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BACKGROUND
Respiratory syncytial virus (RSV) can cause substantial morbidity and mortality 
among older adults. An mRNA-based RSV vaccine, mRNA-1345, encoding the 
stabilized RSV prefusion F glycoprotein, is under clinical investigation.

METHODS
In this ongoing, randomized, double-blind, placebo-controlled, phase 2–3 trial, we 
randomly assigned, in a 1:1 ratio, adults 60 years of age or older to receive one 
dose of mRNA-1345 (50 µg) or placebo. The two primary efficacy end points were 
the prevention of RSV-associated lower respiratory tract disease with at least two 
signs or symptoms and with at least three signs or symptoms. A key secondary 
efficacy end point was the prevention of RSV-associated acute respiratory disease. 
Safety was also assessed.

RESULTS
Overall, 35,541 participants were assigned to receive the mRNA-1345 vaccine 
(17,793 participants) or placebo (17,748). The median follow-up was 112 days 
(range, 1 to 379). The primary analyses were conducted when at least 50% of the 
anticipated cases of RSV-associated lower respiratory tract disease had occurred. 
Vaccine efficacy was 83.7% (95.88% confidence interval [CI], 66.0 to 92.2) against 
RSV-associated lower respiratory tract disease with at least two signs or symptoms 
and 82.4% (96.36% CI, 34.8 to 95.3) against the disease with at least three signs 
or symptoms. Vaccine efficacy was 68.4% (95% CI, 50.9 to 79.7) against RSV-asso-
ciated acute respiratory disease. Protection was observed against both RSV sub-
types (A and B) and was generally consistent across subgroups defined according 
to age and coexisting conditions. Participants in the mRNA-1345 group had a 
higher incidence than those in the placebo group of solicited local adverse reac-
tions (58.7% vs. 16.2%) and of systemic adverse reactions (47.7% vs. 32.9%); most 
reactions were mild to moderate in severity and were transient. Serious adverse 
events occurred in 2.8% of the participants in each trial group.

CONCLUSIONS
A single dose of the mRNA-1345 vaccine resulted in no evident safety concerns and 
led to a lower incidence of RSV-associated lower respiratory tract disease and of RSV-
associated acute respiratory disease than placebo among adults 60 years of age or 
older. (Funded by Moderna; ConquerRSV ClinicalTrials.gov number, NCT05127434.)
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The clinical spectrum of respira-
tory syncytial virus (RSV) disease ranges 
from mild upper respiratory symptoms to 

severe lower respiratory tract disease.1,2 Older 
adults are at increased risk for RSV-related com-
plications and death owing to age-related immu-
nosenescence and a higher prevalence of under-
lying conditions.3-11 In 2019, an estimated 5.2 
million cases of RSV infection led to 470,000 
hospitalizations and 33,000 in-hospital deaths 
among adults 60 years of age or older in high-
income countries.12 The annual incidence of RSV 
infection is estimated to range from 3 to 10% 
among older adults, depending on underlying 
risk factors,13,14 with frail older persons also at 
risk for severe RSV infection.10,15 Consequently, 
the societal burden and health care utilization 
that are associated with RSV infection in older 
adults are substantial.16,17 As the worldwide 
population ages, the burden of RSV infection is 
expected to increase18 — a situation that high-
lights the need for an RSV vaccine in this popu-
lation.

Stabilization of the RSV-F glycoprotein in the 
prefusion (preF) conformation has advanced the 
development of RSV vaccines, given that the preF 
conformation is the primary target of potent 
RSV-neutralizing antibodies and is highly con-
served across the two RSV subtypes (A and B).19-23 
Two recently approved vaccines confirm the suc-
cess of a preF protein–based vaccination strategy 
for RSV infection.24-28

The mRNA-1345 vaccine (Moderna) uses the 
same preF antigen and is based on the mRNA 
vaccine platform that was previously shown to 
be effective in addressing the worldwide burden 
of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection. The mRNA-1345 vac-
cine is a lipid nanoparticle–encapsulated mRNA-
based vaccine encoding the membrane-anchored 
RSV-F glycoprotein, derived from an RSV A strain, 
and stabilized in the preF conformation. A 
phase 1 clinical trial of this vaccine did not show 
safety concerns and showed immunogenicity in 
younger and older adults; the vaccine induced 
neutralizing antibodies against both the RSV A and 
B subtypes, which persisted through 6 months.29 
We initiated this efficacy trial, ConquerRSV, in 
November 2021 to assess the safety and efficacy 
of the mRNA-1345 vaccine in preventing a first 
episode of RSV-associated lower respiratory tract 
disease in adults 60 years of age or older. Here, 

we report the primary analyses of this ongoing 
trial.

Me thods

Trial Design and Oversight
We are conducting this phase 2–3, randomized, 
double-blind, placebo-controlled trial in 22 
countries. The trial was approved by the appro-
priate institutional review boards. Review of 
initial safety data from phase 2 of the trial by 
the data and safety monitoring board preceded 
the transition to phase 3. The trial was conducted 
according to the principles of the International 
Council for Harmonisation Technical Require-
ments for Registration of Pharmaceuticals for 
Human Use, the E6(R2) Good Clinical Practice 
guidelines, the principles of the Declaration of 
Helsinki, and all national, state, and local laws 
or regulations. All the participants provided 
written informed consent before enrollment. 
Safety data were periodically monitored by the 
independent data and safety monitoring board, 
whose members were aware of the trial-group 
assignments. The data and safety monitoring 
board determined when the vaccine met the pre-
specified success criteria for efficacy on the ba-
sis of prespecified case counts as described in 
the protocol (available with the full text of this 
article at NEJM.org).

The sponsor, Moderna, was responsible for 
overall trial design, trial-site selection, monitor-
ing, and data analysis, which was facilitated by 
Pharmaceutical Product Development (a contract 
research organization). All the authors had ac-
cess to the protocol, the statistical analysis plan, 
and the data and agreed with the decision of the 
sponsor to submit the manuscript for publica-
tion. The authors vouch for accuracy and com-
pleteness of the data and for the fidelity of the 
trial to the protocol. The first draft of the manu-
script was written by medical writers who were 
funded by Moderna, in conjunction with several 
authors employed by Moderna. Additional infor-
mation is provided the Supplementary Methods 
section of the Supplementary Appendix, avail-
able at NEJM.org.

Trial Participants
Eligible participants were adults 60 years of age 
or older. The trial included persons with stable 
chronic medical conditions and excluded per-
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sons with certain immunocompromising condi-
tions. A full list of the eligibility criteria is pro-
vided in the Supplementary Methods section.

Trial Procedures
Randomization was performed in a 1:1 ratio with 
the use of an interactive response technology 
system. The vaccine (50 µg of mRNA-1345) or 
placebo (saline) was administered by injection 
into the deltoid muscle. The mRNA-1345 vaccine 
was shipped frozen and stored at clinical sites 
before preparation and injection (Fig. S1 in the 
Supplementary Appendix, and see the Supple-
mentary Methods section).

Randomization was stratified according to 
participant age (60 to 74 years vs. ≥75 years) and 
certain risk factors (presence or absence of con-
gestive heart failure, chronic obstructive pulmo-
nary disease [COPD], or both). Phase 3 of the 
trial began after approximately 2000 partici-
pants had been enrolled in phase 2 and no 
safety concerns had been found by the data and 
safety monitoring board in the unblinded review 
of safety data from the first 400 or more par-
ticipants through day 28. Subsequently, data 
from phases 2 and 3 of the trial were analyzed 
together.

Personnel who were aware of the trial-group 
assignments performed assessments of investi-
gational product accountability and prepared 
and administered injections but were not in-
volved in any other aspects of the trial. The 
investigators, trial staff, participants, site moni-
tors, and sponsor personnel were unaware of the 
trial-group assignments. In this ongoing trial, 
we are following participants until 24 months 
after injection.

Efficacy Assessments
The two primary efficacy objectives were the 
evaluation of the efficacy of a single dose of the 
mRNA-1345 vaccine in preventing a first episode 
of RSV-associated lower respiratory tract disease 
with at least two lower respiratory signs or 
symptoms and with at least three lower respira-
tory signs or symptoms within 14 days to 12 
months after injection (Table S1). A key second-
ary objective was the evaluation of the efficacy 
of a single dose of the mRNA-1345 vaccine in 
preventing a first episode of RSV-associated 
acute respiratory disease with at least one symp-
tom within 14 days to 12 months after injection. 

Another secondary objective was the evaluation 
of the efficacy of the vaccine in preventing a first 
episode of RSV-associated lower respiratory tract 
disease according to RSV subtype (A or B). All 
the end points that were investigated and those 
discussed in this article are listed in Table S2.

RSV-associated lower respiratory tract disease 
was defined as RSV infection confirmed by re-
verse transcriptase–polymerase chain reaction 
(RT-PCR) and new or worsening lower respira-
tory symptoms for at least 24 hours or as con-
firmed RSV infection with radiologic evidence of 
pneumonia (Table S3). RSV-associated acute respi-
ratory disease was defined as RT-PCR–confirmed 
RSV infection and at least one new or worsening 
respiratory symptom for at least 24 hours.

Active surveillance for RSV infection was con-
ducted during the trial. Participants were prompt-
ed weekly to report potential RSV-associated re-
spiratory or systemic symptoms. Unscheduled 
visits were arranged if participants reported any 
new or worsening symptoms. A nasopharyngeal 
swab was obtained and tested for RSV A, RSV B, 
and other respiratory pathogens with the use of 
RT-PCR (see the Supplementary Methods section).

Safety Assessments
The primary safety objective was to evaluate the 
safety and side-effect profile of the mRNA-1345 
vaccine. Participants used an electronic diary to 
report solicited local and systemic adverse reac-
tions for 7 days after injection. Unsolicited ad-
verse events were assessed through 28 days after 
injection. Data on medically attended adverse 
events, adverse events of special interest (throm-
bocytopenia, new-onset or worsening neurologic 
disease, anaphylaxis, and myocarditis or pericar-
ditis) (Table S4), serious adverse events, and ad-
verse events leading to withdrawal are being 
collected throughout the trial. The adverse events 
reported here are those that were not present 
before exposure to the trial vaccine or placebo or 
that were already present but worsened in inten-
sity or frequency after exposure. Unsolicited ad-
verse events were graded as mild, moderate, or 
severe. Additional information is provided in the 
Supplementary Methods section.

Statistical Analysis
On the basis of assumptions of vaccine efficacy 
and RSV-infection incidence, we planned for the 
trial to enroll approximately 37,000 participants. 
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The primary analyses were to be conducted 
when at least 50% of the anticipated cases of 
RSV-associated lower respiratory tract disease 
had occurred. The two primary efficacy objec-
tives were tested in hierarchical order of vaccine 
efficacy against RSV-associated lower respiratory 
tract disease with at least two lower respiratory 
signs or symptoms followed by vaccine efficacy 
against cases with at least three lower respira-
tory signs of symptoms. We determined that 
success would be met if the lower boundary of 
the two-sided confidence interval (alpha-adjusted) 
was more than 20%. Comparing the lower 
boundary of the alpha-adjusted confidence inter-
val with the prespecified success criterion of 
20% is equivalent to comparing the one-sided 
P value to the adjusted one-sided alpha (thresh-
old) (see the Supplementary Methods section). 
The overall type I error was controlled at 2.5% 
(one-sided). The key secondary objective would 
be tested if the success criterion for the two 
primary objectives was met. Vaccine efficacy was 
calculated as 1 − the hazard ratio (mRNA-1345 
vs. placebo) × 100%. The confidence interval for 
vaccine efficacy was based on a stratified Cox 
proportional-hazards model in the per-protocol 
efficacy population, which included all the par-
ticipants who had undergone randomization, 
received vaccine or placebo, completed at least 
one visit or surveillance contact 14 days after 
injection, and had no major protocol deviations 
that would affect the efficacy outcomes.

The current efficacy analysis was performed 
as planned when at least 43 cases of RSV-associ-
ated lower respiratory tract disease with at least 
two signs or symptoms and at least 16 cases 
with at least three signs or symptoms were ob-
served. The primary and key secondary efficacy 
analyses were performed in the per-protocol ef-
ficacy analysis population. Subgroup analyses were 
performed according to age group, the presence 
or absence of at least one coexisting condition, 
race, frailty status, risk factors for congestive 
heart failure or COPD, and World Bank geo-
graphic region and income level. Safety analyses 
included all the participants who had undergone 
randomization and received the vaccine or pla-
cebo (safety analysis population). Summaries of 
solicited adverse reactions are based on the so-
licited safety analysis population, which includ-
ed all the participants who contributed any data 
regarding solicited adverse reactions.

R esult s

Trial Population

From November 17, 2021, through October 31, 
2022, a total of 35,541 participants underwent 
randomization; 17,793 participants were assigned 
to the mRNA-1345 group and 17,748 were as-
signed to the placebo group (Fig. S2 and Table 
S5). The safety analysis population included 
17,734 participants in the mRNA-1345 group 
and 17,679 participants in the placebo group and 
the per-protocol efficacy population included 
17,572 and 17,516 participants, respectively.

The demographic and other characteristics of 
the participants at baseline were balanced be-
tween the two groups (Table 1 and Table S6). 
The mean age of the participants at enrollment 
was 68.1 years, 49.0% were women, 36.1% were 
non-White, and 34.5% were Hispanic or Latino. 
One or more coexisting conditions were report-
ed by 29.3% of the participants, with 1.1% re-
porting a history of congestive heart failure and 
5.5% reporting a history of COPD. A total of 
21.9% of the participants were assessed as vul-
nerable or frail, as defined according to the Ed-
monton Frailty score (see the Supplementary 
Methods section). Information on the represen-
tativeness of the trial participants as compared 
with the population affected by RSV infection is 
provided in Table S7.

The primary analyses were conducted when at 
least 50% of the anticipated cases of RSV-associ-
ated lower respiratory tract disease had oc-
curred. As of the data-cutoff date (November 30, 
2022), the median follow-up was 112 days 
(range, 1 to 379), with 7216 participants (20.4%) 
having been followed for at least 6 months.

Vaccine Efficacy
The data and safety monitoring board met on 
December 22, 2022, and determined that the 
prespecified success criterion for efficacy (lower 
boundary of the alpha-adjusted confidence inter-
val, >20%) was met for the two primary efficacy 
end points. For the primary analysis, 64 cases of 
RSV-associated lower respiratory tract disease 
with at least two signs or symptoms were con-
firmed (9 in the mRNA-1345 group and 55 in 
the placebo group); vaccine efficacy was 83.7% 
(95.88% CI, 66.0 to 92.2; one-sided P<0.001) 
(Table 2). Twenty cases of RSV-associated lower 
respiratory tract disease with at least three signs 
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or symptoms were reported (3 in the mRNA-
1345 group and 17 in the placebo group); vac-
cine efficacy was 82.4% (96.36% CI, 34.8 to 95.3; 
one-sided P = 0.008) (Table 2).

For RSV-associated acute respiratory disease, 

26 cases occurred in the mRNA-1345 group and 
82 in the placebo group; vaccine efficacy was 
68.4% (95% CI, 50.9 to 79.7) (Table S9). Similar 
results were obtained for analyses that included 
all the participants who had undergone random-

Table 1. Demographic and Clinical Characteristics of the Participants at Baseline (Safety Analysis Population).*

Characteristic
mRNA-1345 
(N = 17,734)

Placebo 
(N = 17,679)

Total 
(N = 35,413)

Age at enrollment

Mean — yr 68.1±6.2 68.1±6.2 68.1±6.2

Median (range) — yr 67 (60–95) 67 (60–96) 67 (60–96)

Distribution — no. (%)

60–69 yr 11,281 (63.6) 11,222 (63.5) 22,503 (63.5)

70–79 yr 5,474 (30.9) 5,460 (30.9) 10,934 (30.9)

≥80 yr 979 (5.5) 997 (5.6) 1,976 (5.6)

Female sex — no. (%) 8,658 (48.8) 8,711 (49.3) 17,369 (49.0)

Race or ethnic group — no. (%)†

White 11,240 (63.4) 11,216 (63.4) 22,456 (63.4)

Black 2,203 (12.4) 2,158 (12.2) 4,361 (12.3)

Asian 1,540 (8.7) 1,529 (8.6) 3,069 (8.7)

Other 2,682 (15.1) 2,671 (15.1) 5,353 (15.1)

Unknown or not reported 69 (0.4) 105 (0.6) 174 (0.5)

Frailty status — no. (%)‡

Fit 13,512 (76.2) 13,354 (75.5) 26,866 (75.9)

Vulnerable 2,828 (15.9) 2,899 (16.4) 5,727 (16.2)

Frail 997 (5.6) 1,017 (5.8) 2,014 (5.7)

Missing data 397 (2.2) 409 (2.3) 806 (2.3)

No. of coexisting conditions of interest — no. (%)§

0 12,496 (70.5) 12,551 (71.0) 25,047 (70.7)

≥1 5,238 (29.5) 5,128 (29.0) 10,366 (29.3)

Risk factors for lower respiratory tract disease — no. (%)

Present 1,218 (6.9) 1,230 (7.0) 2,448 (6.9)

Congestive heart failure 205 (1.2) 201 (1.1) 406 (1.1)

COPD 960 (5.4) 978 (5.5) 1,938 (5.5)

Congestive heart failure and COPD 53 (0.3) 51 (0.3) 104 (0.3)

Absent 16,516 (93.1) 16,449 (93.0) 32,965 (93.1)

*  Plus–minus values are means ±SD. The safety analysis population included all the participants who had undergone randomization and re-
ceived any trial injection. Numbers were based on the actual injection received. Data on age and risk factors were obtained from electronic 
case-report forms. Percentages may not total 100 because of rounding. COPD denotes chronic obstructive pulmonary disease.

†  Race and ethnic group were reported by the participant. Other included American Indian or Alaska Native, Native Hawaiian or other Pacific 
Islander, other, or multiple.

‡  Frailty status was based on the Edmonton Frailty scoring system and measured by means of the Edmonton Frail Scale across nine domains: 
cognition, general health status, functional independence, social support, medication use, nutrition, mood, continence, and functional per-
formance.30 Scores range from 0 to 17 points, with a score of 0 to 3 indicating fit, a score of 4 or 5 indicating vulnerable, and a score of 6 to 
17 indicating frail.

