
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med   nejm.org 1

The authors’ full names, academic de-
grees, and affiliations are listed in the 
Appendix. Dr. Munjal can be contacted 
at  iona . munjal@  pfizer . com or at Vaccine 
Research and Development, Pfizer, 401 
N. Middletown Rd., Pearl River, NY 10965.

*The members of the MATISSE Study 
Group are listed in the Supplementary 
Appendix, available at NEJM.org.

Drs. Kampmann, Madhi, and Munjal con-
tributed equally to this article.

This article was published on April 5, 
2023, at NEJM.org.

DOI: 10.1056/NEJMoa2216480
Copyright © 2023 Massachusetts Medical Society.

BACKGROUND
Whether vaccination during pregnancy could reduce the burden of respiratory 
syncytial virus (RSV)–associated lower respiratory tract illness in newborns and 
infants is uncertain.

METHODS
In this phase 3, double-blind trial conducted in 18 countries, we randomly as-
signed, in a 1:1 ratio, pregnant women at 24 through 36 weeks’ gestation to receive 
a single intramuscular injection of 120 μg of a bivalent RSV prefusion F protein–
based (RSVpreF) vaccine or placebo. The two primary efficacy end points were 
medically attended severe RSV-associated lower respiratory tract illness and medi-
cally attended RSV-associated lower respiratory tract illness in infants within 90, 
120, 150, and 180 days after birth. A lower boundary of the confidence interval 
for vaccine efficacy (99.5% confidence interval [CI] at 90 days; 97.58% CI at later 
intervals) greater than 20% was considered to meet the success criterion for vac-
cine efficacy with respect to the primary end points.

RESULTS
At this prespecified interim analysis, the success criterion for vaccine efficacy was 
met with respect to one primary end point. Overall, 3682 maternal participants re-
ceived vaccine and 3676 received placebo; 3570 and 3558 infants, respectively, were 
evaluated. Medically attended severe lower respiratory tract illness occurred within 90 
days after birth in 6 infants of women in the vaccine group and 33 infants of women 
in the placebo group (vaccine efficacy, 81.8%; 99.5% CI, 40.6 to 96.3); 19 cases and 
62 cases, respectively, occurred within 180 days after birth (vaccine efficacy, 69.4%; 
97.58% CI, 44.3 to 84.1). Medically attended RSV-associated lower respiratory tract 
illness occurred within 90 days after birth in 24 infants of women in the vaccine 
group and 56 infants of women in the placebo group (vaccine efficacy, 57.1%; 99.5% 
CI, 14.7 to 79.8); these results did not meet the statistical success criterion. No 
safety signals were detected in maternal participants or in infants and toddlers up to 
24 months of age. The incidences of adverse events reported within 1 month after 
injection or within 1 month after birth were similar in the vaccine group (13.8% of 
women and 37.1% of infants) and the placebo group (13.1% and 34.5%, respectively).

CONCLUSIONS
RSVpreF vaccine administered during pregnancy was effective against medically 
attended severe RSV-associated lower respiratory tract illness in infants, and no 
safety concerns were identified. (Funded by Pfizer; MATISSE ClinicalTrials.gov 
number, NCT04424316.)
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Respiratory syncytial virus (RSV) is 
the most common cause of acute lower 
respiratory tract illness and a leading 

cause of death in infants younger than 6 months 
of age, particularly in low- and middle-income 
countries.1-3 Severe RSV-associated lower respira-
tory tract illness peaks in the first 2 to 3 months 
of life, despite the presence of naturally acquired 
maternal antibodies.1,4-7 RSV typically spreads 
during winter epidemics in temperate climates 
and during rainy seasons in tropical regions,1 
although shifts in seasonality occurred during 
the coronavirus disease 2019 (Covid-19) pan-
demic.8,9 In a recent European study, approxi-
mately 50% of hospitalizations for respiratory 
tract illness in children younger than 1 year of 
age were associated with RSV, and approximate-
ly 60% of these illnesses occurred in infants 
younger than 3 months of age.10 In low-income 
countries, it is estimated that more than 80% of 
RSV-attributable deaths do not occur in the hos-
pital.3

Maternal vaccination leads to transplacental 
transfer of increased levels of maternal antibod-
ies to provide protection in infants immediately 
after birth and during the first months of life.1,11-16 
This strategy is used to protect infants from 
tetanus, pertussis, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), and influ-
enza,11,17-19 although no vaccine has been licensed 
for use in pregnancy specifically to protect in-
fants from these diseases, other than influenza 
in certain countries.20 RSV prefusion F protein−
based vaccine (RSVpreF) administered during the 
late second or third trimester of pregnancy may 
protect infants from severe RSV illness during 
the first few months of life; this would be par-
ticularly important in low- and middle-income 
countries, where the burden of RSV-associated 
lower respiratory tract illness is highest.3

