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Background. A 2-dose mRNA-1273 primary series in children aged 6 months–5 years (25 µg) and 6–11 years (50 µg) had an 
acceptable safety profile and was immunogenic in the phase 2/3 KidCOVE study. We present data from KidCOVE participants who 
received an mRNA-1273 booster dose.

Methods. An mRNA-1273 booster dose (10 µg for children aged 6 months–5 years; 25 µg for children aged 6–11 years; age 
groups based on participant age at enrollment) was administered ≥6 months after primary series completion. The primary 
safety objective was the safety and reactogenicity of an mRNA-1273 booster dose. The primary immunogenicity objective was to 
infer efficacy of an mRNA-1273 booster dose by establishing noninferiority of neutralizing antibody (nAb) responses after a 
booster in children versus nAb responses observed after the mRNA-1273 primary series in young adults (18–25 years) from the 
pivotal efficacy study. Data were collected from March 2022 to June 2023.

Results. Overall, 153 (6 months–5 years) and 2519 (6–11 years) participants received an mRNA-1273 booster dose (median age 
at receipt of booster: 2 and 10 years, respectively). The booster dose safety profile was generally consistent with that of the primary 
series in children; no new safety concerns were identified. An mRNA-1273 booster dose elicited robust nAb responses against 
ancestral SARS-CoV-2 among children and met prespecified noninferiority success criteria versus responses observed after the 
primary series in young adults.

Conclusions. Safety and immunogenicity data support administration of an mRNA-1273 booster dose in children aged 
6 months to 11 years.
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Coronavirus disease 2019 (COVID-19) is an important cause of 
severe respiratory disease among children, with associated hospi
talization rates comparable to influenza [1, 2]. Most US children 
hospitalized for COVID-19 in early 2023 were unvaccinated or 

had not received an updated booster [2]. Vaccinating children 
and adolescents against severe acute respiratory syndrome coro
navirus 2 (SARS-CoV-2) can reduce the risk of infection [3–5], 
complications, and COVID-19 sequelae, including hospitaliza
tion [5–7] and multisystem inflammatory syndrome in children 
(MIS-C) [8, 9]. However, as of January 2024, only 11% of US chil
dren have received the latest 2023–2024 COVID-19 booster [10].

mRNA-1273 (SPIKEVAX; Moderna, Inc, Cambridge, MA, 
USA; containing mRNAs encoding for ancestral SARS-CoV-2 
strain S protein), which was developed in response to the 
SARS-CoV-2 pandemic, is authorized in many countries as a 
2-dose primary series for individuals aged 6 months and older 
[11–13]. In June 2022, the US Food and Drug Administration 
(FDA) amended its Emergency Use Authorization to include 
the use of mRNA-1273 in children aged 6 months through 
17 years [13]. In children 6 months–11 years, mRNA-1273 
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authorization was based on findings from the phase 2/3 
KidCOVE study (NCT04796896), wherein 2 doses (25 µg for 
ages 6 months–5 years; 50 µg for ages 6–11 years) were immuno
genic and had an acceptable safety profile [3, 4]. Notably, the im
munogenicity profile observed after primary series vaccination 
was consistent with that observed in adolescents and young 
adults (100-µg doses) in the pivotal efficacy study, and 
mRNA-1273 was efficacious against COVID-19 in children 
aged 6 months–11 years [3, 4].

Immunity in adults (≥18 years) wanes over time after 
SARS-CoV-2 vaccination, including with mRNA-1273 [14–16]. 
Additionally, following the emergence of SARS-CoV-2 variants, 
vaccine effectiveness is reduced [16]. An mRNA-1273 booster 
dose administered to adults 6 months or more after the primary 
series increased the magnitude and breadth of immune response 
against SARS-CoV-2 [17, 18] and was effective against 
COVID-19, including disease caused by the Omicron variant 
[16]. Based on studies of mRNA-1273 as a primary series in pe
diatric populations, the benefits observed among boosted adults 
are similarly expected to accrue to boosted children. Thus, we 
evaluated the safety, immunogenicity, and efficacy of an 
mRNA-1273 booster dose administered 6 months or more after 
primary series completion among children aged 6 months– 
11 years (NCT04796896).

METHODS

Trial Design and Participants

This study enrolled participants aged 6 months–11 years at 
80 US and 8 Canadian sites [3, 4]. Eligible children were gener
ally healthy, but those with stable chronic conditions were 
also included. Inclusion/exclusion criteria are included in the 

Supplementary Methods. Details on the representativeness of 
the study participants are available (Supplementary Table 1).

The primary series study design has been described previously 
[3, 4]. The study was conducted in 2 parts, with an open-label, 
dose-finding phase (part 1) and an observer-blinded, random
ized, placebo-controlled phase (part 2). The present analysis 
was conducted in participants aged 6 months–5 years (from 
part 1) and aged 6–11 years (from parts 1 and 2) who received 
the 2-dose mRNA-1273 primary series at the licensed dose 
(25 µg [6 months–5 years]; 50 µg [6–11 years]) approximately 
28 days apart, and received an optional mRNA-1273 booster 
dose (10 µg and 25 µg, respectively) 6 months or more after com
pleting the primary series (Supplementary Figure 1). Participants 
were assigned to age groups based on age at enrollment. Data col
lection was from the start of the booster phase (March 2022) to 
the data cutoff date (1 June 2023).