§  Coexisting conditions of interest included advanced liver disease, advanced renal disease, asthma, chronic respiratory disease, congestive 
heart failure, COPD, and diabetes.
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ization (randomization set; analysis of efficacy 
starting from day 1) (Table S8). The cumulative 
incidence of RSV-associated lower respiratory 

tract disease with at least two and at least three 
signs or symptoms and of RSV-associated acute 
respiratory disease showed a steady increase 

Table 2. Vaccine Efficacy against RSV-Associated Lower Respiratory Tract Disease with at Least Two or at Least Three Signs or Symptoms 
(Per-Protocol Efficacy Population).*

End Point mRNA-1345 Placebo Vaccine Efficacy (CI)†

no. of 
participants

no. of 
events

no. of 
participants

no. of 
events %

RSV-associated lower respiratory tract dis-
ease with ≥2 signs or symptoms‡

Overall 17,572 9 17,516 55 83.7 (66.0 to 92.2)

RSV subtype

RSV A 17,572 3 17,516 36 91.7 (73.0 to 97.4)

RSV B 17,572 6 17,516 19 68.5 (21.1 to 87.4)

Age group

60–69 yr 11,168 8 11,118 33 76.0 (48.0 to 88.9)

70–79 yr 5,440 1 5,416 22 95.4 (65.9 to 99.4)

≥80 yr 964 0 982 0 NE (NE to NE)

RSV-associated lower respiratory tract dis-
ease with ≥3 signs or symptoms§

Overall 17,572 3 17,516 17 82.4 (34.8 to 95.3)

RSV subtype

RSV A 17,572 1 17,516 10 90.0 (22.0 to 98.7)

RSV B 17,572 2 17,516 7 71.5 (−37.0 to 94.1)

Age group

60–69 yr 11,168 3 11,118 11 72.9 (2.8 to 92.4)

70–79 yr 5,440 0 5,416 6 100 (NE to 100)

≥80 yr 964 0 982 0 NE (NE to NE)

*  Respiratory syncytial virus (RSV)–associated lower respiratory tract disease with at least two signs or symptoms or at least three signs or 
symptoms was based on the onset of eligible symptoms within a window of 14 days before or after the date that a positive result for RSV 
was obtained by reverse transcription–polymerase chain reaction. The time to the first episode of RSV-associated lower respiratory tract dis-
ease with at least two or at least three signs or symptoms was calculated as the case date (see the statistical analysis plan) minus the date 
of randomization plus 1. Data are from the per-protocol efficacy analysis population, which included all the participants who had undergone 
randomization, received the vaccine or placebo, completed at least one visit or surveillance contact 14 days after injection, and had no ma-
jor protocol deviations affecting the efficacy outcomes as determined before database lock and unblinding. NE denotes not estimated.

†  Vaccine efficacy was defined as 1 − the hazard ratio (mRNA-1345 vs. placebo) × 100%. The confidence interval in the analysis of vaccine ef-
ficacy was based on a stratified Cox proportional-hazards model with Efron’s method of tie handling and with trial group as a fixed effect, 
with adjustment for stratification factors at randomization. In the overall analyses, the adjusted confidence interval was 95.88% for RSV-
associated lower respiratory tract disease with at least two signs or symptoms and 96.36% for RSV-associated lower respiratory tract dis-
ease with at least three signs or symptoms. In the subgroup analyses, the 95% confidence interval was calculated with the use of the exact 
method (Poisson distribution) and with adjustment for person-years. Person-years were defined as the total years from the randomization 
date to the date of the earliest of the following events: RSV-associated lower respiratory tract disease with at least two or at least three signs 
or symptoms, RSV-associated acute respiratory disease, 12 months after injection, early discontinuation, unrelated death, or early RSV-
associated acute respiratory disease or the data-cutoff date.

‡  Follow-up for RSV-associated lower respiratory tract disease with at least two symptoms was 6271.06 person-years in the mRNA-1345 group 
and 6253.55 person-years in the placebo group. The incidence rate (number of events ÷ 1000 person-years) was 1.44 events per 1000 person-
years in the mRNA-1345 group and 8.80 events per 1000 person-years in the placebo group. The incidence rate was defined as the number 
of participants with a case divided by the number of participants at risk, with adjustment for person-years (total time at risk) in each trial 
group.

§  Follow-up for RSV-associated lower respiratory tract disease with at least three symptoms was 6272.38 person-years in the mRNA-1345 
group and 6259.83 person-years in the placebo group. The incidence rate was 0.48 events per 1000 person-years in the mRNA-1345 group 
and 2.72 events per 1000 person-years in the placebo group.
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among placebo recipients, whereas the incidence 
among vaccine recipients remained low and sta-
ble throughout the observation period (median 
follow-up, 112 days; range, 15 to 379) (Fig. 1).

With regard to RSV subtypes, vaccine efficacy 
against RSV-associated lower respiratory tract 
disease with at least two and at least three signs 
or symptoms was 91.7% and 90.0%, respectively, 
for RSV A and 68.5% and 71.5%, respectively, for 
RSV B (Table 2). Vaccine efficacy was 78.5% 
against RSV-associated acute respiratory disease 
caused by RSV A and 51.7% against RSV-associ-
ated acute respiratory disease caused by RSV B.

The mRNA-1345 vaccine appeared to be effi-
cacious against RSV-associated lower respiratory 
tract disease with at least two and at least three 
signs or symptoms and against RSV-associated 
acute respiratory disease in subgroups defined 
according to sex, age group, the presence or 
absence of at least one coexisting condition, 
race, frailty status, risk factors for congestive 
heart failure and COPD, and World Bank geo-
graphic region and income level (Table 2). No 
cases of RSV-associated lower respiratory tract 
disease were reported in adults 80 years of age 
or older. Among participants with RSV-associat-
ed lower respiratory tract disease, a lower inci-
dence of fever and of shortness of breath was 
reported among mRNA-1345 recipients than 
among placebo recipients (Table S10).

Safety
Most of the solicited adverse reactions were mild 
to moderate, with an onset 1 to 2 days after in-
jection and with resolution within 1 to 2 days 
after onset (Table S11). Solicited local adverse 
reactions were reported in 58.7% of the partici-
pants in the mRNA-1345 group and in 16.2% 
of those in the placebo group (Fig. 2); grade 3 
events were reported in 3.2% and 1.7%, respec-
tively. The most common solicited local adverse 
reaction was injection-site pain (in 56.3% of the 
participants in the mRNA-1345 group and in 
13.7% of those in the placebo group). Solicited 
systemic adverse reactions were reported in 
47.7% of the participants in the mRNA-1345 
group and in 32.9% of those in the placebo 
group (Fig. 2 and Table S12); grade 3 or higher 
events were reported in 4.0% and 2.9%, respec-
tively. The most common solicited systemic ad-
verse reactions were fatigue, headache, myalgia, 
and arthralgia. In the mRNA-1345 group, the 

incidence of solicited adverse reactions decreased 
with age and was higher among women than 
among men, higher among participants of White 
or Asian race than among those of Black race, 
and higher among participants who identified as 
not Hispanic or Latino than among those who 
identified as Hispanic or Latino.

The frequency of unsolicited adverse events, 
including severe adverse events, serious adverse 
events (including fatal events), adverse events of 
special interest, medically attended adverse 
events, and adverse events leading to trial dis-
continuation reported up to the data-cutoff date, 
was balanced between the two groups (Table 
S13). Unsolicited adverse events within 28 days 
after injection were reported in 20.4% of the 
participants in the mRNA-1345 group and in 
18.8% of those in the placebo group; these 
events were considered to be related to the trial 
injection in 5.8% and 4.5% of the participants, 
respectively. Numerical differences observed in 
the incidence of unsolicited adverse events were 
attributable to solicited adverse reactions that 
persisted beyond day 7 or other reactogenicity 
events. Up to the data-cutoff date, serious ad-
verse events regardless of causality were report-
ed in 2.8% of the participants in each group; 
serious adverse events that were assessed by the 
investigator as being related to the trial injection 
were reported in 4 participants (<0.1%) in each 
group.

The most commonly reported serious adverse 
events up to 28 days according to system organ 
class were events in the infections and infesta-
tions class (in 0.1% of the participants in the 
mRNA-1345 group and in <0.1% of those in the 
placebo group) (Table S14). In an assessment by 
an independent cardiac adjudication committee, 
there were no cases of acute myocarditis and 
two cases of acute pericarditis, each of which 
occurred more than 42 days after injection and 
was considered by the investigator to be unrelated 
to the trial injection (see the Supplementary 
Methods section). Up to the data-cutoff date, 
there were no cases of acute disseminated en-
cephalomyelitis or Guillain–Barré syndrome in 
either group. No other safety concerns were 
identified on review of the adverse events of 
special interest up to the data-cutoff date. Trial 
discontinuation due to adverse events was bal-
anced between the two groups (in 0.2% of the 
participants) up to the data-cutoff date. Fatal 
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events were reported in 0.1% of the participants 
in each group up to the data-cutoff date; none of 
these deaths were reported by the investigator as 
being related to the trial injection.

Discussion

The clinical spectrum of RSV disease in older 
adults ranges from milder upper airway disease 
to severe RSV-associated lower respiratory tract 
disease.1,2 RSV-associated lower respiratory tract 
disease, particularly in persons with underlying 
medical conditions, can lead to hospitalization 
or death.3,31,32 To capture this clinical spectrum, 
the efficacy end points in this trial included 
both RSV-associated lower respiratory tract dis-
ease (with at least two or at least three prespeci-
fied signs or symptoms of lower respiratory tract 
disease; i.e., severe disease) and RSV-associated 
acute respiratory disease (with at least one pre-
specified sign or symptom; i.e., all RSV disease).

In this international, phase 2–3 trial involv-

ing adults 60 years of age or older, a single dose 
of the mRNA-1345 vaccine showed 83.7% effi-
cacy against RSV-associated lower respiratory tract 
disease with at least two signs or symptoms, 
82.4% efficacy against RSV-associated lower re-
spiratory tract disease with at least three signs 
or symptoms, and 68.4% against RSV-associated 
acute respiratory disease. On the basis of the 
lower boundary of the confidence intervals (alpha-
adjusted confidence interval for the primary ef-
ficacy end points and 95% confidence intervals 
for the key secondary efficacy end point) exceed-
ing 20%, the trial met the prespecified success 
criteria for the primary and key secondary effi-
cacy objectives. Protection was observed against 
both the RSV A and B subtypes, which may cir-
culate simultaneously or as a dominant subtype 
during a season.33,34

The mRNA-1345 vaccine was 88.4% effica-
cious against RSV-associated lower respiratory 
tract disease with at least two signs or symp-
toms among participants with at least one co-
existing condition. Although no cases were re-
ported among adults 80 years of age or older in 
the current analysis, efficacy was maintained 
with increasing age (76.0% among adults 60 to 
69 years of age and 95.4% among those 70 to 79 
years of age). The vaccine also showed efficacy 
in preventing the clinical spectrum of RSV dis-
ease regardless of race, ethnic group, sex, or 
World Bank geographic region and income level. 
The vaccine may prevent severe outcomes that 
contribute to substantial societal and health care 
burdens.

There was an increase in the cumulative inci-
dence of RSV infection in the placebo group, 
whereas the incidence in the mRNA-1345 group 
remained low and stable over the observation 
period. For RSV-associated lower respiratory tract 
disease with at least two signs or symptoms, 
this separation in cumulative incidence was ob-
served from 14 days after injection, a finding 
consistent with a rapid immune response, and 
was sustained over the observation period. A 
similar pattern was observed for RSV-associated 
lower respiratory tract disease with at least three 
signs or symptoms and for RSV-associated acute 
respiratory disease. The time to the onset of 
protection is supported by the results of the 
phase 1 study, in which peak RSV neutralizing 

Figure 1 (facing page). Cumulative Incidence of RSV- 
Associated Lower Respiratory Tract Disease and RSV-
Associated Acute Respiratory Disease (Per-Protocol 
 Efficacy Population).

Shown is the cumulative incidence of respiratory syncy-
tial virus (RSV)–associated lower respiratory tract dis-
ease with at least two signs or symptoms (Panel A) or 
at least three signs or symptoms (Panel B) and RSV- 
associated acute respiratory disease (Panel C). Only 
first episodes occurring between 14 days after injection 
and up to 12 months after injection were included in 
the analysis (per-protocol efficacy population). The per-
protocol efficacy population included all the partici-
pants who had undergone randomization, received the 
vaccine or placebo, completed at least one visit or sur-
veillance contact 14 days after injection, and had no 
major protocol deviation that would affect the efficacy 
outcomes. In each panel, the arrow indicates day 1, 
when the injection was administered. Vaccine efficacy 
was defined as 1 − the hazard ratio (mRNA-1345 vs. 
 placebo) × 100%, and the confidence interval was based 
on a stratified Cox proportional-hazards model with 
Efron’s method of tie handling and with the vaccination 
group as a fixed effect, with adjustment for stratification 
factors at randomization. The cumulative incidence  
based on the Kaplan–Meier method. The incidence rate 
was defined as the number of participants with a case, 
divided by the number of participants at risk, with ad-
justment for person-years. Tick marks indicate cen-
sored data.
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antibody responses were observed 1 month after 
injection and persisted through 6 months.29 The 
point estimate of efficacy against RSV B infec-
tion was lower than that against RSV A infection 
across all the end points. Whether this result 
could be due to the biologic characteristics of 
RSV vaccine protection is unclear. This observa-
tion has been reported in trials of other RSV 
vaccines.25,28

The safety profile of the mRNA-1345 vaccine 

in this trial was consistent with that observed in 
the phase 1 study29 and in a study of the variant-
specific, mRNA-1273 booster (Moderna) for pro-
tection against SARS-CoV-2 infection in older 
adults.35 The incidence and severity of solicited 
adverse reactions were higher in the mRNA-1345 
group than in the placebo group. However, the 
majority of adverse reactions were mild to mod-
erate and transient.

Enrollment of a diverse population across age 

Figure 2. Solicited Local and Systemic Adverse Reactions.

Shown is the percentage of participants who had a local (Panel A) or systemic (Panel B) adverse reaction within  
7 days after injection. No grade 4 solicited local adverse reactions were reported. Among participants with solicited 
systemic adverse reactions, grade 4 fever was reported in 0.2% of the participants in each group.
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groups and risk factors, including frailty and 
coexisting conditions, highlights that the pro-
tection we observed is likely to be generalizable. 
Limitations of this trial include low case num-
bers in some subgroups (participants ≥80 years 
of age, frail adults, and participants with RSV B 
infection) and the exclusion of persons with 
certain immunocompromising conditions. In 
this ongoing trial, the accumulation of addi-
tional cases of RSV-associated acute respiratory 
disease and lower respiratory tract disease, as 
well as immunogenicity analysis, may allow for 
additional estimates of vaccine efficacy in sub-
groups and may also provide data on hospital-
izations due to RSV infection. Further follow-up 
to determine the duration of protection afforded 
by the vaccine is ongoing, and the appropriate-
ness of and timing of a booster dose is under 
evaluation.

This phase 2–3 efficacy trial showed that a 
single 50-µg dose of the mRNA-1345 vaccine in 
adults 60 years of age or older was efficacious 
against a spectrum of RSV-confirmed respirato-
ry disease. No safety concerns were evident.
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Supplementary Methods 

Trial Design and Oversight 

Moderna was responsible for the overall trial design, site selection, monitoring, and data 

analysis, which was facilitated by Pharmaceutical Product Development (PPD; North Carolina, USA). 

All authors had access to the protocol, statistical analysis plan, and collected data, and agreed to 

submit the manuscript for publication. Medical writers who were funded by the sponsor assisted 

with the development of the manuscript. The trial is ongoing, and the investigators remain unaware 

of participant level data. Designated team members within Moderna have unblinded access to the 

data, to facilitate interface with the regulatory agencies and the data and safety monitoring board; 

all other trial staff and participants remain unaware of the treatment assignments. 

