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Efficacy, immunogenicity, and safety of a next-generation
mRNA-1283 COVID-19 vaccine compared with the
MRNA-1273 vaccine (NextCOVE): results from a phase 3,
randomised, observer-blind, active-controlled trial

Spyros Chalkias, Patrick Dennis, Dena Petersen, Krishnakumar Radhakrishnan, Leroy Vaughan, Reem Handforth, Alexandra Rossi,
Rahnuma Wahid, Darin K Edwards, Jing Feng, Weiping Deng, Honghong Zhou, Elizabeth De Windt, Veronica Urdaneta, Yamuna Paila,
Bethany Girard, Saul N Faust, Stephen R Walsh, Catherine A Cosgrove, Jacqueline Miller, Rituparna Das

Summary

Background mRNA-1283 is an investigational, next-generation COVID-19 vaccine that encodes only the
immunodominant regions of the SARS-CoV-2 spike protein—the receptor-binding domain (RBD) and the N-terminal
domain rather than the full-length spike used in currently authorised mRNA vaccines. We evaluated the relative
vaccine efficacy (rVE), immunogenicity, and safety of mRNA-1283 compared to the first-generation vaccine
(mRNA-1273).

Methods This randomised, observer-masked, active-controlled, phase 3 trial (NextCOVE) was conducted in individuals
(aged =12 years) with no evidence of SARS-CoV-2 infection within 90 days of screening in the USA, the UK, and
Canada. Participants were randomly assigned in a 1:1 ratio to receive one 10 pg dose of the bivalent formulation of
mRNA-1283 (original plus omicron BA.4/BA.5) or 50 pg of the bivalent mRNA-1273, encoding the same variants.
Randomisation was stratified by age (12-17 years, 18-64 years, and =65 years). Primary objectives comparing
mRNA-1283 with mRNA-1273 were non-inferior rVE to prevent a first event of COVID-19 from 14 days after study
injection to the end of follow-up (assessed in the per-protocol set for efficacy, with non-inferiority declared when the
lower bound of the a-adjusted two-sided CI for rVE was greater than —10%), non-inferior immunogenicity at day 29
(assessed in the per-protocol immunogenicity subset, with non-inferiority declared when the lower bounds of the CIs
for the geometric mean concentration ratios [GMRs] of neutralising antibodies against SARS-CoV-2 D614G and
omicron BA.4/BA.5 were >0- 667 and the lower bounds of the 95% CI seroresponse rate differences for the two variants
were greater than —-10%), and safety (assessed in the safety set, which included all participants who received a
vaccination). The trial is registered at ClinicalTrials.gov (NCT05815498) and is complete.

Findings Between March 28 and Aug 23, 2023, we screened 13 054 individuals for eligibility and randomly allocated
11454 participants (5728 to mRNA-1283 and 5726 to mRNA-1273). 1177 confirmed COVID-19 events occurred up to
Jan 31, 2024 (560 [9-9%] of 5679 in mRNA1283.222 and 617 [10-8%] of 5687 in mRNA-1273.222). The median age of
participants at enrolment was 56 years (IQR 38-66). Of the 11417 participants who received a vaccine, 6200 (54 - 3%) were
female and 5217 (45-7%) were male; 9381 (82-2%) were White; and 1510 (13-2%) were Hispanic or Latino. Of the
total cohort, 992 (8 - 7%) participants were aged 12-17 years, 7151 (62 - 6%) were aged 18—64 years, and 3274 (28 -7%) were
65 years and older; in addition, 6857 participants (60-1%) were 50 years and older. The rVE point estimate was 9-3%
(99-4% CI —6-6 to 22-8; p=0-0005). The GMR was 1-3 (95% CI 1-2 to 1-5) for BA.4/BA.5 and 1-2 (1-1 to 1-4) for
D614G. The day-29 seroresponse rate difference was 14-4% (95% CI 9-3 to 19-4) for BA.4/BA.5 and 10-7%
(6-0 to 15-4) for D614G. Local and systemic adverse reactions were similar between mRNA-1283 and mRNA-1273;
mRNA-1283 was associated with fewer injection-site pain reactions than mRNA-1273 (3905 [68-5%] of 5701 vs 4419
[77-5%)] of 5705, respectively). The frequency of unsolicited adverse events, serious adverse events, and medically
attended adverse events were similar between groups during the first 28 days after injection. One event of sudden
death occurred in a participant with underlying cardiovascular disease in the mRNA-1273 group; it was reported as
related to vaccination due to its temporal association.

Interpretation mRNA-1283 was well-tolerated. The rVE and immunogenicity non-inferiority criteria were met, with
higher antibody responses for mRNA-1283 versus mRNA-1273. The potential clinical benefit of mRNA-1283
versus mRNA-1273 needs to be confirmed in post-marketing evaluation.
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Research in context

Evidence before this study

COVID-19 vaccines have helped mitigate the impact of COVID-19
worldwide. However, waning immunity and reduced
effectiveness against antigenically divergent variants have
reduced the long-term protection provided by existing vaccines.
Given the ongoing public health impact of COVID-19, particularly
in vulnerable populations, updated vaccination strategies are
needed to sustain immune protection and reduce disease burden.
A COVID-19 mRNA vaccine that encodes immunodominant
neutralising antibody epitopes—the receptor-binding

domain (RBD) and N-terminal domain (NTD) of the SARS-CoV-2
spike protein—has the potential to enhance immune responses
and improve vaccine effectiveness compared with first-
generation mRNA COVID-19 vaccines, which encode the entire
spike protein. We searched PubMed for research articles published
in English between Aug 14, 2020, to March 10, 2025, using the
terms “SARS-CoV-2 vaccines”; “SARS-CoV-2 spike receptor
binding domain”; “SARS-CoV-2 spike N-terminal domain”;
“animal studies”; and “clinical trials”. We identified 40 studies
emphasising the immunogenicity of SARS-CoV-2 spike protein
subunits, especially the RBD and, to a lesser extent, the NTD.
These data support the central role of spike-directed antibodies in
mediating protection against COVID-19. A range of vaccine
platforms have been shown to elicit robust immune responses
targeting these subunits. Recent publications also highlight the
induction of neutralising antibodies and cellular immune
responses, reinforcing the immunological relevance of these spike
protein subunits. The spike regions outside these domains are
mainly targeted by non-neutralising antibodies, considered non-
protective. Additionally, animal challenge studies have shown
protective responses elicited by RBD-based vaccines. We have
previously published phase 1 and 2 studies evaluating the RBD
and NTD-based vaccine mRNA-1283; however, no randomised,
phase 3 study has evaluated the efficacy of an RBD-based and
NTD-based COVID-19 vaccine.

Introduction

The burden of COVID-19 remains high globally,"
particularly among people aged 65 years or older, who are
at highest risk for admissions to hospital and severe
outcomes.” mRNA-based COVID-19 vaccines are
efficacious, and their use is associated with very rare events
of myocarditis and pericarditis.”” Vaccine effectiveness can
decrease over time when there is a mismatch between
circulating SARS-CoV-2 variants and the vaccine sequence
(eg, 56% efficacy in preventing hospitalisations with
omicron BA.1 compared with 83% for delta COVID-19
when using the original mRNA-1273 vaccine).® There is an
unmet need for mRNA COVID-19 vaccines with the
potential for enhanced effectiveness.