Vaccine

mRNA-1273 is an mRNA-lipid nanoparticle vaccine encoding for 
the full-length, 2-proline prefusion stabilized SARS-CoV-2 S pro
tein [19]. mRNA-1273 was provided as a sterile liquid for injection 
at 0.2 mg/mL, diluted with 0.9% sodium chloride to the appropri
ate dose, and administered at a 0.5-mL dose volume intramuscu
larly 6 months or more after dose 2 of the primary series.

Objectives

The primary safety objective was to evaluate the safety and 
reactogenicity of an mRNA-1273 booster dose. The primary 
immunogenicity objective was to infer efficacy of an 
mRNA-1273 booster by establishing noninferiority of antibody 
responses after the booster (day 29) in children compared with re
sponses after the mRNA-1273 primary series (day 57) in young 

Figure 1. Disposition by age group. Eligible participants who received a prior 2-dose primary series of mRNA-1273 (6 months–5 years: 2 doses of mRNA-1273 25 µg; 
6–11 years: 2 doses of mRNA-1273 50 µg) and received a booster dose of mRNA-1273 ≥6 months after the second dose. For the cohort aged 6 months–5 years 
(n = 153), participants received a 10-µg booster dose of mRNA-1273; those aged 6–11 years (n = 2519) received a 25-µg booster dose of mRNA-1273. Data cutoff date 
was 1 June 2023. Abbreviations: COVID-19, coronavirus disease 2019; EUA, Emergency Use Authorization.
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adults (18–25 years) enrolled in the pivotal phase 3 study 
(COVE) [20]. Key secondary objectives are described in the 
Supplementary Methods.

Safety Assessments

Safety endpoints were solicited local and systemic adverse reac
tions (ARs) within 7 days following the booster (see 
Supplementary Methods); unsolicited adverse events (AEs) 
within 28 days following the booster; and serious AEs (SAEs), 
medically attended AEs (MAAEs), AEs leading to discontinua
tion, or AEs of special interest (AESIs) from the booster to the 
end of the study.

Immunogenicity Assessments

Serum samples for immunogenicity analysis were collected at 
baseline (day 1), day 209 (6 months following completion of 
the 2-dose primary series), booster day 1 (pre-booster), and 
28 days after the booster (day 29); historical serum samples 
from young adults (COVE) at baseline (day 1) and 28 days after 
dose 1 (day 29) and dose 2 (day 57) of the primary series were 
also evaluated. Neutralizing antibody (nAb) geometric mean 
(GM) concentrations (GMCs) and seroresponse rates (SRRs) 
against ancestral SARS-CoV-2 with D614G were assessed using 
a validated pseudo-virus neutralizing assay [21] (Supplementary 
Methods). SARS-CoV-2 S protein‒specific serum binding anti
body (bAb) GM levels against ancestral SARS-CoV-2 and 
Delta AY.4 or Omicron BA.1 variants were measured by validat
ed Meso Scale Discovery (MSD) multiplex binding antibody as
say (Supplementary Methods) [22].

Statistical Analyses

Sample size determination and study populations are described in 
the Supplementary Methods. Safety and reactogenicity were de
scriptively analyzed as counts and percentages among participants 
in the safety and solicited safety sets, respectively. Primary immu
nogenicity analyses were only conducted in the per-protocol im
munogenicity subset with negative SARS-CoV-2 status at the 
time of the booster (children) or dose 1 of the primary series 
(young adult comparison group). Negative SARS-CoV-2 status 
was defined as having a negative reverse transcriptase–polymerase 
chain reaction (RT-PCR) test and a negative serology test (based on 
bAb specific to SARS-CoV-2 nucleocapsid, a nonvaccine antigen, 
measured by Roche Elecsys Anti-SARS-CoV-2 assay) at the time of 
the booster (children) or pre-vaccination (young adults). The 
GMCs of nAb and corresponding 95% confidence intervals 
(CIs) were estimated using the t-distribution. An analysis of covari
ance (ANCOVA) model was performed to assess the difference be
tween nAb levels after the mRNA-1273 booster in children (day 
29) and after the mRNA-1273 primary series in young adults 
(day 57). The GM ratio (GMR) of nAb levels in children and adults 
and corresponding 95% CIs were estimated using the geometric 
least squares means estimated from the ANCOVA model. 
Noninferiority was declared if the lower bound of the 95% CI of 
the GMR (GMC post-booster day 29 [children] over GMC post- 
dose 2 day 57 [young adults]) was greater than 0.667 (or >1/1.5). 
Noninferiority was declared if the lower bound of the 95% CI of 
the SRR difference between the 2 groups was 10% or greater. 
The SRR analyses are described in the Supplementary Methods.

RESULTS

6-Month-Olds to 5-Year-Olds

Participants
Overall, 153 participants aged 6 months–5 years received a 25-µg 
mRNA-1273 primary series and a 10-µg mRNA-1273 booster 

Table 1. Participant Demographics by Age Group (Safety Set)

mRNA-1273

Booster: 10 µg,  
6 Months to 

5 Years  
(n = 153)

Booster: 25 µg,  
6 to 11 Years  

(n = 2519)

Age at receipt of booster dose, y

Mean (SD) 2.7 (1.1) 9.7 (1.7)

Median (IQR) 2 (2–3) 10 (8–11)

Range 1–6 7–13

Age at receipt of booster dose, mo

Mean (SD) 32.4 (13.3) …

Median (IQR) 28 (24–35) …

Range 17–71 …

Sex, n (%)

Male 86 (56.2) 1330 (52.8)

Female 67 (43.8) 1189 (47.2)

Race, n (%)

White 123 (80.4) 1657 (65.8)