Eligibility Criteria 

Inclusion Criteria  

All participants were eligible to be included in the study only if all the following criteria applied: 

1. �ĚƵůƚƐ�шϲϬ�ǇĞĂƌƐ�ŽĨ�ĂŐĞ�ǁŚŽ�were primarily responsible for self-care and activities of daily 

living. Participants may have had one or more chronic medical diagnoses (including chronic 

heart failure [including heart failure with preserved ejection fraction] and chronic 

obstructive pulmonary disease [COPD]), but should have been medically stable as assessed 

by the following criteria: 

x Absence of changes in medical therapy within 1 month due to treatment failure or 

toxicity 

x Absence of medical events qualifying as serious adverse events (SAEs) within 1 

month of the planned study injection on day 1 

x Absence of known, current, and life-limiting diagnoses which could continue for the 

duration of the primary efficacy period (12 months from study injection on day 1) 
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and which, in the opinion of the investigator, would make completion of the 

protocol unlikely 

2. �ŽĚǇ�ŵĂƐƐ�ŝŶĚĞǆ�шϭϴ�ŬŐͬŵ2 ƚŽ�чϯϱ�ŬŐͬŵ2 

3. Willing and able (on both a physical and cognitive basis) to give informed consent prior to 

study enrollment 

4. Able to comply with study requirements 

Exclusion Criteria 

Participants were excluded from the study if any of the following criteria applied: 

1. Participation in another clinical research study where participant had received an 

investigational product (drug/biologic/device, with the exception of investigational 

respiratory syncytial virus products) within 6 months before the planned date of the day 1 

study injection. Current participation in another RSV investigational trial was exclusionary 

2. History of a diagnosis or condition that, in the judgment of the investigator, was clinically 

unstable or may have affected participant safety, assessment of safety endpoint, assessment 

of immune response, or adherence to study procedures. Clinically unstable was defined as a 

diagnosis or condition requiring significant changes in management or medication within the 

2 months prior to screening and included ongoing workup of an undiagnosed illness that 

could lead to a new diagnosis or condition 

3. Reported history of congenital or acquired immunodeficiency, immunosuppressive 

condition, or immune-mediated disease 

Note: Human immunodeficiency virus (HIV)-ƉŽƐŝƚŝǀĞ�ƉĂƌƚŝĐŝƉĂŶƚƐ�ǁŝƚŚ���ϰ�ĐŽƵŶƚ�шϯϱϬ�

cells/mm3 and an undetectable HIV viral load within the past year (low-level variations from 

50-500 viral copies which do not lead to changes in antiretroviral therapy) as determined 

from participant’s medical records, were permitted 
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Note: To clarify, participants with stable autoimmune diseases that did not require systemic 

immunosuppressants (per Exclusion Criterion #9) were permitted 

4. Dermatologic conditions that could affect local solicited AR assessments (e.g., tattoos, 

psoriasis patches affecting skin over the deltoid areas) 

5. Reported history of anaphylaxis or severe hypersensitivity reaction after receipt of the 

mRNA-1345 vaccine or any components of the mRNA-1345 vaccine 

6. Reported history of bleeding disorder that was considered a contraindication to 

intramuscular (IM) injection or phlebotomy 

7. History of a serious reaction to any prior vaccination, or Guillain-Barré syndrome within 6 

weeks of any prior influenza immunization 

8. Received or plans to receive any non-study vaccine (including authorized or approved 

vaccines for the prevention of COVID-19, regardless of type of vaccine) within 28 days before 

or after the day 1 study injection. Non-study vaccination(s) should not be delayed  

9. Chronic administration (defined as more than 14 continuous days) of immunosuppressants 

or other immune-modifying drugs within 6 months prior to the administration of the study 

injection. An immunosuppressant dose of glucocorticoid was defined as a systemic dose  

шϭϬ�ŵŐ�ŽĨ�ƉƌĞĚŶŝƐŽŶĞ�ƉĞƌ�ĚĂǇ�Žƌ�ĞƋƵŝǀĂůĞŶƚ͘�dŚĞ�ƵƐĞ�ŽĨ�ƚŽƉŝĐĂů͕�ŝŶŚĂůĞĚ͕�ĂŶĚ�ŶĂƐĂů�

glucocorticoids was permitted 

10. Administration of immunoglobulins and/or any blood products within the 3 months 

preceding the administration of the study injection or during the study 

11. Acute disease at the time of enrollment (defined as the presence of moderate or severe 

ŝůůŶĞƐƐ�ǁŝƚŚ�Žƌ�ǁŝƚŚŽƵƚ�ĨĞǀĞƌ͕�Žƌ�ĂŶ�ŽƌĂů�ƚĞŵƉĞƌĂƚƵƌĞ�шϯϳ͘ϴΣ��;ϭϬϬ͘ϬΣ&Ϳ�ŽŶ�ƚŚĞ�ƉůĂŶŶĞĚ�ĚĂǇ�ŽĨ�

vaccine administration) 

12. Any medical, psychiatric, or occupational condition, including reported history of drug or 

alcohol abuse, that, in the opinion of the investigator, might pose additional risk due to 

participation in the study or could interfere with the interpretation of study results 
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13. Known history of poorly controlled hypertension (per determination of the investigator), or 

systolic blood pressure >160 mmHg at the screening or baseline (day 1) visit 

14. Known history of hypotension, or systolic blood pressure <85 mmHg at the screening or 

baseline (day 1) visit 

15. Diastolic blood pressure >90 mmHg at the screening or baseline (day 1) visit 

16. Known uncontrolled disorder of coagulation 

Note: Participants receiving aspirin, clopidogrel, prasugrel, dipyridamole, dabigatran, 

apixaban, rivaroxaban, or warfarin for cardiovascular prophylaxis or prophylaxis of 

thromboembolic disease or stroke in the setting of atrial fibrillation and under good control 

were NOT excluded 

17. History of myocarditis, pericarditis, or myopericarditis within 2 months prior to screening. 

Participants who have not returned to baseline after their convalescent period were also 

excluded 

18. �ŽŶĂƚĞĚ�шϰϱϬ�ŵ>�ŽĨ�ďůŽŽĚ�ƉƌŽĚƵĐƚƐ�фϭϰ�ĚĂǇƐ�ƉƌŝŽƌ�ƚŽ�screening 

19. Study personnel or immediate family member or household member of study personnel 

Participants with LRTD Risk Factors and Comorbidities of Interest 

Individuals with Comorbidities 

Comorbidities of interest included COPD, asthma, chronic respiratory or pulmonary disease, 

diabetes, CHF, advanced liver disease, or advanced renal disease. Chronic respiratory disease 

included chronic pulmonary fibrosis (idiopathic and otherwise), restrictive lung disease, asbestosis, 

bronchiectasis, cystic fibrosis, pulmonary hypertension, sarcoidosis, and history of tuberculosis. 

Individuals with Frailty 

Frailty was measured by Edmonton Frail Scale across nine domains: cognition, general health status, 

functional independence, social support, medication use, nutrition, mood, continence, and 
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functional performance 1. Using the 0- to 17-point scale, participants were categorized as fit (0–3), 

vulnerable (4–5), or frail (6–17). Frailty status was assessed at baseline, 12 months, and 24 months. 

Investigational Product 

The mRNA-1345 vaccine is a lipid nanoparticle (LNP) dispersion of mRNA sequences 

encoding the membrane-anchored RSV fusion glycoprotein (derived from an RSV-A strain (RSV-A A2 

strain) stabilized in the prefusion conformation, formulated in LNPs composed of four lipids (one 

proprietary and three commercially available): the proprietary ionizable lipid heptadecan-9-yl 8-((2-

hydroxyethyl)(6-oxo-6-(undecyloxy)hexyl)amino)octanoate; cholesterol; 1,2-distearoyl-sn-glycero-3-

phosphocholine (DSPC); and 1-monomethoxypolyethyleneglycol-2,3-dimyristylglycerol with 

polyethylene glycol of average molecular weight of 2000 g/mol. 

For the phase 2 segment of the study, the mRNA-1345 vaccine was provided as a sterile 

liquid for injection and was a white to off-white dispersion, at a concentration of 0.4 mg/mL in 20 

mM Tris buffer containing 87 mg/mL sucrose and 8.6 mM sodium acetate at pH 7.5. For the phase 3 

segment of the study, mRNA-1345 vaccine was provided as in the phase 2 segment, but at a 

concentration of 0.1 mg/mL in 20 mM Tris containing 87 mg/mL sucrose and 2.2 mM sodium acetate 

at pH 7.5. The placebo was 0.9% sodium chloride (normal saline) injection. mRNA-1345 or placebo 

was administered as a 0.5-mL single IM injection on day 1 to participants in both phase 2 and phase 

3 segments of the study, according to the study protocol. 

The product was shipped frozen, and then either remained frozen (-25 – -15ΣC) (Phase 2) or 

was thawed in a refrigerator at 2-8ΣC (phase 3) until the day of administration. Prior to 

administration, it was equilibrated at room temperature for 15 minutes, the dose prepared, and 

administered within 8 hours of preparation. 
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Safety Assessments 

Grading for solicited ARs was based on grading scales modified from the Toxicity Grading Scale for 

Healthy Adult and Adolescent Volunteers Enrolled in Preventive Vaccine Trials.  

Reaction Grade 0 
(None) 

Grade 1 
(Mild) 

Grade 2 
(Moderate) 

Grade 3 
(Severe) 

Grade 4 
(Life 

threatening) 
Local 

Injection site pain None Does not 
interfere with 
activity 

Repeated use 
of over-the- 
counter 
pain 
reliever 
>24 hours, or 
interferes with 
activity 

Any use of 
prescription 
pain reliever 
or prevents 
daily activity 

Requires 
emergency 
room visit or 
hospitalization 

Injection site 
erythema 

(redness) 

<25 
mm/ 
<2.5 cm 

25–50 mm/ 
2.5–5 cm 

51–100 mm/ 
5.1–10 cm 

>100 mm/ 
>10 cm 

Necrosis or 
exfoliative 
dermatitis 

Injection site 
swelling/indurati
on 
(hardness) 

<25 
mm/ 
<2.5 cm 

25–50 mm/ 
2.5–5 cm 

51–100 mm/ 
5.1–10 cm 

>100 mm/ 
>10 cm 

Necrosis 

Axillary 
(underarm) 
swelling or 
tenderness 
ipsilateral to the 
side of injection 

None No 
interference 
with activity 

Repeated use 
of over-the- 
counter 
pain 
reliever 
>24 hours, or 
some 
interference 
with activity 

Any use of 
prescription 
pain reliever 
or prevents 
daily activity 

Emergency 
room visit or 
hospitalization 

Systemic 

Headache None No 
Interference 
with activity 

Repeated use 
of over-the- 
counter 
pain 
reliever 
>24 hours, or 
some 
interference 

Significant; 
any use of 
prescription 
pain reliever 
or prevents 
daily activity 

Requires 
emergency 
room visit or 
hospitalization 
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with activity 

Fatigue None No 
interference 
with activity 

Some 
interference 
with activity 

Significant; 
prevents daily 
activity 

Requires 
emergency 
room visit or 
hospitalization 

Myalgia (muscle 
aches all over 
body) 

None No 
interference 
with activity 

Some 
interference 
with activity 

Significant; 
prevents daily 
activity 

Requires 
emergency 
room visit or 
hospitalization 

Arthralgia (joint 
aches in several 
joints) 

None No 
interference 
with activity 

Some 
interference 
with activity 

Significant; 
prevents daily 
activity 

Requires 
emergency 
room visit or 
hospitalization 

Nausea/ 
vomiting 

None No 
interference 
with activity 
or 1–2 
episodes/24 
hours 

Some 
interference 
with activity 
or 
>2 episodes/ 
24 hours 

Prevents daily 
activity; 
requires 
outpatient 
intravenous 
hydration 

Requires 
emergency 
room visit or 
hospitalization 
for 
hypotensive 
shock 

Chills None No 
interference 
with activity 

Some 
interference 
with activity 
not requiring 
medical 
intervention 

Prevents daily 
activity and 
requires 
medical 
intervention 

Requires 
emergency 
room visit or 
hospitalization 

Fever (oral 
temperature) 

фϯϴ͘ϬΣ� 
фϭϬϬ͘ϰΣ

F 

ϯϴ͘ϬΣ�–
ϯϴ͘ϰΣ�/ϭϬϬ͘ϰΣ
F–ϭϬϭ͘ϭΣ& 

ϯϴ͘ϱΣ�–
ϯϴ͘ϵΣ�/ϭϬϭ͘ϮΣ
F–ϭϬϮ͘ϬΣ& 

ϯϵ͘ϬΣ�–
ϰϬ͘ϬΣ�/ϭϬϮ͘ϭΣ
F–ϭϬϰ͘ϬΣ& 

хϰϬ͘ϬΣ�/>104.0
Σ& 

AE, adverse event; eCRF, electronic case report form 

Solicited local ARs were injection site pain, injection site erythema (redness), injection site 

swelling/induration (hardness), and axillary (underarm) swelling or tenderness ipsilateral to the side 

of the injection. Solicited systemic ARs were headache, fatigue, myalgia (muscle aches all over body), 

arthralgia (aches in several joints), nausea/vomiting, chills, and fever. All solicited ARs were 

considered causally related to injection. Numerical severity grading is defined above. Solicited ARs 

that continued beyond 7 days after study injection were captured in the eDiary until no longer 

reported, not to exceed 28 days, and were reviewed by the investigator. Solicited ARs that met 
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criteria for an SAE or persisted beyond day 7 were also programmatically summarized as adverse 

events (AEs). 

All unsolicited AEs were collected through 28 days after injection. The intensity of an unsolicited AE 

was graded as mild, moderate, or severe, and causality was reported as related or not related per 

investigator assessment. 

Severity of unsolicited AEs was determined by the investigator based on medical judgment and 

defined as mild (events not interfering with the participant’s daily activities), moderate (events 

causing some interference with the participant’s daily activities and requiring limited or no medical 

intervention), or severe (events preventing the participant’s daily activity and requiring intensive 

therapeutic intervention). 

Safety assessments included monitoring and recording of the following for each participant: 

x Solicited local and systemic adverse reactions (ARs) that occurred during the 7 days 

following the study injection (i.e., the day of injection and 6 subsequent days) 

x Solicited ARs were recorded daily using eDiaries 

x Unsolicited AEs observed or reported during the 28 days following the study injection (i.e., 

the day of injection and 27 subsequent days) 

x AEs leading to discontinuation from study participation from day 1 through end of study 

(EOS) or withdrawal from the study 

x Medically attended adverse event (MAAEs) from day 1 through EOS or withdrawal from the 

study 

x Adverse event of special interests (AESIs) from day 1 through EOS or withdrawal from the 

study 

x SAEs from day 1 through EOS or withdrawal from the study 

x Vital sign measurements 
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x Physical examination findings 

x Concomitant medications and non-study vaccinations 

Due to the very rare (<1 in 10,000 recipients) reports of myocarditis and pericarditis occurring after 

vaccination with COVID-19 vaccines, including mRNA COVID-19 vaccines, the study protocol specifies 

myocarditis and pericarditis as AESIs and defines these events based on the CDC working case 

definitions.2 Any case of suspected, probable, or confirmed myocarditis, pericarditis, or 

myopericarditis was reported as an AESI by the investigator. The Cardiac Event Adjudication 

Committee (CEAC), a blinded and independent group of cardiologists, reviewed investigator-

suspected cases of myocarditis, pericarditis, and myopericarditis to determine if they met the CDC 

criteria.2  The CEAC reviewed the data package for each reported event including the clinical history, 

laboratory testing, imaging findings, and reports of any consultations obtained; the CEAC did not 

adjudicate causality.2 The CEAC determined if any reported event met the CDC criteria for a 

“probable” or “confirmed” event. Analyzing myocarditis and pericarditis within 42 days post 

vaccination is supported by temporal associations reported from experience with other vaccines, 

including COVID-19 vaccines.2-6 

Laboratory Analyses 

Evaluation of RSV Infection and Other Respiratory Pathogens  

For the evaluation of RSV and other respiratory pathogens, nasopharyngeal swabs were 

tested using a US Food and Drug Administration (FDA)-cleared and CE-marked in vitro diagnostic 

multiplexed reverse transcriptase–polymerase chain reaction (RT-PCR) test; GenMark ePlex® 

Respirator Panel (RP1). This assay is a cartridge-based closed system that is run on the ePlex® 

system. The assay detects 17 different viruses and bacteria associated with respiratory tract 

infection (viruses: adenovirus7, coronavirus [229E, HKU1, NL63, OC43], human metapneumovirus, 

human rhinovirus/enterovirus, influenza A, influenza A/H1, influenza A/H12009, influenza A/H3, 

influenza B, parainfluenza virus 1, parainfluenza virus 2, parainfluenza virus 3, parainfluenza virus 4, 
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RSV-A, and RSV-B; bacteria: Chlamydophila pneumoniae and Mycoplasma pneumoniae). Assay result 

readouts are reported as negative or positive for each pathogen. 

Evaluation of SARS CoV2 

For the evaluation of SARS-CoV-2 genomic RNA, a lab-developed (LDT) real-time (TaqPath) 

RT-PCR assay was used. In this assay, oligonucleotide primers hybridize to the ssRNA genome and 

allow RNA amplification of a short region in the presence of thermostable DNA polymerase (Taq) 

enzyme and dNTPs. A dual-labeled oligonucleotide probe that is complementary to an internal 

sequence of the amplification product is also present in the RT-PCR reaction mixture. The 5’ 

exonucleolytic activity of Taq cleaves the FAM at the 5�ǵ end of the dual-labeled probe, thus releasing 

it from the effects of a fluorescence-quenching molecule (e.g., Black Hole Quencher 1) at the 3�ǵ end 

of the probe. Additionally, oligonucleotide primers and a TaqMan probe for PCR detection of an 

internal extraction/amplification control are also present in the SARS-CoV-2 RT-PCR reaction mix for 

the simultaneous detection of internal extraction/amplification control DNA in a multiplex reaction 

for each sample. Fluorescence intensity for both SARS-CoV-2 amplification and internal control 

amplification is measured in individual wells during each of the 40 amplification cycles and a sample 

is considered positive when the signal intensity exceeds the baseline threshold value. 

Sample Size Determination 

This phase 2/3 study planned to randomize approximately 37,000 participants (1:1 

randomization ratio) to the mRNA-1345 or the placebo groups. Therefore, approximately 18,500 

participants will be randomized to each group. 

Power Calculation for Primary and Key Secondary Efficacy Endpoints 

The sample size was driven by the total number of cases to demonstrate vaccine efficacy 

(mRNA-1345 vs. placebo) to prevent protocol-defined RSV lower respiratory tract disease (RSV-

LRTD). 
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Under the assumption of proportional hazards and with 1:1 randomization of mRNA-1345 

and placebo, a total of 86 RSV-LRTD cases with ш2 symptoms in the  PPE Set will provide at least 90% 

power to demonstrate vaccine efficacy, i.e., rejecting the null hypothesis H1
0: vaccine efficacy ч20%, 

with two interim analyses (IAs) at 50% and 85% of the target total number of cases using the Pocock 

boundary for efficacy and a log-rank test statistic with a one-sided type I error rate of 2.5%. The 

success criterion was set to a lower bound of 20% in agreement with regulatory agencies.   

The total number of cases pertains to the PPE Set within the period of 14 days post-injection 

up to 12 months post-injection. There were 2 planned IAs for this endpoint, which were performed 

when at least 43 (50%) and at least 74 (85%) RSV-LRTD cases with ш2 symptoms within the target 

total number of 86 cases had been observed. Approximately 37,000 participants would provide 

approximately 90% power, assuming a target vaccine efficacy of 65%, an attack rate of 0.5% in the 

placebo arm, and a dropout rate ~ 10%. In addition, the sample size, 37,000 participants and a total 

of 32 RSV-LRTD cases with ш3 symptoms in the PPE Set, provided approximately 90% power to 

demonstrate vaccine efficacy, i.e., rejecting the null hypothesis H2
0: vaccine efficacy чϮϬй͕�ǁŝƚŚ�Ϯ�/�Ɛ�

at 50% and 85% of the target total number of cases using the Pocock boundary for efficacy and a log-

rank test statistic with a 1-sided type I error rate of 2.5%. This sample size calculation was based on 

the following assumptions: a target vaccine efficacy of 80%, an attack rate of 0.2% in the placebo 

arm, and a dropout rate ~ 10%.  