The mRNA-1283 vaccine encodes the receptor-binding
domain (RBD) and the N-terminal domain (NTD) of the
SARS-CoV-2 spike protein based on evidence that these
domains contain immunodominant epitopes for

Added value of this study

To our knowledge, this is the first randomised, observer-blind,
phase 3 study evaluating the relative vaccine efficacy (rVE) of
mRNA-1283 versus the original mMRNA-1273 vaccine. The

10 pg dose of mRNA-1283 showed non-inferior vaccine
efficacy compared with the 50 pg dose of mMRNA-1273, with
an rVE of 9-3% (99-:4% Cl -6-6 to 22-8; p=0-0005).
mRNA-1283 also met non-inferiority criteria

versus mRNA-1273 for the immunogenicity objectives and
elicited higher neutralising antibody responses than
mRNA-1273 against omicron BA.4/BA.5 and D614G based on
geometric mean concentration ratios and seroresponse rate
differences. MRNA-1283 was well tolerated, with the
frequency of local and systemic adverse reactions similar
between groups, except for pain at the injection site, where
fewer reactions were reported for mRNA-1283 than
mRNA-1273.

Implications of all the available evidence

The introduction of highly efficacious vaccines against
SARS-CoV-2 positively affected global public health. Updated
vaccine designs and immunisation strategies can further
improve prevention of COVID-19. As the length of an mRNA
sequence directly correlates to mRNA stability, a shorter
sequence encoding for the RBD and NTD instead of the entire
spike protein could translate to enhanced refrigerator
stability. Enhanced refrigerator stability improves accessibility
and ease of handling, as well as maintaining the integrity of
the components that underpin a safe and efficacious vaccine.
Our rVE and immunogenicity findings suggest that
mRNA-1283 might have a clinical efficacy benefit over
mRNA-1273, but further studies will be needed to confirm the
potential benefit.

neutralising antibodies against SARS-CoV-2." The spike
region outside these domains is primarily a target for
non-neutralising antibodies.” mRNA-1283 was developed
with the potential for enhanced immune responses and
vaccine effectiveness compared with first-generation
mRNA COVID-19 vaccines that encode the full-length
spike protein. Additionally, the length of mRNA
sequences directly correlates to mRNA stability,” and the
shorter sequence of mRNA-1283 compared with
mRNA-1273 might translate to enhanced refrigerator
stability.*

mRNA-1283 was first evaluated in dose-ranging
phase 1 and 2 studies,”* where the 10 pg dose was well
tolerated and exhibited higher immunogenicity compared
with mRNA-1273. In our phase 3 study, NextCOVE, we
aimed to evaluate the immunogenicity of mRNA-1283
versus mRNA-1273 and the relative vaccine efficacy (rVE)
of mRNA-1283 compared to mRNA-1273 in preventing
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COVID-19 of any clinical severity. In addition, the study
aimed to evaluate the safety profile of mRNA-1283 when
given as a booster dose. Here, we report the prespecified
primary analysis of safety, immunogenicity, and rVE,
based on COVID-19 events accrued up to Jan 31, 2024.

Methods
Study design and participants
This phase 3, randomised, observer-blind, active-

controlled study enrolled participants aged 12 years and
older at 196 sites, including hospitals, outpatient clinics,
and research centres, in the USA, the UK, and Canada
from March 23, 2023, to Aug 23, 2023. The trial was
approved by an institutional review board (Advara,
Columbia, MD, USA); was conducted according to the
principles of the International Council for Harmonisation
Technical  Requirements for  Registration  of
Pharmaceuticals for Human Use, the E6(R2) Good
Clinical Practice guidelines, and the principles of the
Declaration of Helsinki; and followed all national, state,
and local laws or regulations. An independent data safety
and monitoring board periodically reviewed study data.
The trial is registered with ClinicalTrials.gov
(NCT05815498) and is complete.

mRNA-1283 is a lipid nanoparticle-encapsulated
mRNA-based vaccine that encodes the membrane-bound
NTD and RBD of the spike glycoprotein from
SARS-CoV-2 strains, linked by a flexible peptide linker.
Bivalent mRNA-1283.222 and mRNA-1273.222 (Spikevax,
Moderna) each contain mRNAs that encode the spike
glycoprotein of Wuhan-Hu-1 (D614G) and omicron
BA.4/BA.5 SARS-CoV-2. mRNA-1283.222 includes
two mRNAs (5 pg each in a 1:1 ratio) encoding the NTD
and RBD of the spike glycoprotein for both Wuhan-Hu-1
and omicron BA.4/BA.5, while mRNA-1273.222 encodes
the full prefusion-stabilised spike glycoprotein (25 pg
each for Wuhan-Hu-1 and omicron BA.4/BA.5 in a
1:1ratio). The study vaccines included the 2022-23 variant
formulation recommended by the US Food and Drug
Administration” and WHO® (original and omicron
BA.4/BA.5 bivalent) at the time of study enrolment. The
predominant circulating SARS-CoV-2 variants between
April, 2023, and January, 2024 were XBB.1.5, XBB.1.16,
EG.5, and JN.1."#

Eligible participants were 12 years and older, with no
upper age limit. Inclusion criteria required participants
to be medically stable and to have received any authorised
or otherwise approved COVID-19 vaccination more than
90 days before the screening visit, with the primary series
of vaccinations for participants aged 12-17 years and at
least one booster dose for participants older than 18 years.
Heterologous vaccine regimens were accepted. Exclusion
criteria included participants with chronic diseases
requiring ongoing medical intervention within the
2 months before enrolment, immunocompromising
conditions or medications, or any malignancy within
5 years of screening. A positive SARS-CoV-2 lateral flow

or rapid antigen or PCR test in the 90 days before
screening was exclusionary; participants with previous
SARS-CoV-2 infection outside this window were allowed
to participate in the study. Individuals who were acutely
ill or febrile 72 h before or at the screening visit were
excluded. Demographic data relating to participants’ sex,
age, race, and ethnicity were self-reported at the time of
consent (screening visit). Full inclusion and exclusion
criteria are presented in the appendix (pp 8-10). All
participants provided written informed consent before
enrolment.

Randomisation and masking

Participants were randomly assigned in a 1:1 ratio to
receive a single dose of mRNA-1283.222 (10 pg) or
mRNA-1273.222 (50 pg) with the use of an interactive
response technology system. Randomisation was
stratified according to participant age (12-17 vyears,
18-64 years, and =65 years), with approximately
1000 adolescents (aged 12-17 years) and approximately
30% of participants 65 vyears and older. Block
randomisation with a block size of six was used in each
stratum for treatment assignment.

Dose preparation, administration, and accountability
were performed by designated unmasked site personnel
who did not participate in clinical study evaluations. The
investigators, trial staff, participants, site monitors, and
sponsor personnel were unaware of the trial group
assignments. Opaque sleeves concealed the syringes
during injection. Afterward, only masked study staff
conducted assessments and interacted with participants.
Randomisation codes were strictly controlled by the
pharmacy, and the vaccine identity was disclosed only
in emergencies. Laboratory personnel conducting
immunogenicity testing remained masked to vaccine
assignments throughout the study. In this ongoing trial,
participants are being followed up by the trial sponsor
until 12 months after injection.

