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Background. Prevention of respiratory syncytial virus (RSV) disease in infants is an unmet vaccine need, and maternal immu-
nization is a potential strategy to address this need. This study evaluated concomitant administration of RSV stabilized prefusion F
subunit vaccine (RSVpreF) and tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine adsorbed (Tdap) in healthy,
nonpregnant women 18-49 years of age.

Methods.
to receive RSVpreF in a range of doses and formulations with Tdap or alone, or Tdap alone. Safety and immunogenicity were assessed.

Results.
anti-RSV-B immune responses induced by RSVpreF with Tdap was demonstrated compared to RSVpreF alone. Noninferiority of

In this phase 2b, multicenter, placebo-controlled, observer-blind, noninferiority study, participants were randomized
Local reactions and systemic events were generally similar across vaccine groups. Noninferiority of anti-RSV-A and

anti-diphtheria toxoid and anti-tetanus toxoid immune responses after administration of RSVpreF with Tdap was demonstrated
compared to Tdap alone; noninferiority was not met for anti-pertussis component responses.

Conclusions.
age. Immune responses induced by Tdap administered with RSVpreF were noninferior for the tetanus and diphtheria components

RSVpreF was safe and well tolerated when administered with Tdap or alone in nonpregnant women 18-49 years of

of Tdap, but not for pertussis.
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Keywords.

NCT04071158.

respiratory syncytial virus; RSV vaccine; Tdap vaccine; safety; immunogenicity; maternal immunization.

Human respiratory syncytial virus (RSV) is a leading cause of
acute lower respiratory tract disease in infants and children,
causing considerable morbidity and mortality [1-5]. There is
no specific treatment for RSV and no vaccine to protect against
RSV disease. Prophylactic antibody use is currently limited to
high-risk populations [6, 7].

Maternal immunization is a promising strategy to reduce
the risk of RSV disease in very young infants, providing neo-
natal protection via transplacental transfer of maternally de-
rived circulating antibodies [8-10]. The bivalent RSV stabilized
prefusion F subunit vaccine (RSVpreF), which covers RSV
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subgroups A and B, is being developed to prevent medically at-
tended RSV-associated lower respiratory tract illness in infants
by active immunization of pregnant women in the late second
or third trimester. If demonstrated to be safe and effective, this
could be the first vaccine licensed specifically for use in preg-
nancy [11]. In the first-in-human study of RSVpreF with or
without aluminum hydroxide (AI[OH],), all formulations and
dose levels were safe, well tolerated, and highly immunogenic
in adults 18-49 years of age [12].

Pertussis can cause significant morbidity and mortality
in young infants before they are fully vaccinated [13, 14].
Because of this and the failure of measures such as cocooning
to adequately protect newborns, the tetanus toxoid, reduced
diphtheria toxoid, and acellular pertussis vaccine (Tdap) is re-
commended during each pregnancy as standard of care in the
United States (US) and several other high-income countries
around the world, preferably in the second or third trimester to
maximize passive antibody transfer [13-20]. In lower-income
countries, tetanus toxoid-containing vaccine or tetanus and
diphtheria toxoid-containing vaccine is typically prioritized
for pregnant women [21, 22]. This variation in immuniza-
tion recommendations during pregnancy supports alternative
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concomitant use, tetanus, diphtheria, and pertussis vaccine
coadministration strategies with a potential maternal RSV vac-
cine based on country immunization activities and schedules.

If RSVpreF is licensed for maternal immunization, it is likely
that pregnant women will receive both the Tdap and RSVpreF
vaccines during the late second or third trimester; therefore, it
is important to assess the safety of concomitant administration
and the potential for immune interference. Influenza vaccine
is also recommended during any trimester for women who are
pregnant or are planning to become pregnant during influenza
season but can be given at any time [23, 24]. The RSVpreF ma-
ternal immunization program includes a phase 2b study that
is evaluating the safety, tolerability, and immunogenicity of
RSVpreF at 2 dose levels formulated with or without AI(OH),
in pregnant women and the safety and transplacental transfer
of immunity to their infants (ClinicalTrials.gov identifier
NCT04032093). A pivotal phase 3 study is evaluating efficacy,
safety, and RSV serum neutralizing titers in infants born to
mothers vaccinated with RSVpreF during pregnancy and safety
and immunogenicity in the mothers (NCT04424316).

