 and a half years postimmunization [15, 19]. 
The burden of pediatric RSV is mainly in the first 2 years of 
life, with peak risk of severe disease in the first 6 months 
[20]; a vaccine that can induce protection in infancy and sustain 
protection over the early years is critical.

Recent RSV vaccine candidates using F-protein have incor
porated the post-F form, delivered variously through 
protein-adjuvanted, recombinant protein nanoparticle, and 
adenoviral-vectored platforms [21–23]. These have all been 
shown to be immunogenic, generating both neutralizing and 
post-F binding antibodies [21–23]. However, recent data have 
shown neutralizing activity in human sera to predominantly 
derive from pre-F binding antibodies [12, 13]. This may 
account for one of these RSV vaccine candidates failing to pro
vide protection against RSV in adults aged >60, or why another 
did not meet the primary endpoint for protection of infants via 
maternal immunization, although it did show protective effica
cy against severe disease, particularly in the South African set
ting [5, 21]. Epitopes exposed on the RSV F-protein stabilized 
in its pre-F conformation may be critical for developing 

potent neutralizing antibodies; a potential advantage for this 
vaccine.

The potential for ERD is of critical importance in RSV vac
cine development for the RSV-naive pediatric population; 
therefore, it is reassuring that Ad26.RSV.preF generated a pre
dominant Th1 type CD4+ T-cell response in both 
RSV-seropositive adults and children, consistent with prior re
sults [15], rather than an ERD-associated Th2-skewed response 
[24, 25]. Similarly encouraging is direct evidence of protection 
from a single dose of Ad26.RSV.pre-F against symptomatic 
RSV infection in a recent human challenge study of intranasal 
RSV in healthy adults aged 18–50 years [14], supported by a 
promising signal from the exploratory objective in this study 
suggesting lower rates of RSV in the actively immunized group 
compared with placebo recipients.

Within the broader RSV field, there remain significant 
advantages in continuing to target an active immunization 
strategy. Until recently, passive immunization through mono
clonal antibodies has been limited by cost and the need for 
5-weekly dosing during RSV season to high-risk infants in 
high-income settings [26]. An extended half-life monoclonal 
antibody (nirsevimab), given as a single dose before RSV sea
son, has been recently demonstrated to be efficacious in healthy 
preterm infants, and trials in term infants are ongoing [27, 28] 
and could represent a significant improvement over existing 
monoclonal antibody prophylaxis. However, this approach is 
likely to be most useful in infants <6 months of age, whereas 
active vaccination has the most potential to develop multisea
son durable responses in children with more mature immune 
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Figure 6. T-helper cell type 1 (Th1) and Th2 profiles in children (per-protocol immunogenicity set*, n = 21). Values below 0.001% were imputed with 0.0005%. *Data for 
some subjects are not available due to no sample availability and/or low sample quality for the planned immunogenicity analyses. Ad26.RSV.preF, adenovirus serotype 26 
prefusion conformation-stabilized F protein.
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systems [29]. Older children are often responsible for transmit
ting RSV to younger, more vulnerable siblings, and an active 
vaccination strategy in this age-group may provide indirect 
protection to the most at-risk group who also have the least 
mature immune responses [30].

A limitation of this study is that data generated in 
RSV-seropositive children may not be representative of responses 
in seronegative infants—the ultimate target population for this 
vaccine. In addition, assessing the long-term duration of humoral 
responses is challenging due to limitations in study follow up. 
Adenoviral-vectored vaccines have been shown to generate robust 
immune responses; however, questions surrounding antivector 
immunity and the impact on immunogenicity when used sequen
tially, for different pathogen targets, remain. In this study, the low 
number of participants with pre-existing Ad26-neutralizing anti
bodies limited assessment of the impact of Ad26 seropositivity on 
vaccine-induced immune responses, although a previous study 
showed no significant effect [15]. An important question raised 
is whether there may be potential impact of passively transferred 
maternal antivector antibodies on infant protection, where an 
infant is vaccinated with an adenoviral-vectored vaccine. This 
might be relevant in the context of the current COVID-19 pan
demic and the use of Ad26-vectored vaccines in immunization 
programs.

CONCLUSIONS

Respiratory syncytial virus is a longstanding and ongoing blight 
for young children, a major cause of hospital admission, and a 
major cause of childhood mortality in low- and middle-income 
countries [1]. In this study, Ad26.RSV.preF had an acceptable 
safety profile, was well tolerated, and elicited humoral and cel
lular immune responses in adults and RSV-seropositive chil
dren. Fewer RSV infections were observed in Ad26.RSV.preF 
recipients compared with placebo recipients. Generating data 
in vaccine-naive children and infants is a crucial next step for 
prevention of this ubiquitous viral infection, and further 
studies in RSV-seronegative children aged 12–24 months are 
ongoing [17].

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 copy
edited and are the sole responsibility of the authors, so ques
tions or comments should be addressed to the corresponding 
author.
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