Procedures

A study injection (single 0-2 mL intramuscular injection
of mRNA-1283.222 [10 pg] or 0-5 mL intramuscular
injection of mRNA-1273.222 [50 pg]) was administered on
day 1. Baseline assessments (screening and day 1) included
a full physical examination, including vital signs, height,
weight, and pregnancy testing. SARS-CoV-2 status at
baseline was determined by virological and serological
evidence of SARS-CoV-2 infection on or before day 1;
positive SARS-CoV-2 status was defined as a positive
reverse transcription-PCR (RT-PCR) test for SARS-CoV-2,
a positive serology test based on a binding antibody specific
to SARS-CoV-2 nucleocapsid, or both; negative
SARS-CoV-2 status was defined as a negative RT-PCR test
for SARS-CoV-2 and a negative serology test based on a
binding antibody specific to SARS-CoV-2 nucleocapsid.
Symptom surveillance was conducted every 2 weeks using
electronic diary prompts. If the participant had a qualifying
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symptom, they were requested to present for an
unscheduled visit for clinical evaluation and collection of
respiratory samples for SARS-CoV-2 RT-PCR (appendix
p 10). Symptom-directed physical examinations were
performed on days 29, 91, 181, and 365 and during
unscheduled or illness visits. Blood sampling for
assessment of humoral immunogenicity was performed at
routine clinic visits on day 1 before vaccination, and on
days 29, 91, 181, and 365. Safety assessments were
performed at routine clinic visits on days 29, 91, 181,
and 365; additionally, safety telephone calls were conducted
on days 8, 22, and 271 to assess the occurrence of adverse
events, medically attended adverse events (MAAEs),
serious adverse events (SAEs), adverse events of special
interest (AESIs; see appendix p 14 for the full list of AESIs),
adverse events leading to study withdrawal, concomitant
medications associated with these effects, and any
non-study vaccinations. Solicited adverse reactions were
recorded using an electronic diary from day 1 through to
7 days post-vaccination. Asymptomatic SARS-CoV-2
infection was defined as absence of clinical symptoms and
a positive RT-PCR test on a respiratory sample or a positive
serological test for anti-nucleocapsid antibody for those
participants with a negative SARS-CoV-2 status at baseline.

Neutralising antibody concentrations (geometric mean
concentrations [GMCs]) were assessed with the use of
validated SARS-CoV-2 spike-pseudotyped lentivirus
neutralisation assays against pseudoviruses containing
the SARS-CoV-2 full-length spike proteins of original
SARS-CoV-2 D614G and omicron subvariants BA.4
and BA.5. Assay details are described in the appendix

(pp 11-12).

Outcomes

rVE refers to a measure that compares the efficacy of
one vaccine against a disease to another vaccine for the
same disease, demonstrating how much more or less
effective one vaccine is compared to the other. Generally,
a larger rVE suggests greater efficacy. The prespecified
primary efficacy objective was to demonstrate non-
inferior rVE of mRNA-1283 compared with mRNA-1273
to prevent the first event of a US Centers for Disease
Control and Prevention (CDC)-defined COVID-19
episode starting 14 days after the study vaccination.
COVID-19 surveillance supported the primary rVE
objective and was based on virological confirmation via
RT-PCR of SARS-CoV-2 infection and at least one clinical
symptom (CDC definition: fever [=38°C]; chills; muscle
or body aches; headache; sore throat; new or continuous
cough; loss or change to sense of smell, taste, or both;
shortness of breath or difficulty breathing; fatigue;
congestion or runny nose; nausea, vomiting, or both; or
diarrhoea). A secondary definition of COVID-19 was
used for the sensitivity analysis of rVE: patients who had
two or more systemic symptoms (fever, chills, myalgia,
headache, sore throat, or new olfactory and taste
disorders), or had one or more respiratory signs or

symptoms (cough, shortness of breath, difficulty
breathing, or clinical or radiographical evidence of
pneumonia), and had one or more nasopharyngeal swab,
nasal swab, or saliva sample (or respiratory sample, if
hospitalised) positive for SARS-CoV-2 by RT-PCR.
Assessment of the incidence of SARS-CoV-2 infection
(symptomatic and asymptomatic), as well as severe
COVID-19, were secondary endpoints, details of which
are included in the appendix (pp 10-11). The incidence of
SARS-CoV-2 infection (symptomatic and asymptomatic)
was assessed up to the data cutoff (Feb 23, 2024). Severe
COVID-19 was assessed up to Jan 31, 2024, and
Feb 23, 2024, the data cutoff date.

The prespecified primary immunogenicity objectives
were to show that neutralising antibody responses to
mRNA-1283.222 were non-inferior compared with those
to mRNA-1273.222 based on evaluation of the coprimary
immunogenicity endpoints of geometric mean con-
centration ratios (GMRs) and differences in the
percentages of participants with seroresponses against
omicron BA.4/BA.5 and original SARS-CoV-2 D614G at
day 29. Seroresponse at the participant level was defined as
an antibody value change from below the lower limit of
quantification (LLOQ) at baseline to four times the LLOQ
or greater; a rise of four-fold or more if baseline was at the
LLOQ or greater but less than four times the LLOQ; or a
rise of two-fold or more if baseline was more than
four times the LLOQ. Secondary immunogenicity end-
points were neutralising antibody GMCs and seroresponse
rates against omicron BA.4/BA.5 and the original
SARS-CoV-2 DG614G at days 91, 181, and 365 after
vaccination; these endpoints will be reported in a future
analysis.

The primary safety objective was to evaluate the safety
and reactogenicity of the 10 pg mRNA-1283.222 vaccine.
Participants used an electronic diary to report solicited
local and systemic adverse reactions for 7 days after
injection. Unsolicited adverse events were assessed until
28 days after injection. Data on MAAEs, AESIs, SAEs,
and adverse events leading to study withdrawal were
collected throughout the study. Additional information is
provided in the appendix (pp 12-15).

Statistical analysis

Statistical analysis methods are detailed in the appendix
(pp 17-19). The per-protocol set for efficacy was used for
the primary analysis of rVE and consisted of all
participants in the full analysis set (all randomly allocated
participants  regardless of pre-booster [baseline]
SARS-CoV-2 infection status who received the planned
dose of investigational product) who had no major
protocol deviations that affected vaccine efficacy data.
rVE in the full analysis set was a sensitivity analysis. The
per-protocol immunogenicity subset (PPIS) was the
primary analysis population used to characterise
immunogenicity. The PPIS consisted of participants
from the immunogenicity subset (a random sample of
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adult participants, selected in a masked way and stratified
by age group; see appendix p 19 for additional details)
regardless of pre-booster (baseline) SARS-CoV-2
infection status, who received the planned dose of study
vaccination, had baseline and day 29 neutralising
antibody data, and had no major protocol deviations that
affected immunogenicity data. Safety was assessed in the
safety set (all participants who received vaccination) and
solicited adverse reactions were assessed in the solicited
safety set (participants in the safety set who contributed
solicited data).

rVE was defined as the percentage reduction in the risk
ratio, and risk ratio was estimated by hazard ratio (HR) of