This phase 2b study evaluated the safety and immunogenicity
of concomitant administration of RSVpreF and US-licensed
Tdap in healthy, nonpregnant women 18-49 years of age. The
study was conducted in nonpregnant women to prepare for
concomitantly immunizing pregnant women with vaccine re-
gimens that minimize disruption to the prenatal care schedule
and maximize RSV neutralizing titers in newborns.

METHODS

Study Design
This phase 2b randomized, multicenter, placebo-controlled,
observer-blind, noninferiority study (NCT04071158) was con-
ducted at 16 sites in the US from October through December,
2019. A total of 713 participants were randomized through an
interactive response technology system in a 1:1:1:1:1 ratio to
receive 1 of 5 schedules: 120 pug RSV vaccine antigen (60 pg A
and 60 ug B) with sterile water for injection (sWFI) and Tdap;
120 pg RSV vaccine antigen with sWFI and placebo; 240 ug
RSV vaccine antigen (120 pg A and 120 ug B) with AI(OH),
and Tdap; 240 ug RSV vaccine antigen with AI(OH), and
placebo; or placebo and Tdap. Administering the lower dose
level of RSVpreF without AI(OH), increased the likelihood of
observing interference of Tdap with RSVpreF; administering
the higher dose level of RSVpreF with AI(OH), increased the
likelihood of observing interference of RSVpreF with Tdap.
RSVpreF was injected in the left deltoid muscle, Tdap in the
right, and placebo on the opposite side to treatment. Blood
was collected for serology before vaccination and approxi-
mately 1 month (28-35 days) after, and safety was assessed
through 1 month after vaccination.

The participant, investigator, study coordinator, site staff,
sponsor study team, and laboratory personnel were blinded.

Study site dispensers and administrators were unblinded be-
cause the physical appearance of vaccines differed. The pro-
tocol, amendments, and informed consent form were reviewed
and approved for all sites by a central institutional review board
(Advarra, Columbia, Maryland). This study was conducted in
compliance with the ethical principles originating in or de-
rived from the Declaration of Helsinki and in compliance with
all International Council for Harmonisation Good Clinical
Practice Guidelines. All local regulatory requirements were fol-
lowed. All participants provided written informed consent be-
fore any study-specific activities were performed.

Study Participants

Participants were healthy, nonpregnant women 18-49 years of
age regardless of childbearing potential. Key exclusion criteria
included vaccination within 5 years with diphtheria and tet-
anus toxoids and acellular pertussis vaccine adsorbed or tetanus
and diphtheria toxoids adsorbed vaccine before investigational
product administration.

Investigational Product

Each RSVpreF formulation was provided as a lyophilized vial
containing a mixture of equal amounts of 2 stabilized prefusion
F antigens from RSV subgroups A and B at 2 dose levels (120
pg and 240 pg). Before administration, the RSVpreF lyophil-
ized cake was reconstituted with diluent; the 120-ug dose was
reconstituted with sWFI, and the 240-pg dose was reconsti-
tuted with sterile AI(OH), suspension (0.4 mg/mL). The pla-
cebo was sterile normal saline (0.9% NaCl). US-licensed Tdap
(Boostrix; GlaxoSmithKline, Brentford, United Kingdom) con-
tained 5 limits of flocculation (Lf) of tetanus toxoid (T'Td), 2.5
Lf of diphtheria toxoid (DTd), and acellular pertussis antigens
(8 pg of inactivated pertussis toxin [PT], 8 ug of filamentous
hemagglutinin [FHA], and 2.5 ug of pertactin [PRN]) per dose.
Participants received 2 intramuscular injections of a 0.5-mL
dose in accordance with the randomization schedule.

