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BACKGROUND
The safety, reactogenicity, immunogenicity, and efficacy of the mRNA-1273 coro-
navirus disease 2019 (Covid-19) vaccine in young children are unknown.

METHODS
Part 1 of this ongoing phase 2–3 trial was open label for dose selection; part 2 was 
an observer-blinded, placebo-controlled evaluation of the selected dose. In part 2, 
we randomly assigned young children (6 months to 5 years of age) in a 3:1 ratio to 
receive two 25-μg injections of mRNA-1273 or placebo, administered 28 days apart. 
The primary objectives were to evaluate the safety and reactogenicity of the vaccine 
and to determine whether the immune response in these children was noninferior 
to that in young adults (18 to 25 years of age) in a related phase 3 trial. Secondary 
objectives were to determine the incidences of Covid-19 and severe acute respiratory 
syndrome coronavirus 2 infection after administration of mRNA-1273 or placebo.

RESULTS
On the basis of safety and immunogenicity results in part 1 of the trial, the 25-μg 
dose was evaluated in part 2. In part 2, 3040 children 2 to 5 years of age and 1762 
children 6 to 23 months of age were randomly assigned to receive two 25-μg injec-
tions of mRNA-1273; 1008 children 2 to 5 years of age and 593 children 6 to 23 
months of age were randomly assigned to receive placebo. The median duration of 
follow-up after the second injection was 71 days in the 2-to-5-year-old cohort and 
68 days in the 6-to-23-month-old cohort. Adverse events were mainly low-grade 
and transient, and no new safety concerns were identified. At day 57, neutralizing 
antibody geometric mean concentrations were 1410 (95% confidence interval [CI], 
1272 to 1563) among 2-to-5-year-olds and 1781 (95% CI, 1616 to 1962) among 
6-to-23-month-olds, as compared with 1391 (95% CI, 1263 to 1531) among young 
adults, who had received 100-μg injections of mRNA-1273, findings that met the 
noninferiority criteria for immune responses for both age cohorts. The estimated 
vaccine efficacy against Covid-19 was 36.8% (95% CI, 12.5 to 54.0) among 2-to-5-
year-olds and 50.6% (95% CI, 21.4 to 68.6) among 6-to-23-month-olds, at a time 
when B.1.1.529 (omicron) was the predominant circulating variant.

CONCLUSIONS
Two 25-μg doses of the mRNA-1273 vaccine were found to be safe in children 
6 months to 5 years of age and elicited immune responses that were noninferior 
to those in young adults. (Funded by the Biomedical Advanced Research and 
Development Authority and National Institute of Allergy and Infectious Diseases; 
KidCOVE ClinicalTrials.gov number, NCT04796896.)
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Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infections in 
children accounted for more than 13.6 mil-

lion of the documented infections in the United 
States as of July 2022.1,2 Infected children may be 
asymptomatic or have mild symptoms but can 
still transmit SARS-CoV-2.3-6 Despite social inter-
ventions to reduce coronavirus disease 2019 
(Covid-19) transmission, Covid-19–related hospi-
talizations and deaths in children younger than 
5 years of age (from October 2020 through Sep-
tember 2021) in the United States generally 
reached or surpassed the annual influenza-related 
rates observed in the period before the pan-
demic.7-10

Covid-19 messenger RNA vaccines, including 
mRNA-1273 (Moderna), are safe and efficacious 
in preventing illness from SARS-CoV-2 infection 
in adults,11,12 adolescents, and older children (6 to 
11 years of age).13,14 The mRNA-1273 vaccine is 
approved in the United States for use in adults 
and received emergency use authorization from 
the Food and Drug Administration in June 2022 
for persons 6 months to 17 years of age.13,14 Al-
though additional surges of SARS-CoV-2 infec-
tions due to emerging variants are anticipated15,16 
and efficacy among adults and children is lower 
against the B.1.1.529 (omicron) variant than 
against other variants, two mRNA-1273 injec-
tions were shown to continue to protect against 
hospitalization and death.17,18

Having a safe and effective vaccine available 
for infants, toddlers, and young children is 
critically important. Here, we report the results 
in children 6 months to 5 years of age in the 
ongoing phase 2–3 KidCOVE trial, which evalu-
ated the safety, reactogenicity, immunogenicity, 
and efficacy of the mRNA-1273 vaccine.

Me thods

Trial Design and Participants

The trial participants in three age cohorts (6 to 
11 years, 2 to 5 years, and 6 to 23 months) were 
enrolled at 79 sites in the United States and 8 sites 
in Canada (Fig. S1 in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org).14 The trial was conducted in two 
parts, with an open-label dose-escalation phase 
in part 1 and an observer-blinded, randomized, 
placebo-controlled expansion phase in part 2. 

Interim results in the cohort of 6-to-11-year-old 
children have been reported previously.14 Here, 
we report the results of the interim analysis in 
the cohorts of children 2 to 5 years of age and 6 to 
23 months of age through February 21, 2022.

Eligible children were healthy, but children 
with stable chronic conditions (e.g., asthma, 
diabetes mellitus) were also included. Additional 
inclusion and exclusion criteria and information 
on the trial oversight, conduct, and design are 
provided in the Supplementary Methods section 
in the Supplementary Appendix and in the pro-
tocol, available at NEJM.org.