Black 4 (2.6) 279 (11.1)

Asian 9 (5.9) 203 (8.1)

American Indian or Alaska Native 1 (0.7) 11 (0.4)

Native Hawaiian or Other Pacific 
Islander

0 4 (0.2)

Multiracial 12 (7.8) 291 (11.6)

Other 4 (2.6) 49 (1.9)

Not reported 0 21 (0.8)

Unknown 0 4 (0.2)

Ethnicity, n (%)

Hispanic or Latino 16 (10.5) 425 (16.9)

Not Hispanic or Latino 136 (88.9) 2072 (82.3)

Not reported 1 (0.7) 15 (0.6)

Unknown 0 7 (0.3)

Pre-booster SARS-CoV-2 status,a n (%)

Negative 98 (64.1) 1267 (50.3)

Positive 35 (22.9) 1060 (42.1)

Missing 20 (13.1) 192 (7.6)

Abbreviations: IQR, interquartile range; RT-PCR, reverse transcriptase–polymerase chain 
reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.  
aPre-booster SARS-CoV-2 status: negative status was defined as having a negative RT-PCR 
test and negative serology test (based on binding antibody specific to SARS-CoV-2 
nucleocapsid as measured by Roche Elecsys Anti-SARS-CoV-2 assay) at the date of the 
booster dose. Positive status was defined as having either a positive RT-PCR test or 
positive serology (based on binding antibody specific to SARS-CoV-2 nucleocapsid as 
measured by Roche Elecsys Anti-SARS-CoV-2 assay) on the date of the booster dose.
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dose (Figure 1). The median age was 1 year when starting the pri
mary series and 2 years at receipt of booster; 56.2% were male, 
with 80.4% White, 2.6% Black, 5.9% Asian, and 10.5% Hispanic 
or Latino participants (Table 1). Approximately 23% of partici
pants had evidence of SARS-CoV-2 infection at the time of boost
ing. The median time since primary series dose 2 to booster was 
306 days.

Safety
Solicited local ARs within 7 days after booster vaccination oc
curred in 75 of 153 participants (49.0%). Pain was the most 
common local AR (43.1%) (Figure 2). Most solicited local 
ARs were mild to moderate, with 2 grade 3 events (1.3%; 
2 events of erythema [redness] and 1 event of swelling [hard
ness] in 2 participants; both aged 6–23 months) and no grade 
4 events reported. Solicited systemic ARs within 7 days after 
booster occurred in 97 of 153 participants (63.4%) and were 
mostly mild to moderate; 5 participants (3.3%) had grade 3 
or higher systemic ARs (1 [0.8%] grade 3 sleepiness, 3 [2.0%] 
grade 3 fever [39.0°–40.0°C], and 1 [0.7%] grade 4 fever 
[>40°C]). Irritability/crying (53.1%) was the most common 
systemic AR. The grade 4 event occurred in a participant 
who was SARS-CoV-2–negative at baseline in the 6–23-month 
age group. The participant experienced initial fever to 38.5°C 
(101.3°F) 3 days after the booster but was otherwise well; their 
temperature reached a maximum of 40.5°C (105.0°F) on day 5 
after the booster.

Unsolicited AEs within 28 days after the booster occurred in 
39 of 153 participants (25.5%); 5 (3.3%) were considered by the 
investigator to be related to vaccination (reactogenicity events 
of vomiting [n = 1] and general disorders and administration 
site conditions [n = 4]) (Table 2). At data cutoff (1 June 
2023), the median (interquartile range [IQR]) duration of safe
ty follow-up after the booster was 364 (331–374) days. An 
MAAE was experienced by 87 participants (56.9%); all were as
sessed as being unrelated to vaccination. One participant 
(0.7%) experienced an SAE (streptococcal infection with pha
ryngeal abscess), which was assessed as being unrelated to vac
cination. No severe AEs, deaths, or AEs leading to study 
discontinuation were reported. Two participants (1.3%) experi
enced an AESI (epilepsy on day 138 and erythema multiforme 
on day 157); both were assessed as being unrelated to vaccina
tion. No cases of myocarditis or pericarditis were reported.

Immunogenicity
Regardless of pre-booster SARS-CoV-2 status, mRNA-1273 
booster administration induced measurable increases in nAb 
levels relative to pre-booster levels among participants aged 
6 months–5 years (Supplementary Figure 2). Among partici
pants with SARS-CoV-2–negative status at the pre-booster visit 
(n = 76), a booster dose increased observed nAb GMCs (95% 
CI) against ancestral SARS-CoV-2 by 16-fold, increasing 
from 341 (284–409) at pre-booster day 1 to 5457 (4526–6580) 
at day 29 post-booster (Table 3). The ANCOVA-modeled 

A

B

Figure 2. Local reactions and systemic events after booster vaccination by age group. The percentage of participants reporting local (A) or systemic (B) events by grade 
within 7 days of receiving a booster dose of mRNA-1273. Numbers of participants derived from the solicited safety set: 6 –23 months, n = 122; 2–5 years, n = 31; 6–11 years, 
n = 2487.
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GMR of nAb GMCs after the booster compared with levels ob
served after the primary series in young adults was 3.9 (95% CI: 
3.2–4.8), meeting noninferiority criteria. The SRR was 100% 
(72/72) at day 29 among participants with pre-booster 
SARS-CoV-2–negative status. The SRR difference at day 29 also 
met the noninferiority criteria (0.7%; 95% CI: −4.4% to 2.4%). 
Among participants with SARS-CoV-2–positive status at the pre- 
booster visit (n = 20), there was a 3-fold increase in observed 
GMCs (95% CI) from 3474 (1858–6497) at pre-booster day 1 to 
11 328 (8578–14 958) at day 29 post-booster (Supplementary 
Figure 2). Additionally, relative to pre-booster day 1 levels, bAb 
GM levels increased after the booster against ancestral 
SARS-CoV-2, Delta AY.4, and Omicron BA.1 among participants 
with pre-booster SARS-CoV-2–negative status (Figure 3).