Safety Assessments

The primary safety objective was to evaluate safety and toler-
ability of RSVpreF administered concomitantly with Tdap and
RSVpreF administered alone. Safety endpoints included local
reactions (redness, swelling, and pain at the injection site) at
the left arm injection site (RSVpreF in the RSVpreF groups or
placebo in the placebo/Tdap group) and systemic events (fa-
tigue, headache, vomiting, nausea, diarrhea, muscle pain, joint
pain, and fever) collected for 7 days following vaccination and
recorded in an electronic diary. Local reactions and systemic
events were categorized during analysis as mild, moderate, or
severe based on a predefined grading scale following the US
Food and Drug Administration Center for Biologics Evaluation
and Research guidance [25]. Participant-reported local reac-
tions and systemic events could only be classified as grade 4
after evaluation by the site investigator. Adverse events (AEs)
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within 1 month after vaccination and medically attended AEs
and serious AEs (SAEs) throughout the study were recorded.
Safety analyses used the safety population, which included
all randomized participants who received the investigational
product.

Immunogenicity Assessments

A primary immunogenicity objective was to demonstrate that
immune responses induced by Tdap when administered con-
comitantly with RSVpreF (RSVpreF/Tdap) were noninferior
to those induced by Tdap alone (placebo/Tdap). Endpoints in-
cluded anti-TTd, anti-DTd, and anti-pertussis component anti-
bodies (anti-PT, anti-FHA, and anti-PRN) measured 1 month
after vaccination. The criteria for noninferiority were a geo-
metric mean titer ratio (GMR) (coadministration/Tdap alone)
>0.67 for pertussis components and a response difference
(coadministration — Tdap alone) of >-10% for diphtheria and
tetanus components. A co-primary immunogenicity objective
was to demonstrate that the RSV-A- and RSV-B- neutralizing
titers elicited 1 month after immunization with RSVpreF ad-
ministered concomitantly with Tdap (RSVpreF/Tdap) were
noninferior to the neutralizing titers elicited 1 month after im-
munization with RSVpreF alone (RSVpreF/placebo). The crite-
rion for noninferiority was a GMR (coadministration/RSVpreF
alone) >0.5. Achieving the primary objective of noninferiority
required meeting statistical criteria for all Tdap antibody
endpoints and the RSV-A- and RSV-B-neutralizing titer
endpoints. Noninferiority margins were chosen based on pre-
cedents used for licensure of Tdap and other vaccines. The sec-
ondary immunogenicity objective was to assess noninferiority
of RSV-A and RSV-B neutralizing titers at the more stringent
margin of 0.67.

Immunogenicity analyses used the evaluable immunoge-
nicity population, which included all participants who were el-
igible, received all doses of investigational products to which
they were randomized, had blood drawn for assay testing 1
month after vaccination, 21 valid and determinate assay result
at the 1 month postvaccination visit, and no major protocol
deviations.

Pfizer Inc (New York, New York) participated in the
interlaboratory studies that assessed the first World Health
Organization (WHO) International Standard for Antiserum to
RSV (16/284; National Institute for Biological Standards and
Control, Hertfordshire, United Kingdom) in our neutralization
assays for RSV-A [26] and RSV-B [27]. We report a neutral-
ization geometric mean titer for the first WHO International
Standard of 5243 for RSV-A and 5619 for RSV-B. To approxi-
mate WHO International Units (IU)/mL, Pfizer neutralization
titers may be multiplied by the conversion factor of 0.379 for
RSV-A and 0.356 for RSV-B. Additional details for the detec-
tion of RSV-A, RSV-B, and Tdap antigens are provided in the
Supplementary Methods.

Statistical Analyses

The study sample size was based on the evaluation of
noninferiority of RSV vaccine, Tdap coadministration to Tdap
alone or to RSV vaccine alone on all co-primary immunoge-
nicity endpoints (Supplementary Table 1); the overall power to
demonstrate noninferiority on all co-primary immunogenicity
endpoints was 92.1%. Safety endpoints were evaluated as the
percentage of participants reporting each event for each vaccine
group; exact 2-sided 95% confidence intervals (CIs) for percent-
ages were calculated using the Clopper—Pearson method. The
primary objective required success for all co-primary endpoints;
therefore, no adjustment for multiplicity was necessary.