Despite more than 50 years of development 
efforts,14 no RSV vaccine has been licensed. The 
prefusion form of the RSV fusion (F) glycopro-
tein (preF) is a major target of potent virus neu-
tralizing antibodies and a key vaccine antigen.21,22 
The investigational bivalent RSVpreF vaccine 
contains stabilized preF glycoproteins from the 
two main cocirculating antigenic subgroups 
(RSV A and RSV B).23,24 In a phase 2b, proof-of-
concept trial, RSVpreF vaccine administered to 
women in the late second or third trimester of 
pregnancy had an acceptable safety profile and 

elicited neutralizing antibody responses that were 
efficiently transferred to infants. That trial pro-
vided evidence of the efficacy of RSVpreF vaccine 
when administered to pregnant women to pre-
vent RSV-associated lower respiratory tract ill-
ness in infants.25 Recently, an interim analysis of 
another phase 3 trial (RSV Vaccine Efficacy Study 
in Older Adults Immunized against RSV Disease 
[RENOIR]) showed that active vaccination with 
RSVpreF in persons who were at least 60 years of 
age prevented RSV-associated lower respiratory 
tract illness.26 Here, we report the results of a 
phase 3 trial (Maternal Immunization Study for 
Safety and Efficacy [MATISSE]) evaluating the 
efficacy and safety of maternal RSVpreF vaccina-
tion in preventing RSV-associated lower respira-
tory tract illness in infants.

Me thods

Participants and Trial Oversight

This phase 3, double-blind, randomized, placebo-
controlled trial that was conducted in 18 coun-
tries over four RSV seasons (two in the Northern 
Hemisphere and two in the Southern Hemi-
sphere) evaluated the efficacy and safety of ma-
ternal RSVpreF immunization against medically 
attended RSV-associated lower respiratory tract 
illness in infants followed for 1 to 2 years. Eli-
gible participants were healthy women, 49 years 
of age or younger, at 24 through 36 weeks’ ges-
tation on the day of planned injection, with an 
uncomplicated, singleton pregnancy and no known 
increased risk of pregnancy complications. Ad-
ditional eligibility criteria and information re-
garding ethical trial conduct are provided in the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org. Further details 
are provided in the protocol (available at NEJM 
.org). Eligible women were randomly assigned, 
in a 1:1 ratio, to receive a single intramuscular 
injection of 120 μg of RSVpreF vaccine (60 μg 
each of RSV A and RSV B antigens) or placebo.

The protocol was approved by the ethics com-
mittee at each site, and all the participants pro-
vided written informed consent. The sponsor 
(Pfizer) designed and conducted the trial and 
was responsible for data collection, analysis, and 
interpretation. The first draft of the manuscript 
was written by medical writers (paid by Pfizer) 
under the direction of the authors. Pfizer manu-
factured RSVpreF vaccine and placebo. All the 
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data were available to the authors. All the au-
thors vouch for the accuracy and completeness 
of the data and for the fidelity of the trial to the 
protocol.

Efficacy End Points

The two primary efficacy end points were medi-
cally attended severe RSV-associated lower respi-
ratory tract illness and medically attended RSV-
associated lower respiratory tract illness in 
infants within 90, 120, 150, and 180 days after 
birth. Secondary end points included medically 
attended RSV-associated lower respiratory tract 
illness, RSV-associated hospitalization, and medi-
cally attended lower respiratory tract illness of 
any cause, all occurring within 360 days after 
birth. Exploratory end points included medically 
attended RSV-associated respiratory tract illness 
and medically attended RSV-associated lower 
respiratory tract illness due to RSV A or RSV B. 
Table S1 in the Supplementary Appendix pro-
vides further details regarding case definitions 
and the role of the end-point adjudication com-
mittee, which confirmed that each case met pre-
specified trial definition criteria, including 
whether criteria were met in the subgroup of 
participants with medically attended severe RSV-
associated lower respiratory tract illness.

Surveillance for respiratory tract illness in 
infants started at 72 hours after birth and con-
tinued through 12 months of age (24 months of 
age in those enrolled during the first trial year). 
Nasal swabs for reverse-transcriptase–polymerase-
chain-reaction (RT-PCR) assays were obtained at 
any medically attended visit for respiratory infec-
tion. We conducted surveillance for medically 
attended respiratory tract illnesses in infants 
who were 6 months of age or younger through 
weekly contact with the infants’ parents or legal 
guardians.

Safety End Points

The primary safety end points were reactogenic-
ity and adverse events in the maternal partici-
pants and adverse events and newly diagnosed 
chronic medical conditions in the infants. An 
external data monitoring committee was respon-
sible for ongoing safety data monitoring. We 
observed maternal participants for at least 30 
minutes after injection to detect acute reactions. 
Prespecified local reactions and systemic events, 
including fever, were recorded by means of an 

electronic diary for 7 days after vaccination; sys-
temic events at baseline (≤7 days before vacci-
nation) were also recorded. For each maternal 
participant, including her fetus, data on adverse 
events were collected from the time of informed 
consent to 1 month after injection, and data on 
serious adverse events were collected from the 
time of informed consent through 6 months 
after delivery.

Safety end points in the infant participants 
included adverse events from birth to 1 month 
of age. Additional safety end points were serious 
adverse events and newly diagnosed chronic 
medical conditions from birth through 12 months 
of age (birth through 24 months of age in in-
fants enrolled during the first trial year).

Adverse events of special interest were pre-
term birth or delivery (birth at <37 weeks’ gesta-
tion), low birth weight (≤2500 g), developmental 
delay (assessed according to the standard of 
care), or a positive RT-PCR–based or antigen-
based SARS-CoV-2 test. Extremely preterm birth 
(<28 weeks’ gestation), extremely low birth weight 
(≤1000 g), and congenital anomalies were re-
ported as serious adverse events.