Trial Procedures

In both parts of the trial, the vaccination regi-
men involved two doses of the mRNA-1273 vac-
cine or saline placebo administered by intramus-
cular injection 28 days apart. In part 1, the 
25-μg and 50-μg dose levels were evaluated in 
children 2 to 5 years of age, and the 25-μg dose 
level was evaluated in children 6 to 23 months 
of age. After a review of safety and immunoge-
nicity, a 25-μg dose was selected for evaluation 
in children in both age cohorts in part 2, and 
the data and safety monitoring board concurred 
(see the Supplementary Appendix).

In part 2 of the trial, children who were 
6 months to 5 years of age were randomly as-
signed in a 3:1 ratio to receive two injections of 
mRNA-1273 (25 μg each) or placebo, adminis-
tered 28 days apart. The primary objectives were 
to determine the safety and reactogenicity of 
mRNA-1273 in children 2 to 5 years of age and 
children 6 to 23 months of age and to infer ef-
ficacy on the basis of the noninferiority of the 
serum antibody geometric mean concentrations 
and serologic responses among these children as 
compared with those among young adults (18 to 
25 years of age) who received two injections of 
mRNA-1273 (100 μg) in the phase 3 Coronavi-
rus Efficacy (COVE) trial, which previously 
showed efficacy of the vaccine.11,12 Secondary 
objectives were to determine the incidences of 
Covid-19 and SARS-CoV-2 infection, either asymp
tomatic or regardless of symptoms, after admin-
istration of mRNA-1273 or placebo.

Safety Assessments

In parts 1 and 2, solicited local and systemic 
adverse reactions that occurred within 7 days 

A Quick Take 
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after each injection were recorded daily. The 
same solicited local adverse reactions (pain, ery-
thema, swelling, and axillary swelling or tender-
ness) were assessed in the two age cohorts. 
Among children 37 months to 5 years of age, the 
systemic adverse reactions assessed were fever, 
headache, fatigue, myalgia, arthralgia, chills, 
and nausea or vomiting. Among children 24 to 
36 months of age and 6 to 23 months of age, 
fever, irritability or crying, sleepiness, and loss 
of appetite were assessed.

Safety assessments included unsolicited ad-
verse events that occurred within 28 days after 
each injection and adverse events leading to 
nonreceipt of the second injection, discontinua-
tion from the trial, or both; serious adverse 
events; medically attended adverse events; ad-
verse events of special interest (including acute 
myocarditis or pericarditis and multisystem in-
flammatory syndrome in children [MIS-C]); and 
SARS-CoV-2 infection assessed from day 1 through 
trial completion. Surveillance for symptoms of 
myocarditis or pericarditis was conducted dur-
ing safety telephone calls, with referral for medi-
cal assessment by a provider if needed. SARS-
CoV-2 infection was assessed by means of 
reverse-transcriptase–polymerase-chain-reaction 
(RT-PCR) assay performed at specific time 
points, and SARS-CoV-2 infection and Covid-19 
cases were surveilled with the use of safety tele-
phone calls and questionnaire prompts in elec-
tronic diaries completed by the parents or 
guardians of the participants.

Immunogenicity Assessments

Immunogenicity assays are described in the 
Supplementary Methods section in the Supple-
mentary Appendix. Neutralizing antibody geo-
metric mean concentrations were assessed with 
the use of a validated pseudovirus neutraliza-
tion assay in part 2 of the trial.19,20 A serologic 
response was defined as an increase in the 
neutralizing antibody concentration from be-
low the lower limit of quantification (LLOQ) to 
a concentration that was at least 4 times the 
LLOQ, or at least 4 times as high as the base-
line value if the baseline concentration was 
equal to or above the LLOQ. Antispike binding 
antibody levels against SARS-CoV-2 variants 
were evaluated with the use of a Meso Scale 
Discovery assay.21

Incidences of Covid-19 and SARS-CoV-2 
Infection

The incidence of Covid-19 was defined in accor-
dance with the guidelines of the Centers for 
Disease Control and Prevention (CDC). This 
definition included at least one systemic or re-
spiratory symptom and a positive RT-PCR assay 
for SARS-CoV-2. In a separate analysis, we used 
the following definition from the COVE trial: at 
least two systemic symptoms or at least one re-
spiratory symptom and a positive RT-PCR as-
say.11,12 As a sensitivity analysis, the incidence of 
Covid-19 was evaluated on the basis of any posi-
tive Covid-19 test, including home tests. SARS-
CoV-2 infection (regardless of symptoms) was 
assessed by means of RT-PCR or Elecsys (Roche) 
nucleocapsid protein serologic assay (Supple-
mentary Appendix).

Statistical Analysis

Details of the statistical methods are provided in 
the Supplementary Methods section in the Sup-
plementary Appendix and in the statistical analy-
sis plan (available with the protocol). The analysis 
populations are described in Table S1.

Safety was assessed among the participants 
who received at least one injection (safety popu-
lation), and solicited adverse reactions were as-
sessed among the participants in the safety 
population who had any data collected on solicit-
ed adverse reactions (solicited safety population); 
adverse reactions were assessed according to 
trial group and age cohort. The numbers and 
percentages of participants are summarized for 
those with solicited local and systemic adverse 
reactions that occurred within 7 days after each 
injection according to severity grade, as well as 
for those with unsolicited adverse events, serious 
adverse events, medically attended adverse 
events, severe adverse events, or adverse events 
leading to nonreceipt of the second injection or 
discontinuation from the trial or both. Descrip-
tive summary statistics are reported for all other 
safety measures. Safety was also assessed ac-
cording to baseline SARS-CoV-2 infection status 
at day 1 by means of virologic RT-PCR testing or 
serologic testing (Elecsys nucleocapsid protein 
serologic assay) or both.