COVID-19 (mRNA-1283 vs mRNA-1273; ie, 1 minus the
HR) in the setting of time-to-event data and censoring.
The study sample size was based on the number of
COVID-19 events needed for a non-inferiority analysis of
rVE, with the following initial assumptions: a true rVE
of 3%, COVID-19 incidence rate of one per 100 person-
months for the first 6 months after study vaccination and
1-25 per 100 person-months for the second 6 months of
follow-up, and an approximate 10% dropout rate. Target
sample size and power calculation are described in detail
in the appendix (pp 16-17). The data safety and
monitoring board reviewed interim rVE data to support
sample size re-estimation. Upon reaching 700 accrued

13054 participants screened

A

1600 ineligible on screening
1212 did not meet criteria for eligibility
312 physician decision
76 withdrawal of consent

11454 participants randomly allocated 1:1

v

5728 assigned to receive 10 pg
mRNA-1283

22 discontinued study

6 discontinued per physician
instruction

2 withdrawal of consent by
participant

14 discontinued due to other

reasons (eg, randomly assigned
but not dosed)

A 4

5706 received one dose and included
in the full analysis set and

safety set safety set
N 27 excl.uqed (Erotocol N 24 excl }Jd.ed (Erotocol
deviation) deviation)
v y A4 v

v

5726 assigned to receive 50 pg
mRNA-1273

15 discontinued study

5 withdrawal of consent by
participant

2 discontinued per physician
instruction

8 discontinued due to other
reasons (eg, randomly assigned
but not dosed)

v

5711 received one dose and included
in the full analysis set and

678 included in the
immunogenicity subset

5679 included in the per-
protocol set for efficacy

622 included in the
immunogenicity subset

5687 included in the per-

protocol set for efficacy

57 excluded

data

3 protocol deviationt
54 missing immunogenicity

54 excluded
3 protocol deviationt
51 missing immunogenicity
data

y

A

621 included in the per-protocol
immunogenicity subset

568 included in the per-protocol
immunogenicity subset

Figure 1: Trial profile

*Reasons for exclusion from the per-protocol efficacy population were participants randomly allocated and dosed twice (n=14), participant received wrong
dosage (n=13), and related to exclusion criteria (n=26; participants could have multiple reasons for exclusion). tThe most frequent reasons for exclusion from the
immunogenicity population for protocol deviations were related to inclusion or exclusion criteria (n=4) and disallowed medications (n=2).
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For more on CDC list see https://
www.cdc.gov/covid/hcp/clinical-
care/underlying-conditions.html

10 pg 50 ug Total 10 pg 50 pg Total
mRNA-1283.222 mRNA-1273.222 (N=11417) mRNA-1283.222 mRNA-1273.222 (N=11417)
(n=5706) (n=5711) (n=5706) (n=5711)

Age inyears, 56 (12-96 55 (12-90 56 (12-96 (Continued from previous column)

rreglan (amgp B [39-66]) 38-66]) Participants with at least one CDC-defined higher-risk condition at

[1QR]) baseline§

Age group, years Yes 2683 (47-0%) 2731(47-8%) 5414 (47-4%)
=12to<18 497 (8:7%) 495 (87%) 992 (8:7%) No 3023(53.0%) 2980 (522%) 6003 (52-6%)
21810 <50 1796 (31-5%) 1772 (31:0%) 3568 (31:3%) Participants with at least two CDC-defined higher-risk conditions at
=50 3413 (59-8%) 3444 (60-3%) 6857 (60-1%) baseline§
218t0 <65 3575 (62:7%) 3576 (62:6%) 7151 (62:6%) Yes 962 (16:9%) 1032 (18-1%) 1994 (17-5%)
=65 1634 (28-6%) 1640 (28-7%) 3274 (28-7%) No 4744 (83-1%) 4679 (81:9%) 9423 (82:5%)

5 Data are n (%), or median (IQR) unless otherwise stated. Participants were
Male 2586 (45-3%) 2631 (461%) 5217 (45-7%) included in the treatment group depending on the treatment received.

Female 3120 (547%) 3080 (53-9%) 6200 (54-3%) Percentages were based on the number of participants in the safety set. CDC=US

R Centers for Disease Control and Prevention. RT-PCR=reverse transcriptase PCR.

ace *Other included Asian, American Indian or Alaska Native, Native Hawaiian or
White 4670 (81-8%) 4711 (82:5%) 9381 (82:2%) other Pacific Islander, other, or multiple. tPositive SARS-CoV-2 status was defined
Black 640 (11-2%) 635 (11-1%) 1275 (11-2%) as either a positive RT-PCR test for SARS-CoV-2, a positive serology test based on
N . . . binding antibody specific to SARS-CoV-2 nucleocapsid on or before day 1, or both;
Other 355 (6:2%) 329 (58%) 684 (6.:0%) negative SARS-CoV-2 status was defined as a negative RT-PCR test for
Unknown or 41(0-7%) 36 (0-6%) 77 (07%) SARS-CoV-2 and a negative serology test based on binding antibody specific
not reported to SARS-CoV-2 nucleocapsid on or before day 1. Participants with a previous

Ethnicity SARS-CoV-2 infection were allowed to participate in the study unless an infection
Hi . 55 (55 L (EE 16 (G555 or vaccination had occurred within 90 days of screening. tParticipants who
L;_pamc or 769 (13-5%) 741 (13:0%) 510 (13-2%) received the last mRNA COVID-19 vaccine dose on or after Sept 1, 2022. §The CDC

ino has defined a set of medical conditions and COVID-19 risk factors.
Not Hispanic 4860 (85-2%) 4864 (85-2%) 9724 (85-2%)
or Latino Table 1: Demographics and baseline characteristics (safety set)
Not reported 59 (1-0%) 87 (1-5%) 146 (1-3%)
U”k_“"wn 18(03%) 102 DR appendix, pp 16-17). The primary rVE analysis was based

Infection status on COVID-19 events (CDC definition) accrued through
Negative 1402 (24-6%) 1372 (24-0%) 2774 (24-3%) to ]an 31 2024.

Positive 4211(73-8%)  4270(74-8%)  8481(743%) The hypothesis for the rVE endpoint was tested based
Missing 93 (1:6%) 69 (1:2%) 162 (1-4%) on confirmed COVID-19 when all coprimary immuno-
Type of last COVID-19 vaccine genicity endpoints were met, as testing for rVE could
MRNA °|”9i“a| 2605(457%) 2618 (45:8%)  5223(457%) only proceed once all immunogenicity endpoints had
it .
onovaten been met. A Cox proportional hazards model was used,
E\'}ggﬁ?'cmn 2882(305%)  2900(:08%)  5782(50.6%) including the study vaccination group as a fixed effect, to
Non-mRNA B ) 385 (3.4%) estimate the HR (as a measure of the risk ratio), stra’gﬁed
vaccine by age group at random allocation. The proportional
No previous 1(<01%) 0 1(<01%) hazards assumption was tested using an interaction term
COVID-19 between the treatment group and the log of time. Non-
e inferiority was considered to be met if the lower bound of
Unknown 13((0:2:0) (w2 25((02%) the o-adjusted two-sided CI for rVE was greater
Missing 1(<01%) 0 1(<01%) than —10% (the upper bound of the a-adjusted two-sided

Dosing interval 98 98 98 CI for HR was <1-1). The a-adjusted confidence level was

from st (76-:169) (77-167) (77-168) derived using the O’Brien-Fleming alpha spending

previous dose of

COVID-19 vaccine
to investigational
product, months

(Table 1 continues in next column)