For immunogenicity endpoints, 95% Cls for the differences
in the percentages of participants with anti-TTd and anti-DTd
concentrations 20.1 IU/mL were calculated using the Miettinen
and Nurminen method. GMRs for anti-PT, anti-FHA, and
anti-PRN antibody concentrations and RSV-A- and RSV-B-
neutralizing titers, with 2-sided 95% Cls, were obtained by
calculating CIs using Student ¢ distribution for the mean dif-
ference of logarithmically transformed assay results and trans-
forming confidence limits back to original units. Noninferiority
was declared when the lower bound of the 95% CI exceeded the
noninferiority margin for a given component.

RESULTS

Study Participants

Of 713 randomized female participants aged 18-49 years, 709
were vaccinated across all groups (Figure 1). Overall, 695 par-
ticipants completed the visit 1 month after vaccination, and 14
withdrew before the visit; all withdrawals were lost to follow-up.
Demographic characteristics were similar across vaccine
groups; 70.9% were White, 21.0% Black or African American,
13.7% Hispanic or Latino, and 5.8% Asian. Mean age was 35.6
(standard deviation, 8.9) years (Table 1).

Safety

The observed incidence of reported local reactions in the left
arm (RSVpreF in the RSVpreF groups or placebo in the placebo/
Tdap group) and systemic events was generally similar across
vaccine groups with the exception of injection site pain, which
was more common in groups that received 240 pg antigen with
Al(OH), (Figure 2). Two participants reported severe pain at
the injection site (1 participant each in the RSVpreF 120 ug/
Tdap and RSVpreF 240 pg + AI[OH],/placebo groups). Three
participants reported a fever of grade 24 (2 in the RSVpreF 120
pg/Tdap group and 1 in the placebo/Tdap group). Most other
local reactions and systemic events were mild or moderate in
severity. Median duration of local reactions after vaccination
was similar across vaccine groups and ranged from 1.0 to 2.0
days for injection site pain and redness and 1.5 to 2.5 days for
swelling. Median duration of systemic events was also similar
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713 participants total

143 randomized
to RSVprelF
120 pg/
Placebo

143 randomized
to RSVpreF
120 pg/
Tdap

143 randomized
to RSVprel 240 pg
+
Al(OH)3/Placebo

143 randomized
to RSVprel
240 pg +
Al(OH)3/Tdap

141 randomized
to Placebo/Tdap

141 vaccinated |

| 141 vaccinated |

| 143 vaccinated |

| 143 vaccinated |

| 141 vaccinated |

1 lost to f/u

2 lost to f/u

140 completed
1-mo f/u visit

139 completed
1-mo f/u visit

140 completed
1-mo f/u visit

3 lost to f/u

3 lost to f/u

140 completed
1-mo f/u visit

136 completed

1-mo /u visit

5 lost to f/u

Figure 1. Participant disposition. Abbreviations: Al(OH),, aluminum hydroxide; f/u, follow-up; RSVpreF, respiratory syncytial virus stabilized prefusion F subunit vaccine;
Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine adsorbed.

across vaccine groups and ranged from 1.0 to 2.0 days for
nausea, vomiting, diarrhea, headache, muscle pain, and joint
pain and 2.0 to 3.0 days for fatigue/tiredness. Median fever du-
ration was 1.0 day.

The frequency of reported AEs within 1 month after vacci-
nation was highest in the RSVpreF 240 ug + Al(OH),/Tdap and
placebo/Tdap groups (Table 2). Of 6 AEs considered related to
vaccine, 2 were severe and included constipation in the RSVpreF

120 pg/placebo group and lymphadenopathy in the RSVpreF
120 pg/Tdap group. None of 7 reported medically attended AEs
were considered serious, immediate, or related to vaccine. There
were no serious, immediate, or life-threatening AEs reported
within 1 month of vaccination and no AEs led to withdrawal;
no deaths occurred during the study. One SAE of spontaneous
abortion was reported in the RSVpreF 240 pg + AI(OH),/placebo
group after visit 2 and was considered unrelated to the vaccine.

Table 1.