To determine whether efficacy of the mRNA-
1273 vaccine can be inferred (a primary objec-
tive), we compared the immunogenicity respons-
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es in each of two cohorts defined according to 
age group (children 2 to 5 years of age and 
children 6 to 23 months of age) in the per-pro-
tocol immunogenicity population with those 
among young adults (18 to 25 years of age) in 
the COVE trial.11,12 The per-protocol immunoge-
nicity population included participants who had 
received the planned injections, were SARS-CoV-2–
negative at baseline (day 1) according to both 
RT-PCR and serologic testing, had data available 
from antibody testing for day 1 and day 57, and 
had no major protocol deviations. Noninferiori-
ty, determined on the basis of neutralizing anti-
body geometric mean concentrations among 
children as compared with those among young 
adults at day 57, was indicated if the lower 
boundary of the 95% confidence interval for the 
geometric mean ratio was at least 0.67 and if the 
difference in the percentage of participants with 
a serologic response was −10 percentage points 
or more. We provide the geometric mean con-
centrations and geometric mean ratios (with 
95% confidence intervals calculated according 
to the analysis of covariance model), the number 
and percentage of participants with a serologic 
response (with 95% confidence intervals calcu-
lated with the Clopper–Pearson method), and 
the between-group difference in serologic re-
sponse (with 95% confidence intervals calculat-
ed with the Miettinen–Nurminen method) at day 
57. The observed binding antibody levels against 
SARS-CoV-2 variants are also provided.

In part 2 of the trial, for the secondary effi-
cacy objectives of determining the incidences of 
Covid-19 and SARS-CoV-2 infection, we evaluat-
ed all randomly assigned participants who did 
not have serologic or virologic evidence of SARS-
CoV-2 infection at baseline and who received at 
least one injection of the correct dose (the 
modified intention-to-treat population) and par-
ticipants who received both injections according 
to the schedule without a major protocol devia-
tion (the per-protocol efficacy population). Inci-
dence was calculated as the number of cases 
divided by the total number of person-years 
(defined as the total years from the first day of 
the analysis to the last day of trial participation, 
to censoring time, or to the efficacy data-cutoff 
date, whichever was earliest), and 95% confi-
dence intervals were calculated with the exact 
method (Poisson distribution). Vaccine efficacy 
was estimated (1 minus the ratio of the inci-

dence of Covid-19 or SARS-CoV-2 infection in 
the mRNA-1273 group as compared with the 
placebo group) and the 95% confidence intervals 
of the ratio were calculated with the exact 
method, conditional on the total number of 
cases and with adjustment for person-years. The 
interim results for the cohorts of children 6 to 
23 months of age and children 2 to 5 years of 
age are provided through the data-cutoff date 
of February 21, 2022.

R esult s

Trial Population

From April 2021 through June 2021, a total of 
224 children 2 to 5 years of age and 150 children 
6 to 23 months of age were enrolled in part 1 of 
the trial (Fig. S2). Among children 2 to 5 years 
of age, 75 were assigned to receive the 25-μg 
dose of mRNA-1273, and 149 were assigned to 
receive the 50-μg dose; all children 6 to 23 months 
of age (150 participants) were assigned to receive 
the 25-μg dose. All participants received both 
injections.

In part 2 of the trial, in the cohort of children 
2 to 5 years of age, 3031 of 3040 participants 
(99.7%) in the mRNA-1273 group and 1007 of 
1008 participants (99.9%) in the placebo group 
received the first injection; 2960 participants 
(97.4%) and 970 participants (96.2%), respec-
tively, received the second injection (Fig. 1). In 
the cohort of children 6 to 23 months of age, 
1760 of 1762 participants (99.9%) assigned to 
the mRNA-1273 group and 590 of 593 partici-
pants (99.5%) assigned to the placebo group re-
ceived the first injection; 1600 participants 
(90.8%) in the mRNA-1273 group and 529 
(89.2%) in the placebo group received the second 
injection.

The baseline demographic and clinical char-
acteristics of the children in the trial groups 
were generally balanced and were similar in part 
1 (Tables S2 and S3) and part 2 (Table  1 and 
Table S4) of the trial. Overall, in part 2, the me-
dian age of the children in the 2-to-5-year-old 
cohort was 3.0 years (interquartile range, 2.0 to 
4.0). A total of 76.5% of the participants in this 
cohort were White, 4.5% were Black, 6.0% were 
Asian, and 14.2% were Hispanic or Latinx. In 
the 6-to-23-month-old cohort, the median age 
was 16.0 months (interquartile range, 13.0 to 
20.0). A total of 78.9% of the participants in this 
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cohort were White, 3.1% were Black, 4.9% were 
Asian, and 13.2% were Hispanic or Latinx. The 
underrepresentation of Black participants is ac-
knowledged. The median duration of follow-up 
in the 2-to-5-year-old cohort was 103 days (inter-
quartile range, 83 to 113) after the first injection 
and 71 days (interquartile range, 49 to 83) after 
the second injection, and in the 6-to-23-month-
old cohort, the corresponding values were 98 
days (interquartile range, 76 to 110) and 68 days 
(interquartile range, 42 to 78).