COVID-19 events, an early rVE review was triggered.
Based on prespecified decision rules, the data safety and
monitoring board advised the sponsor that the rVE
objective had been met, no further enrolment was
needed, and the primary analysis would proceed with
11454 participants (additional details are shown in the

function to preserve the overall one-sided a of 0- 025 type 1
error rate (appendix p 17). For the primary rVE analysis,
a 99-4% CI was used for hypothesis testing,
and an oa-adjusted two-sided 99-4% confidence level
was calculated using Lan-DeMets—O’Brien—Fleming
spending function (nominal one-sided a=0-0028). It
was based on 1177 CDC-defined COVID-19 events,
representing 56-4% information fraction of target total
number of events (N=2087, target rVE of 3% [mRNA-1283
vs mRNA-1273]). Descriptive rVE subgroup analyses were
also performed based on age and other prespecified
subgroups (sex, race, ethnicity, pre-booster SARS-CoV-2
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status, geographical region, and type of previous
COVID-19 vaccine). Two different analyses were
conducted for older age groups at increased risk for
severe COVID-19 disease? compared with younger
individuals: a subgroup aged 50 years and older and
one aged 65 years and older. A negative binomial
regression model was used in a post hoc sensitivity
analysis of rVE based on risk ratio. The model included
treatment group and was adjusted for age strata at
random allocation. The log of time to event or censoring
was used as an offset term to adjust for different
observation periods among participants.

Non-inferiority in neutralising antibody titres at day 29
was demonstrated if the lower bound of the two-sided
95% CI for the GMR was greater than 0-667 for both
variants. Non-inferiority in seroresponse rates at day 29
was shown if the lower bound of the two-sided 95% CI
for the seroresponse rate difference was greater
than —10% for both variants. GMRs were estimated based
on the ratio of the ANCOVA-based geometric means of
the two treatment groups. For the primary immuno-
genicity analysis, the ANCOVA model included a group
variable (MRNA-1283.222 vs mRNA-1273.222) as the fixed
effect, adjusted by SARS-CoV-2 infection status at
baseline, age group at random allocation, number of
previous booster doses, and type of last COVID-19
vaccine received. Additionally, a sensitivity analysis was
conducted using an ANCOVA model that included log-
transformed baseline serum antibody values as an
additional covariate, along with the explanatory variables
from the primary analysis. All analyses were conducted
using SAS version 9.4 or higher.

Role of the funding source

The study sponsor, Moderna, was involved in the study
design, data collection, data analysis, data interpretation,
and writing of the report.

Results

Between March 28 and Aug 23, 2023, 13054 participants
were screened. 1600 were ineligible on screening, and a
total of 11454 participants were randomly allocated
(5728 to mRNA-1283.222 and 5726 to mRNA-1273.222;
figure 1). 5706 participants received mRNA-1283.222
(99-6% of 5728) and 5711 received mRNA-1273.222
(99-7% of 5726), forming the safety population. The
per-protocol population set for efficacy included
5679 and 5687 participants in the mRNA-1283.222 and
mRNA-1283 groups, respectively. The PPIS population, a
randomly selected subset in whom neutralising antibody
data were assessed, included 621 participants in
the mRNA-1283 group and 568 participants in the
mRNA-1273 group. Major protocol deviations for the
overall population are summarised in the appendix
(p 23); a total of 4893 participants (42-7%) had one or
more major protocol deviations. The median follow-up
was 8-8 months (IQR 7-7-9-5). Of the 11417 participants

who received a vaccine, 475 (4-16%) discontinued the
study (261 [4:-6%] of 5706 for mRNA-1283.222 and
214 [3-7%] of 5711 for mRNA-1273.222). Discontinuation
from the study was most often due to withdrawal of
consent (263 [2-3%]); full details are provided in the
appendix (p 24).

Demographics and baseline characteristics of the safety
population are shown in table 1 (further detail is provided
in the appendix, pp 25-29). The median age of
participants at enrolment was 56 years (range 12-96
[IQR 38-66]). Of the 11417 participants who received a
vaccine, 6200 (54-3%) were female and 5217 (45 -7%) were
male; 9381 (82-2%) were White; and 1510 (13-2%) were
Hispanic or Latino. 992 (8-7%) participants were aged

10 ug MRNA-1283.222 50 pg mRNA-1273.222

rVE based on hazard ratio, % (95% Cl)1§

to test the null hypothesis log (hazard ratio) =log (1-1).

(n=5679) (n=5687)

Overall participants with COVID-19, n/N (%) 560/5679 (9-9%) 617/5687 (10-8%)
Person-months* 407780 407817
Incidence rate per 100 person-months (95% Cl)t 14 (13to1.5) 15(1-4t01:6)
rVE based on hazard ratio, % (99-4% Cl)# 9-3% (-6-6 t0 22-8)

p valueq 0-0005 -

Adolescent aged 12-17 years 491/5679 490/5687
Participants with COVID-19, n/N (%) 29/491 (5-9%) 23/490 (4-7%)
Person-months* 28529 2906-2
Incidence rate per 100 person-months (95% Cl)t 1.0 (0-7to 1.5) 0-8(0-5t01-2)
rVE based on hazard ratio, % (95% Cl)$§ -29-2% (-123:3t0 25-3)

Adults aged 18-64 years 3558/5679 3562/5687
Participants with COVID-19, n/N (%) 382/3558 (10-7%) 422/3562 (11-8%)
Person-months* 263932 26343-4
Incidence rate per 100 person-months (95% Cl)t 14 (1-3t0 1-6) 16 (1-5t01-8)
rVE based on hazard ratio, % (95% Cl) § 9-7% (-3-8 t0 21.3)

Adults aged =50 years 3399/5679 3431/5687
Participants with COVID-19, n/N (%) 330/3399 (9-7%) 392/3431 (11-4%)
Person-months* 245539 24799-0
Incidence rate per 100 person-months (95% Cl)t 13(1-2to1:5) 1.6 (14to17)
rVE based on hazard ratio, % (95% Cl)$§ 15-0% (1-6 t0 26-6)

Adults aged =65 years 1630/5679 1635/5687
Number of participants with COVID-19, n/N (%) 149/1630 (9-1%) 172/1635 (10-5%)
Person-months* 115319 115321
Incidence rate per 100 person-months (95% Cl)t 13(1-1to 1.5) 15(1-3to17)

13-5% (~7-7 to 30-6)

CDC=US Centers for Disease Control and Prevention. RT-PCR=reverse transcription PCR. rVE=relative vaccine efficacy.
COVID-19 outcome was defined as the presence of at least one CDC listed symptom and a positive RT-PCR test on

a respiratory sample. *Person-months is defined as the total months from study injection date to the date of event
(COVID-19), date of off-study COVID-19 vaccine, last date of study participation, death date, or efficacy data cutoff
date, whichever is the earliest; 1 month=30-4375 days. fIncidence rate is defined as the number of participants with an
event (COVID-19) divided by total person-months (total time at risk) in each treatment group. The 95% Cl is calculated
using the exact method (Poisson distribution) and adjusted by person-months, presented as number of events per
100 person-months. £rVE=1 minus risk ratio, where risk ratio was estimated by hazard ratio (MRNA-1283.222 vs
mRNA-1273.222); hazard ratio and Cl are estimated using a stratified Cox proportional hazard model (stratified by age
group per random allocation) with Efron’s method of tie handling and with the treatment group as a fixed effect.