The type I error rate will be adjusted using the Pocock boundary. If the IAs were conducted 

exactly at 50% and 85% of total targeted cases, the nominal 1-sided type I error rate was 1.55%, 

1.18%, and 0.91% at IA1, IA2 and primary analysis, respectively. 

It was expected the IA 1 for both primary endpoints were conducted at the same time, i.e., IA 1 was 

conducted when at least 43 RT-PCR confirmed protocol-defined RSV-LRTD cases with ш2 symptoms 

and at least 16 RT-PCR confirmed protocol-defined RSV-LRTD cases with ш3 symptoms were 

observed in the PPE Set. Similarly, IA 2 for both primary endpoints were conducted at the same time. 
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Cases was quantified (without unblinding) on an ongoing basis. If the targeted number of cases 

are not met in the original 37,000 participants, an extension of enrolment would be pursued. As the 

sample size recalculation will be performed without unblinding the study, no adjustment of the 

alpha for the primary analysis will be performed. 

For the key secondary endpoints, with approximately 18,500 participants per group, 

provided power of demonstrating vaccine efficacy based on an attack rate of 2.0% for a first episode 

of RSV-ARD, under different scenarios of true vaccine efficacy and vaccine efficacy criteria at a 1-

sided alpha level of 2.5% considering a ~10% ineligibility rate in the PPE Set. The study had at least 

95% power to detect a vaccine efficacy = 50% against H3
0: vaccine efficacy ч�ϮϬй�ƚŽ�ƉƌĞǀĞŶƚ�Ă�ĨŝƌƐƚ�

episode of RSV-ARD within the period of 14 days post-injection up to 12 months post-injection and 

approximately 90% power to detect a vaccine efficacy = 50% against H3
0.  

Statistical Analyses 

The Per-Protocol Efficacy (PPE) Set is the primary population for the primary efficacy analysis 

in this study. The PPE Set includes participants who receive the assigned investigational product 

dose according to protocol, and excludes participants who have major protocol deviations, which 

may impact the participants’ immunogenicity response and will further impact the vaccine efficacy 

endpoints. The protocol deviations were reviewed and determined by blinded team prior to data 

base lock to avoid bias. Vaccine efficacy estimated based on the PPE Set would provide more 

accurate description of vaccine efficacy, as it is based on fully compliant participants, with 

surveillance beginning after vaccination and is expected to have achieved adequate immune 

response. 

Vaccine efficacy was defined as the percent reduction in the hazard, which is calculated as 1 

minus the hazard ratio (HR, mRNA-1345 vs. placebo) x 100%. Vaccine efficacy (i.e. 1-HR) and the 

confidence interval were estimated by a stratified Cox proportional hazard model with study vaccine 
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group (mRNA-1345 or Placebo) as a fixed effect, adjusting for the same stratification factors used for 

randomization. The Efron’s method was used to handle ties.  

 The study was powered and designed to conduct a primary analysis when at least 86 RSV-

>Zd��ĐĂƐĞƐ�ǁŝƚŚ�шϮ�ƐǇŵƉƚŽŵƐ�ĂŶĚ�Ăƚ�ůĞĂƐƚ�ϯϮ�Z^s->Zd��ĐĂƐĞƐ�ǁŝƚŚ�шϯ�ƐǇŵƉƚŽŵƐ�ŝŶ�ƚŚĞ�WW��^Ğƚ�ǁĞƌĞ�

observed. Two IAs were planned when at least 50% (at least 43 cases of RSV >Zd��ǁŝƚŚ�шϮ�ƐǇŵƉƚŽŵƐ�

ĂŶĚ�Ăƚ�ůĞĂƐƚ�ϭϲ�ĐĂƐĞƐ�ǁŝƚŚ�шϯ�ƐǇŵƉƚŽŵƐͿ�ĂŶĚ�Ăƚ�ůĞĂƐƚ�ϴϱй�;Ăƚ�ůĞĂƐƚ�ϳϰ�ĐĂƐĞƐ�ŽĨ�Z^s->Zd��ǁŝƚŚ�шϮ�

ƐǇŵƉƚŽŵƐ�ĂŶĚ�Ăƚ�ůĞĂƐƚ�Ϯϴ�ĐĂƐĞƐ�шϯ�ƐǇŵƉƚŽŵƐͿ�ŽĨ�ƚŚĞ�ƚŽƚĂů�ƚĂƌŐĞƚ�Z^s-LRTD cases (for each of the 

two primary endpoints) were observed. The overall type I error rate for the primary efficacy 

endpoints at the IAs and the primary analysis was strictly controlled at 2.5% (one-sided) based on 

the Lan-Demets Pocock approximation spending function. 

Statistical significance of the primary efficacy endpoints could be achieved at either of the 

IAs or at the primary analysis. The first primary objective would be met if the two-sided alpha–

adjusted confidence interval (CI) for vaccine efficacy of mRNA-1345 compared with placebo to 

prevent protocol-defined RSV-LRTD with ш2 symptoms rules out 20% at either of the IAs or at the 

primary analysis. Subsequently, the second primary efficacy objective would be met if the two-sided 

alpha–adjusted CI of the vaccine efficacy of mRNA-1345 compared with placebo to prevent protocol-

defined RSV-LRTD with ш3 symptoms rules out 20% at either of the IAs or at the primary analysis 

after the first primary objective was met. Once the primary efficacy endpoints achieved statistical 

significance at either one of the IAs, the analysis is automatically considered as primary analysis of 

this study, and any other subsequential analysis is considered supplemental. 

A sequential/hierarchical testing procedure was used to control type I error rate strictly at 

2.5% (1-sided) over the primary efficacy endpoints, key secondary efficacy endpoints, and other 

selected secondary efficacy endpoints . After statistical significance of both primary efficacy 

endpoints have been achieved, the key secondary efficacy endpoint of ARD would be tested 

sequentially. The key secondary objective would be met if the two-sided 95% CI of the vaccine 
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efficacy of mRNA-1345 compared with placebo to prevent a first episode of RSV-ARD rules out 20%, 

given both primary efficacy endpoints were previously met. The other key secondary efficacy 

endpoint and selected secondary efficacy endpoints in the multiplicity will be tested at the planned 

analysis following the predefined order in the fixed-sequence hierarchical testing process. The 95% 

CIs of vaccine efficacy would be provided according to the pre-defined success criteria.  No further 

testing will be performed once the sequence breaks, that is, further testing stops as soon as an 

endpoint in the sequence fails to show statistical significance against the null hypothesis.  

At the primary analysis with a median follow-up time of approximately 3.7 months after 

injection, based on a total of 64 RSV->Zd��ǁŝƚŚ�шϮ�ƐǇŵƉƚŽŵƐ�ĐĂƐĞƐ͕�ƚŚĞ�ŽŶĞ-sided p value was 

<0.0001 and the lower bound (LB) of the 2-sided 95.88% CI (alpha adjusted) was 66.0%. The LB of 

alpha adjusted CI exceeded the prespecified success criterion of 20%. Comparing the lower bound of 

the alpha adjusted CI to the prespecified success criterion of 20% is equivalent to comparing the 1-

sided p value to the adjusted 1-sided alpha (threshold). The one-sided p-value was compared to a 

one-sided alpha of 0.0206 based on 74.4% information of the target total number (64/86) using the 

Lan-Demets Pocock approximation spending function. Having successfully established vaccine 

efficacy against RSV->Zd��ǁŝƚŚ�шϮ�ƐǇŵƉƚŽŵƐ vaccine efficacy was next tested against RSV-LRTD with 

шϯ�ƐǇŵƉƚŽŵƐ�ĨŽůůŽǁŝŶŐ�ƉƌĞƐƉĞĐŝĨŝĞĚ�ŵƵůƚŝƉůŝĐŝƚǇ�ƚĞƐƚŝŶŐ�ƐƚƌĂƚĞŐǇ�ďĂƐĞĚ�ŽŶ�Ă�ƚŽƚĂů�ŽĨ�ϮϬ�Z^s-LRTD 

ǁŝƚŚ�шϯ�ƐǇŵƉƚŽŵƐ�ĐĂƐĞƐ͕�ƚŚĞ�ŽŶĞ-sided p value was 0.0078 and the LB of the 2-sided 96.36% CI 

(alpha adjusted) was 34.8%. The LB of alpha adjusted CI exceeded the prespecified success criterion 

of 20%, the one-sided p-value was compared to a one-sided alpha of 1.82% based on 62.5% 

information of the target total number (20/32) using the Lan-Demets Pocock approximation. 

Therefore, the pre-specified statistical criteria for study success on both primary endpoints were 

demonstrated, and any subsequent analysis for both primary endpoints would be considered as 

supplementary in nature. 



 

25 
 
 

No formal multiplicity adjustments were employed for safety endpoints. All analyses were 

performed by vaccination group, unless specified otherwise. For categorical variables, frequencies 

and percentages are presented. Continuous variables were summarized using descriptive statistics 

(number of participants, mean, median, standard deviation, minimum, and maximum). All statistical 

analyses were performed using SAS® Version 9.4. 
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Supplementary Figures 
Figure S1. Phase 2 and Phase 3 Study Schema. 

 

AE, adverse event; AESI, adverse event of special interest; AR, adverse reaction; MAAE, medically 

attended adverse event; NaCl, sodium chloride (normal saline); RSV, respiratory syncytial virus; SAE, 

serious AE. 
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Figure S2. Randomization and Analysis Populations.  
The 35,541 Participants aged ш60 years who underwent 1:1 randomization were assigned to receive 

mRNA-1345 or placebo (investigational product; IP). The Safety Set consisted of all randomized 

participants who received any IP. Numbers were based on actual treatment group. The full analysis 

set consisted of all randomized participants who received any IP, and the modified intent-to-treat 

population consisted of all participants in the full analysis set who completed ш1 visit or surveillance 

14 days after the IP administration. The per-protocol efficacy set consisted of all participants in the 

modified intent-to-treat set who received the assigned IP dose according to protocol, completed шϭ�

visit or surveillance contact 14 days after the IP administration, and had no major protocol 

deviations affecting the efficacy outcomes as determined prior to database lock and unblinding.  

 

The full analysis set consisted of all randomized participants who received any investigational 

product (IP).  

The modified intent-to-treat population consisted of all participants in the full analysis set who 

completed at least one visit or surveillance 14 days after the IP administration. 

The per-protocol efficacy population consisted of all participants in the modified intent-to-treat 

population who received the assigned IP dose according to protocol, completed at least one visit or 
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surveillance contact 14 days after the IP administration and had no major protocol deviations 

affecting the efficacy outcomes as determined prior to database lock and unblinding. 

The Safety Set consisted of all randomized participants who received any IP. Numbers were based on 

actual treatment group. 
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Supplementary Tables 

Table S1. Study Objectives and Endpoints 

Primary Objectives Primary Endpoints 

Efficacy Objective  Efficacy Endpoint 

x To evaluate the efficacy of a single dose 

of mRNA-1345 vaccine in the 

prevention of a first episode of RSV-

LRTD as compared with placebo within 

the period of 14 days post-injection up 

to 12 months post-injection 

x Vaccine efficacy of mRNA-1345 to 

prevent a first episode of RSV-LRTD 

ǁŝƚŚ�ш2 symptoms within the period of 

14 days post-injection up to 12 months 

post-injection 

x Vaccine efficacy of mRNA-1345 to 

prevent a first episode of RSV-LRTD 

ǁŝƚŚ�шϯ�ƐǇŵƉƚŽŵƐ�ǁŝƚŚŝŶ�ƚŚĞ�ƉĞƌŝŽĚ�ŽĨ�

14 days post-injection up to 12 months 

post-injection 

Safety Objective Safety Endpoint 

x To evaluate the safety and tolerability 

of the mRNA-1345 vaccine 

x Numbers and percentages of 

participants with solicited local and 

systemic ARs up to 7 days post-

injection 

x Unsolicited AEs up to 28 days post-

injection 

x MAAEs, AESIs, SAEs, and AEs leading to 

withdrawal up to 24 months post 

injection 

Key Secondary Efficacy Objectives Key Secondary Efficacy Endpoints 
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x To evaluate the efficacy of a single dose 

of mRNA-1345 vaccine in the 

prevention of a first episode of RSV-

ARD compared with placebo within the 

period of 14 days post-injection up to 

12 months post-injection 

x Vaccine efficacy of mRNA-1345 to 

prevent a first episode of RSV-ARD 

within the period of 14 days 

post-injection up to 12 months post-

injection 

Other Secondary Efficacy Objectives Other Secondary Efficacy Endpoints 

x To evaluate the efficacy of a single dose 

of mRNA-1345 vaccine in the 

prevention of a first episode of RSV-

LRTD as compared with placebo by RSV 

subtype 

x Vaccine efficacy of mRNA-1345 to 

prevent a first episode of RSV-LRTD by 

RSV subtype A and RSV subtype B 

AE, adverse event; AESI, adverse event of special interest; AR, adverse reaction; ARD, acute 
respiratory disease; LRTD, lower respiratory tract disease; MAAE, medically attended adverse event; 
RSV, respiratory syncytial virus; SAE, serious adverse event 
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  Table S2. Prespecified Endpoints (Prim

ary, Secondary, Exploratory) Included or O
m

itted from
 the M

anuscript  

 

Endpoint included 
or om

itted 
Reason endpoint w

as om
itted 

Prim
ary endpoints 

 
 

Solicited local and system
ic ARs up to 7 days post-injection 

Included 
N

A 
U

nsolicited AEs up to 28 days post-injection 
Included 

N
A 

M
AAEs, AESIs, SAEs, and AEs leading to w

ithdraw
al up to 24 m

onths 
post-injection 

Included 
N

A 
Vaccine efficacy of m

RN
A-1345 to prevent a first episode of RSV-

LRTD w
ith ш2 sym

ptom
s w

ithin the period of 14 days post-injection 
up to 12 m

onths post-injection 
Included 

N
A 

Vaccine efficacy of m
RN

A-1345 to prevent a first episode of RSV-
LRTD w

ith ш3 sym
ptom

s w
ithin the period of 14 days post-injection 

up 12 m
onths post-injection 

Included 
N

A 
Key secondary endpoints 

 
 

Vaccine efficacy of m
RN

A-1345 to prevent the first episode of RSV-
ARD w

ithin the period of 14 days post-injection up to 12 m
onths 

post-injection 
Included 

N
A 

Vaccine efficacy of m
RN

A-1345 to prevent the first hospitalization 
associated w

ith RSV-ARD or RSV-LRTD w
ithin the period of 14 days 

post-injection up to 12 m
onths post-injection 

O
m

itted 
N

ot enough cases to reliably assess vaccine efficacy 
O

ther secondary endpoints 
 

 
Vaccine efficacy of m

RN
A-1345 to prevent a first episode of RSV-

LRTD by RSV subtype A and RSV subtype B 
Included 

N
A 

Vaccine efficacy of m
RN

A-1345 to prevent all-cause hospitalizations 
w

ithin the period of 14 days post-injection up to 12 m
onths post-

injection 
O

m
itted 

N
ot enough cases to reliably assess vaccine efficacy 
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Endpoint included 
or om

itted 
Reason endpoint w

as om
itted 

Vaccine efficacy of m
RN

A-1345 to prevent all-cause LRTD
* w

ithin the 
period of 14 days post-injection up to 12 m

onths post-injection 
O

m
itted 

Data not yet available 
sĂĐĐŝŶĞ�Ğĸ

ĐĂĐǇ�ŽĨ�ŵ
ZE

�-ϭϯϰϱ�ƚŽ�ƉƌĞǀĞŶƚ�Ă�ĮƌƐƚ�ĞƉŝƐŽĚĞ�ŽĨ�Z^s-
LRTD w

ith ш2 sym
ptom

s w
ithin the period of 14 days post-ŝŶũĞĐƟŽŶ�

up to 24 m
onths post-ŝŶũĞĐƟŽŶ 

O
m

itted 
Data not yet available 

sĂĐĐŝŶĞ�Ğĸ
ĐĂĐǇ�ŽĨ�ŵ

ZE
�-ϭϯϰϱ�ƚŽ�ƉƌĞǀĞŶƚ�Ă�ĮƌƐƚ�ĞƉŝƐŽĚĞ�ŽĨ�Z^s-

LRTD w
ith ш3 sym

ptom
s w

ithin the period of 14 days post-ŝŶũĞĐƟŽŶ�
up to 24 m

onths post-ŝŶũĞĐƟŽŶ 
O

m
itted 

Data not yet available 
sĂĐĐŝŶĞ�Ğĸ

ĐĂĐǇ�ŽĨ�ŵ
ZE

�-ϭϯϰϱ�ƚŽ�ƉƌĞǀĞŶƚ�ĮƌƐƚ�ŚŽƐƉŝƚĂůŝǌĂƟŽŶ�
associated w

ith RSV-ARD or RSV-LRTD w
ithin the period of 14 days 

post-ŝŶũĞĐƟŽŶ�ƵƉ�ƚŽ�Ϯϰ�ŵ
ŽŶƚŚƐ�ƉŽƐƚ-ŝŶũĞĐƟŽŶ 

O
m

itted 
Data not yet available 

Change in total frailty score from
 baseline to 12 m

onths and 24 
m

onths post-ŝŶũĞĐƟŽŶ͕�ƵƐŝŶŐ�ƚŚĞ��Ěŵ
ŽŶƚŽŶ�&ƌĂŝů�^ĐĂůĞ 1 

O
m

itted 
Data not yet available for 12 and 24 m

onths 
'D

d�ŽĨ�ƐĞƌƵŵ
�Z^s�ŶĞƵƚƌĂůŝǌŝŶŐ�ĂŶƟďŽĚŝĞƐ�ĂŶĚ�'D

��ŽĨ�ƐĞƌƵŵ
�Z^s�

ďŝŶĚŝŶŐ�ĂŶƟďŽĚŝĞƐ�Ăƚ�ƉƌĞƐƉĞĐŝĮĞĚ�ƐƚƵĚǇ�Ɵŵ
ĞƉŽŝŶƚƐ�ĨƌŽŵ

�ďĂƐĞůŝŶĞ�ƵƉ 
to 24 m

onths post-ŝŶũĞĐƟŽŶ 
O

m
itted 

Data not yet available 
^ĞƌŽƌĞƐƉŽŶƐĞ�ƌĂƚĞ�ŝŶ�Z^s�ŶĞƵƚƌĂůŝǌŝŶŐ�ĂŶƟďŽĚŝĞƐ�ƵƉ�ƚŽ�Ϯϰ�ŵ