Participant Demographics of the Safety Population

Vaccine Group, as Administered

RSVpreF
RSVpreF 120 pg/ 120 ug/'l'dap RSVpreF 240 nug + RSVpreF 240 pg + Placebo/Tdap

Characteristic Placebo (n® = 141) (n® =141) Al(OH)./Placebo (n® = 142)  AI(OH)/Tdap (n° = 144) (n® =141)
Sex, n° (%)

Female 141 (100.0) 141 (100.0) 142 (100.0) 144 (100.0) 141 (100.0)
Race, n° (%)

White 100 (70.9) 98 (69.5) 101 (71.1) 107 (74.3) 97 (68.8)

Black or African American 29 (20.6) 28 (19.9) 25 (17.6) 29 (20.1) 38 (27.0)

Asian 12 (8.5) 9(6.4) 10 (7.0) 5 (3.5) 5 (3.5)

American Indian or Alaska Native 0 2 (1.4) 1(0.7) 0 1(0.7)

Native Hawaiian or other Pacific Islander 0 1(0.7) 2 (1.4) 1(0.7) 0

Multiracial 0 2 (1.4) 3(2.1) 1(0.7) 0

Not reported 0 1(0.7) 0 1(0.7) 0
Ethnicity, n° (%)

Hispanic or Latino 23(16.3) 16 (11.3) 23 (16.2) 19 (13.2) 16 (11.3)

Not Hispanic or Latino 116 (82.3) 125 (88.7) 119 (83.8) 124 (86.1) 125 (88.7)

Not reported 2 (1.4) 0 0 1(0.7) 0
Age at vaccination, y

Mean (SD) 35.6 (9.2) 35.7 (8.7) 36.0 (8.3) 36.1(9.1) 34.4(9.2)

Median 39.0 38.0 370 38.0 35.0

Min, max 19, 49 18, 49 18, 49 18, 49 18, 49

Abbreviations: Al(OH),, aluminum hydroxide; RSVpreF, respiratory syncytial virus stabilized prefusion F subunit vaccine; SD, standard deviation; Tdap, tetanus toxoid, reduced diphtheria
toxoid, and acellular pertussis vaccine adsorbed.

“No. of participants in the specified vaccine group. These values were used as the denominators for the percentage calculations.

®No. of participants in the specified category.
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Figure 2.  Percentages of participants reporting local reactions (4) or systemic events (B) by severity within 7 days after vaccination. Number of participants, 141-143 per

vaccine group. Abbreviations: Al(OH),, aluminum hydroxide; RSVpreF, respiratory syncytial virus stabilized prefusion F subunit vaccine; Tdap, tetanus toxoid, reduced diph-
theria toxoid, and acellular pertussis vaccine adsorbed.

Immunogenicity Tdap group was -1.8% (95% CI, —4.6 to 1.7). At 1 month after

vaccination, all participants in the combined RSVpreF/Tdap
groups and placebo/Tdap group achieved anti-TTd antibody
concentrations 20.1 IU/mL, resulting in a difference of 0.0%

At 1 month after vaccination, the difference in the percentage
of participants with anti-DTd antibody concentrations 20.1 U/
mL between the combined RSVpreF/Tdap groups and placebo/

Table 2. Percentages of Participants Reporting Adverse Events Within 1 Month After Vaccination in the Safety Population

Adverse Events, n® (%) [95% CI°]

Vaccine Group, as Administered (n°)

Any

Severe Related Medically Attended

RSVpreF 120 pg/Placebo (141)

RSVpreF 120 pg/Tdap (141)

RSVpreF 240 ug + Al(OH),/Placebo (142)
RSVpreF 240 pg + Al(OH),/Tdap (144)
Placebo/Tdap (141)

8(6.7) [2.6-10.9]
11 (7.8) [4.0-13.5]
8 (5.6) [2.5-10.8]
15 (10.4) [5.9-16.6]
13 (9.2) [6.0-15.3]

2(1.4) [0.2-5.0]
1(0.7)[0.0-3.9]
1(0.7) [0.0-3.9]
010.0-2.5]
0[0.0-2.6]

1(0.7) [0.0-3.9]
1(0.7) [0.0-3.9]
1(0.7)[0.0-3.9]
3(2.1)10.4-6.0]

0[0.0-2.6]

2(1.4) [0.2-5.0]
01[0.0-2.6]
0[0.0-2.6]

2(1.4) [0.2-4.9]

3(2.1)[0.4-6.1]

Abbreviations: Al(OH),, aluminum hydroxide; Cl, confidence interval; RSVpreF, respiratory syncytial virus stabilized prefusion F subunit vaccine; Tdap, tetanus toxoid, reduced diphtheria
toxoid, and acellular pertussis vaccine adsorbed.