Safety

Safety data from part 1 of the trial are available 
in the Part 1 Results section in the Supplemen-
tary Appendix and in Tables S5 through S13. In 
part 2, the incidence of solicited local adverse 
reactions was higher with mRNA-1273 than 
with placebo in both age cohorts, and in the 
mRNA-1273 group, the incidence was higher 
after the second injection than after the first 
injection (Fig.  2 and Tables S14 through S17). 
Most local adverse reactions were of grade 1 or 
2 and lasted for 1 to 3 days. Grade 3 events were 
rare overall but were more frequent after the 
second injection; the most common grade 3 
events were erythema, swelling, and pain among 
children 2 to 5 years of age and erythema and 
swelling among children 6 to 23 months of age.

Systemic adverse reactions after either injec-
tion were more common in the mRNA-1273 
group than in the placebo group (Fig.  2 and 
Tables S18 and S19). The most common systemic 
adverse reaction among children 37 months to 
5 years of age was fatigue; among children 6 to 
36 months of age, the most common reactions 
were irritability or crying, sleepiness, and loss of 
appetite. The majority of systemic adverse reac-
tions in both groups were of grade 1 or 2, and 
grade 3 adverse reactions were infrequent. The 
most common grade 3 systemic adverse reac-
tions were fatigue and fever (temperature, 
≥39.0°C) among children 37 months to 5 years 
of age and irritability or crying and fever of at 
least 39.6°C among children 6 to 36 months of 
age in the mRNA-1273 and placebo groups. 
Most systemic adverse reactions in the mRNA-
1273 group occurred within 2 days after either 
injection and persisted for a median of 2 to 3 days. 
Overall, the incidences of solicited adverse reac-
tions were similar regardless of baseline SARS-
CoV-2 infection status, except for somewhat 

higher incidences of fever after either injection 
among participants who were SARS-CoV-2–posi-
tive at baseline (Figs. S3 and S4).

In the mRNA-1273 group, fever (temperature, 
≥38.0°C) occurred more frequently after the sec-
ond injection than after the first injection, and 
the median duration was 1 to 2 days after either 
injection in both age cohorts. The majority of 
fevers ranged in temperature from 38.0 to 
38.9°C (Figs. S5 and S6). In the cohort of chil-
dren 2 to 5 years of age, a confirmed grade 4 
fever (temperature, >40°C) was noted in three 
participants in the mRNA-1273 group after the 
first injection, in five participants in the mRNA-
1273 group after the second injection, and in 
two participants in the placebo group after the 
first injection. In the cohort of children 6 to 23 
months of age, a confirmed grade 4 fever oc-
curred in one participant in the mRNA-1273 
group after the first injection, in three partici-
pants in the mRNA-1273 group after the second 
injection, and in one participant in the placebo 
group after the first injection. Among the par-
ticipants with confirmed grade 4 fever, five in 
the mRNA-1273 group and one in the placebo 
group had concurrent adverse events suggestive 
of viral infections (Table S20).

Incidences of unsolicited adverse events that 
occurred within 28 days after any injection were 
similar in the mRNA-1273 group and the place-
bo group in both age cohorts (Tables S21 
through S24). The incidence of adverse events 
considered by the investigator to be related to 
mRNA-1273 or placebo was higher in the mRNA-
1273 group (9% among 2-to-5-year-olds and 
17% among 6-to-23-month-olds) than in the 
placebo group (8% among 2-to-5-year-olds and 
12% among 6-to-23-month-olds); the events 
were mainly attributed to reactogenicity events.

The incidence of serious adverse events was 
low overall and was similar in the mRNA-1273 
group and the placebo group in the cohort of 
children 2 to 5 years of age. In the cohort of 
children 6 to 23 months of age, eight serious 
adverse events occurred in the mRNA-1273 
group, and none occurred in the placebo group. 
No serious adverse events related to mRNA-1273 
or placebo were reported in 2-to-5-year-olds 
within 28 days after either injection. One par-
ticipant in the mRNA-1273 group in the 6-to-23-
month-old cohort had fever and febrile seizure 
that was categorized as a serious adverse event 
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2 days after the first injection, and a maculo-
papular rash developed in the participant 2 days 
later, suggesting a concomitant viral infection 
(Table S25); the participant subsequently re-
ceived the second injection without recurrence.

Adverse events of special interest that were 
considered to be related to the trial regimen oc-
curred in two participants in the mRNA-1273 
group in the 2-to-5-year-old cohort, in two par-
ticipants in the mRNA-1273 group in the 6-to-
23-month-old cohort, and in one participant in 
the placebo group in the 2-to-5-year-old cohort 
(Table S26). During the entire trial period, one 
participant in the mRNA-1273 group and no 
participants in the placebo group had nonreceipt 
of the second injection because of adverse events 
that were considered to be related to the trial 
regimen. No deaths or cases of myocarditis or 
pericarditis or MIS-C occurred before the data-
cutoff date.

Immunogenicity

In the per-protocol immunogenicity population 
in part 2, the neutralizing antibody geometric 
mean concentrations at day 57 were 1410 (95% 
confidence interval [CI], 1272 to 1563) among 
2-to-5-year-olds (assessed in 264 participants) 
and 1781 (95% CI, 1616 to 1962) among 6-to-23-
month-olds (assessed in 230 participants), as 
compared with 1391 (95% CI, 1263 to 1531) 
among the young adults in the COVE trial (Ta-
ble 2, Table S27, and Fig. S7). In comparisons of 
the two age cohorts in the current trial with the 
young adults in the COVE trial, the geometric 
mean ratios (1.0 [95% CI, 0.9 to 1.2] among 
2-to-5-year-olds and 1.3 [95% CI, 1.1 to 1.5] 
among 6-to-23-month-olds) as well as the differ-
ences in the percentages of participants with a 
serologic response (−0.4 percentage points [95% 
CI, −2.7 to 1.5] among 2-to-5-year-olds and 0.7 
percentage points [95% CI, −1.0 to 2.5] among 
6-to-23-month-olds) met the criteria for noninfe-
riority with respect to the primary immunoge-
nicity objective.