ŽŶƚŚƐ 
post-ŝŶũĞĐƟŽŶ͘ 

O
m

itted 
Data not yet available 

'D
&Z�ĨƌŽŵ

�ďĂƐĞůŝŶĞ�Ăƚ�ƉƌĞƐƉĞĐŝĮĞĚ�ƐƚƵĚǇ�Ɵŵ
ĞƉŽŝŶƚƐ�ƵƉ�ƚŽ�Ϯϰ�

m
onths post-ŝŶũĞĐƟŽŶ 

O
m

itted 
Data not yet available 

WƌŽƉŽƌƟŽŶ�ŽĨ�ƉĂƌƟĐŝƉĂŶƚƐ�ǁ
ŝƚŚ�ш�Ϯ-ĨŽůĚ�ŝŶĐƌĞĂƐĞ�ŝŶ�ĂŶƟďŽĚǇ�ƟƚĞƌ�

ĨƌŽŵ
�ďĂƐĞůŝŶĞ�Ăƚ�ƉƌĞƐƉĞĐŝĮĞĚ�ƐƚƵĚǇ�Ɵŵ

ĞƉŽŝŶƚƐ�ƵƉ�ƚŽ�Ϯϰ�ŵ
ŽŶƚŚƐ 

post-ŝŶũĞĐƟŽŶ 
O

m
itted 

 
Exploratory endpoints 

 
 

E
Ƶŵ

ďĞƌ�ŽĨ�ƉĂƌƟĐŝƉĂŶƚƐ�ǁ
ŝƚŚ�ƚŚĞ�ĮƌƐƚ�episode of RSV-LRTD by 

baseline frailty status 
Included 

N
A 
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Endpoint included 
or om

itted 
Reason endpoint w

as om
itted 

E
Ƶŵ

ďĞƌ�ŽĨ�ƉĂƌƟĐŝƉĂŶƚƐ�ǁ
ŝƚŚ�ƚŚĞ�ĮƌƐƚ�ĞƉŝƐŽĚĞ�ŽĨ�Z^s-ARD by baseline 

frailty status 
Included 

N
A 

E
Ƶŵ

ďĞƌ�ŽĨ�ƉĂƌƟĐŝƉĂŶƚƐ�ǁ
ŝƚŚ�ƚŚĞ�ĮƌƐƚ�ĞƉŝƐŽĚĞ�ŽĨ�Z^s-LRTD by 

ďĂƐĞůŝŶĞ�ĐŽŵ
ŽƌďŝĚŝƟĞƐ�ƐƵĐŚ�ĂƐ�CO

PD, asthm
a, any chronic 

respiratory or pulm
onary disease, diabetes m

ellitus type 1 or 2, CHF, 
and advanced liver or renal disease 

Included 
N

A 
E
Ƶŵ

ďĞƌ�ŽĨ�ƉĂƌƟĐŝƉĂŶƚƐ�ǁ
ŝƚŚ�ƚŚĞ�ĮƌƐƚ�ĞƉŝƐŽĚĞ�ŽĨ�Z^s-ARD by baseline 

ĐŽŵ
ŽƌďŝĚŝƟĞƐ�ƐƵĐŚ�ĂƐ��K

W�͕�ĂƐƚŚŵ
Ă͕�ĂŶǇ�ĐŚƌŽŶŝĐ�ƌĞƐƉŝƌĂƚŽƌǇ�Žƌ�

pulm
onary disease, diabetes m

ellitus type 1 or 2, CHF, and advanced 
liver or renal disease 

Included 
N

A 
/ŵ

ŵ
ƵŶĞ�ƌĞƐƉŽŶƐĞ�ďŝŽŵ

ĂƌŬĞƌƐ�ĂŌĞƌ�ĚŽƐŝŶŐ�ǁ
ŝƚŚ�ŵ

ZE
�-1345 vaccine 

ĂƐ�ƉŽƚĞŶƟĂů�ĐŽƌƌĞůĂƚĞƐ�ŽĨ�ƉƌŽƚĞĐƟŽŶ�Žƌ�ƌŝƐŬ�ŽĨ�Z^s�ĚŝƐĞĂƐĞ 
O

m
itted 

Data not yet available 
�ĚĚŝƟŽŶĂů�ĂŶĂůǇƐĞƐ�ƌĞůĂƟŶŐ�ƚŽ�ĨƵƌƚŚĞƌ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ŝŶĨĞĐƟŽŶ�
and disease associated w

ith RSV and related pathogens, including 
analyses related to the im

m
unology of ǀĂĐĐŝŶĂƟŽŶ͕�ǀŝƌĂů�ŝŶĨĞĐƟŽŶ͕�

and clinical conduct 
O

m
itted 

Analysis not yet conducted, aw
aiting additional data 

sĂĐĐŝŶĞ�Ğĸ
ĐĂĐǇ�ŽĨ�ŵ

ZE
�-ϭϯϰϱ�ƚŽ�ƉƌĞǀĞŶƚ�Žƌ�ŵ

ŝƟŐĂƚĞ�Z^s-LRTD and 
all-cause LRTD

* w
ith at least 1, 2, 3, 4, or 5 sym

ptom
s or signs of 

low
er respiratory tract involvem

ent 
O

m
itted 

Analysis not yet conducted, aw
aiting additional data 

sĂĐĐŝŶĞ�Ğĸ
ĐĂĐǇ�ŽĨ�ŵ

ZE
�-1345 to prevent all-ĐĂƵƐĞ�ŚŽƐƉŝƚĂůŝǌĂƟŽŶƐ�

w
ithin the period of 14 days post-ŝŶũĞĐƟŽŶ�ƵƉ�ƚŽ�Ϯϰ�ŵ

ŽŶƚŚƐ�ƉŽƐƚ-
ŝŶũĞĐƟŽŶ͘ 

O
m

itted 
Analysis not yet conducted, aw

aiting additional data 
Vaccine efficacy of m

RN
A-1345 to prevent all-cause ARD

# w
ithin the 

period of 14 days post-ŝŶũĞĐƟŽŶ�ƵƉ�ƚŽ�ϭϮ�ŵ
ŽŶƚŚƐ�ƉŽƐƚ-ŝŶũĞĐƟŽŶ 

O
m

itted 
Analysis not yet conducted, aw

aiting additional data 
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Endpoint included 
or om

itted 
Reason endpoint w

as om
itted 

Vaccine efficacy of m
RN

A-ϭϯϰϱ�ƚŽ�ƉƌĞǀĞŶƚ�ƚŚĞ�ĮƌƐƚ�ĞƉŝƐŽĚĞ�ŽĨ�Z^s-
ARD w

ithin the period of 14 days post-ŝŶũĞĐƟŽŶ�ƵƉ�ƚŽ�Ϯϰ�ŵ
ŽŶƚŚƐ�

post-ŝŶũĞĐƟŽŶ 
O

m
itted 

Data not yet available 
Vaccine efficacy of m

RN
A-1345 to prevent all-cause LRTD

* w
ithin the 

period of 14 days post-ŝŶũĞĐƟŽŶ�ƵƉ�ƚŽ�Ϯϰ�ŵ
ŽŶƚŚƐ�ƉŽƐƚ-ŝŶũĞĐƟŽŶ 

O
m

itted 
Data not yet available 

Vaccine efficacy of m
RN

A-1345 to prevent all-cause ARD
# w

ithin the 
period of 14 days post-ŝŶũĞĐƟŽŶ�ƵƉ�ƚŽ�Ϯϰ�ŵ

ŽŶƚŚƐ�ƉŽƐƚ-ŝŶũĞĐƟŽŶ 
O

m
itted 

Data not yet available 
To describe the ĞīĞĐƚ�ŽĨ�Ă�ƐŝŶŐůĞ�ĚŽƐĞ�ŽĨ�ŵ

ZE
�-1345 vaccine on 

level of care required for daily living. 
O

m
itted 

Data not yet available 
Vaccine efficacy of m

RN
A-ϭϯϰϱ�ƚŽ�ƉƌĞǀĞŶƚ�ĞǆĂĐĞƌďĂƟŽŶƐ�ŽĨ��,&�ƵƉ�

ƚŽ�ϭϮ�ŵ
ŽŶƚŚƐ�ĂŶĚ�Ϯϰ�ŵ

ŽŶƚŚƐ�ƉŽƐƟŶũĞĐƟŽŶ 
O

m
itted 

Analysis not yet conducted, aw
aiting additional data 

Vaccine efficacy of m
RN

A-ϭϯϰϱ�ƚŽ�ƉƌĞǀĞŶƚ�ĞǆĂĐĞƌďĂƟŽŶƐ�ŽĨ��K
W��ƵƉ�

to 12 m
onths and 24 m

onths post-ŝŶũĞĐƟŽŶ 
O

m
itted 

Analysis not yet conducted, aw
aiting additional data 

N
um

ber of deaths from
 all causes at 12 m

onths and 24 m
onths post-

ŝŶũĞĐƟŽŶ 
O

m
itted 

Data not yet available 
Change from

 baseline in HRQ
oL using the EQ

-5D-ϱ>�ƵƟůŝƚǇ�ŝŶĚĞǆ�
scores at 12 m

onths and 24 m
onths 

O
m

itted 
 

Change from
 baseline in HRQ

oL ĨŽƌ�ƉĂƌƟĐŝƉĂŶƚƐ�ǁ
ŝƚŚ�Z^s-LRTD or 

RSV-ARD using the EQ
-5D-ϱ>�ƵƟůŝƚǇ�ŝŶĚĞǆ�ƐĐŽƌĞƐ�Ăƚ�ϭϮ�ŵ

ŽŶƚŚƐ�ĂŶĚ�Ϯϰ�
m

onths 
O

m
itted 

Analysis not yet conducted, aw
aiting additional data 

t
ŽƌŬ�WƌŽĚƵĐƟǀŝƚǇ�ĂŶĚ��ĐƟǀŝƚǇ�/ŵ

ƉĂŝƌŵ
ĞŶƚ�Y

ƵĞƐƟŽŶŶĂŝƌĞ�
im

pairm
ent percentages for absenteeism

, presenteeism
, w

ork 
ƉƌŽĚƵĐƟǀŝƚǇ�ůŽƐƐ͕�ĂŶĚ�ĂĐƟǀŝƚǇ�ŝŵ

ƉĂŝƌŵ
ĞŶƚ�ĨŽƌ�ƉĂƌƟĐŝƉĂŶƚƐ�ǁ

ŝƚŚ�Z^s-
LRTD or RSV-ARD at the start of the sym

ptom
s (baseline), and at 7 

days (нϭ�ĚĂǇͿ�ĂŶĚ�ϭϰ�ĚĂǇƐ�;нϭ�ĚĂǇͿ�ĂŌĞƌ�ƚŚĞ�ƐƚĂƌƚ�ŽĨ�ƚŚĞ�ƐǇŵ
ƉƚŽŵ

Ɛ 
O

m
itted 

Analysis not yet conducted, aw
aiting additional data 
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Endpoint included 
or om

itted 
Reason endpoint w

as om
itted 

E
Ƶŵ

ďĞƌ�ŽĨ�ƉĂƌƟĐŝƉĂŶƚƐ�ǁ
ŝƚŚ�ŚĞĂůƚŚĐĂƌĞ�ĞŶĐŽƵŶƚĞƌƐ�;ŵ

ĞĚŝĐĂů�
ĂƩĞŶĚĂŶĐĞ�ĂŶĚ�ŚŽƐƉŝƚĂůŝǌĂƟŽŶƐͿ�ĂƐƐŽĐŝĂƚĞĚ�ǁ

ŝƚŚ�Z^s-LRTD or RSV-
ARD and w

ith all-cause LRTD
* or all-cause ARD

# 
O

m
itted 

Analysis not yet conducted, aw
aiting additional data 

�ƵƌĂƟŽŶ�ŽĨ�ŚŽƐƉŝƚĂů�ĞŶĐŽƵŶƚĞƌƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁ
ŝƚŚ�Z^s-LRTD or RSV-

ARD and w
ith all-cause LRTD

* or all-cause ARD
# 

O
m

itted 
Analysis not yet conducted, aw

aiting additional data 
E
Ƶŵ

ďĞƌ�ŽĨ�ƉĂƌƟĐŝƉĂŶƚƐ�ǁ
ŝƚŚ�ŶĞǁ

�ƉƌĞƐĐƌŝƉƟŽŶƐ�ĨŽƌ�ŵ
ĞĚŝĐĂƟŽŶƐ�

ŝŶĐůƵĚŝŶŐ�ĂŶƟďŝŽƟĐƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁ
ŝƚŚ�Z^s-LRTD or RSV-ARD and w

ith 
all-cause LRTD

* or all-cause ARD
# 

O
m

itted 
Analysis not yet conducted, aw

aiting additional data 
&ĞĂƐŝďŝůŝƚǇ�ŽĨ�ůŝŶŬŝŶŐ�ƉĂƟĞŶƚ-level data to real-w

orld electronic health 
ĚĂƚĂďĂƐĞƐ�ƚŽ�ĞǆƚĞŶĚ�ƚŚĞ�ĚƵƌĂƟŽŶ�ŽĨ�ŵ

ŽŶŝƚŽƌŝŶŐ�ĨŽƌ�ŚĞĂůƚŚĐĂƌĞ�
ĞŶĐŽƵŶƚĞƌƐ�ƐƵĐŚ�ĂƐ�ĐĂƌĚŝŽƌĞƐƉŝƌĂƚŽƌǇ�ŚŽƐƉŝƚĂůŝǌĂƟŽŶƐ�Žƌ�ƌĞƐƉŝƌĂƚŽƌǇ�
ŚŽƐƉŝƚĂůŝǌĂƟŽŶƐ͕�Žƌ�ĚĞĂƚŚ�ĨƌŽŵ

�Ăůů�ĐĂƵƐĞƐ (U
nited States sites only). 

O
m

itted 
Analysis not yet conducted, aw

aiting additional data 
AE, adverse event; AESI, adverse events of special interest; AR, adverse reaction; ARD, acute respiratory disease; CHF, congestive heart failure; CO

PD, 
chronic obstructive pulm

onary disease; EQ
-5D-5L, 5 level EuroQ

ol 5 Dim
ension; GM

C, geom
etric m

ean concentration; GM
FR, geom

etric m
ean-fold rise; 

GM
T, geom

etric m
ean titer; HRQ

oL, health-related quality of life; LRTD, low
er respiratory tract infection; M

AAE, m
edically-attended adverse event; N

A, not 
applicable; RSV, respiratory syncytial virus; RT-PCR, real tim

e polym
erase chain reaction; SAE, serious adverse event; W

PAI, W
ork Productivity and Activity 

Im
pairm

ent Q
uestionnaire  

*All-cause LRTD w
as defined as new

 or w
orsening of at least 2 of the follow

ing sym
ptom

s: shortness of breath, cough and/or fever (шϯϳ͘ϴΣ��ϭϬϬ͘ϬΣ&Ϳ͕�
ǁ
ŚĞĞǌŝŶŐ�ĂŶĚͬŽƌ�ƌĂůĞƐ�ĂŶĚͬŽƌ�ƌŚŽŶĐŚŝ͕�ƐƉƵƚƵŵ

�ƉƌŽĚƵĐƚŝŽŶ͕�ƚĂĐŚǇƉŶĞĂ�;шϮϬ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵ
ŝŶƵƚĞ�Žƌ�ŝŶĐƌĞĂƐĞ�ŽĨ�шϮ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵ

ŝŶƵƚĞ�ĨƌŽŵ
�ďĂƐĞůŝŶĞ�

ŵ
ĞĂƐƵƌĞŵ

ĞŶƚ�ŝŶ�ƚŚŽƐĞ�ǁ
ŚŽ�ŚĂǀĞ�ďĂƐĞůŝŶĞ�ƚĂĐŚǇƉŶĞĂͿ͕�ŚǇƉŽǆĞŵ

ŝĂ�;ŶĞǁ
�ŽǆǇŐĞŶ�ƐĂƚƵƌĂƚŝŽŶ�ч�ϵϯй

�Žƌ�ŶĞǁ
�Žƌ�ŝŶĐƌĞĂƐŝŶŐ�ƵƐĞ�ŽĨ�ƐƵƉƉůĞŵ

ental oxygen), pleuritic 
chest pain for at least 24 hours w

ith any or no RT-PCR result. In case of inability to fully assess other clinical param
eters, radiologic evidence of pneum

onia 
w

ith RT-PCR-confirm
ed RSV infection can also be used to confirm

 all-cause LRTD. 

#All-cause ARD w
as defined as an acute sym

ptom
atic respiratory disease m

anifesting as new
 or w

orsening of 1 or m
ore of the follow

ing sym
ptom

s: cough, 
ƐƚƵĨĨǇ�ŶŽƐĞ͕�ƌƵŶŶǇ�ŶŽƐĞ͕�ƐŽƌĞ�ƚŚƌŽĂƚ͕�ĨĞǀĞƌ�;шϯϳ͘ϴΣ��ϭϬϬ͘ϬΣ&Ϳ͕�ƐŚŽƌƚŶĞƐƐ�ŽĨ�ďƌĞĂƚŚ͕�ŽďƐĞƌǀĞĚ�ƚĂĐŚǇƉŶĞĂ�;шϮϬ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵ

ŝŶƵƚĞ�Žƌ�ŝŶĐƌĞĂƐĞ�ŽĨ�шϮ�ďƌĞĂƚŚƐ�
ƉĞƌ�ŵ

ŝŶƵƚĞ�ĨƌŽŵ
�ďĂƐĞůŝŶĞ�ŝŶ�ƚŚŽƐĞ�ǁ

ŚŽ�ŚĂǀĞ�ďĂƐĞůŝŶĞ�ƚĂĐŚǇƉŶĞĂͿ͕�ŚǇƉŽǆĞŵ
ŝĂ�;ŶĞǁ

�ŽǆǇŐĞŶ�ƐĂƚƵƌĂƚŝŽŶ�чϵϯй
�Žƌ�ŶĞǁ

�Žƌ�ŝŶĐƌĞĂƐŝŶŐ�ƵƐe of supplem
ental 

oxygen), w
heezing, sputum

 production, hoarseness, sinus pain, chills, pleuritic chest pain for at least 24 hours w
ith any or no RT-PCR result. In case of 
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  inability to fully assess other clinical param

eters, radiologic evidence of pneum
onia w

ith RT-PCR-confirm
ed RSV infection can also be used to confirm

 all-
cause ARD. 
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Table S3. Efficacy Endpoint Definitions for RSV-ARD and RSV-LRTD. 