Age stratification was removed from model for age subgroup analysis. Sa-adjusted two-sided (99-4%) confidence level
is calculated using Lan-DeMets O'Brien-Fleming spending function (nominal one-sided a 0-0028). It is based on

1177 CDC-defined COVID-19 events, representing 56-4% information fraction of target total number of events

(2087, target rVE of 3% [mMRNA-1283.222 vs mRNA-1273.222]). §Based on stratified Cox proportional hazard model

Table 2: rVE of mRNA-1283.222 versus mRNA-1273.222 for efficacy by age group
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12-17 years, 7151 (62-6%) were aged 18-64 years, and
3274 (28-7%) were 65 years and older; in addition,
6857 participants (60-1%) were 50 years and older.
Baseline SARS-CoV-2 infection, COVID-19 vaccination
history, and dosing intervals were balanced between
groups (table 1, appendix pp 25-29). Demographics of
the PPIS population were similar to those of the overall
study (data not shown).

Across both groups, 1177 confirmed COVID-19 events
occurred up to Jan 31, 2024 (560 [9-9%] of 5679 in
mRNA1283.222 and 617 [10-8%] of 5687 in
mRNA-1273.222). The proportional hazards assumption
was met for the stratified Cox proportional hazards
model. The HR-based rVE with the oa-adjusted CI
was 9-3% (99-4% CI —6-6 to 22-8; p=0-0005; table 2).
The prespecified non-inferiority success criterion was
met, given that the lower bound of the rVE CI was greater
than -10%. In the subgroup analyses by age group, the
fVE was -29-2% (95% CI -123-3 to 25-3), 9-7%
(-3-8 to 21-3), 15-0% (1-6 to 26-6), and 13-5%
(-7-7 to 30-6) for age subgroups 12-17 years, 18—64 years,
50 years and older, and 65 years and older, respectively
(table 2, appendix pp 30-32). rVE analysis across other
demographic characteristics is shown in the appendix
(pp 33-38). The rVE was also calculated against severe
COVID-19 (appendix pp 39-40). A total of 55 severe

Jan 31, 2024. The rVE based on these severe events
was 38-1% (95% CI —6-7 to 64-1); from 14 days post-
vaccination up until the Feb 23, 2024, data cutoff,
59 severe events occurred (rVE 35-9% [-8-2 to 62-0];
appendix pp 39-40). The estimated rVE for SARS-CoV-2
symptomatic or asymptomatic infections was consistent
with the primary rVE outcome (5-1% [-4-0 to 13-4];
appendix p 41). The rVE in the full analysis set (appendix
p 42), the rVE based on the sensitivity analysis (appendix
p 43), and the rVE based on the Kaplan—Meier approach
(appendix p 56) were also consistent with the primary
analysis.

mRNA-1283.222 increased neutralising antibody titres
between baseline and day 29 in the PPIS (figure 2). The
omicron BA.4/BA5 GMC was 355-9 (95% CI
324-8-389-9) and 2346-2 (2158-0-2550-9) at baseline
and day 29, respectively, in the mRNA-1283.222 group
and 346-1 (312-2-383-7) and 17538 (1607-0-1914-0) at
baseline and day 29, respectively, in the mRNA-1273.222
group (table 3). The omicron BA.4/BA.5 geometric mean
fold rise (GMFR) was 6-6 (95% CI 6-0-7-2) in the
mRNA-1283.222 group and 5-1 (4-6-5-6) in the mRNA-
1273.222 group (table 3). The original SARS-CoV-2
D614G (henceforth D614G) GMC was 2140-2 (95% CI
1954.7-2342-8) and 10657-6 (9960-2-11403-9) at
baseline and day 29, respectively, in the mRNA-1283.222

events occurred from 14 days post-vaccination up to group and 2151-9 (1950-5-2374-2) and 8576-5
[ mRNA-1283.222 [l mRNA-1273.222
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-
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Figure 2: Neutralising antibody levels against omicron BA.4/BA.5 and original SARS-CoV-2 D614G, by age group
Immunogenicity analyses were based on the per-protocol immunogenicity subset, which consisted of a randomly sampled subset of participants who received the
planned study vaccination and had no major protocol deviations that affected immunogenicity data. Error bars indicate 95% Cl. GMC=geometric mean

concentration. GMR=geometric mean ratio.
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Omicron BA.4/BA.5

Original SARS-CoV-2 D614G

10 pg mMRNA-1283.222 (N=621)

50 g MRNA-1273.222 (N=568)

10 pg mRNA-1283.222 (N=621)

50 g MRNA-1273.222 (N=568)

Overall
Baseline GMC (95% Cl)
Day 29

GMC (95% CI)

GMFR (95% Cl)

Estimated GMC (95% CI)T

GMR (95% CI)¥

SRR, n (% [95% CI])§

SRR difference (95% CI)q
Adolescents aged 12-17 years
n/N
Baseline GMC (95% Cl)

Day 29

Estimated GMC (95% CI)T

GMR (95% ClI)

SRR, n/N (% [95% CI])

SRR difference, % (95% Cl)
Adults aged 18-64 years
n/N
Baseline GMC (95% Cl)

Day 29

Estimated GMC (95% CI)t

GMR (95% Cl)

SRR, n/N (% [95% CI])

SRR difference, % (95% Cl)
Adults aged =50 years
n/N
Baseline GMC (95% Cl)

Day 29

Estimated GMC (95% Cl)t

GMR (95% Cl)

SRR, n/N (% [95% CI])

SRR difference, % (95% Cl)
Adults aged =65 years
n/N (%)

Baseline GMC (95% Cl)
Day 29

Estimated GMC (95% Cl)t

GMR (95% Cl)

SRR, n/N (% [95% CI])

SRR difference, % (95% Cl)

355-9 (324-8t0389-9)

23462 (2158-0 to 2550-9)
66 (6:0t07-2)
2340-9 (2167-0t0 2528-8)
13 (1-2t0 1.5)
496 (79:9% [76-5 to 83-0])
14-4% (9-3t0 19-4)

91/621
4792 (388410 591.2)

3561-4 (30375 to 4175:7)
1.0(0-8t013)
80/91 (87-9% [79-4 t0 93-8])
7:3(-34t018-0)

378/621
325-0 (290-2t0 363-9)

2120-6 (19173 t0 2345-6)
13(1-1to1:5)
301/378 (79-6% [75-2 to 83-6])
16-0% (9-3t022-7)

337/621
354.7 (3115 to 404-0)

2114-7 (18961 to 2358-6)
14 (12t017)
257/337 (76:3% [71-4 to 80-7))
112 (4310 18-1)

152/621
373:3(302:5t0 460-6)

2339'5 (19843 t0 2758-3)
1.8 (1-4t02:2)
115/152 (75-7% [68-0 to 82-2])
153 (4-9t0253)

346-1(312:2t0383.7)

1753-8 (1607-0 t0 1914-0)
51(4-6t05:6)
1753-8 (1618-2 t0 1900-7)
Ref
372 (65-5% [61-4 to 69-4])
Ref

93/568
593-0 (468-9 to 749-9)

3398-9(2908:9 to 3971-4)
Ref

75/93 (80-6% [71-1to 88-1])
Ref

316/568
319-2(278:9t0 365-2)