6- to 11-Year-Olds

Participants
Overall, 2519 participants aged 6–11 years received a 25-µg 
mRNA-1273 booster dose (Figure 1). The median age was 
8 years when starting the primary series and 10 years at receipt 
of booster; 52.8% were male, with 65.8% White, 11.1% Black, 

8.1% Asian, and 16.9% Hispanic or Latino participants 
(Table 1). Approximately 42% of participants had evidence of 
SARS-CoV-2 infection at the time of boosting. The median 
time since the primary series dose 2 to booster was 235 days.

Safety
Solicited local ARs within 7 days after booster vaccination were 
reported by 2243 of 2487 participants (90.3%). Most local ARs 
were mild to moderate, with grade 3 events reported by 48 par
ticipants (1.9%); no grade 4 events were reported. The most 
common local ARs were pain (89.3%) and axillary node 
swelling/tenderness (25.0%) (Figure 2). Solicited systemic 
ARs within 7 days after booster were reported by 1523 of 
2487 participants (61.3%) and were mostly mild to moderate, 
with 114 (4.6%) reporting grade 3 events and 2 (<0.1%) report
ing grade 4 events. Both grade 4 events were fever, reported in 
2 participants with concurrent symptomatic COVID-19. The 
most common (>20%) systemic ARs were fatigue (45.4%) 
and headache (36.0%).

Unsolicited AEs within 28 days after the booster were report
ed by 374 of 2519 of participants (14.8%); 83 (3.3%) were con
sidered by the investigator to be related to mRNA-1273 
(Table 2). Adverse events were most often classified as infec
tions/infestations (8.2% [207/2519 participants]). At data cutoff 
(1 June 2023), the median (IQR) duration of safety follow-up 
after the booster dose was 363 (337–371) days and 1053 partic
ipants (41.8%) had experienced MAAEs; 20 (0.8%) experienced 
an MAAE assessed by the investigator as being vaccine-related 
(Supplementary Table 2). Seventeen participants (0.7%) report
ed severe AEs and 8 (0.3%) were considered by the investigator 
to be vaccine-related (Supplementary Table 2). Eleven partici
pants (0.4%) experienced SAEs; none were considered 
vaccine-related (Table 2). There were no deaths or AEs leading 
to study discontinuation. Twelve participants (0.5%) had 
AESIs; none were considered vaccine-related (Supplementary 
Table 3). No cases of myocarditis or pericarditis were reported.

Immunogenicity
Regardless of pre-booster SARS-CoV-2 status, an mRNA-1273 
booster induced increases in nAbs relative to pre-booster levels 
among participants aged 6–11 years (Supplementary Figure 3). 
Among participants with SARS-CoV-2–negative status at the 
pre-booster visit (n = 145), an mRNA-1273 booster increased 
observed nAb GMCs (95% CI) against ancestral SARS-CoV-2 
by 13-fold, from 434 (390–484) at pre-booster day 1 to 
5561 (5036–6140) at day 29 post-booster (Table 3). The 
ANCOVA-modeled GMR of nAb GMCs after the booster com
pared with levels after the primary series in young adults was 4.0 
(95% CI: 3.4–4.6), meeting the noninferiority criterion. The SRR 
was 100% (137/137) at day 29 among participants with 
SARS-CoV-2–negative status. The SRR difference of 0.7% 
(95% CI: −2.1% to 2.4%) also met the noninferiority criterion. 

Table 2. Summary of Unsolicited Adverse Events After Booster 
Vaccination by Age Group (Safety Set)

mRNA-1273

Booster: 10 µg, 
6 Months to 5 Years 

(n = 153)

Booster: 25 µg, 
6 to 11 Years 

(n = 2519)

All unsolicited AEs within 28 d, 
n (%)

39 (25.5) 374 (14.8)

All unsolicited AEs to data 
cutoff date (1 June 2023),  
n (%)

97 (63.4) 1152 (45.7)

SAEs 1 (0.7) 11 (0.4)

Fatal AEs 0 0

MAAEs 87 (56.9) 1053 (41.8)

AEs leading to study 
discontinuation

0 0

Severe 0 17 (0.7)

AESIs 2 (1.3) 12 (0.5)

Relateda unsolicited AEs 
within 28 d, n (%)

5 (3.3) 83 (3.3)

All relateda unsolicited AEs to 
data cutoff date (1 June 
2023), n (%)

5 (3.3) 84 (3.3)

SAEs 0 0

Fatal AEs 0 0

MAAEs 0 20 (0.8)

AEs leading to study 
discontinuation

0 0

Severe 0 8 (0.3)

AESIs 0 0

The safety set included all participants who received an mRNA-1273 booster dose.  