Endpoint Definition 

RSV->Zd��ǁŝƚŚ�шϮ� 

symptoms 

x RT-PCR–confirmed RSV infection plus new or worsening of at least 2 

of the following symptoms: shortness of breath, cough and/or fever 

;шϯϳ͘ϴΣ��ϭϬϬ͘ϬΣ&Ϳ͕�ǁŚĞĞǌŝŶŐ�ĂŶĚͬŽƌ�ƌĂůĞƐ�ĂŶĚͬŽƌ�ƌŚŽŶĐŚŝ͕�ƐƉƵƚƵŵ�

ƉƌŽĚƵĐƚŝŽŶ͕�ƚĂĐŚǇƉŶĞĂ�;шϮϬ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵŝŶƵƚĞ, Žƌ�ŝŶĐƌĞĂƐĞ�ŽĨ�шϮ�

breaths per minute from baseline measurement in those who have 

ďĂƐĞůŝŶĞ�ƚĂĐŚǇƉŶĞĂͿ͕�ŚǇƉŽǆĞŵŝĂ�;ŶĞǁ�ŽǆǇŐĞŶ�ƐĂƚƵƌĂƚŝŽŶ�чϵϯй�Žƌ�

new or increasing use of supplemental oxygen), pleuritic chest pain 

for at least 24 hours 

x In case of inability to fully assess other clinical parameters, 

radiologic evidence of pneumonia with RT-PCR–confirmed RSV 

infection can also be used to confirm RSV-LRTD 

RSV->Zd��ǁŝƚŚ�шϯ� 

symptoms 

x RT-PCR–confirmed RSV infection plus new or worsening of at least 3 

of the following symptoms: shortness of breath, cough and/or fever 

;шϯϳ͘ϴΣ��ϭϬϬ͘ϬΣ&Ϳ͕�ǁŚĞĞǌŝŶŐ�ĂŶĚͬŽƌ�ƌĂůĞƐ�ĂŶĚͬŽƌ�ƌŚŽŶĐŚŝ͕�ƐƉƵƚƵŵ�

ƉƌŽĚƵĐƚŝŽŶ͕�ƚĂĐŚǇƉŶĞĂ�;шϮϬ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵŝŶƵƚĞ, Žƌ�ŝŶĐƌĞĂƐĞ�ŽĨ�шϮ�

breaths per minute from baseline measurement in those who have 

ďĂƐĞůŝŶĞ�ƚĂĐŚǇƉŶĞĂͿ͕�ŚǇƉŽǆĞŵŝĂ�;ŶĞǁ�ŽǆǇŐĞŶ�ƐĂƚƵƌĂƚŝŽŶ�чϵϯй�Žƌ�

new or increasing use of supplemental oxygen), pleuritic chest pain 

for at least 24 hours 

x In case of inability to fully assess other clinical parameters, 

radiologic evidence of pneumonia with RT-PCR–confirmed RSV 

infection can also be used to confirm RSV-LRTD 
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RSV-ARD x RT-PCR–confirmed RSV infection plus an acute symptomatic 

respiratory disease manifesting as new or worsening of one or more 

ŽĨ�ĐŽƵŐŚ͕�ƐƚƵĨĨǇ�ŶŽƐĞ͕�ƌƵŶŶǇ�ŶŽƐĞ͕�ƐŽƌĞ�ƚŚƌŽĂƚ͕�ĨĞǀĞƌ�;шϯϳ͘ϴΣ��

ϭϬϬ͘ϬΣ&Ϳ͕�ƐŚŽƌƚŶĞƐƐ�ŽĨ�ďƌĞĂƚŚ͕�ŽďƐĞƌǀĞĚ�ƚĂĐŚǇƉŶĞĂ�;шϮϬ�ďƌĞĂƚŚƐ�

per minute, Žƌ�ŝŶĐƌĞĂƐĞ�ŽĨ�шϮ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵŝŶƵƚĞ�ĨƌŽŵ�ďĂƐĞůŝŶĞ�ŝŶ�

those who have baseline tachypnea), hypoxemia (new oxygen 

ƐĂƚƵƌĂƚŝŽŶ�чϵϯй͕�Žƌ�ŶĞǁ�Žƌ�ŝŶĐƌĞĂƐŝŶŐ�ƵƐĞ�ŽĨ�ƐƵƉƉůĞŵĞŶƚĂů�ŽǆǇŐĞŶͿ͕�

wheezing, sputum production, hoarseness, sinus pain, chills, 

pleuritic chest pain for at least 24 hours 

x In case of inability to fully assess other clinical parameters, 

radiologic evidence of pneumonia with RT-PCR–confirmed RSV 

infection can also be used to confirm RSV-ARD 

ARD, acute respiratory disease; LRTD, lower respiratory tract disease; RSV, respiratory syncytial 
virus; RT-PCR, reverse transcription polymerase chain reaction. 

Note: The source of the clinical symptomology that supports the case definition can be participant 
reported and/or from a clinical assessment. 

 

 

 

 

 

 

 

 



 

39 
 
 

Table S4. Adverse Events of Special Interest. 

Medical Concept Additional Notes 

Thrombocytopenia x Platelet counts < 150 × 109 cells per liter 
x Including but not limited to immune 

thrombocytopenia, platelet production decreased, 
thrombocytopenia, thrombocytopenic purpura, 
thrombotic thrombocytopenic purpura, or HELLP 
(hemolysis, elevated liver enzymes, and low platelet 
count) syndrome 

New onset of or worsening of 
neurologic diseases 

Neurologic diseases include the following: 
x Guillain-Barré syndrome 
x Acute disseminated encephalomyelitis 
x Idiopathic peripheral facial nerve palsy (Bell’s palsy) 
x Seizures, including but not limited to febrile seizures 

and/or generalized seizures/convulsions 

Anaphylaxis x Anaphylaxis as defined per the protocol  

Myocarditis/Pericarditis x Myocarditis 
x Pericarditis 
x Myopericarditis 



 

40 
 
 

Table S5. Number of Participants Randomized by Country (Randomization Seta). 
Country Number of cases, %  

 mRNA-1345, 50 µg 

(N=17,793) 

Placebo 

(N=17,748) 

Total 

(N=35,541) 

Argentina  1798 (10.1) 1791 (10.1) 3589 (10.1) 

Australia  127 (0.7) 129 (0.7) 256 (0.7) 

Bangladesh  748 (4.2) 752 (4.2) 1500 (4.2) 

Belgium 207 (1.2) 206 (1.2) 413 (1.2) 

Canada 354 (2.0) 352 (2.0) 706 (2.0) 

Chile 339 (1.9) 340 (1.9) 679 (1.9) 

Columbia 1311 (7.4) 1314 (7.4) 2625 (7.4) 

Costa Rica 100 (0.6) 103 (0.6) 203 (0.6) 

Finland 49 (0.3) 47 (0.3) 96 (0.3) 

Germany 237 (1.3) 234 (1.3) 471 (1.3) 

Japan 414 (2.3) 408 (2.3) 822 (2.3) 

Mexico 371 (2.1) 362 (2.0) 733 (2.1) 

New Zealand 147 (0.8) 152 (0.9) 299 (0.8) 

Panama 774 (4.4) 777 (4.4) 1551 (4.4) 

Poland 173 (1.0) 173 (1.0) 346 (1.0) 

Singapore 4 (<0.1) 4 (<0.1) 8 (<0.1) 

South Africa 493 (2.8) 489 (2.8) 982 (2.8) 

South Korea 5 (<0.1) 6 (<0.1) 11 (<0.1) 

Spain 112 (0.6) 108 (0.6) 220 (0.6) 

Taiwan 43 (0.2) 41 (0.2) 84 (0.2) 

United Kingdom 227 (1.3) 223 (1.3) 450 (1.3) 

United States 9760 (54.9) 9737 (54.9) 19497 (54.9) 
aPercentages are based on the number of randomized participants. 
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Table S6. Baseline Demographics and Clinical Characteristics (Safety Set). 
 mRNA-1345, 50 µg 

(N=17,734) 

Placebo 

(N=17,679) 

Total 

(N=35,413) 

Age at enrollment, years    

Mean (SD) 68.1 (6.2) 68.1 (6.2) 68.1 (6.2) 

Median (min, max) 67.0 (60, 95) 67.0 (60, 96) 67.0 (60, 96) 

Age group, n (%)*    

60 to 69 years 11,281 (63.6) 11,222 (63.5) 22,503 (63.5) 

70 to 79 years 5474 (30.9) 5460 (30.9) 10,934 (30.9) 

ш80 years 979 (5.5) 997 (5.6) 1976 (5.6) 

Sex, n (%)    

Male 9076 (51.2) 8968 (50.7) 18,044 (51.0) 

Female 8658 (48.8) 8711 (49.3) 17,369 (49.0) 

Race, n (%)    

White 11,240 (63.4) 11,216 (63.4) 22,456 (63.4) 

Black 2203 (12.4) 2158 (12.2) 4361 (12.3) 

Asian 1540 (8.7) 1529 (8.6) 3069 (8.7) 

Other† 2682 (15.1) 2671 (15.1) 5353 (15.1) 

Unknown/Not Reported 69 (0.4) 105 (0.6) 174 (0.5) 

Ethnicity, n (%)    

Hispanic or Latino 6086 (34.3) 6141 (34.7) 12,227 (34.5) 

Not Hispanic or Latino 11,463 (64.6) 11,329 (64.1) 22,792 (64.4) 

Unknown 27 (0.2) 22 (0.1) 49 (0.1) 

Not reported 158 (0.9) 187 (1.1) 345 (1.0) 

BMI mean ± SD, (kg/m2)‡ 27.3±4.1 27.3±4.2 27.3±4.2 

World Bank region, n (%)    

North America/Europe 11,077 (62.5) 11,029 (62.4) 22,106 (62.4) 

Central/Latin America/Africa 5171 (29.2) 5161 (29.2) 10,332 (29.2) 

Asian Pacific 1486 (8.4) 1489 (8.4) 2975 (8.4) 

Frailty status, n (%)    

Fit (0-3) 13,512 (76.2) 13,354 (75.5) 26,866 (75.9) 

Vulnerable (4-5) 2828 (15.9) 2899 (16.4) 5727 (16.2) 

Frailty (ш6) 997 (5.6) 1017 (5.8) 2014 (5.7) 

Missing 397 (2.2) 409 (2.3) 806 (2.3) 

Comorbidities of interest, n (%)§    

0 12,496 (70.5) 12,551 (71.0) 25,047 (70.7) 

ш1 5238 (29.5) 5128 (29.0) 10,366 (29.3) 
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 mRNA-1345, 50 µg 

(N=17,734) 

Placebo 

(N=17,679) 

Total 

(N=35,413) 

LRTD risk factors (CHF/COPD), n (%)*    

Present 1218 (6.9) 1230 (7.0) 2448 (6.9) 

   CHF 205 (1.2) 201 (1.1) 406 (1.1) 

   COPD 960 (5.4) 978 (5.5) 1938 (5.5) 

   CHF and COPD 53 (0.3) 51 (0.3) 104 (0.3) 

Absent 16,516 (93.1) 16,449 (93.0) 32,965 (93.1) 

BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; IP, 
investigational product; LRTD, lower respiratory tract disease. 
Percentages were based on the number of participants in the Safety Set. 
Baseline value for BMI was defined as the most recent non-missing measurement (scheduled or unscheduled) 
collected on or before the date of IP injection. 
Frailty status based on the Edmonton Frailty scoring system measured by Edmonton Frail Scale across 9 
domains: Cognition, general health status, functional independence, social support, medication use, nutrition, 
mood, continence, and functional performance. A 0-17 point scale was used: fit (0-3); vulnerable (4-5); frail (6-
17) 1.  
*Derived from age and risk collected on eCRFs. 
†Other race included American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, Other, or 
Multiple. 
‡Some participants had missing data for height or weight. 
§Comorbidities of interest included COPD, asthma, chronic respiratory disease, diabetes, CHF, advanced liver 
disease, or advanced renal disease.  
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  Table S7. Race, Ethnicity, Age, and Risk Factors W

ithin the Broader Population. 
Category 

Details 

Disease, problem
, or condition under 

investigation 
RSV in adults aged ш60 years 

Special considerations related to 
 

RSV disease 
RSV is a highly contagious virus w

hich circulates globally and is a m
ajor cause of upper and low

er respiratory 
tract disease 

Age 
O

lder adults, young children, and infants are at highest risk of severe RSV disease. In older adults, decline in 
im

m
unity and a higher prevalence of certain underlying conditions are thought to place them

 at higher risk of 
severe disease

8-10 
Sex 

M
ale infants and young children m

ay be m
ore likely to be hospitalized w

ith severe RSV disease than fem
ales. 9,11-

13 In older adults, disparity by sex is less clear 
Race or ethnic group 

Further research describing racial and ethnic disparities, and elucidating the factors that contribute to them
, are 

needed. Certain indigenous populations are disproportionality im
pacted by RSV. In general, respiratory 

infections disproportionately affect persons of color 9,14-18 
Geography  

W
orldw

ide, RSV often causes annual epidem
ics, generally during the w

inter season in tem
perate clim

ates and 
during the rainy season in tropical regions. In equatorial regions, year-round circulation of RSV activity occurs

19,20 
Com

orbidities  
The incidence of RSV and severe outcom

es from
 RSV increases w

ith young and old age, and certain underlying 
conditions, particularly chronic heart and lung conditions. In patients w

ith these conditions, RSV can cause 
exacerbations of the underlying condition and lead to severe outcom

es such as pneum
onia, hospitalization, and 

death
8,10 

O
verall 

representativeness of this 
trial  

This trial focused on older adults w
ho are all at increased risk of developing severe RSV disease due to age-

related decline in im
m

unity and a higher prevalence of certain underlying conditions. It included participants 
across six continents w

ith different patterns of RSV circulation. It further em
phasized inclusion of persons w

ith 
im

portant know
n risk factors, such CO

PD and congestive heart failure. In the U
nited States, although the 

proportion of Asian participants w
as low

er than the U
nited States population in 2021, the proportion of Black 

participants and Hispanic or Latino participants w
ere sim

ilar to the U
nited States population 

CO
PD, chronic obstructive pulm

onary disease; RSV, respiratory syncytial virus 
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  Table S8. Vaccine Efficacy against RSV->Zd��ǁ

ŝƚŚ�шϮ�Žƌ�шϯ�^Ǉŵ
ƉƚŽŵ

Ɛ�ĂŶĚ�Z^s-ARD (Random
ization Set)*. 

End Point 
m

RN
A-1345 

Placebo 
Vaccine Efficacy 

%
 (95%

 CI) § 

 
N

um
ber of 

Participants  
N

um
ber of 

Events †,‡ 
N

um
ber of 

Participants  
N

um
ber of 

Events †,‡ 

 

RSV->Zd��ǁ
ŝƚŚ�шϮ�ƐǇŵ

ƉƚŽŵ
Ɛ 

17,793 
10 

17,748 
62 

83.9 (68.7, 91.8)  

RSV->Zd��ǁ
ŝƚŚ�шϯ�ƐǇŵ

ƉƚŽŵ
Ɛ 

17,793 
3 

17,748 
20 

85.0 (49.7, 95.6) 
RSV-ARD 

17,793 
29 

17,748 
95 

69.6 (53.9, 79.9) 
ARD, acute respiratory disease; CI, confidence interval; LRTD, low

er respiratory; RSV, respiratory syncytial virus; RT-PCR, reverse transcription polym
erase 

chain reaction; VE, vaccine efficacy 
*Data are from

 the random
ization set analysis population. 

†RSV->Zd��ǁ
ŝƚŚ�шϮ�ƐǇŵ

ƉƚŽŵ
Ɛ�Žƌ�шϯ�ƐǇŵ

ƉƚŽŵ
Ɛ�ĂŶĚ�Z^s-ARD w

ere based on eligible sym
ptom

s onset w
ithin a tim

efram
e of ±14 days from

 positive RSV RT-
PCR collection date. 
‡The tim

e to first episode of RSV-LRTD w
ith шϮ�ƐǇŵ

ƉƚŽŵ
Ɛ or ш3 sym

ptom
s and RSV-ARD w

ere calculated as date of case оdate of random
ization + 1.   