In both age cohorts, the neutralizing anti-
body geometric mean concentrations at day 57 
were higher among participants who were SARS-
CoV-2–positive at baseline than among those 
who were negative (Fig. S8). Regardless of age, 
the two-injection primary series of mRNA-1273 
elicited robust binding antibody responses to the 
ancestral strain and the B.1.351 (beta), B.1.617.2 
(delta), and omicron variants (Fig. S9).

Efficacy

In the 2-to-5-year-old cohort, there were 119 
cases of Covid-19 among 2594 participants 
(4.6%) in the mRNA-1273 group and 61 cases 
among 858 participants (7.1%) in the placebo 
group that met the CDC definition; the esti-
mated vaccine efficacy at 14 or more days after 
the second injection in the per-protocol popula-
tion was 36.8% (95% CI, 12.5 to 54.0). With re-
spect to cases that met the definition of Covid-19 
from the COVE trial, there were 71 cases among 
2594 participants (2.7%) in the mRNA-1273 
group and 43 cases among 858 participants 
(5.0%) in the placebo group; the estimated vac-
cine efficacy was 46.4% (95% CI, 19.8 to 63.8) 
(Fig. 3, Table S28, and Fig. S10). In the 6-to-23-
month-old cohort, there were 51 cases among 
1511 participants (3.4%) in the mRNA-1273 
group and 34 cases among 513 participants 

Figure 1 (facing page). Randomization of Participants  
2 to 5 Years of Age and Participants 6 to 23 Months  
of Age in Part 2 of the Trial.

Discontinuation of the trial regimen indicates that a 
participant who received the first injection did not re-
ceive the second injection. In the cohort of 2-to-5-year-
olds (Panel A), 51 participants in the mRNA-1273 group 
and 16 in the placebo group had planned to receive the 
second injection, but the injection was delayed because 
of adverse events, illness, or severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection (the 
majority of these participants had coronavirus disease 
2019 [Covid-19] or SARS-CoV-2 infection); these partici-
pants continued in the ongoing trial, and their data re-
mained blinded. Among the participants who discon-
tinued the trial, 15 in the mRNA-1273 group and 6 in 
the placebo group received one injection, and 34 and 
24 participants, respectively, received the second injec-
tion. Among the 2982 participants who continued in 
the ongoing trial, 2897 had data that remained blinded, 
and 85 had data that were unblinded (5 received the 
second injection after unblinding, 79 received a second 
injection before unblinding, and 1 had not yet received 
the planned second injection) and were entered in the 
open-label trial. In the cohort of 6-to-23-month-olds 
(Panel B), among the participants who discontinued 
the trial, 3 in the mRNA-1273 group and 5 in the placebo 
group received the first injection, and 14 and 7 partici-
pants, respectively, received the second injection. A to-
tal of 156 participants in the mRNA-1273 group and 56 
in the placebo group had planned to receive the second 
injection, and their data remained blinded; most of these 
participants had not reached day 29 after the first injec-
tion by the data-cutoff date (February 21, 2022). EUA 
denotes emergency use authorization.
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Table 1. Demographic and Clinical Characteristics of the Participants in the Safety Population at Baseline (Part 2 of the Trial), Stratified 
According to Age Cohort and Trial-Group Assignment.*

Characteristic Children 2–5 Yr of Age Children 6–23 Mo of Age

mRNA-1273, 25 μg 
(N = 3031)

Placebo 
(N = 1007)

mRNA-1273, 25 μg 
(N = 1761)

Placebo 
(N = 589)

Age — mo or yr

Mean 3.0±0.9 3.0±0.9 15.8±5.0 15.9±4.5

Median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 16.0 (12.0–20.0) 16.0 (13.0–20.0)

Age group — no. (%)

≥6 to <12 mo — — 375 (21.3) 124 (21.1)

≥12 to <24 mo — — 1373 (78.0) 462 (78.4)

≥24 mo† 13 (0.7) 3 (0.5)

<2 yr† 24 (0.8) 12 (1.2)

≥2 to <4 yr 2057 (67.9) 655 (65.0) — —

≥4 to <6 yr 950 (31.3) 340 (33.8) — —

≥24 to <37 mo 999 (33.0) 345 (34.3) — —

≥37 mo to <6 yr 2032 (67.0) 662 (65.7) — —

Sex — no. (%)

Male 1543 (50.9) 510 (50.6) 910 (51.7) 290 (49.2)

Female 1488 (49.1) 497 (49.4) 851 (48.3) 299 (50.8)

Race or ethnic group — no. (%)‡

White 2297 (75.8) 792 (78.6) 1390 (78.9) 466 (79.1)

Black 142 (4.7) 38 (3.8) 57 (3.2) 16 (2.7)

Asian 191 (6.3) 51 (5.1) 79 (4.5) 35 (5.9)