Abbreviations: AE, adverse event; AESI, adverse event of special interest; MAAE, medically 
attended adverse event; SAE, serious adverse event.  
aThe investigator considered that there was a reasonable possibility of a relationship with 
the study vaccine.
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Among participants with SARS-CoV-2–positive status at the 
pre-booster visit (n = 48), there was a 2-fold increase in nAb 
GMCs (95% CIs) from 4318 (3333–5595) at pre-booster day 1 
to 8387 (6980–10 077) at day 29 post-booster (Supplementary 
Figure 3). Additionally, relative to pre-booster day 1 levels, a 
booster dose increased bAb GM levels against ancestral 
SARS-CoV-2, Delta AY.4, and Omicron BA.1 among partici
pants with SARS-CoV-2–negative status (Figure 3).

DISCUSSION

An mRNA-1273 booster dose administered to children aged 
6 months–5 years (10 µg) or 6–11 years (25 µg) had a consistent 
safety profile across age groups, and elicited immune responses 
against the SARS-CoV-2 ancestral strain that were noninferior 
to responses in young adults following primary series vaccination 
[20]. As of February 2024, approximately 79 000 COVID-19– 
confirmed hospitalizations have been reported in US children 
aged 11 years and younger, with approximately 120 weekly admis
sions during the 2023–2024 seasonal peak, highlighting the con
tinued need to protect against severe illness through booster 
vaccination [23].

The mRNA-1273 booster had a reactogenicity profile similar 
to that of the primary series [3, 4]. Unsolicited AEs after the 
booster were similar in profile to unsolicited AEs reported after 
the primary series (most commonly infections/infestations), 
and there were no vaccine-related SAEs reported in either 
age stratum. Although a greater number of participants aged 
6–11 years experienced vaccine-related AEs and severe AEs 
compared with those aged 6 months–5 years, this is likely due 
to differing vaccine group sizes, differing follow-up periods, 
and age-related variation in the reporting of reactogenicity. 
All vaccine-related severe AEs were reactogenicity events. 
There were no identified cases of MIS-C or cases suggestive of 
myocarditis/pericarditis, and no participants withdrew from 
the study due to AEs after booster dose receipt. Overall, findings 
were consistent with the known safety profile of mRNA-1273.

An mRNA-1273 booster dose increased serum nAbs in chil
dren regardless of SARS-CoV-2 serostatus. These findings sug
gest that participants with seropositive status also derive an 
immunological benefit from booster vaccination. Notably, in par
ticipants with SARS-CoV-2–negative status, nAb responses were 
noninferior to those observed in young adults in the pivotal 
COVE study, where vaccine efficacy against COVID-19 was 

Table 3. Serum Neutralizing Antibody Levels Against Ancestral SARS-CoV-2 After Booster Vaccination (Per-Protocol Immunogenicity, SARS-CoV-2– 
Negative Set)

Children Aged 6 Months to 5 Years, 
mRNA-1273 Booster (10 µg) (n = 76)

Children Aged 6 to 11 Years, 
mRNA-1273 Booster (25 µg) (n = 145)

Young Adults Aged 18 to 25 Years, 
mRNA-1273 Primary Series (100 µg)  

(n = 296)

Day 57 post-primary series, n 55 58 294

Observed GMC (95% CI)a 1431.2 (1201.2–1705.2) 1533.1 (1318.3–1782.9) 1400.4 (1272.7–1541.0)

Baseline (pre-booster day 1 or 
pre-dose 1b), n

72 144 295

Observed GMC (95% CI)a 340.6 (283.7–408.8) 434.1 (389.5–483.9) 11.1 (10.5–11.6)

Day 29 post-booster, n 76 145 …

Observed GMC (95% CI)a 5457.2 (4525.7–6580.3) 5561.0 (5036.3–6140.3) …

GMFR (95% CI)c 15.8 (12.8–19.4) 12.8 (11.3–14.6) …

GMR day 29 post-booster 
children versus day 57 young 
adults (95% CI)d

3.897 (3.158–4.808) 3.971 (3.409–4.626) …

Day 29 post-booster or day 57 
post-primary SRR,e n/N (%) 
[95% CI]

72/72 (100) [95.0–100] 137/137 (100) [97.3–100] 292/294 (99.3) [97.6–99.9]

SRR difference vs young 
adults,f % (95% CI)

0.7 (−4.4 to 2.4) 0.7 (−2.1 to 2.4) …

Numbers of participants in the per-protocol immunogenicity subset with pre-booster SARS-CoV-2–negative status in KidCOVE, or the per-protocol immunogenicity subset for the primary 
series in the COVE trial, are shown.  

Abbreviations: ANCOVA, analysis of covariance; CI, confidence interval; GM, geometric mean; GMC, geometric mean concentration; GMFR, geometric mean fold rise; GMR, geometric mean 
ratio; LLOQ, lower limit of quantification; LS, least squares; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SRR, seroresponse rate.  
a95% CIs were calculated using the t-distribution of the log-transformed values or the difference in the log-transformed values for GMC and then back-transformed to the original scale for 
presentation.  
bPre-booster day 1 in children aged 6 months to 5 years and 6 to 11 years; pre-dose 1 in young adults aged 18 to 25 years.  
cGMFR refers to the fold rise in GMC at the 2 defined time points and was calculated as booster day 29/pre-booster day 1. The 95% CIs were calculated using the t-distribution of the 
log-transformed values or the difference in the log-transformed values, then back-transformed to the original scale for presentation of GMC or GMFR 95% CIs.  
dLog-transformed antibody levels were analyzed using an ANCOVA model with the age group variable (children and young adults) as a fixed effect. The resulting LS means, difference of LS 
means, and 95% CIs were back-transformed to the original scale for presentation of GMC and GMR with 95% CIs.  
eThe SRR at day 29 from baseline (pre-dose 1 of the primary series) was defined as the percentage of participants with a change from below LLOQ to equal or above 4× LLOQ, or at least a 
4-fold rise if the baseline was ≥LLOQ. Corresponding 95% CIs were calculated using the Clopper-Pearson method.  
fThe SRR difference 95% CI was calculated using the Miettinen-Nurminen (score) confidence limits.
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established [20], and it is anticipated that a booster dose in chil
dren will confer similar benefits to those seen in adults who re
ceived a booster dose in previous clinical [17] and 
observational [16] studies. Additionally, an mRNA-1273 booster 
dose increased serum bAb levels against ancestral SARS-CoV-2 
and, to a lesser extent, against Omicron BA.1 and Delta AY.4 
in children. Studies in adults have demonstrated that an 