§sĂĐĐŝŶĞ�ĞĨĨŝĐĂĐǇ�ŝƐ�ĚĞĨŝŶĞĚ�ĂƐ�ϭϬϬй
�п�;ϭ�о�ŚĂǌĂƌĚ�ƌĂƚŝŽ�ŵ

ZE
�-1345 vs. placebo]). The CI for VE is based on a stratified Cox proportional hazard m

odel w
ith 

Efron’s m
ethod of tie handling and w

ith the study vaccination group as a fixed effect, adjusting for stratification factors at random
ization. 
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Table S9. Vaccine Efficacy against RSV-LRTD ǁŝƚŚ�шϮ�Žƌ�шϯ�^ǇŵƉƚŽŵƐ�ĂŶĚ�Z^s-ARD (Per-Protocol 
Efficacy Set).* 

End Point mRNA-1345 Placebo 
Vaccine Efficacy 

% (95% CI)ഷ 

 Number of 
Participants 

Number of 
Events†,‡ 

Number of 
Participants 

Number of 
Events†,‡ 

 

RSV->Zd��ǁŝƚŚ�шϮ�ƐǇŵƉƚŽŵƐ§,¶     
Overall 17,572 9 17,516 55 83.7 (66.0, 92.2)** 
Sex      
     Male 8974 4 8875  25 84.1 (54.4, 94.5) 
     Female 8598 5 8641 30 83.4 (57.3, 93.6) 
Comorbidities of interest††      
      0 12,377 7 12,431  38 81.6 (58.8, 91.8) 
      шϭ 5195 2 5085  17 88.4 (49.9, 97.3) 
Race      

White 11,144 8 11,121 39 79.5 (56.1, 90.4) 
Black 2163 0 2111 2 100.0 (NE, 100.0) 
Asian 1533 1 1521 6 83.6 (о36.0, 98.0) 
Other 2665 0 2661 8 100.0 (NE, 100.0) 

World Bank region      
North America/Europe 10,945 7 10,896 34 79.5 (53.7, 90.9) 
Central/Latin 
America/Africa 

5148 1 5139 14 92.9 (45.9, 99.1) 

Asian Pacific 1479 1 1481 7 85.7 (о16.3, 98.2) 
Risk factors: COPD/CHF      

Absent 16,365  8 16,299  53 85.0 (68.4, 92.9) 
Present 1207  1 1217  2 49.4 (-457.9, 95.4) 

Frailty status      
Fit (0–3) 13,396 8 13,250 45 82.3 (62.5, 91.7) 
Vulnerable (4–5) 2799 0 2859 3 100.0 (NE, 100.0) 
Frailty (шϲ) 982 0 999 3 100.0 (NE, 100.0) 

Ethnicity       
Hispanic or Latino 6043 1 6105 15 93.3 (48.9, 99.1) 
Not Hispanic or Latino 11,347 6 11,203 40 85.2 (65.0, 93.7) 

History of COVID-19      
Yes 1902 0 1801 7 100.0 (NE, 100.0) 
No 15,670 9 15,715 48 81.3 (61.9, 90.8) 

History of Hospitalization due to COVID-19    
Yes 109 0 111 0 NE (NE, NE) 
No 17,463 9 17,405 55 83.7 (67.0, 91.9) 

World Bank Income Level 2022    
Lower-Middle 747 0 751 5 100 (NE, 100.0) 
Upper-Middle 4820 1 4804 13 92.3 (41.5, 99.0) 
High 12,005 8 11,961 37 78.4 (53.7, 90.0) 

RSV->Zd��ǁŝƚŚ�шϯ�ƐǇŵƉƚŽŵƐ §,¶      
Overall 17,572 3 17,516 17 82.4 (34.8, 95.3)** 
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End Point mRNA-1345 Placebo 
Vaccine Efficacy 

% (95% CI)ഷ 

 Number of 
Participants 

Number of 
Events†,‡ 

Number of 
Participants 

Number of 
Events†,‡ 

 

Sex      
    Male 8974 1 8875 6 83.4 (о37.8, 98.0) 
    Female 8598 2 8641 11 81.7 (17.5, 95.9) 
Comorbidities of interest††      
     0 12,377 1 12,431 10 90.1 (22.7, 98.7) 
     шϭ 5195 2 5085 7 71.8 (о35.9, 94.1) 
Race      

White 11,144 3 11,121 14 78.5 (25.3, 93.8) 
Black 2163 0 2111 1 100.0 (NE, 100.0) 
Asian 1533 0 1521 1 100.0 (NE, 100.0) 
Other 2665 0 2661 1 100.0 (NE, 100.0) 

World Bank region      
North America/Europe 10,945 2 10,896 13 84.7 (32.0, 96.5) 
Central/Latin 
America/Africa 5148 1 5139 3 66.7 (о219.7, 96.5) 

Asian Pacific 1479 0 1481 1 100.0 (NE, 100.0) 
Risk factors: COPD/CHF      

Absent 16,365 2 16,299 17 88.3 (49.4, 97.3) 
Present 1207 1 1217 0 NE (NE, NE) 

Frailty Status      
Fit (0–3) 13,396 3 13,250 13 77.0 (19.2, 93.4) 
Vulnerable (4–5) 2799 0 2859 1 100.0 (NE, 100.0) 
Frailty (шϲ) 982 0 999 2 100.0 (NE, 100.0) 

Ethnicity       
Hispanic or Latino 6043 1 6105 4 74.6 (-127.2, 97.2) 
Not Hispanic or Latino 11,347 1 11,203 13 92.4 (41.7, 99.0) 

History of COVID-19      
Yes 1902 0 1801 3 100 (NE, 100.0) 
No 15,670 3 15,715 14 78.6 (25.4, 93.8) 

History of Hospitalization due to COVID-19    
Yes 109 0 111 0 NE (NE, NE) 
No 17,463 3 17,405 17 82.4 (40.0, 94.8) 

World Bank Income Level 2022     
Lower-Middle 747 0 751 1 100.0 (NE, 100.0) 
Upper-Middle 4820 1 4804 3 66.8 (-219.4, 96.5) 
High 12,005 2 11,961 13 84.7 (32.0, 96.5) 

RSV-ARD §,¶      
Overall 17,572 26 17,516 82 68.4 (50.9, 79.7)** 
RSV subtype      
      RSV-A 17,572 11 17,516 51 78.5 (58.8, 88.8) 
      RSV-B 17,572 15 17,516 31 51.7 (10.6, 73.9) 
Sex      
      Male 8974 14 8875 37 62.5 (30.7, 79.7) 
      Female 8598 12 8641 45 73.5 (49.9, 86.0) 
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End Point mRNA-1345 Placebo 
Vaccine Efficacy 

% (95% CI)ഷ 

 Number of 
Participants 

Number of 
Events†,‡ 

Number of 
Participants 

Number of 
Events†,‡ 

 

Age group      
      60-69 years 11,168 20 11,118 44 54.9 (23.5, 73.4) 
      70-79 years 5440 6 5416 37 83.6 (61.1, 93.1) 
      шϴϬ�ǇĞĂƌƐ 964 0 982 1 100.0 (NE, 100.0) 
Comorbidities of interest††      
      0 12,377 19 12,431 62 69.6 (49.2, 81.8) 
      шϭ 5195 7 5085 20 65.7 (18.9, 85.5) 
Race      

White 11,144 18 11,121 51 64.7 (39.6, 79.4) 
Black 2163 1 2111 2 52.3 (о426.0, 95.7) 
Asian 1533 5 1521 14 64.9 (2.6, 87.4) 
Other 2665 2 2661 15 86.8 (42.2, 97.0) 

World Bank region      
North America/Europe 10,945 16 10,896 45 64.6 (37.3, 80.0) 
Central/Latin 
America/Africa 

5148 4 5139 23 82.7 (50.0, 94.0) 

Asian Pacific 1479 6 1481 14 57.3 (о11.1, 83.6) 
Risk factors: COPD/CHF      

Absent 16,365 25 16,299 79 68.5 (50.6, 79.9) 
Present 1207 1 1217 3 66.1 (о225.7, 96.5) 

Frailty Status      
Fit (0–3) 13,396 20 13,250 65 69.5 (49.6, 81.5) 
Vulnerable (4–5) 2799 1 2859 5 79.7 (о73.4, 97.6) 
Frailty (шϲ) 982 1 999 3 62.1 (о265.1, 96.1) 

Ethnicity       
Hispanic or Latino 6043 5 6105 25 79.8 (47.2, 92.3) 
Not Hispanic or Latino 11,347 18 11,203 57 68.8 (47.0,81.6) 

History of COVID-19      
Yes 1902 2 1801 9 78.8 (1.8, 95.4) 
No 15,670 24 15,715 73 67.2 (48.0, 79.3) 

History of Hospitalization due to COVID-19    
Yes 109 0 111 1 100 (NE, 100.0) 
No 17,463 26 17,405 81 68.0 (50.3, 79.4) 

World Bank Income Level 2022     
Lower-Middle 747 4 751 12 67.1 (-2.0, 89.4) 
Upper-Middle 4820 3 4804 22 86.5 (54.9, 96.0) 
High 12,005 19 11,961 48 60.5 (32.9, 76.8) 

ARD, acute respiratory disease; CHF, congestive heart failure; CI, confidence interval; COPD, chronic 
obstructive pulmonary disease; LRTD, lower respiratory tract disease; RSV, respiratory syncytial 
virus; RT-PCR, reverse transcription polymerase chain reaction; VE, vaccine efficacy. 
*Data are from the per-protocol efficacy set analysis population. 
†RSV-LRTD with шϮ�ƐǇŵƉƚŽŵƐ or ш3 symptoms and RSV-ARD were based on eligible symptoms onset 
within a timeframe of ±14 days from positive RSV RT-PCR collection date.  
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‡The time to first episode of RSV-LRTD with шϮ�ƐǇŵƉƚŽŵƐ or ш3 symptoms and RSV-ARD were 
calculated as date of case о date of randomization + 1.  

§Follow-up in person-years for the mRNA-1345 group was 6271.06, 6272.38, and 6268.28 for RSV-
LRTD with шϮ symptoms, RSV-LRTD with шϯ symptoms, and RSV-ARD, respectively. Follow-up in 
person-years for the placebo group was 6253.55, 6259.83, and 6250.26 for RSV-LRTD with шϮ 
symptoms, RSV-LRTD with шϯ symptoms, and RSV-ARD, respectively. Person-years was defined as 
the total years from randomization date to the date of RSV-LRTD with шϮ�ƐǇŵƉƚŽŵƐ or ш3 symptoms 
and RSV-ARD, 12 months post-injection, date of early discontinuation, date of unrelated death, date 
of early RSV-ARD, or data cutoff date, whichever was the earliest. 
¶Incidence rate (number of events/1000 person-years) for the mRNA-1345 group was 1.44, 0.48, and 
4.15 for RSV-LRTD with шϮ symptoms, RSV-LRTD with шϯ symptoms, and RSV-ARD, respectively. 
Incidence rate (number of events/1000 person-years) for the placebo group was 8.80, 2.72, and 
13.12 for RSV-LRTD with ш2 symptoms, RSV-LRTD with шϯ symptoms, and RSV-ARD, respectively. 
Incidence rate was defined as the number of participants with a case divided by the number of 
participants at risk-adjusted by person-years (total time at risk) in each vaccination group. The 95% 
CI was calculated using the exact method (Poisson distribution) and adjusted by person-years. 

ഷVaccine efficacy is defined as 100% × (1 о hazard ratio [mRNA-1345 vs. placebo]). The CI for VE is 
based on a stratified Cox proportional hazard model with Efron’s method of tie handling and with 
the study vaccination group as a fixed effect, adjusting for stratification factors at randomization. 
**Adjusted CIs: RSV->Zd��ǁŝƚŚ�шϮ�ƐǇŵƉƚŽŵƐ͕�ϵϱ͘ϴϴй͖�Z^s->Zd��ǁŝƚŚ�шϯ�ƐǇŵƉƚŽŵƐ͕�ϵϲ͘ϯϲй͖�Z^s-
ARD, 95%. 
††Comorbidities of interest include COPD, asthma, chronic respiratory disease, diabetes, CHF, 
advanced liver disease, or advanced renal disease.   
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Table S10. Summary of Symptom Assessment for First Occurrence of RSV-LRTD* 

 Number of Events† 
n (%) 

 mRNA-1345 
(N=17,572) 

Placebo 
(N=17,516) 

RSV-LRTD with ш2 symptoms   
Number of participants with first occurrence of RSV-LRTD 
cases‡, § 

9 (<0.1) 55 (0.3) 

Shortness of breath 2 (22.2) 15 (27.3) 
Cough ĂŶĚͬŽƌ�ĨĞǀĞƌ�;шϯϳ͘ϴΣ�Ϳ 9 (100) 55 (100) 
Cough 9 (100) 54 (98.2) 
Fever 0 13 (23.6) 
Wheezing and/or rales and/or rhonchi 3 (33.3) 15 (27.3) 
Sputum production 7 (77.8) 38 (69.1) 
Observed tachypnea ;шϮϬ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵŝŶƵƚĞ�Žƌ�ŝŶĐƌĞĂƐĞ�ŽĨ�
шϮ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵŝŶƵƚĞ�ĨƌŽŵ�ďĂƐĞůŝŶĞ�ŝŶ�ƚŚŽƐĞ�ǁŚŽ 
 have baseline tachypnea) 

0 2 (3.6) 

,ǇƉŽǆĞŵŝĂ�;EĞǁ�ŽǆǇŐĞŶ�ƐĂƚƵƌĂƚŝŽŶ�чϵϯй�Žƌ�ŶĞǁ�Žƌ 
increasing use of supplemental oxygen) 

0 1 (1.8) 

Pleuritic chest pain 1 (11.1) 9 (16.4) 
Number of participants with radiologic evidence of 
pneumonia§ 

0 1 (<0.1) 

RSV-LRTD with ш3 symptoms   
Number of participants with first occurrence of RSV-LRTD 
cases‡, § 

3 (<0.1) 17 (<0.1) 

Shortness of breath 1 (33.3) 12 (70.6) 
�ŽƵŐŚ�ĂŶĚͬŽƌ�ĨĞǀĞƌ�;шϯϳ͘ϴΣ�Ϳ 3 (100) 17 (100) 
Cough 3 (100) 16 (94.1) 
Fever 0 6 (35.3) 
Wheezing and/or rales and/or rhonchi 2 (66.7) 10 (58.8) 
Sputum production 3 (100) 11 (64.7) 
Observed tachypnea ;шϮϬ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵŝŶƵƚĞ�Žƌ�ŝŶĐƌĞĂƐĞ of 
шϮ�ďƌĞĂƚŚƐ�ƉĞƌ�ŵŝŶƵƚĞ�ĨƌŽŵ�ďĂƐĞůŝŶĞ�ŝŶ�ƚŚŽƐĞ�ǁŚŽ have 
baseline tachypnea) 

0 2 (11.8) 

,ǇƉŽǆĞŵŝĂ�;EĞǁ�ŽǆǇŐĞŶ�ƐĂƚƵƌĂƚŝŽŶ�чϵϯй�Žƌ�ŶĞǁ�Žƌ 
 increasing use of supplemental oxygen) 

0 1 (5.9) 

Pleuritic chest pain 1 (33.3) 6 (35.3) 
Number of participants with radiologic evidence of 
pneumonia§ 

0 1 (<0.1) 

PPE, Per Protocol Set; RSV LRTD, respiratory syncytial virus-associated lower respiratory tract 
disease.  

*Data are from the per-protocol efficacy set analysis population 
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†Only RSV-LRTD cases with 2 or more symptoms or 3 or more symptoms between 14 days 
postinjection up to 12 months postinjection (PPE Set) were included in the summary. Cough and/or 
fever was counted as 1 eligible symptom for RSV-LRTD. 

‡Participants could be counted in more than 1 category. 

§Percentage was calculated based on the number of participants in PPE Set (N). For the individual 
symptom, the percentage was calculated based on the number of participants with any RSV-LRTD 
symptom.  
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Table S11. Number of Days Reporting Solicited Adverse Reactions within 7 Days after Vaccination 
(Solicited Safety Set). 

Solicited Adverse Reaction Category 
 

mRNA-1345, 50 µg 
(N=17,665) 

n (%) 

Placebo 
(N=17,598) 

n (%) 

Solicited adverse reactions – N1* 17,665 17,598 

Any  12,119 (68.6) 6782 (38.5) 

Day of onset   

Mean (SD) 1.8 (1.07) 2.4 (1.70) 

Median 2.0 2.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 3.7 (4.77) 3.9 (5.38) 

Median 2.0 2.0 

Min, Max 1, 184 1, 117 

Persisted beyond 7 days 1200 (6.8)  915 (5.2) 

Solicited local adverse reactions – N1* 17,662 17,593 

Any  10,367 (58.7) 2845 (16.2) 

Day of onset   

Mean (SD) 1.8 (0.92) 2.2 (1.65) 

Median 2.0 2.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 2.4 (2.24) 2.2 (2.71) 

Median 2.0 1.0 

Min, Max 1, 69 1, 48 

Persisted beyond 7 days  307 (1.7)  120 (0.7) 

Pain – N1* 17,661 17,593 

Any 9942 (56.3) 2407 (13.7) 

Day of onset   

Mean (SD) 1.8 (0.86) 2.2 (1.57) 

Median 2.0 2.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 2.2 (1.93) 2.0 (2.26) 

Median 2.0 1.0 

Min, Max 1, 69 1, 29 

Persisted beyond 7 days  179 (1.0) 83 (0.5) 

Erythema (Redness) – N1* 17,659 17,592 
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Solicited Adverse Reaction Category 
 

mRNA-1345, 50 µg 
(N=17,665) 

n (%) 

Placebo 
(N=17,598) 

n (%) 

Any  357 (2.0)  101 (0.6) 

Day of onset   

Mean (SD) 2.7 (1.46) 3.4 (2.07) 

Median 2.0 3.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 2.9 (3.67) 1.8 (2.19) 

Median 1.0 1.0 

Min, Max 1, 29 1, 16 

Persisted beyond 7 days 47 (0.3)  7 (<0.1) 

Swelling (Hardness) – N1* 17,660 17,592 

Any  662 (3.7) 59 (0.3) 

Day of onset   

Mean (SD) 2.2 (1.11) 2.6 (1.81) 

Median 2.0 2.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 2.2 (2.26) 3.6 (6.30) 

Median 1.0 1.0 

Min, Max 1, 24 1, 31 

Persisted beyond 7 days 32 (0.2)  8 (<0.1) 

Axillary (underarm) swelling or tenderness – 
N1*   

17659 17592 

Any 2711 (15.4) 1091 (6.2) 

Day of onset   

Mean (SD) 2.4 (1.42) 2.7 (1.84) 

Median 2.0 2.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 2.1 (2.36) 2.2 (3.03) 

Median 1.0 1.0 

Min, Max 1, 28 1, 48 

Persisted beyond 7 days  120 (0.7) 49 (0.3) 

Solicited systemic adverse reactions – N1* 17,662 17,597 

Any 8432 (47.7) 5798 (32.9) 

Day of onset   
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Solicited Adverse Reaction Category 
 

mRNA-1345, 50 µg 
(N=17,665) 

n (%) 