American Indian or Alaska Native 12 (0.4) 3 (0.3) 4 (0.2) 0

Native Hawaiian or other Pacific 
Islander

7 (0.2) 4 (0.4) 0 0

Multiracial 322 (10.6) 99 (9.8) 186 (10.6) 64 (10.9)

Other and not reported 56 (1.8) 20 (2.0) 40 (2.3) 7 (1.2)

Unknown 4 (0.1) 0 5 (0.3) 1 (0.2)

Hispanic or Latinx — no. (%)‡

Yes 433 (14.3) 142 (14.1) 227 (12.9) 84 (14.3)

No 2579 (85.1) 856 (85.0) 1517 (86.1) 498 (84.6)

Not reported 14 (0.5) 8 (0.8) 15 (0.9) 6 (1.0)

Unknown 5 (0.2) 1 (0.1) 2 (0.1) 1 (0.2)

Race and ethnic group — no. (%)‡

White non-Hispanic 1975 (65.2) 678 (67.3) 1221 (69.3) 393 (66.7)

Communities of color 1054 (34.8) 327 (32.5) 538 (30.6) 194 (32.9)

Missing data 2 (<0.1) 2 (0.2) 2 (0.1) 2 (0.3)

Weight — kg

Mean 16.1±3.2 16.0±3.0 10.9±2.1 10.9±2.1

Median (IQR) 15.7 (14.1–17.7) 15.6 (14.1–17.6) 10.8 (9.6–12.1) 10.8 (9.6–12.1)

SARS-CoV-2 status — no. (%)§

Negative 2695 (88.9) 898 (89.2) 1575 (89.4) 530 (90.0)
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(6.6%) in the placebo group that met the CDC 
definition; the vaccine efficacy was 50.6% (95% 
CI, 21.4 to 68.6). With respect to cases that met 
the definition of Covid-19 from the COVE trial, 
there were 37 cases among 1511 participants 
(2.4%) in the mRNA-1273 group and 18 cases 
among 513 participants (3.5%) in the placebo 
group; the vaccine efficacy was 31.5% (95% CI, 
−27.7 to 62.0). Vaccine efficacy was also shown 
against any SARS-CoV-2 infection regardless of 
symptoms and against asymptomatic infection 
in both age cohorts. The efficacy findings in the 
modified intention-to-treat population were 
similar to those in the per-protocol population 
(Fig. 3 and Table S29).

The results of the sensitivity analysis in which 
the incidence of Covid-19 was evaluated on the 
basis of any positive Covid-19 test, including 
home tests, were similar to those in which the 
incidences of Covid-19 were evaluated on the 
basis of confirmed positive RT-PCR assays (Ta-
ble S30). The estimated efficacy against Covid-19 
as defined by the CDC was 28.5% (95% CI, 5.9 
to 45.3) among children 2 to 5 years of age and 
53.5% (95% CI, 32.4 to 67.8) among children 6 to 
23 months of age, and the estimated efficacies 
against Covid-19 as defined in the COVE trial 
were 37.5% (95% CI, 11.8 to 55.3) and 43.7% 
(95% CI, 8.5 to 64.8), respectively; the lower 
boundaries of the 95% confidence intervals were 
greater than 0 in each of these estimations. 
Among the Covid-19 cases in the per-protocol 

population that met the CDC definition and had 
available sequence information (December 2021 
through February 2022), 78 of 79 cases in the 
2-to-5-year-old cohort and 44 of 44 cases in the 
6-to-23-month-old cohort were of omicron BA.1 
and BA.1.1 lineages.

Discussion

In children 6 months to 5 years of age, a two-
injection primary series of mRNA-1273 at a dose 
of 25 μg had an acceptable safety profile and 
elicited immune responses that were consistent 
with those observed in clinical trials that in-
volved higher doses of this vaccine in older chil-
dren, adolescents, and adults.11-14 In addition, 
vaccine efficacy against Covid-19 was shown, 
albeit at a lower values than those observed in 
previous mRNA-1273 trials11,12,14 involving older 
age cohorts that were conducted before the 
emergence of omicron — a finding consistent 
with reduced vaccine effectiveness against omi-
cron observed among adults and adolescents.17,18

The 25-μg mRNA-1273 dose, established in 
part 1 of the trial, elicited mild-to-moderate, 
transient reactogenicity in both age cohorts in 
part 2. No trial pause rules were met, and no 
safety concerns were identified. Apart from fe-
vers, the reactogenicity in these young children 
was generally lower than that observed for 
mRNA-1273 in adults, adolescents, and older 
children (6 to 11 years of age).11-14 The incidence 

Characteristic Children 2–5 Yr of Age Children 6–23 Mo of Age

mRNA-1273, 25 μg 
(N = 3031)

Placebo 
(N = 1007)

mRNA-1273, 25 μg 
(N = 1761)

Placebo 
(N = 589)

Positive 266 (8.8) 82 (8.1) 106 (6.0) 38 (6.5)

Missing data 70 (2.3) 27 (2.7) 80 (4.5) 21 (3.6)

*	�Plus–minus values are means ±SD. The data-cutoff date was February 21, 2022. Shown are data for the participants in the safety population. 
Percentages may not total 100 because of rounding. IQR denotes interquartile range.

†	�Some participants 6 to 23 months of age and some participants at least 24 months of age were included in both age cohorts, most likely 
because of coincident enrollment of both age cohorts, entry errors at the time of randomization, and other limitations of the interactive re-
sponse technology system.