mRNA-1273 booster dose can restore the immune decline ob
served over time after primary vaccination and enhance effective
ness against Delta and Omicron variants [16, 17, 24]. Notably, in 
this study, bAb responses remained high 6 months after the pri
mary series, which may have implications for booster dose tim
ing. Furthermore, serum nAbs increased regardless of the 
median time interval between the second injection of the 

Figure 3. Binding antibody levels against ancestral SARS-CoV-2, Delta (AY.4) variant, and Omicron BA.1 variant after booster vaccination among children aged 6 months– 
11 years with pre-booster SARS-CoV-2–negative status (per-protocol immunogenicity, SARS-CoV-2–negative set). Binding antibody responses were assessed at baseline 
(day 1), day 209 following primary series vaccination, booster dose day 1 (pre-booster), and booster day 29 among participants with no evidence of current or prior 
SARS-CoV-2 infection at the pre-booster visit (n = 76, 6 months–5 years; n = 145, 6–11 years). Pre-booster SARS-CoV-2–negative status was defined as having a negative 
RT-PCR test and negative serology test (based on binding antibody specific to SARS-CoV-2 nucleocapsid as measured by Roche Elecsys Anti-SARS-CoV-2 assay) at the date of 
the booster dose. Abbreviations: CI, confidence interval; RT-PCR, reverse transcriptase–polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coro
navirus 2.
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mRNA-1273 primary series and the booster dose, which ranged 
from 8 to 10 months. Similar results were observed in the COVE 
study in adults, which showed consistent post-booster nAb levels 
regardless of the time interval (12–16 months) between the 
mRNA-1273 primary series and the booster dose [25].

The limited sample size of the study precluded the detection of 
rare safety events, such as MIS-C or myocarditis/pericarditis. The 
scope of overall exposure data across the mRNA-1273 pediatric 
development program helps support and supplement the relative
ly small number of participants in this booster study (∼3000 in
fants and children received a booster dose of mRNA-1273). 
Reassuringly, analyses of post-marketing data (Vaccine Adverse 
Event Reporting System and Vaccine Safety Datalink) in children 
aged 6 months–11 years found no statistically significant signals 
for myocarditis/pericarditis [26, 27]. The benefits of preventing 
COVID-19 and the subsequent sequelae in children outweigh 
the risks from exposure to an mRNA-1273 booster dose, which 
is supported by the safety findings here and across the clinical stud
ies and post-authorization experience.

In conclusion, an mRNA-1273 booster has a consistent safety 
profile across age groups and elicited immune responses, support
ing administration of a booster dose in children aged 6 months– 
11 years. These data, in conjunction with the clinical data of 
mRNA-1273 boosters in adolescents and adults, as well as data 
on variant-containing mRNA-1273 boosters in adults, contribut
ed to recent US Advisory Committee on Immunization Practices 
recommendations for the administration of a monovalent XBB 
variant–containing COVID-19 mRNA vaccine to all eligible per
sons aged 6 months and older [28].

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.

Notes
Author contributions. V. B., C. B. C., L. d. L., W. D., H. Z., K. S., E. J. A., 

R. D., J. M., and S. S. G. all contributed to the concept and design of the 
study. Data collection was performed by V. B., C. B. C., C. A. Rostad, 
Q. C., L. d. L., M. D., A. G., D. J., S. N., S. P., M. R., C. A. Rodriguez, 
K. L., W. T., M. B., B. G., and E. J. A. Analysis and interpretation of data 
were carried out by V. B., C. B. C., C. A. Rostad, A. Y., M. B., X. Z., 
W. D., W. X., H. Z., B. G., R. K., K. S., E. J. A., R. D., J. M., and S. S. G. 
All authors provided intellectual contribution for the writing and review 
of the manuscript. All authors approved the final draft of the manuscript.

Acknowledgments. The authors thank the children and their families for 
their participation in this clinical trial, and they are grateful to the research 
staff who contributed to conduct of the trial. Medical writing and editorial 
assistance (including the first draft under the guidance of authors) were 
provided by Andy Kerr, PhD, Ashlea Inan, PhD, Kate J. Russin, PhD, 
and Renee Gordon, PhD, of MEDiSTRAVA in accordance with Good 
Publication Practice guidelines, funded by Moderna, Inc, and under the di
rection of the authors.

Disclaimer. The findings and conclusions in this report are those of the 
authors and do not necessarily represent the views of the Department of 
Health and Human Services or its components.

Financial support. This work was supported, in whole or in part with 
federal funds, by the United States Department of Health and Human 
Services, Administration for Strategic Preparedness and Response, 
Biomedical Advanced Research and Development Authority, under contract 
no. 75A50120C00034; the National Institute of Allergy and Infectious 
Diseases, part of the National Institutes of Health (grant numbers 
UM1AI148576, UM1AI148452, UM1AI148689, UM1AI148450, 
UM1AI148372, and UM1AI148575); and the National Institutes of Health, 
National Center for Advancing Translational Sciences (grant number 
UL1TR001453).