1661.0 (1487-8 t0 1854-4)
Ref

201/316 (63-6% [58-0 to 68-9])
Ref

329/568
2916 (253-9t0334-9)

1469-9 (1316-4 to 1641-3)
Ref

214/329 (65-0% [59-6 to 70-2])
Ref

159/568
296-8 (24210 363-8)

1326-8 (1130-0 to 1557-7)
Ref

96/159 (60-4% [52-3 to 68-0])
Ref

2140-2 (1954-7 to 2342-8)

106576 (9960-2 to 11403-9)
50 (4-6t05-4)
10631:9 (9960-2 to 11348-9)
12 (11t01-4)
519 (83-6% [80-4 to 86-4])
10-7% (6-0t0 15-4)

91/621
24927 (20612 to 3014-5)

13617-7 (12006-3 to 15445-3)
1.1(0-9t013)
78/91 (85:7% [76-8 t0 92:2])
11.5 (-0-1t0 23-1)

378/621
1961-4 (1744-9 to 2204-8)

9734-8 (8938-8t0 10601-7)
1.2(1-0to1-3)
314/378 (83-1% [78-9 to 86-7])
71% (1-1t0 13-2)

337/621
2284-2 (2016-3t0 2587-7)

104627 (9541-9t0 11472.4)
1.4 (12t01°5)
276/337 (81:9% [77-4 to 85:9])
10-5 (4-1t016-9)

152/621
2425.8 (19889 t0 2958-6)

114511 (99363 t0 13196-9)
15(13t01.9)
127/152 (83-6% [76-7 to 89-1])
17.5 (8-0t0 26.9)

21519 (1950-5 to 2374-2)

8576-5(7990-4 to 9205-6)
4-0(3-7t043)
85765 (80125 t0 9180-1)
Ref
414 (72-9% [69-0 t0 76-5])
Ref

93/568
29464 (2367-6 t0 3666-6)

12404-3 (10966-5 to 14 030-6)
Ref

69/93 (74-2% [64-1 to 82.7])
Ref

316/568
20516 (18027 to 2334-8)

82513 (7517-2t0 9057-1)
Ref
240/316 (75-9% [70-8 to 80-6])
Ref

329/568
19065 (1665-3 t0 2182-7)

7729-8 (70427 to 8484-0)
Ref
235/329 (71-4% [66-2 t0 76-2])
Ref

159/568
1968.9 (1609-5 to 2408.5)

74633 (6499-4 to 8570-1)
Ref
105/159 (66-0% [58-1t0 73-4])
Ref

GMC=geometric mean concentration. GMFR=geometric mean fold rise. GMR=geometric mean ratio. LLOQ=lower limit of quantification. SRR=seroresponse rate. *Immunogenicity analyses were based on the
per-protocol immunogenicity set, which consisted of a randomly sampled subset of participants who received the planned study vaccination and had no major protocol deviations that affected immunogenicity
data. TEstimated with an ANCOVA model, with serum antibody value at day 29 (on the log scale) as the dependent variable and the treatment group (MRNA-1283.222 vs mRNA-1273.222) as a fixed effect,
adjusted by SARS-CoV-2 status at baseline, age group, number of previous boosters, and type of last COVID-19 vaccine before study entry. Coefficients for least-square means used margins by level. The resultant
least-square means, and difference in least-square means (95% Cls), were back-transformed to the original scale for presentation. Age group was removed from the model for age subgroup analyses. $The
ANCOVA-based GMR (mRNA-1283.222 vs mRNA-1273.222) met the prespecified non-inferiority criterion, with the lower bound of the 95% Cl of the GMR >0-667. q[The SRR difference (mRNA-1283.222

vs mRNA-1273.222) met the prespecified non-inferiority criterion, with the lower bound of the 95% Cl of the SRR greater than -10%. SRR was calculated at the participant level as an antibody value change from
baseline below the LLOQ to =4 x LLOQ; or =4-fold rise if baseline is =LLOQ and <4 x LLOQ; or >2-fold rise if baseline is 24 x LLOQ. The SRR two-sided 95% Cls were calculated using the Clopper-Pearson method.

Table 3: Neutralising antibody levels and seroresponse rates against omicron BA.4/BA.5 and original SARS-CoV-2 D614G, overall and by age group*
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(7990-4-9205-6) at baseline and day 29, respectively, in
the mRNA-1273.222 group. The D614G GMFR was 5-0
(95% CI 4-6-5-4) in the mRNA-1283.222 group and 4-0
(95% CI 3-7—4-3) in the mRNA-1273.222 group.

At day 29, the omicron BA.4/BA.5 GMR was 1-3
(95% C 1-2-1-5) and the D614G GMR was 1-2 (1-1-1-4),
meeting the prespecified non-inferiority criterion (lower
bound of the 95% CI >0-667; table 3). The
omicron BA.4/BA.5 day 29 seroresponse rate was 79-9%

(95% CI 76-5-83-0) in the mRNA-1283.222 group
and 65-5% (61-4-69-4) in the mRNA-1273.222 group,
while for D614G it was 83-6% (80-4-86-4) and
72-9% (69-0-76-5), respectively. The day 29 difference in
the percentage of participants with a seroresponse rate
against BA.4/BA.5 was 14-4% (95% CI 9-3-19-4), and for
D614G it was 10-7% (6-0-15-4), meeting the prespecified
non-inferiority criterion (lower bound of 95% CI greater
than -10%). The immunogenicity results based on the
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Figure 3: Solicited local and systemic reactions
Percentage of participants who had local (A) or systemic (B) adverse reactions within 7 days after injection. No grade 4 solicited local adverse reactions were reported.
One grade 4 fever was reported in the mRNA-1273.222 group. Data are from the solicited safety set (MRNA-1283.222 n=5702; mRNA-1273.222 n=5706).

www.thelancet.com/infection Published online July 7, 2025 https://doi.org/10.1016/51473-3099(25)00236-1



Articles

sensitivity analysis, incorporating baseline antibody
value, were consistent with the primary analysis and are
shown in the appendix (pp 44-47). The age subgroup
analysis GMRs for the omicron BA.4/BA.5 and D614G
strains are shown in figure 2 and table 3.

The frequency of local adverse reactions in the solicited
safety set was similar between mRNA-1283.222
(4007 [70-3%] of 5701) and mRNA-1273.222 (4473 [78-4%]
of 5705), with a lower frequency of injection-site pain
in the mRNA-1283.222 group compared with the
mRNA-1273.222 group (3905 [68-5%] of 5701 wvs
4419 [77-5%)] of 5705). The frequency of systemic adverse
reactions was similar between both groups (3672 [64-4%]
of 5702 and 3664 [64-2%)] of 5706, respectively). The most
common local adverse reaction was injection-site pain, and
the most common systemic adverse reactions were fatigue,
headache, and myalgia (figure 3). Most adverse reactions
were mild to moderate, began 1-2 days after injection, and
resolved within a median of 3 days (appendix pp 48-52);
local grade 3 events were reported by 92 (1-6%) of 5701 and
122 (2-1%) of 5705 participants given mRNA-1283.222
and mRNA-1273.222, respectively (appendix pp 50-52).
Systemic grade 3 events were reported in 408 (7 2%) of 5702
and 329 (5-8%) of 5706 participants in each group,
respectively (appendix pp 50-52). Fatigue was the most
common systemic grade 3 event, occurring in 263 (4-6%)
of 5702 and 219 (3-8%) of 5706 participants, respectively.