Statistical Analysis

The sample size was selected on the basis of the 
number of maternal participants needed in order 
to accrue the prespecified number of cases of 
lower respiratory tract illness in infants. Vaccine 
efficacy with respect to either of the two pri-
mary end points was sufficient to indicate trial 
success. The evaluable population consisted of 
all infant participants who were eligible, were 
born to the maternal participants who had re-
ceived the randomly assigned vaccine or placebo 
at least 14 days before delivery, did not receive 
palivizumab or another monoclonal antibody 
targeting RSV, had no major protocol violations, 
and had not received transfusions (of any blood 
products) of more than 20 ml per kilogram of 
body weight within 180 days after birth (Table 
S2). The safety population consisted of all ma-
ternal participants who had undergone random-
ization and received vaccine or placebo and all 
the infant participants who were born to those 
maternal participants. We calculated that 124 
cases of medically attended RSV-associated lower 
respiratory tract illness occurring within 90 days 
after birth in the evaluable population would 
give the trial at least 90% power to reject the 
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null hypothesis, if true vaccine efficacy against 
medically attended RSV-associated lower respi-
ratory tract illness was assumed to be 60%.

As prespecified in the protocol, the data 
monitoring committee could conduct the first 
interim analysis after the occurrence of at least 
43 cases of medically attended RSV-associated 
lower respiratory tract illness within 90 days 
after birth and the second interim analysis after 
the occurrence of at least 62 cases. Analysis of 
all the remaining efficacy end points could be 
conducted if the interim analysis showed that 
the success criterion for vaccine efficacy with 
respect to either primary end point through 90 
days had been met. The type I error rate was 
strongly controlled across the multiple primary 
and secondary end points, with accounting for 
the two interim analyses. The Supplementary 
Appendix provides further details on sample-
size determination, imputation of missing data, 
and additional statistical considerations.

Vaccine efficacy, estimated with the use of 
the binomial distribution of the number of cases 
of disease in the RSV vaccine group and given 
the total number of cases in both groups,27 was 
defined as (1 − RR) × 100, where RR is the rela-
tive risk of the end point of interest based on the 
incidence in the vaccine group as compared with 
the placebo group. A lower boundary of the con-
fidence interval that was greater than 20% was 
considered to meet the success criterion for vac-
cine efficacy with respect to the primary end 
points, and a lower boundary of 0% was consid-
ered to meet the success criterion for vaccine 
efficacy with respect to the secondary end 
points; these criteria were agreed on with regu-
latory agencies and are typical of requirements 
for some novel vaccines.

The probability of primary-end-point cover-
age for confidence intervals was 99.5% at 90 days 
(determined by means of an alpha-spending func-
tion and a Bonferroni procedure) and 97.58% at 
later intervals (based on a two-sided alpha level 
of 0.0483 and a Bonferroni procedure). Confi-
dence intervals for the secondary end points 
were adjusted with the use of the Bonferroni 
procedure and accounted for results with respect 
to the primary end points. Exploratory efficacy 
end points had no prespecified success criterion 
and are presented with unadjusted 95% confi-
dence intervals; these should not be used to draw 
conclusions about vaccine efficacy for these end 

points. All observations after trial discontinua-
tion or protocol violation were censored. The 
Supplementary Appendix provides further de-
tails on considerations for determination of vac-
cine efficacy.

For analyses of the safety end points, point 
estimates and exact two-sided 95% confidence 
intervals (calculated with the use of the Clopper–
Pearson method) were based on the percentage 
of participants reporting each event in each trial 
group. Event rates were considered to be similar 
(i.e., no evidence of a difference) in the two 
groups if the unadjusted 95% confidence inter-
val for the risk difference included zero. Adverse 
events were coded with the use of the Medical 
Dictionary for Regulatory Activities, version 25.0. 
Missing electronic diary data were not imputed.

R esult s

Participants

From June 17, 2020, through October 2, 2022, a 
total of 7392 women underwent randomization 
and 7358 received either RSVpreF vaccine (3682 
participants) or placebo (3676 participants). A 
total of 3578 women who received RSVpreF vac-
cine and 3570 of those who received placebo had 
given birth and 2840 and 2843, respectively, had 
completed the trial at the time of this analysis 
(Fig. 1). Overall, 3570 infants born to mothers 
who had received RSVpreF vaccine and 3558 
born to those who had received placebo were 

Figure 1 (facing page). Enrollment, Randomization, 
 Administration of Vaccine or Placebo, and Follow-up.