Data availability. Access to patient-level data presented in the article 
(immunogenicity, safety, and reactogenicity) and supporting clinical docu
ments by qualified external researchers who provide methodologically 
sound scientific proposals may be available upon reasonable request and 
subject to review once the trial is complete. Such requests can be made 
to Moderna, Inc, 325 Binney St, Cambridge, MA 02142. A materials trans
fer and/or data access agreement with the sponsor will be required for ac
cessing shared data. All other relevant data are presented in the paper.

Potential conflicts of interest. M. B., X. Z., W. D., W. X., H. Z., B. G., R. K., 
E. J. A., R. D., J. M., and S. S. G. are employees of Moderna, Inc, and hold stock/ 
stock options in the company. A. Y. and K. S. are consultants and were con
tracted by Moderna, Inc, for this study. V. B. has received institutional re
search support from Moderna, Inc, GSK-ViiV, Gilead Sciences, Inc, and 
Novavax, Inc. C. B. C. has consulted for Pfizer, Inc, Moderna, Inc, GSK plc, 
Vir Biotechnology, CommenseBio, Cowen Investment Management LLC, 
Sanofi S.A., and Guidepoint Global. C. A. Rostad has received institutional 
support from Moderna, Inc, BioFire, Inc, GSK plc, MedImmune, Micron 
Technology, Inc, Janssen Pharmaceuticals, Merck & Co, Inc, Novavax, 
PaxVax, Pfizer, Inc, Regeneron, Sanofi Pasteur, and from the National 
Institutes of Health (NIH). She is coinventor of patented respiratory syncytial 
(RSV) vaccine technology, which has been licensed to Meissa Vaccines, 
Inc. E. J. A. has consulted for Pfizer, Inc, Sanofi Pasteur, GSK plc, Janssen 
Pharmaceuticals, Moderna, Inc, and Medscape, and his institution received 
funds to conduct clinical research unrelated to this manuscript from 
MedImmune LLC, Regeneron Pharmaceuticals, Inc, PaxVax, Pfizer, Inc, 
GSK plc, Merck & Co, Inc, Sanofi Pasteur, Janssen Pharmaceuticals, and 
Micron Technology, Inc. E. J. A. served on a safety monitoring board for 
Kentucky BioProcessing, Inc, and Sanofi Pasteur. E. J. A. served on a data ad
judication board for WCG and ACI Clinical and his institution received fund
ing from the NIH to conduct clinical trials of COVID-19 vaccines. K. L. has 
consulted for Gilead Sciences, Inc, has received research funding from the 
NIH and Moderna, Inc, and has received funding for clinical research from 
Gilead Sciences, Inc, Moderna, Inc, and Pfizer, Inc. C. A. Rodriguez has re
ceived institutional research support from Moderna, Inc, Novavax, Inc, and 
Gilead Sciences, Inc. M. D. has received clinical trial funding from 
Moderna, Inc, and Gilead Sciences, Inc. W. T. has received institutional re
search support from Moderna, Inc, Pfizer, Inc, Janssen Pharmaceuticals, 
GSK plc, ViiV Healthcare Limited, and AstraZeneca plc. All other authors re
port no potential conflicts. All authors have submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest. Conflicts that the editors consid
er relevant to the content of the manuscript have been disclosed.

Ethics statement. The protocol and other relevant documents were ap
proved by the central institutional review board (Advarra, Inc) and the study 
was conducted in accordance with the protocol, applicable laws and regula
tory requirements, the International Council for Harmonization, Good 
Clinical Practice guidelines, and the ethical principles derived from the 
Declaration of Helsinki and Council for International Organizations of 
Medical Sciences International Ethical Guidelines. Participants’ parent(s)/le
gally authorized representative(s) provided written informed consent and 
the participant, as applicable, signed the assent form before conduct of study 
procedures.

References
1. Delahoy MJ, Ujamaa D, Taylor CA, et al. Comparison of influenza and coronavi

rus disease 2019-associated hospitalizations among children younger than 18 
years old in the United States: FluSurv-NET (October-April 2017–2021) and 
COVID-NET (October 2020-September 2021). Clin Infect Dis 2023; 76:e450–9.

Safety and Immunogenicity of an mRNA-1273 Booster in Children • CID 2024:79 (15 December) • 1531

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/79/6/1524/7736002 by Acquisitions D

ept Serials user on 23 D
ecem

ber 2024

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae420#supplementary-data


2. Havers FP. COVID-19-associated hospitalizations among infants, children and 
adults—COVID-NET, January-August 2023. Centers for Disease Control and 
Prevention, National Center for Immunization and Respiratory Diseases (US). 
Coronaviruses and Other Respiratory Viruses Division, Surveillance and 
Prevention Branch, RESP-NET Hospitalization Surveillance Team, 2023.

3. Anderson EJ, Creech CB, Berthaud V, et al. Evaluation of mRNA-1273 vaccine in 
children 6 months to 5 years of age. N Engl J Med 2022; 387:1673–87.

4. Creech CB, Anderson E, Berthaud V, et al. Evaluation of mRNA-1273 Covid-19 
vaccine in children 6 to 11 years of age. N Engl J Med 2022; 386:2011–23.