Placebo 
(N=17,598) 

n (%) 

Mean (SD) 2.2 (1.40) 2.6 (1.74) 

Median 2.0 2.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 3.7 (5.36) 4.0 (5.61) 

Median 2.0 2.0 

Min, Max 1, 184 1, 117 

Persisted beyond 7 days 1034 (5.9)  866 (4.9) 

Fever – N1* 17,651 17,593 

Any  501 (2.8)  234 (1.3) 

Day of onset   

Mean (SD) 2.7 (1.54) 3.4 (1.96) 

Median 2.0 3.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 1.5 (1.80) 1.5 (1.82) 

Median 1.0 1.0 

Min, Max 1, 27 1, 24 

Persisted beyond 7 days 17 (<0.1)  6 (<0.1) 

Headache – N1* 17,658 17,592 

Any 4764 (27.0) 3332 (18.9) 

Day of onset   

Mean (SD) 2.5 (1.58) 2.9 (1.82) 

Median 2.0 2.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 2.6 (3.50) 2.6 (3.15) 

Median 1.0 1.0 

Min, Max 1, 146 1, 53 

Persisted beyond 7 days  315 (1.8)  264 (1.5) 

Fatigue – N1* 17,658 17,592 

Any 5470 (31.0) 3518 (20.0) 

Day of onset   

Mean (SD) 2.4 (1.46) 2.7 (1.75) 

Median 2.0 2.0 

Min, Max 1, 7 1, 7 
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Solicited Adverse Reaction Category 
 

mRNA-1345, 50 µg 
(N=17,665) 

n (%) 

Placebo 
(N=17,598) 

n (%) 

Duration (days)   

Mean (SD) 3.3 (5.37) 3.7 (5.11) 

Median 2.0 2.0 

Min, Max 1, 184 1, 91 

Persisted beyond 7 days  606 (3.4)  503 (2.9) 

Myalgia – N1* 17,658 17,592 

Any 4574 (25.9) 2542 (14.4) 

Day of onset   

Mean (SD) 2.4 (1.40) 3.0 (1.83) 

Median 2.0 3.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 2.9 (4.18) 3.7 (5.58) 

Median 1.0 2.0 

Min, Max 1, 106 1, 116 

Persisted beyond 7 days  410 (2.3)  368 (2.1) 

Arthralgia – N1* 17,658 17,591 

Any 3867 (21.9) 2477 (14.1) 

Day of onset   

Mean (SD) 2.6 (1.49) 3.0 (1.84) 

Median 2.0 3.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 3.5 (4.88) 4.2 (5.96) 

Median 2.0 2.0 

Min, Max 1, 106 1, 108 

Persisted beyond 7 days  511 (2.9)  459 (2.6) 

Nausea/vomiting – N1a 17,658 17,591 

Any 1248 (7.1)  933 (5.3) 

Day of onset   

Mean (SD) 3.0 (1.71) 3.2 (1.94) 

Median 2.0 3.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 2.1 (2.49) 2.4 (4.72) 

Median 1.0 1.0 
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Solicited Adverse Reaction Category 
 

mRNA-1345, 50 µg 
(N=17,665) 

n (%) 

Placebo 
(N=17,598) 

n (%) 

Min, Max 1, 27 1, 116 

Persisted beyond 7 days 77 (0.4) 63 (0.4) 

Chills – N1* 17,658 17,591 

Any 2045 (11.6) 1181 (6.7) 

Day of onset   

Mean (SD) 2.6 (1.49) 3.0 (1.90) 

Median 2.0 2.0 

Min, Max 1, 7 1, 7 

Duration (days)   

Mean (SD) 2.0 (2.57) 2.4 (2.80) 

Median 1.0 1.0 

Min, Max 1, 60 1, 28 

Persisted beyond 7 days 85 (0.5) 79 (0.4) 
Max, maximum; min, minimum; SD, standard deviation. 
Any refers to grade 1 or above. 
Percentages were based on the number of exposed participants who submitted any data for the event (N1). 
Duration was calculated as the last day о the first day + 1, when the solicited adverse reaction was reported 
starting within the 7 days of injection. Symptoms that persisted beyond 7 days were those that were ongoing 
at day 7 and persisted, continuously, beyond day 7. 
*N1, number of exposed participants who submitted any data for the event. 
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Table S12. Summary of Participants with Solicited Adverse Reactions within 7 Days after 
Vaccination by Grade (Solicited Safety Set). 

Solicited Adverse Reaction Category 

 

mRNA-1345, 50 µg 

(N=17,665) 

n (%) 

Placebo 

(N=17,598) 

n (%) 

Solicited adverse reactions – N1* 17,665 17,598 

Grade 1 8299 (47.0) 4544 (25.8) 

Grade 2 2716 (15.4) 1524 (8.7) 

Grade 3 1069 (6.1) 685 (3.9) 

Grade 4 35 (0.2) 29 (0.2) 

Grade 3 or Grade 4 1104 (6.2) 714 (4.1) 

Solicited local adverse reactions – N1* 17,662 17,593 

Grade 1 9044 (51.2) 2386 (13.6) 

Grade 2 765 (4.3) 154 (0.9) 

Grade 3 558 (3.2) 305 (1.7) 

Grade 4 0 0 

Grade 3 or Grade 4 558 (3.2) 305 (1.7) 

Pain – N1* 17,661 17,593 

Any 9942 (56.3) 2407 (13.7) 

Grade 1 9064 (51.3) 2098 (11.9) 

Grade 2 571 (3.2) 117 (0.7) 

Grade 3 307 (1.7) 192 (1.1) 

Grade 4 0 0 

Grade 3 or Grade 4 307 (1.7) 192 (1.1) 

Erythema (Redness) – N1* 17,659 17,592 

Any 357 (2.0) 101 (0.6) 

Grade 1 181 (1.0) 32 (0.2) 

Grade 2 71 (0.4) 12 (<0.1) 

Grade 3 105 (0.6) 57 (0.3) 

Grade 4 0 0 

Grade 3 or Grade 4 105 (0.6) 57 (0.3) 

Swelling (Hardness) – N1* 17,660 17,592 

Any 662 (3.7) 59 (0.3) 

Grade 1 365 (2.1) 33 (0.2) 

Grade 2 143 (0.8) 9 (<0.1) 

Grade 3 154 (0.9) 17 (<0.1) 

Grade 4 0 0 
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Solicited Adverse Reaction Category 

 

mRNA-1345, 50 µg 

(N=17,665) 

n (%) 

Placebo 

(N=17,598) 

n (%) 

Grade 3 or Grade 4 154 (0.9) 17 (<0.1) 

Axillary (underarm) swelling or 

tenderness – N1* 17,659 17,592 

Any 2711 (15.4) 1091 (6.2) 

Grade 1 2357 (13.3) 921 (5.2) 

Grade 2 216 (1.2) 55 (0.3) 

Grade 3 138 (0.8) 115 (0.7) 

Grade 4 0 0 

Grade 3 or Grade 4 138 (0.8) 115 (0.7) 

Solicited systemic adverse reactions – N1* 17,662 17,597 

Grade 1 5137 (29.1) 3799 (21.6) 

Grade 2 2585 (14.6) 1491 (8.5) 

Grade 3 675 (3.8) 479 (2.7) 

Grade 4 35 (0.2) 29 (0.2) 

Grade 3 or Grade 4 710 (4.0) 508 (2.9) 

Fever – N1* 17,651 17,593 

Any 501 (2.8) 234 (1.3) 

Grade 1 270 (1.5) 99 (0.6) 

Grade 2 119 (0.7) 65 (0.4) 

Grade 3 77 (0.4) 41 (0.2) 

Grade 4 35 (0.2) 29 (0.2) 

Grade 3 or Grade 4 112 (0.6) 70 (0.4) 

Headache – N1* 17,658 17,592 

Any 4764 (27.0) 3332 (18.9) 

Grade 1 3701 (21.0) 2723 (15.5) 

Grade 2 787 (4.5) 399 (2.3) 

Grade 3 276 (1.6) 210 (1.2) 

Grade 4 0 0 

Grade 3 or Grade 4 276 (1.6) 210 (1.2) 

Fatigue – N1* 17658 17592 

Any 5470 (31.0) 3518 (20.0) 

Grade 1 3425 (19.4) 2354 (13.4) 

Grade 2 1735 (9.8) 949 (5.4) 

Grade 3 310 (1.8) 215 (1.2) 
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Solicited Adverse Reaction Category 

 

mRNA-1345, 50 µg 

(N=17,665) 

n (%) 

Placebo 

(N=17,598) 

n (%) 

Grade 4 0 0 

Grade 3 or Grade 4 310 (1.8) 215 (1.2) 

Myalgia – N1* 17,658 17,592 

Any 4574 (25.9) 2542 (14.4) 

Grade 1 2941 (16.7) 1731 (9.8) 

Grade 2 1378 (7.8) 658 (3.7) 

Grade 3 255 (1.4) 153 (0.9) 

Grade 4 0 0 

Grade 3 or Grade 4 255 (1.4) 153 (0.9) 

Arthralgia – N1* 17,658 17,591 

Any 3867 (21.9) 2477 (14.1) 

Grade 1 2558 (14.5) 1680 (9.6) 

Grade 2 1112 (6.3) 661 (3.8) 

Grade 3 197 (1.1) 136 (0.8) 

Grade 4 0 0 

Grade 3 or Grade 4 197 (1.1) 136 (0.8) 

Nausea/vomiting – N1* 17,658 17,591 

Any 1248 (7.1) 933 (5.3) 

Grade 1 902 (5.1) 679 (3.9) 

Grade 2 266 (1.5) 179 (1.0) 

Grade 3 80 (0.5) 75 (0.4) 

Grade 4 0 0 

Grade 3 or Grade 4 80 (0.5) 75 (0.4) 

Chills – N1* 17,658 17,591 

Any 2045 (11.6) 1181 (6.7) 

Grade 1 1335 (7.6) 839 (4.8) 

Grade 2 602 (3.4) 263 (1.5) 

Grade 3 108 (0.6) 79 (0.4) 

Grade 4 0 0 

Grade 3 or Grade 4 108 (0.6) 79 (0.4) 
*N1, number of exposed participants who submitted any data for the event. 
Any refers to Grade 1 or above. 
Percentages were based on the number of exposed participants who submitted any data for the event (N1). 
The only solicited systemic adverse reaction reported in any participant at Grade 4 was fever, which was 
ĚĞĨŝŶĞĚ�ĂƐ�ŽƌĂů�ƚĞŵƉĞƌĂƚƵƌĞ�хϰϬ͘ϬΣ�ͬхϭϬϰ͘ϬΣ&͘�'ƌĂĚĞ�ϰ�ĨĞǀĞƌ�ǁĂƐ�ƌĞƉŽƌƚĞĚ�ĨŽƌ�ϯϱ�ƉĂƌƚŝĐŝƉĂŶƚƐ�ŝŶ�ƚŚĞ�ŵZE�-
1345 group versus 29 participants in the placebo group (0.2% of participants in each group). 
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Table S13. Overall Summary of Unsolicited AEs within 28 Days after Injection (Safety Set). 

 

mRNA-1345, 50 µg 
(N=17,734) 

n (%) 

Placebo 
(N=17,679) 

n (%) 

Unsolicited AEs up to 28 days after vaccination, regardless of relationship to study vaccination 

All unsolicited AEs 3624 (20.4) 3331 (18.8) 

Serious 102 (0.6) 93 (0.5) 

Fatal* 2 (<0.1) 4 (<0.1) 

Medically attended 1842 (10.4) 1739 (9.8) 

AEs leading to study discontinuation 2 (<0.1) 9 (<0.1) 

Severe/шGrade 3 124 (0.7) 119 (0.7) 

Non-serious† 3522 (19.9) 3238 (18.3) 

Severe/шGrade 3† 63 (0.4) 65 (0.4) 

ш1 non-serious event‡ 3570 (20.1) 3273 (18.5) 

Severe/шGrade 3‡ 70 (0.4) 66 (0.4) 

Any AESI 3 (<0.1) 8 (<0.1) 

Unsolicited AEs up to 28 days after vaccination, related to study vaccination 

All unsolicited AEs 1033 (5.8) 803 (4.5) 

Serious 4 (<0.1) 3 (<0.1) 

Fatal 0 0 

Medically attended 71 (0.4) 56 (0.3) 

AEs leading to study discontinuation 1 (<0.1) 0 

Severe/шGrade 3 52 (0.3) 48 (0.3) 

Non-serious† 1029 (5.8) 800 (4.5) 

Severe/шGrade 3† 50 (0.3) 46 (0.3) 

ш1 non-serious event‡ 1032 (5.8) 800 (4.5) 

Severe/шGrade 3‡ 51 (0.3) 46 (0.3) 

Any AESI 1 (<0.1) 1 (<0.1) 
AESI, adverse event of special interest; AR, adverse reaction; COPD, chronic obstructive pulmonary disease; ER, 
emergency room; MAAE, medically attended adverse event; SAE, serious adverse event; AE, adverse event. 
Percentages were based on the number of participants in the Safety Set. 
An AE was defined as any event not present before exposure to study vaccination or any event already present 
that worsened in intensity or frequency after exposure. 
Severe AEs included both unsolicited severe ��Ɛ�ĂŶĚ�ш'ƌĂĚĞ�ϯ�ƐŽůŝĐŝƚĞĚ��ZƐ�ƚŚĂƚ�ŵĞƚ�^���ĐƌŝƚĞƌŝĂ�Žƌ�ůĂƐƚĞĚ�
beyond 7 days after injection. 
Medically attended AEs included ER/urgent care, outpatient physician visits, and per-protocol illness visits. 
*In the mRNA-1345 group, a fatal event of bronchial aspiration was reported with onset on day 21 in one 
participant. One participant in the mRNA-1345 group had a non-serious event of gingivitis with onset on day 
13 and resolution on day 26 that was erroneously reported as a fatal event. In the placebo group, the fatal 
events were road traffic accident reported on day 6, pneumonia with onset on day 13, COPD exacerbation 
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with onset on day 12, and unknown cause of death with onset on day 27. None of the deaths were considered 
by the investigator to be related to study injection. 

†Participants who did not report any serious AE were included in the summary of “non-serious” and 
͞ƐĞǀĞƌĞͬшŐƌĂĚĞ�ϯ�ŶŽŶ-serious.” 
‡Participants with at least one non-serious AE were included. 
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Table S14. Participant Incidence of Serious AEs Regardless of Causality Up to 28 Days after 
Injection by System Organ Class and Preferred Term (PTs Reported for ш2 Participants in Either 
Group [Safety Set]). 

System Organ Class 
   Preferred Term 

mRNA-1345, 50 µg 
(N=17734) 

n (%) 

Placebo 
(N=17679) 

n (%) 

Number of participants reporting serious AEs 102 (0.6) 93 (0.5) 

Number of serious AEs 117 120 

Infections and infestations 22 (0.1) 7 (<0.1) 

Pneumonia 6 (<0.1) 2 (<0.1) 

Gastroenteritis 2 (<0.1) 0 

Influenza 2 (<0.1) 0 

Urinary tract infection 2 (<0.1) 1 (<0.1) 

Cellulitis 0 2 (<0.1) 

Neoplasms benign, malignant and unspecified (incl 
cysts and polyps) 12 (<0.1) 13 (<0.1) 

Malignant melanoma 2 (<0.1) 1 (<0.1) 

Breast cancer 1 (<0.1) 2 (<0.1) 

Blood and lymphatic system disorders 0 2 (<0.1) 

Anemia 0 2 (<0.1) 

Immune system disorders 2 (<0.1) 1 (<0.1) 

Anaphylactic reaction 2 (<0.1) 0 

Metabolism and nutrition disorders 7 (<0.1) 2 (<0.1) 

Dehydration 3 (<0.1) 0 

Hyperglycemia 2 (<0.1) 0 

Psychiatric disorders 3 (<0.1) 2 (<0.1) 

Nervous system disorders 4 (<0.1) 11 (<0.1) 

Syncope 2 (<0.1) 0 

Cerebrovascular accident 0 3 (<0.1) 

Ischemic stroke 0 4 (<0.1) 

Seizure 0 2 (<0.1) 

Cardiac disorders 12 (<0.1) 12 (<0.1) 

Acute myocardial infarction 3 (<0.1) 3 (<0.1) 

Coronary artery disease 2 (<0.1) 0 

Cardiac failure congestive 1 (<0.1) 2 (<0.1) 

Atrial fibrillation 0 3 (<0.1) 

Vascular disorders 6 (<0.1) 4 (<0.1) 

Hypertension 3 (<0.1) 1 (<0.1) 

Respiratory, thoracic and mediastinal disorders 9 (<0.1) 10 (<0.1) 

Chronic obstructive pulmonary disease 4 (<0.1) 6 (<0.1) 
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System Organ Class 
   Preferred Term 

mRNA-1345, 50 µg 
(N=17734) 

n (%) 

Placebo 
(N=17679) 

n (%) 

Gastrointestinal disorders 13 (<0.1) 10 (<0.1) 

Peptic ulcer 2 (<0.1) 0 

Hepatobiliary disorders 3 (<0.1) 2 (<0.1) 

Cholecystitis acute 2 (<0.1) 1 (<0.1) 

Renal and urinary disorders 4 (<0.1) 5 (<0.1) 

Nephrolithiasis 2 (<0.1) 1 (<0.1) 

General disorders and administration site conditions 2 (<0.1) 6 (<0.1) 

Non-cardiac chest pain 0 3 (<0.1) 

Injury, poisoning and procedural complications 8 (<0.1) 13 (<0.1) 

Femur fracture 2 (<0.1) 1 (<0.1) 

Humerus fracture 1 (<0.1) 2 (<0.1) 

Foot fracture 0 2 (<0.1) 

Wrist fracture  0 2 (<0.1) 
MedDRA, Medical Dictionary for Regulatory Activities; PT, preferred term; SOC, system organ class; AE, 

adverse event. 
An AE was defined as any event not present before exposure to study vaccination or any event already present 

that worsened in intensity or frequency after exposure. 
Percentages were based on the number of participants in the Safety Set. 
Adverse events were coded using MedDRA, version 25.0. 
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