Shown are data on maternal participants (Panel A) and 
infant participants (Panel B) at the data-cutoff date for 
safety (September 2, 2022). Among infant participants 
who were enrolled from the maternal vaccine group dur-
ing the first year of the trial, 1971 were enrolled with a 
planned follow-up of 24 months and 1599 were enrolled 
with a planned follow-up of 12 months. Trial comple-
tion in infants refers to whether they completed 12 or 
24 months of follow-up as assigned. One maternal par-
ticipant and 2 infant participants did not meet eligibility 
criteria and were not included in the safety population. 
Among infant participants who were enrolled from the 
maternal placebo group during the first year of the trial, 
1967 were enrolled with a planned follow-up of 24 months 
and 1591 were enrolled with a planned follow-up of 12 
months. The trial is ongoing; at the data-cutoff date, 
some participants had not yet completed planned follow-
up visits. RSVpreF denotes respiratory syncytial virus 
prefusion F protein−based vaccine.
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Table 1. Demographic and Clinical Characteristics of the Maternal and Infant Participants in the Safety Population.*

Characteristic RSVpreF Vaccine Placebo Total

Maternal participants

Age at injection — yr

Mean 29.1±5.6 29.0±5.7 29.0±5.7

Median (range) 29 (16–45) 29 (14–47) 29 (14–47)

Gestation at injection — wk

Mean 30.8±3.5 30.8±3.6 30.8±3.5

Median (range) 31.3 (24.0–36.6) 31.3 (24.0–36.9) 31.3 (24.0–36.9)

Race or ethnic group — no./total no. (%)†

White 2383/3682 (64.7) 2365/3675 (64.4) 4748/7357 (64.5)

Black 720/3682 (19.6) 723/3675 (19.7) 1443/7357 (19.6)

Asian 454/3682 (12.3) 464/3675 (12.6) 918/7357 (12.5)

Multiracial 30/3682 (0.8) 21/3675 (0.6) 51/7357 (0.7)

Race not reported 41/3682 (1.1) 45/3675 (1.2) 86/7357 (1.2)

Race unknown 7/3682 (0.2) 8/3675 (0.2) 15/7357 (0.2)

Hispanic or Latinx 1049/3682 (28.5) 1075/3675 (29.3) 2124/7357 (28.9)

Not Hispanic or Latinx 2603/3682 (70.7) 2567/3675 (69.8) 5170/7357 (70.3)

American Indian or Alaska Native 38/3682 (1.0) 37/3675 (1.0) 75/7357 (1.0)

Native Hawaiian or other Pacific Islander 9/3682 (0.2) 12/3675 (0.3) 21/7357 (0.3)

Ethnic group not reported or unknown 30/3682 (0.8) 33/3675 (0.9) 63/7357 (0.9)

Infant participants

Sex — no./total no. (%)

Male 1816/3568 (50.9) 1793/3558 (50.4) 3609/7126 (50.6)

Female 1752/3568 (49.1) 1765/3558 (49.6) 3517/7126 (49.4)

Gestational age at birth — no./total no. (%)

24 to <28 wk 1/3568 (<0.1) 1/3558 (<0.1) 2/7126 (<0.1)

28 to <34 wk 20/3568 (0.6) 11/3558 (0.3) 31/7126 (0.4)

34 to <37 wk 180/3568 (5.0) 157/3558 (4.4) 337/7126 (4.7)

37 to <42 wk 3343/3568 (93.7) 3356/3558 (94.3) 6699/7126 (94.0)

≥42 wk 21/3568 (0.6) 30/3558 (0.8) 51/7126 (0.7)

Apgar score, 5 min

<4 — no./total no. (%) 8/3528 (0.2) 5/3517 (0.1) 13/7045 (0.2)

4 to <7 — no./total no. (%) 29/3528 (0.8) 27/3517 (0.8) 56/7045 (0.8)

7 to 10 — no./total no. (%) 3491/3528 (99.0) 3485/3517 (99.1) 6976/7045 (99.0)

Median (range) 9 (1–10) 9 (2–10) 9 (1–10)

Outcome — no./total no. (%)

Normal 3172/3568 (89.9) 3149/3558 (88.5) 6321/7126 (88.7)

Congenital malformation or anomaly 174/3568 (4.9) 203/3558 (5.7) 377/7126 (5.3)

Other neonatal problems 219/3568 (6.1) 200/3558 (5.6) 419/7126 (5.9)

Extremely low birth weight, ≤1000 g — no./total no. (%) 1/3568 (<0.1) 2/3558 (<0.1) 3/7126 (<0.1)

Very low birth weight, >1000 to 1500 g — no./total no. (%)‡ 3/3568 (<0.1) 6/3558 (0.2) 9/7126 (0.1)

Low birth weight, >1500 to 2500 g — no./total no. (%)‡ 177/3568 (5.0) 147/3558 (4.1) 324/7126 (4.5)

Developmental delay — no./total no. (%)‡ 12/3568 (0.3) 10/3558 (0.3) 22/7126 (0.3)

*  Plus–minus values are means ±SD. The safety population consisted of all the maternal participants who underwent randomization and re-
ceived vaccine or placebo and all their infants (except one maternal infant and two infant participants, who did not meet eligibility criteria). 
Percentages may not total 100 because of rounding. RSVpreF denotes respiratory syncytial virus prefusion F protein−based vaccine.

†  Race or ethnic group was reported by the maternal participants.
‡  This outcome was an adverse event of special interest reported at any time after birth during the trial period.
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evaluated. At the time of this analysis, data from 
85% of the scheduled follow-up through 180 days 
were available, with 1-month, 6-month, and 
12-month follow-up completed by 6823 infants 
(96%), 5654 infants (79%), and 3247 infants 
(46%), respectively.