The frequency of unsolicited adverse events, SAEs, and
MAAEs were similar between groups during the first
28 days after injection (appendix p 53). Throughout the
follow-up period, up to data cutoff on Feb 23, 2024, SAEs
were reported by 156 (2-7%) of 5706 participants in the
mRNA-1283.222 group and 151 (2:6%) of 5711 in the
mRNA-1273.222 group (appendix p 54). The incidence of
AESIs was similar between groups (60 [1-1%] of 5706
vs 60 [1-1%)] of 5711, respectively). One AESI of possible
vaccine-associated  delayed  anaphylaxis in  the
mRNA-1283.222 group was considered related by the
investigator. There were no confirmed events of
myocarditis or pericarditis in either group. Study discon-
tinuation due to adverse events occurred in
eight (0-1%) of 5706 and 12 (0-2%) of 5711 participants in
the mRNA-1283.222 and mRNA-1273.222 groups,
respectively. Fatal events were reported in five (0-1%)
of 5706 and ten (0-2%) of 5711 participants in the
mRNA-1283.222 and mRNA-1273.222 groups, respect-
ively. No fatal events were reported by the investigator as
being related to mRNA-1283.222. One death (<0-1%) on
day 7 of a 77-year-old female recipient of mRNA-1273.222
with underlying cardiovascular disease was assessed by
the investigator as being vaccine-related related due to
the temporal relationship.

Discussion

In this phase 3 study in participants aged 12 years and
older, a single dose of the next-generation COVID-19
vaccine mRNA-1283 demonstrated non-inferior vaccine

efficacy compared to mRNA-1273 (rVE 9-3% [99-4% CI
—6-6 to 22-8]; p=0-0005). The rVE met the prespecified
non-inferiority criterion, as the lower bound of the rVE
confidence interval (—6-6%) was above the prespecified
-10% threshold. mRNA-1283 was designed to elicit a
more focused neutralising antibody response compared
with mRNA-1273, and the antibody response with
mRNA-1283 was higher than with mRNA-1273 given the
lower bound of the GMR’s CI was greater than one for
both omicron BA.4/BA.5 and D614G. The magnitude of
the increase in antibody titres was similar to the increase
observed between the original COVID-19 vaccines and
the first variant-containing booster vaccines.” The higher
immune response of mRNA-1283 over mRNA-1273 is
expected to translate into a clinical benefit in vaccine
efficacy, although post-approval studies are needed to
confirm this benefit. To our knowledge, this is the first
pivotal randomised controlled trial evaluating a modified
COVID-19 vaccine designed to target immunodominant
epitopes of the spike protein. Notably, mRNA-1283 was
developed using the same mRNA-based platform as
mRNA-1273, and the study was conducted during a period
when global health authorities recommended a bivalent
COVID-19 formulation.” As of writing, COVID-19 vaccine
recommendations have transitioned to monovalent
formulations. In previous studies, mRNA-1283 elicited
similar or higher immune responses than mRNA-1273
regardless of valency or the variant sequence evaluated."*
Therefore, mRNA-1283 is expected to be updated similarly
to mRNA-1273. Additionally, mRNA-1283 is administered
at a lower dose (10 pg) than mRNA-1273 (50 pg), while
simultaneously eliciting higher immune responses; this
could facilitate the development of combination vaccines
for respiratory pathogens.*

The increase in the antibody response (mRNA-1283
vs mRNA-1273) and rVE point estimates were most
pronounced in adults aged 50 years and older or 65 years
and older, suggesting a correlation between immune
response and vaccine efficacy, which has also been
observed with mRNA-1273.% The adolescent group in the
study was the smallest age group (992 of 11417) and had
the lowest number of COVID-19 events, leading to the
most imprecise rVE point estimate in this subgroup.
However, the similar immunogenicity in adolescents
between mRNA-1283 and mRNA-1273 in our study,
paired with effectiveness data from mRNA-1273 clinical
studies,” is reassuring for the mRNA-1283 vaccine
performance in adolescents.

No new safety concerns were identified with
mRNA-1283. The frequency of local and systemic adverse
reactions for mRNA-1283 was similar to that of
mRNA-1273, except for pain at the injection site, which
was lower with mRNA-1283 than mRNA-1273. The
frequency of adverse reactions was lower in participants
65 years and older than in younger adults and adolescents.

The mRNA-1283 design was hypothesised to potentially
lower the risk of myocarditis and pericarditis, which in
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the post-authorisation setting of COVID-19 mRNA
vaccines have been shown to occur at very low
frequencies (<1 in 10000), mostly in young men.* The
full-length spike protein has a furin cleavage site between
the S1 and S2 domains. Cleavage of the S1 domain
permits entry of the spike protein into systemic
circulation, which may be associated with rare events of
myocarditis and pericarditis.”* mRNA-1283 does not
include the furin cleavage site and, therefore, could limit
or prevent systemic circulation of antigen.

No events of pericarditis were reported in the
mRNA-1283.222 group. One event of suspected
pericarditis was reported in the mRNA-1273.222 group
on day 136 that was assessed by the investigator as not
related to study vaccine; the cardiac event adjudication
committee adjudicated the case as not meeting the
criteria for a Charter-defined event. Although no events
of myocarditis were observed in this study, the study was
not designed to evaluate very rare adverse events and
additional clinical and post-licensure studies, including
real-world surveillance, are needed.

The study has several limitations. It was not powered for
a superiority analysis of r'VE (mRNA-1283 vs mRNA-1273).
The rVE subgroup analyses did not test a statistical
hypothesis, but the subgroup results were consistent with
the overall rVE outcome. Although representation of race
and ethnicities was balanced across the two vaccine
groups, the study population was predominantly White
and not fully representative of the racial demographics
of the general US population. Additionally, immuno-
compromised and very old individuals were not enrolled,
and further studies to characterise the immune responses
in these populations will be needed. The adolescent
population was only around 10% of the study population.
During the follow-up period, XBB.1.5, XBB.1.16, EG.5, and
JN.1 were the predominant circulating SARS-CoV-2
variants,” and these were distinct from the bivalent study
vaccine composition (original SARS-CoV-2 and omicron
BA.4/BA.5). Although a selection bias cannot be excluded
when using the per-protocol efficacy set, the rVE in the full
analysis set was consistent with the rVE in the per-protocol
set. Another potential limitation of this study is that some
asymptomatic infections could have been undetected;
however, random allocation is expected to have equally
distributed any undetected symptomatic asymptomatic
cases and, therefore, they would be balanced between the
two groups. Additionally, very rare adverse events, such as
myocarditis and pericarditis, could not be evaluated in this
study. Finally, this study is limited by the lack of
assessments of cell-mediated immunity, which is less
susceptible to immune evasion, thus supporting protection
in the setting of emerging SARS-CoV-2 variants and
potentially offering durable protection against severe
COVID-19 disease.”*

In conclusion, the next-generation COVID-19 vaccine,
mRNA-1283, was well tolerated and had non-inferior
efficacy and superior immunogenicity to mRNA-1273.

These data suggest that mRNA-1283 has the potential for
a clinical efficacy benefit compared with mRNA-1273,
although this would need to be confirmed in post-
marketing evaluation.
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