‡	�Race and ethnic group were reported by the parents or guardians of the participants. Participants could be included in more than one category. 
Communities of color was a composite variable that included all races and ethnic groups (other than white non-Hispanic) among the par-
ticipants with available data.

§	� Baseline severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) status was positive if there was immunologic or virologic evidence 
of previous coronavirus disease 2019, as defined by a positive reverse-transcriptase–polymerase-chain-reaction (RT-PCR) test or a positive 
Elecsys (Roche) nucleocapsid protein serologic assay at day 1. Negative is defined as a negative RT-PCR test and negative Elecsys assay at 
day 1.

Table 1. (Continued.)
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of fever after either mRNA-1273 injection in 
both age cohorts was similar (22 to 23%) to that 
previously reported (24%) among 6-to-11-year-
olds who received 50-μg of mRNA-1273 in this 
trial14 and to that after other routinely recom-
mended vaccinations.22,23 Few grade 4 fevers 
(temperature, >40.0°C) were reported in the 
mRNA-1273 and placebo groups. No myocardi-
tis, pericarditis, or MIS-C and no deaths oc-
curred through the analysis-cutoff date. No 
safety issues were identified in participants who 
had SARS-CoV-2 infection before or during the 
trial; however, longer-term safety monitoring 
will continue.

The efficacy of mRNA-1273 was inferred on 
the basis of having met prespecified criteria for 
immunobridging, the approach used for authori-
zation and approval in Covid-19 vaccine studies 

Figure 2 (facing page). Solicited Local and Systemic 
Adverse Reactions in the Cohorts of Children 2 to 5 Years 
and 6 to 23 Months of Age in Part 2 of the Trial.

Shown are the percentages of participants in the two 
age cohorts (2-to-5-year-olds [Panel A] and 6-to-23-month-
olds [Panel B]) in the part 2 solicited safety population 
(all participants who received at least one injection and 
had any data collected on solicited adverse reactions) 
who had a solicited local or systemic adverse reaction 
within 7 days after the first or second injection. Local 
adverse reactions of injection-site pain, erythema, swell-
ing (hardness), and axillary or groin swelling or tender-
ness were assessed in both age cohorts. Among partici-
pants 37 months to 5 years of age, the solicited systemic 
adverse reactions were fever, headache, fatigue, myal-
gia, arthralgia, nausea or vomiting, and chills. Among 
participants 6 to 36 months of age, the solicited sys-
temic adverse reactions were fever, irritability or crying, 
sleepiness, and loss of appetite. The data-cutoff date 
was February 21, 2022.

Table 2. Immunogenicity of the mRNA-1273 Vaccine in Part 2 of the Trial.*

Variable

Children 2–5 Yr of Age 
mRNA-1273, 25 μg 

(N = 264)

Children 6–23 Mo of Age 
mRNA-1273, 25 μg 

(N = 230)

Young Adults 18–25 Yr of Age 
mRNA-1273, 100 μg 

(N = 295)

Baseline

No. of participants with available data 264 230 294

GMC (95% CI)† 7.7 (7.2 to 8.2) 7.9 (7.4 to 8.5) 11.1 (10.6 to 11.7)

Day 57

No. of participants with available data 264 230 291

GMC (95% CI)† 1410 (1272 to 1563) 1781 (1616 to 1962) 1391 (1263 to 1531)

GMR vs. young adults (95% CI)‡ 1.0 (0.9 to 1.2) 1.3 (1.1 to 1.5) —

Serologic response

No. of participants/total no. (%)§ 261/264 (98.9) 230/230 (100.0) 289/291 (99.3)

95% CI¶ 96.7 to 99.8 98.4 to 100.0 97.5 to 99.9

Difference in serologic response vs. young 
adults — percentage points (95% CI)‖

−0.4 (−2.7 to 1.5) 0.7 (−1.0 to 2.5) —

*	�The data-cutoff date was February 21, 2022. The neutralizing antibody geometric mean concentrations (GMCs) shown are the observed 
values. The data for young adults are from the mRNA-1273 group in the Coronavirus Efficacy (COVE) trial.11 Antibody values were assessed 
by means of pseudovirus neutralizing antibody assay. Values that were below the lower limit of quantification (LLOQ) (10.0) are replaced 
by 0.5 times the LLOQ. Values greater than the upper limit of the ULOQ (281,600) are replaced by the ULOQ if the actual values were not 
available. GMR denotes geometric mean ratio.

†	�The 95% confidence interval was calculated on the basis of the t-distribution of the log-transformed values for the observed GMC and then 
back-transformed to the original scale for presentation.

‡	�The log-transformed antibody levels were analyzed with the use of an analysis of covariance model (primary approach) with the group vari-
able (children and young adults in the COVE trial) as a fixed effect. The resulting least-squares means, difference in least-squares means, 
and 95% confidence intervals were back-transformed to the original scale for presentation.

§	� A serologic response in a participant was defined as an increase in GMCs from below the LLOQ to GMCs that were at least 4 times the 
LLOQ, or at least 4 times as high as the baseline value if the baseline concentrations were equal to or above the LLOQ. Percentages were 
based on the number of participants with nonmissing data at baseline and the corresponding time point (N1).