Demographic characteristics were broadly 
similar across the trial groups (Table 1), and the 
trial participants were representative of the 
population at risk for RSV-related illness (Table 
S3). Maternal participants were enrolled in 18 
countries; the countries with the highest enroll-
ment were the United States (45%), South Africa 
(13%), Argentina (12%), and Japan (6%) (Table 
S4). Among the maternal participants, 64% were 
White, 20% Black, and 12% Asian; 29% were 
Hispanic or Latinx. At the time of injection, the 
median age of the women was 29 years (range, 
14 to 47) and the median gestation was 31.3 
weeks (range, 24.0 to 36.9). Among the infant 
participants, 51% were male and 94% were born 
at term (37 to <42 weeks). At the time of the 
analysis, adherence to the collection of nasal 
swabs at visits to assess for medically attended 
respiratory tract illness was greater than 95%, 
and in 927 of the 971 visits (including 794 cases 
of medically attended lower respiratory tract ill-
nesses of any cause within 180 days after birth), 
infants met the criteria for medically attended 
lower respiratory tract illness of any cause.

Efficacy

This prespecified interim analysis of efficacy 
was conducted in October 2022. The data-cutoff 
date for efficacy was September 30, and the data-
cutoff date for safety was September 2. At this 
analysis, 80 evaluable cases of medically attended 
RSV-associated lower respiratory tract illness 
within 90 days after birth had accrued (174 
cases within 180 days), including 39 evaluable 
cases of medically attended severe RSV-associated 
lower respiratory tract illness within 90 days 
after birth (81 cases within 180 days). The data 
monitoring committee recommended stopping 
the trial for efficacy because the success criteri-
on for vaccine efficacy was met for one of the 
two primary efficacy end points. An earlier in-
terim analysis is described in the Supplementary 
Appendix.

On the basis of case accrual through the data-
cutoff date, the efficacy of RSVpreF vaccine met 
the statistical success criterion (lower boundary 

of the confidence interval >20%) for a decrease 
in the incidence of medically attended severe 
RSV-associated lower respiratory tract illness 
among infants through 180 days after birth 
(Fig. 2A). Within 90 days after birth, 6 infants of 
mothers in the vaccine group and 33 infants of 
those in the placebo group had medically attended 
severe RSV-associated lower respiratory tract ill-
ness (vaccine efficacy, 81.8%; 99.5% confidence 
interval [CI], 40.6 to 96.3); within 180 days after 
birth, there were 19 cases and 62 cases, respec-
tively (vaccine efficacy, 69.4%; 97.58% CI, 44.3 to 
84.1). In a sensitivity analysis (Table S5), we used 
multiple imputation to examine the effect of 
missing laboratory (nasal swab) results under 
various assumptions, some of which were unfa-
vorable to the vaccine. In each group, data were 
missing for 3 additional infants who would have 
qualified as having cases of medically attended 
severe RSV-associated lower respiratory tract ill-
ness within 90 days after birth. Imputation 
showed that missing results had no effect on the 
conclusions.

Within 90 days after birth, 24 infants of 
mothers in the vaccine group and 56 infants 
of those in the placebo group had medically at-
tended RSV-associated lower respiratory tract 
illness (vaccine efficacy, 57.1%; 99.5% CI, 14.7 to 
79.8). The statistical success criterion for this 
end point (lower boundary of the confidence 
interval >20%) was not met. Within 180 days 
after birth, 57 infants of mothers in the vaccine 
group and 117 infants of those in the placebo 
group had medically attended RSV-associated 
lower respiratory tract illness (vaccine efficacy, 
51.3%; 97.58% CI, 29.4 to 66.8) (Fig. 2B).

When medically attended RSV-associated low-
er respiratory tract illness within cumulative in-
tervals beyond 180 days after birth was evaluated 
as a secondary end point with a lower boundary 
of the confidence interval of 0%, the incidence 
of this illness was lower in the vaccine group 
than in the placebo group at all time points 
from 0 to 210 days and from 0 to 360 days after 
birth (Table S6). There were fewer cases of RSV-
associated hospitalization through 180 days of 
age among infants of mothers in the vaccine 
group than among those of mothers in the pla-
cebo group (lower boundary of the confidence 
interval >0%). Vaccine efficacy was 67.7% (99.17% 
CI, 15.9 to 89.5) with respect to RSV-associated 
hospitalization within 90 days after birth, and it 
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was 56.8% (99.17% CI, 10.1 to 80.7) with respect 
to RSV-associated hospitalization within 180 days 
after birth (Table S7). RSVpreF vaccination did 
not prevent medically attended lower respiratory 
tract illness from any cause within 90 days after 
birth (vaccine efficacy, 7.0%; 99.17% CI, −22.3 to 
29.3) (Table S8). In an exploratory analysis, vac-
cine efficacy against medically attended RSV-
associated respiratory tract illness was 39.1% 

(95% CI, 16.7 to 55.7) within 90 days after birth 
and 37.9% (95% CI, 24.0 to 49.5) within 180 days 
after birth (Table S9). Additional exploratory and 
sensitivity analyses are provided in Table S10.