“No. of participants in the vaccine group. These values were used as the denominators for the percentage calculations.
®No. of participants reporting >1 event of the type specified.

°Exact 2-sided Cl calculated using the Clopper-Pearson method.
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(95% CI, —1.4 to 2.8). Thus, compared with the criterion of
-10%, noninferiority was established for these components
(Figure 3).

At 1 month after vaccination, the ratios of anti-PT, anti-
FHA, and anti-PRN antibody geometric mean concentrations
(GMCs) for the combined RSVpreF/Tdap groups relative to the
corresponding GMCs for the placebo/Tdap group were 0.80
(95% CI, 0.64-1.00), 0.59 (95% CI, 0.50-0.70), and 0.60 (95%

A
Anti-TTd - —o—i
Anti-DTd A —e——i
20 10 0 10
Difference, % (95% CI)f
B '
Anti-PRN - [
Anti-FHA - ot
Anti-PT - H—o—i
RSV-B 50% - -
RSV-A 50% Fe
0.1 05067 1 2 3

GMR, 95% CI~

Figure 3. Noninferiority of respiratory syncytial virus stabilized prefusion F sub-
unit vaccine (RSVpreF) and tetanus toxoid, reduced diphtheria toxoid, and acellular
pertussis vaccine adsorbed (Tdap) coadministration (combination of RSVpreF
120 pg/Tdap and RSVpreF 240 ug + Al(OH),/Tdap groups) compared with Tdap
alone for anti-tetanus toxoid (TTd) and anti-diphtheria toxoid (DTd) antibodies (A)
and anti-pertussis components (B). Difference in the percentage of participants
achieving anti-TTd or anti-DTd antibody concentrations >0.1 IU/mL between the
combined RSVpreF/Tdap groups and placebo/Tdap group (RSVpreF/Tdap — placebo/
Tdap). ‘Geometric mean ratios (GMRs) were calculated as the group mean differ-
ences of logarithmically transformed antibody levels and back-transformed to the
original units. Anti-pertussis component antibody GMRs were calculated using
combined RSVpreF/Tdap GMCs as numerators and placebo/Tdap GMCs as denom-
inators, and RSV neutralizing titer GMRs were calculated using combined RSVpreF/
Tdap geometric mean titers (GMTs) as numerators and combined RSVpreF/placebo
GMTs as denominators. Noninferiority for anti-pertussis toxin, anti-pertactin, and
anti-filamentous hemagglutinin required the lower 95% confidence limit to be
>0.67. Noninferiority for RSV-A— and RSV-B— neutralizing titers required the lower
95% confidence limit to be >0.5 for the primary objective and >0.67 for the sec-
ondary objective. Abbreviations: Cl, confidence interval; DTd, diphtheria toxoid;
FHA, filamentous hemagglutinin; GMR, geometric mean ratio; PRN, pertactin;
PT, pertussis toxin; TTd, tetanus toxoid; RSV, respiratory syncytial virus.

CI, 0.48-0.76), respectively. Thus, compared with the criterion
of 0.67, noninferiority was not established for these compo-
nents (Figure 3; Supplementary Table 2).

At 1 month after vaccination, the GMRs of RSV-A and RSV-B
50% neutralizing titers for the combined RSVpreF/Tdap groups
divided by the corresponding neutralizing titers for the com-
bined RSVpreF/placebo groups were 0.97 (95% CI, 0.84-1.13)
and 0.96 (95% CI, 0.81-1.08), respectively. Thus, compared
with both the criterion of 0.5 for the primary objective and 0.67
for the secondary objective, noninferiority was established for
these components (Figure 3; Supplementary Table 3).