¶	�The 95% confidence intervals were calculated with the use of the Clopper–Pearson method.
‖	�The 95% confidence intervals were calculated with the use of the Miettinen–Nurminen (score) confidence limits.
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involving adolescents and older children.13,14,24-26 
Two-injections of 25 μg of mRNA-1273 in these 
younger children elicited neutralizing antibody 
concentrations similar to those in 18-to-25-year-
olds who received two 100-μg injections in the 
COVE trial.11,12 These data suggest that the bene-
fits of mRNA-1273 vaccination in the prevention 
of Covid-19 also extend to children and infants 
as young as 6 months of age.

Incidences of SARS-CoV-2 infections and Covid- 
19 were assessed as secondary end points in the 
trial during a period when omicron was the pre-
dominant circulating variant, particularly among 
young children. Among participants with avail-
able sequencing data, nearly all had confirmed 
omicron (BA.1 and BA.1.1) sequences. Nonethe-
less, primary vaccination with two 25-μg doses 
of mRNA-1273 was protective against confirmed 
Covid-19, as defined by the CDC or in the COVE 
trial, in both age cohorts. The estimated vaccine 

efficacy was lower than that reported in previous 
mRNA-1273 trials conducted when other variants 
were predominant11-14 and similar to that re-
ported in effectiveness studies of the two-dose 
mRNA-1273 series involving adults during circu-
lation of the omicron variant.17,18,27 The vaccine 
also elicited robust binding antibody levels 
against a broad range of variants including pre-
vious variants of concern and the delta and 
omicron variants. In addition, primary vaccina-
tion offers protection against hospitalization 
and death.18,27,28 The previously authorized vac-
cine for 5-to-11-year-olds showed excellent ef-
fectiveness in preventing Covid-19–related hos-
pitalizations and MIS-C, including during peak 
circulation of delta.28-30 Although declines in 
vaccine effectiveness against omicron infection 
have been observed, the vaccines remain effec-
tive in preventing hospitalizations.17,18

Important limitations to this trial should be 
considered. Generally healthy children and chil-
dren with stable medical conditions were en-
rolled. Additional work may be necessary to 
understand the effect of immunosuppressive con-
ditions on vaccine immunogenicity in children. 
The trial was powered to detect rare adverse 
events (at approximately 0.1%); however, wider-
scale use of the vaccine in children after autho-
rization may identify other less frequent or more 
serious adverse events, and continued monitor-
ing of safety after emergency use authorization 
is ongoing.31 The vaccine efficacy was shown on 
the basis of cases of Covid-19 and SARS-CoV-2 
infection reported as of the data-cutoff date, and 
longer-term evaluation of the efficacy and dura-
bility of protection continues in the ongoing trial.

In children 6 months to 5 years of age, two 
25-μg injections of the mRNA-1273 vaccine had 
acceptable reactogenicity, safety, and effective-
ness during a period when omicron was the 
predominant circulating variant, a finding con-
sistent with that observed previously in children 
6 to 11 years of age, adolescents, and adults.11-14 
Active and passive safety surveillance will con-
tinue during the postauthorization period in 
large global safety networks to detect any new 
safety signals. The longer-term effectiveness and 
durability of mRNA-1273 will also continue to 
be assessed in clinical trials and through its 
postauthorization use.

Supported by the Office of the Assistant Secretary for Pre-
paredness and Response, Biomedical Advanced Research and 

Figure 3 (facing page). Secondary Efficacy End Points.

Panel A shows the incidences of secondary end points 
in the cohorts of 2-to-5-year-olds and 6-to-23-month-
olds in the per-protocol efficacy population, which in-
cluded all participants who received both injections 
per schedule, had no virologic or serologic evidence 
of SARS-CoV-2 infection at baseline, and had no major 
protocol deviations. A case of Covid-19 was defined by 
the Centers for Disease Control and Prevention (CDC) 
as at least one systemic or respiratory symptom and a 
positive reverse-transcriptase–polymerase-chain-reac-
tion (RT-PCR) assay for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and was defined in 
the Coronavirus Efficacy (COVE) trial11 as at least two 
systemic symptoms or at least one respiratory symp-
tom and a positive RT-PCR assay. Vaccine efficacy for 
secondary end points of the incidence of Covid-19 and 
SARS-CoV-2 infection regardless of symptoms and asymp
tomatic infection in the per-protocol efficacy popula-
tion was defined as 1 minus the ratio of incidence rate 
(mRNA-1273 vs. placebo). The 95% confidence inter-
val of the ratio was calculated with the use of the exact 
method, conditional on the total number of cases, with 
adjustment for person-years. Panel B shows the cumu-
lative incidence of Covid-19 (according to the CDC defi-
nition) starting from randomization among the chil-
dren 2 to 5 years of age and those 6 to 23 months of 
age in the modified intention-to-treat population, which 
included all randomly assigned participants who did 
not have serologic or virologic evidence of SARS-CoV-2 
infection at baseline and who received at least one in-
jection of the correct dose. The tick marks indicate 
censored data. The insets show the same data on an 
enlarged y axis. The data-cutoff date was February  
21, 2022.
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Ventura, CA (C.C.); Velocity Clinical Research, West Jordan, UT (B.R.); Ann and Robert H. Lurie Children’s Hospital, Chicago (W.J.M.); 
the University of Kentucky, Lexington (G.F.); the Pennington Biomedical Research Center, Baton Rouge, LA (D.H.); and Moderna, 
Cambridge, MA (J.E.T., D.D., C.R., B.K., X.Z., W.D., H.Z., D.R.S., K.H., B.G., K.S., R.M., R.P., A.A., R.D., J.M.M., S.S.G.).
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