Safety

Most reactogenicity events in maternal partici-
pants were mild to moderate in severity (Fig. 3). 
Local reactions were more commonly reported 

C
um

ul
at

iv
e 

In
ci

de
nc

e 
(%

)

100.0

3.0

2.0

1.5

0.5

2.5

1.0

0.0
0 30 60 90 120 150 180

Days after Birth

B Medically Attended RSV-Associated Lower Respiratory Tract Illness

A Medically Attended Severe RSV-Associated Lower Respiratory Tract Illness

Placebo
RSVpreF vaccine

3480
3495

2973
3042

2833
2916

2749
2820

No. at Risk
3292
3349

2899
2981

2776
2867

90 Days after birth

120 Days after birth

150 Days after birth

180 Days after birth

81.8 (40.6–96.3)

73.9 (45.6–88.8)

70.9 (44.5–85.9)

69.4 (44.3–84.1)

6 (0.2)

12 (0.3)

16 (0.5)

19 (0.5)

RSVpreF
Vaccine

(N=3495)

33 (0.9)

46 (1.3)

55 (1.6)

62 (1.8)

Placebo
(N=3480)Time Interval

no. of cases (%) 

Vaccine Efficacy
(99.5% or 97.58% CI)

RSVpreF vaccine

Placebo

C
um

ul
at

iv
e 

In
ci

de
nc

e 
(%

)

100

5

4

3

1

2

0
0 30 60 90 120 150 180

Days after Birth

Placebo
RSVpreF vaccine

3480
3495

2964
3035

2804
2898

2700
2792

No. at Risk
3288
3348

2879
2968

2738
2845

90 Days after birth

120 Days after birth

150 Days after birth

180 Days after birth

57.1 (14.7–79.8)

56.8 (31.2–73.5)

52.5 (28.7–68.9)

51.3 (29.4–66.8)

24 (0.7)

35 (1.0)

47 (1.3)

57 (1.6)

RSVpreF
Vaccine

(N=3495)

56 (1.6)

81 (2.3)

99 (2.8)

117 (3.4)

Placebo
(N=3480)Time Interval

no. of cases (%) 

%

%

Vaccine Efficacy
(99.5% or 97.58% CI)

RSVpreF vaccine

Placebo

The New England Journal of Medicine 
Downloaded from nejm.org by GONZALO PEREZ MARC on April 5, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med   nejm.org 9

Bivalent Prefusion F Vaccine in Pregnancy

in recipients of the RSVpreF vaccine than in re-
cipients of placebo; the most common was injec-
tion-site pain (in 41% of participants in the 
vaccine group and 10% of those in the placebo 
group) (Fig. 3A). The percentages of maternal 
participants who reported systemic events with-
in 7 days after injection were similar in the two 
groups, apart from muscle pain and headache, 
which were reported more frequently by recipi-
ents of the vaccine (muscle pain in 27% of the 
vaccine recipients vs. 17% of the placebo recipi-
ents, and headache in 31% vs. 28%, respectively) 
(Fig. 3B).

The percentages of maternal participants with 
any adverse events reported within 1 month af-
ter injection were similar in the vaccine group 
(13.8%) and the placebo group (13.1%) (Fig. 4A 
and Table S11). The percentages of infant par-
ticipants with any adverse events reported within 
1 month after birth were 37.1% in the vaccine 
group and 34.5% in the placebo group (Fig. 4A 
and Table S12). Among the infant participants, 
the incidences of adverse events of special inter-
est (Fig. 4B) and newly diagnosed chronic medi-
cal conditions (Fig. S1) were similar in the two 
groups. Among maternal participants, the inci-
dences of serious adverse events through 6 months 
after injection were similar in the two groups; 
the most frequent were preeclampsia (in 1.8% of 
participants in the vaccine group and 1.4% of 
those in the placebo group) and fetal distress 
syndrome (in 1.8% and 1.6%, respectively) 
(Fig. 4C and Table S13). The incidences of pre-
mature delivery were similar in the two groups 
(28 cases [0.8%] in the vaccine group and 23 
cases [0.6%] in the placebo group). Serious ad-
verse events in four RSVpreF vaccine recipients 
(pain in an arm followed by bilateral lower-ex-
tremity pain, premature labor, systemic lupus 
erythematosus, and eclampsia — in one recipi-
ent each) and in one placebo recipient (prema-
ture placental separation) were assessed by the 
investigator as being related to the injection. The 
incidence of reported serious adverse events in 
infants from birth through 24 months was 
similar in the two groups (Fig. 4C and Table 
S14). No serious adverse events in infants were 
considered by the investigators to be related to 
the vaccine.

One recipient of RSVpreF vaccine died from 
postpartum hemorrhage and hypovolemic shock. 
During the trial, stillbirth occurred in 10 par-
ticipants in the vaccine group and 8 participants 
in the placebo group, and spontaneous abortion 
during a subsequent pregnancy occurred in 1 par-
ticipant in the vaccine group and 2 participants 
in the placebo group. A total of 17 deaths in 
infants and toddlers from birth through 24 
months of age were reported (5 in the vaccine 
group [0.1%] and 12 in the placebo group 
[0.3%]) (Table S15). One death that was consid-
ered by the end-point adjudication committee to 
be associated with RSV infection occurred 120 
days after birth in an infant whose mother had 
received placebo.

Figure 2 (facing page). Vaccine Efficacy.