The main immunogenicity analyses predefined combining
the RSVpreF vaccine groups; immunogenicity results from ex-
ploratory analyses of each individual RSVpreF dose and formu-
lation (data not shown) were consistent with combined results.
Post hoc reverse cumulative distribution curves (RCDCs)
showed an effect of coadministration with RSVpreF on re-
sponses to all Tdap components (Supplementary Figures 1 and
2). RCDCs for RSV-A- and RSV-B-neutralizing titers are also
provided (Supplementary Figure 3).

DISCUSSION

The safety and immunogenicity of RSVpreF and Tdap admin-
istered concomitantly can inform the design of potential fu-
ture maternal immunization schedules that include a dose of
RSVpreF to prevent infant RSV disease. Both formulations of
RSVpreF were safe and well tolerated when administered alone
or concomitantly with Tdap. Most reported reactogenicity
events were mild or moderate in intensity, and there were no
SAEs, immediate AEs, or life-threatening AEs reported within
1 month of vaccination. The study demonstrated noninferiority
of antibody responses to the tetanus and diphtheria compo-
nents of Tdap when administered concomitantly with RSVpreF
compared with antibody responses elicited by Tdap alone, as
well as noninferiority of RSV-A- and RSV-B-neutralizing re-
sponses elicited by RSVpreF administered concomitantly with
Tdap compared with neutralizing responses elicited by RSVpreF
alone (Supplementary Figure 3). In all vaccine groups, there was
a substantial increase in antibody responses against pertussis
antigen after vaccination; however, responses to the pertussis
components of Tdap did not meet the predefined noninferiority
threshold for concomitant administration of Tdap with
RSVpreF compared with administration of Tdap alone. This
effect of concomitant RSVpreF immunization on pertussis re-
sponses in the combined group was also observed in explor-
atory analyses of each RSVpreF formulation separately (data
not shown). Anti-DTd and anti-TTd titers were reduced in the
RSVpreF coadministration groups compared with Tdap alone
1 month after vaccination (Supplementary Figure 1); however,
noninferiority was met for these components with defined cor-
relates of protection. A similar effect was seen with the pertussis
antigens (Supplementary Figure 2); however, noninferiority
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criteria were not met. Because mean age was slightly lower in
the Tdap alone group compared with the RSVpreF and Tdap
coadministration groups, and differences in baseline titers of
antibodies against pertussis antigens could affect GMRs, ad-
ditional analyses were performed to adjust GMRs for age and
baseline titers or age only. GMRs were not different for pertussis
components when adjusted for age and baseline titers or age
only. Additionally, noninferiority criteria would have been met
for some components in the unadjusted and adjusted analyses if
a 2-fold margin were used.

The reasons for the reduced pertussis component antibody
responses observed in this study are not known, and the clinical
significance is unclear. There are no established serologic cor-
relates of protection for pertussis, and the protective levels of
antibodies in pregnant women are unknown [14, 28]. Pertussis
antigen—containing vaccines, such as Boostrix or Adacel
(Sanofi Pasteur Inc, Bridgewater, New Jersey), often fail to meet
noninferiority for 21 pertussis antigen when coadministered
with other vaccines, including influenza, meningococcal,
and human papillomavirus vaccines [29-34]. Nevertheless,
coadministration of these vaccines is not excluded owing to
overall high responses, additional ad hoc analyses justifying use,
or comparability of antibody levels achieved in noninferiority
studies with pediatric effective levels [29-34].