Panel A shows vaccine efficacy with respect to medically 
attended severe RSV-associated lower respiratory tract 
illness and Panel B shows vaccine efficacy with respect 
to medically attended RSV-associated lower respiratory 
tract illness occurring within 180 days after birth in in-
fant participants. Data are for the evaluable efficacy pop-
ulation. Cases of RSV-associated illness of any severity 
were confirmed by the end-point adjudication commit-
tee. Vaccine efficacy was calculated as 1 − (P/[1 − P]), 
where P is the number of cases of illness in the RSVpreF 
group divided by the total number of cases of illness. 
At 90 days, we used 99.5% confidence intervals (CIs) 
(determined by the alpha-spending function and ad-
justed with the use of the Bonferroni procedure), and  
at later intervals, we used 97.58% CIs (based on a two-
sided alpha level of 0.0483 adjusted with the use of the 
Bonferroni procedure). The criterion for vaccine efficacy 
with respect to the primary end points was a lower 
boundary of the confidence interval greater than 20%. 
Infants were considered to have medically attended 
RSV-associated lower respiratory tract illness if they 
had a medically attended visit for a respiratory tract 
 illness and a reverse-transcriptase–polymerase-chain-
reaction assay or nucleic acid amplification test that 
was positive for RSV, as well as fast breathing (respira-
tory rate ≥60 breaths per minute in infants <2 months 
of age [<60 days of age], ≥50 breaths per minute in in-
fants 2 to <12 months of age, or ≥40 breaths per min-
ute in infants 12 to 24 months of age), oxygen satura-
tion as measured by pulse oximetry (SpO

2
) of less than 

95%, or chest wall indrawing. Infants were considered 
to have medically attended severe RSV-associated lower 
respiratory tract illness if they had a medically attended 
visit for a respiratory tract illness and an RSV-positive 
test, as well as very fast breathing (respiratory rate ≥70 
breaths per minute in infants <2 months of age [<60 days 
of age], ≥60 breaths per minute in infants 2 to <12 months 
of age, or ≥50 breaths per minute in infants 12 to 24 
months of age), SpO

2
 of less than 93%, use of a high-

flow nasal cannula or mechanical ventilation, admis-
sion to an intensive care unit for more than 4 hours,  
or lack of response or unconsciousness. Each square  
or circle represents one case of illness.

The New England Journal of Medicine 
Downloaded from nejm.org by GONZALO PEREZ MARC on April 5, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med   nejm.org 10

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Figure 3. Local Reactions and Systemic Events  
in the Maternal Participants.

Panel A shows local reactions within 7 days after injec-
tion, and Panel B shows systemic events, including fe-
ver, before and within 7 days after injection (in 3637 to 
3663 participants in the vaccine group and in 3621 to 
3639 participants in the placebo group). Data are from 
the safety population. Severity and fever scales are 
summarized in Table S16. I bars denote 95% confi-
dence intervals.
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Figure 4 (facing page). Adverse Events in the Maternal 
and Infant Participants.

Panel A shows the percentages of participants who re-
ported at least one adverse event, according to category, 
within 1 month after injection (maternal participants) 
or at least 1 month after birth (infant participants). 
Any event was defined as at least one occurrence in 
any category. An immediate adverse event was defined 
as any adverse event that occurred within 30 minutes 
after injection. Severe and life-threatening adverse 
events according to system organ class and preferred 
term are summarized in Table S17 (events in maternal 
participants) and Table S18 (events in infant partici-
pants). Related adverse events were assessed by the 
investigator as being related to the vaccine or placebo. 
Exact two-sided 95% confidence intervals were calcu-
lated with the use of the Clopper–Pearson method. I 
bars denote 95% confidence intervals. Panel B shows 
adverse events of special interest (occurring in >0.1% 
of participants in either group) from injection through 
6 months after delivery in maternal participants and 
from birth through 24 months of age in infant partici-
pants. All congenital anomalies were reported as seri-
ous adverse events by definition. Low birth weight was 
defined as greater than 1500 g to 2500 g. Prematurity 
in infants was defined as birth before 37 weeks’ gesta-
tion. SARS-CoV-2 denotes severe acute respiratory syn-
drome coronavirus 2. In Panels B and C, error bars de-
note 95% confidence intervals. Panel C shows the most 
commonly reported serious adverse events (occurring 
in >0.4% of participants in either group) from injection 
through 6 months after delivery in maternal partici-
pants and from birth through 24 months of age in in-
fant participants. The duration from injection to deliv-
ery among preterm deliveries is shown in Table S19. 
Data are from the maternal and infant safety popula-
tions. The data-cutoff date was September 2, 2022. 
The only adverse events that were considered by the 
investigator to be related to the RSVpreF vaccine and 
that were reported in more than one maternal recipi-
ent in either group were lymphadenopathy and injec-
tion-site bruising (each reported in two RSVpreF recip-
ients [<0.1%]). One adverse event (<0.1%) (prematurity) 
in an infant was considered by the investigator to be 
related to maternal RSVpreF vaccination. This event 
occurred 86 days after maternal vaccination at a gesta-
tional age at birth of 36 weeks and 4 days.
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Discussion

In this worldwide, phase 3 trial, maternal vac-
cination with RSVpreF was efficacious in prevent-
ing medically attended severe RSV-associated 
lower respiratory tract illness in infants, with 
vaccine efficacy of 81.8% (99.5% CI, 40.6 to 
96.3) within 90 days after birth and 69.4% 
(97.58% CI, 44.3 to 84.1) within 180 days after 
birth. The success criterion for vaccine efficacy 
was met for this primary end point.