In general, the number of recommended antenatal care visits
across low-, middle-, and high-income countries provides flex-
ibility in the immunization schedule, with multiple opportun-
ities for vaccination with RSVpreF, Tdap, and influenza vaccines.
A 2020 analysis of prenatal care consensus guidelines for low-
risk women in 9 high-income countries reported that the me-
dian number of recommended visits ranged from 7.5 (France
and Netherlands) to 15 (Japan) [35]. In contrast, the 2015 South
African maternity care guidelines recommend a basic antenatal
care schedule of 5 visits for pregnant women without risk fac-
tors [36], and Nepalese guidelines recommend 4 visits [37]. The
2016 WHO guidelines on routine antenatal care generally rec-
ommend a minimum of 8 antenatal care contacts [38], an up-
date from the 4 visits reccommended in the early 2000s [38, 39],
as fewer visits may be associated with unfavorable pregnancy
outcomes [40, 41]. Although the percentage of pregnant women
attending 24 antenatal care visits varies widely by geographic
region, a considerable number achieve this target. In the US, the
typical intervals for prenatal visits for nulliparous women with
uncomplicated pregnancies are every 4 weeks until 28 weeks of
gestation, every 2 weeks from 28 to 36 weeks, then weekly until
delivery [42]. According to this schedule, a woman with an un-
complicated pregnancy with a first visit at 6 weeks™ gestation
and a last visit at 41 weeks will have 16 prenatal visits at which
influenza vaccine could be administered [23, 24], 5 opportun-
ities for Tdap administration (from 27 to 36 weeks’ gestation)
[13, 14], and 6 opportunities for immunization with RSVpreF
(from 24 to 36 weeks’ gestation).

This study evaluated coadministration of RSVpreF with
Tdap; however, Tdap is not routinely used worldwide. Tdap is
typically recommended in higher-income countries with an el-
evated infant pertussis risk, including, but not limited to, the US
[13, 14], the United Kingdom [15], Australia [16], Canada [17],
New Zealand [18], and countries in the European Union [19].
Routine use of Tdap is less common in low- and middle-income
countries owing to prohibitive cost and limited data on infant
pertussis disease burden [43], and tetanus toxoid or tetanus-
diphtheria vaccines are recommended during pregnancy in
these countries [21, 22, 44]. Tetanus-diphtheria vaccines are
preferred by WHO and the United Nations Children’s Fund be-
cause they are cost-effective and address the more prominent
risks [21, 44]. The observed tetanus and diphtheria antibody re-
sponses were noninferior when coadministered with RSVpreF,
supporting concomitant RSV and tetanus toxoid or tetanus-
diphtheria immunization during pregnancy in regions that use
vaccines without pertussis antigens.

Strengths of this study include the randomized controlled de-
sign and the power to demonstrate noninferiority of combined
RSVpreF formulations with Tdap to Tdap alone or RSVpreF alone
for the immunogenicity endpoints. A potential limitation is that
this study was conducted in nonpregnant women and, therefore,
transplacental transfer of antibodies against pertussis antigens to
infants could not be established. The study was conducted in the
US alone, limiting generalizability to other countries.

This phase 2b study provided key data supporting the de-
cision to administer RSVpreF without concomitant Tdap to
pregnant women in the pivotal, ongoing phase 3 trial that is
designed to evaluate the efficacy and safety of RSVpreF ma-
ternal immunization at 24 to 36 weeks of gestation against
medically attended lower respiratory tract illness in infants
(NCT04424316). Additionally, an ongoing phase 2b proof-of-
concept study has provided data on the safety, tolerability, and
immunogenicity of 2 dose levels of RSVpreF formulated with
and without Al(OH), (NCT04032093) and informed the dose
and formulation selection for the phase 3 study.

In conclusion, the results of this study confirm that 120 ug
RSVpreF antigen without AI(OH), and 240 ug RSVpreF an-
tigen with AI(OH), were safe and well tolerated when adminis-
tered alone or concomitantly with Tdap in healthy nonpregnant
women 18-49 years of age. Noninferiority of anti-RSV-A
and anti-RSV-B immune responses induced by RSVpreF
with Tdap was demonstrated compared with RSVpreF alone.
Noninferiority of anti-DTd and anti-T'Td immune responses
after concomitant administration of RSVpreF with Tdap was
demonstrated compared with Tdap alone. Noninferiority of im-
mune response was not met for the anti-pertussis components
(PT, FHA, and PRN); further studies are needed to evaluate the
clinical significance of these results. These results support the
continued clinical development of RSVpreF for maternal im-
munization to reduce the burden of infant RSV disease.
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