RSV-associated lower respiratory tract illness 
in young infants is associated with a high bur-
den of illness and death across countries and 
health systems, especially in low- and middle-
income countries.3,28 In a phase 3 trial, injection 
with nirsevimab, a monoclonal antibody, pro-
tected infants from medically attended RSV-as-
sociated lower respiratory tract infection through 
150 days after the injection (the primary end 
point), with efficacy of 74.5% (95% CI, 49.6 to 
87.1).29 Nirsevimab was recently authorized in 
Europe for use in infants from the time of birth 
during the RSV season,30 although its affordabil-
ity in low- and middle-income countries is un-
certain.31 In other regions, the use of monoclo-
nal antibodies is limited to high-risk populations, 
and no therapeutic options other than support-
ive care exist.32,33

In addition, vaccination offers the possibility 
of an immune response to multiple neutralizing 
epitopes, thus reducing the risk of immune es-
cape observed with some monoclonal antibod-
ies.34 Passive transfer of maternal antibodies can 
protect the youngest and most vulnerable infants 
immediately after birth, before effective immune 
responses can be elicited from active vaccination 
in infants.35 In our trial, the youngest infant with 
medically attended severe RSV-associated lower 
respiratory tract illness was 8 days of age, a find-
ing that highlights that RSV prevention is needed 
to protect young infants from birth through the 
period of greatest vulnerability.1,4,7,12,17

For the second primary end point of medi-
cally attended RSV-associated lower respiratory 
tract illness within 90 days after birth, the crite-
rion for vaccine efficacy was not met (the lower 
boundary of the 99.5% CI was 14.7%, so it was 
not >20%). For the secondary end point of medi-
cally attended RSV-associated lower respiratory 
tract illness through 360 days, RSVpreF vaccine 

met the efficacy criterion (the lower boundary of 
the confidence interval was >0% rather than 
>20%). RSVpreF vaccine also met the efficacy 
criterion for hospitalization through 180 days 
after birth (the lower boundary of the confi-
dence interval was >0%). Alongside reduction in 
medically attended RSV-associated respiratory 
tract illness through 180 days after birth, these 
results indicate protection of RSVpreF vaccine 
across the spectrum of RSV illness severity. This 
finding is consistent with the preliminary effi-
cacy reported in a phase 2b trial of RSVpreF 
vaccination in pregnant women.25

RSVpreF is a maternal vaccine with efficacy 
against RSV-associated lower respiratory tract 
illness in infants; a previous phase 3 trial of 
maternal vaccination with an investigational re-
combinant RSV F vaccine that was not stabilized 
in the prefusion conformation did not meet the 
prespecified success criterion with respect to the 
primary end point of RSV-associated, medically 
significant lower respiratory tract illness within 
90 days after birth (vaccine efficacy, 39.4%; 
97.52% CI, −1.0 to 63.7).36 However, the incidence 
of hospitalization for RSV-associated lower re-
spiratory tract illness (a secondary end point) 
was lower in the vaccine group than in the pla-
cebo group (vaccine efficacy, 44.4%; 95% CI, 
19.6 to 61.5).

On the basis of our efficacy criteria, there 
was no evidence that RSVpreF vaccination pre-
vented medically attended lower respiratory tract 
illness from any cause within 90 days after birth 
(vaccine efficacy, 7.0%; 99.17% CI, −22.3 to 29.3). 
In our trial, which was conducted during the 
Covid-19 pandemic, medically attended RSV-asso-
ciated lower respiratory tract illness within 180 
days after birth constituted only 22% of medi-
cally attended lower respiratory tract illness due 
to any cause in the same period (174 of 794 
cases). In contrast, in prepandemic studies of 
lower respiratory tract illness, RSV was the most 
common individual pathogen in areas where 
pneumococcal conjugate vaccines were used, 
and it was responsible for 50 to 80% of hospital-
izations for bronchiolitis and 40% of cases of 
pneumonia among children younger than 1 year 
of age.37,38

The safety and side-effect profiles of RSVpreF 
vaccine in maternal participants were consistent 
with those in previous phase 1–2 clinical studies 
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involving adults,23,26,39,40 with mostly mild-to-
moderate reactogenicity and adverse-event and 
serious-adverse-event profiles that were similar 
to those of placebo. It is reassuring that no 
safety concerns were detected in the infants or 
mothers in this trial, although the number of 
participants was small. An analysis of the final 
trial data, including the totality of safety data 
and analyses according to country, is under way.

One limitation of our trial was the exclusion 
of women with high-risk pregnancies such as 
those with a current risk of preterm birth, mul-
tiple pregnancy, or a previous infant with a 
clinically significant congenital anomaly. Off-
spring of these women could be at higher risk 
for severe RSV-associated illness.41 Further limi-
tations of our trial include limited data from 
low-income countries where the vaccine is likely 
to have the greatest effect. In addition, the trial 
was insufficiently powered to assess differences 
in vaccine efficacy according to RSV antigen 
subgroup.

RSVpreF vaccine had a favorable safety profile 
and efficacy against medically attended severe 

RSV-associated lower respiratory tract illness and 
RSV-associated hospitalization in infants through 
6 months of age.
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