5. Chiew CJ, Premikha M, Chong CY, et al. Effectiveness of primary series and boos
ter vaccination against SARS-CoV-2 infection and hospitalisation among adoles
cents aged 12–17 years in Singapore: a national cohort study. Lancet Infect Dis 
2023; 23:177–82.

6. Tan SHX, Cook AR, Heng D, Ong B, Lye DC, Tan KB. Effectiveness of BNT162b2 
vaccine against Omicron in children 5 to 11 years of age. N Engl J Med 2022; 387: 
525–32.

7. Olson SM, Newhams MM, Halasa NB, et al. Effectiveness of BNT162b2 vaccine 
against critical COVID-19 in adolescents. N Engl J Med 2022; 386:713–23.

8. Rubens JH, Akindele NP, Tschudy MM, Sick-Samuels AC. Acute COVID-19 and 
multisystem inflammatory syndrome in children. BMJ 2021; 372:n385.

9. Zambrano LD, Newhams MM, Olson SM, et al. Effectiveness of BNT162b2 
(Pfizer-BioNTech) mRNA vaccination against multisystem inflammatory syn
drome in children among persons aged 12–18 years—United States, 
July-December 2021. MMWR Morb Mortal Wkly Rep 2022; 71:52–8.

10. Centers for Disease Control and Prevention. Weekly COVID-19 vaccination 
dashboard. Available at: https://www.cdc.gov/vaccines/imz-managers/coverage/ 
covidvaxview/interactive/vaccination-dashboard.html. Accessed 16 July 2024.

11. European Medicines Agency. Spikevax (previously COVID-19 Vaccine Moderna). 
Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/spikevax. 
Accessed 22 March 2023.

12. World Health Organization. The Moderna COVID-19 (mRNA-1273) vaccine: 
What you need to know. Available at: https://www.who.int/news-room/feature- 
stories/detail/the-moderna-covid-19-mrna-1273-vaccine-what-you-need-to-know. 
Accessed 28 August 2023.

13. US Food and Drug Administration. Coronavirus (COVID-19) update: FDA 
authorizes Moderna and Pfizer-BioNTech COVID-19 vaccines for children 
down to 6 months of age. Available at: https://public4.pagefreezer.com/browse/ 
FDA/15-07-2022T10:16/https://www.fda.gov/news-events/press-announcements/ 
coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-covid- 
19-vaccines-children. Accessed 16 July 2024.

14. Abu-Raddad LJ, Chemaitelly H, Bertollini R. Waning mRNA-1273 vaccine effec
tiveness against SARS-CoV-2 infection in Qatar. N Engl J Med 2022; 386:1091–3.

15. Barouch DH. Covid-19 vaccines—immunity, variants, boosters. N Engl J Med 
2022; 387:1011–20.

16. Tseng HF, Ackerson BK, Luo Y, et al. Effectiveness of mRNA-1273 against 
SARS-CoV-2 Omicron and Delta variants. Nat Med 2022; 38:1063–71.

17. Chu L, Vrbicky K, Montefiori D, et al. Immune response to SARS-CoV-2 after a 
booster of mRNA-1273: an open-label phase 2 trial. Nat Med 2022; 28:1042–9.

18. Choi A, Koch M, Wu K, et al. Safety and immunogenicity of SARS-CoV-2 variant 
mRNA vaccine boosters in healthy adults: an interim analysis. Nat Med 2021; 27: 
2025–31.

19. Jackson LA, Anderson EJ, Rouphael NG, et al. An mRNA vaccine against 
SARS-CoV-2—preliminary report. N Engl J Med 2020; 383:1920–31.

20. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the mRNA-1273 
SARS-CoV-2 vaccine. N Engl J Med 2021; 384:403–16.

21. Bonhomme ME, Bonhomme CJ, Strelow L, et al. Robust validation and perfor
mance comparison of immunogenicity assays assessing IgG and neutralizing an
tibodies to SARS-CoV-2. PLoS One 2022; 17:e0262922.

22. Chalkias S, Harper C, Vrbicky K, et al. A bivalent Omicron-containing booster 
vaccine against Covid-19. N Engl J Med 2022; 387:1279–91.

23. Centers for Disease Control and Prevention. New hospital admissions of pediatric 
patients with confirmed COVID-19, United States. Available at: https://covid.cdc. 
gov/covid-data-tracker/#new-hospital-admissions. Accessed 16 July 2024.

24. Pajon R, Doria-Rose NA, Shen X, et al. SARS-CoV-2 Omicron variant neutraliza
tion after mRNA-1273 booster vaccination. N Engl J Med 2022; 386:1088–91.

25. Baden LR, El Sahly HM, Brandon E, et al. Long-term safety and effectiveness of 
mRNA-1273 vaccine in adults: COVE trial open-label and booster phases. Nat 
Commun. In press.

26. Shimabukuro T. COVID-19 vaccine safety update: primary series in young chil
dren and booster doses in older children and adults. Available at: https://www.cdc. 
gov/vaccines/acip/meetings/downloads/slides-2022-09-01/05-COVID-Shimabukuro- 
508.pdf. Accessed 16 July 2024.

27. Shimabukuro T. Update on myocarditis following mRNA COVID-19 vaccina
tion. Available at: https://www.cdc.gov/vaccines/acip/meetings/downloads/ 
slides-2022-06-22-23/03-covid-shimabukuro-508.pdf. Accessed 16 July 2024.

28. Regan JJ, Moulia DL, Link-Gelles R, et al. Use of updated COVID-19 vaccines 
2023–2024 formula for persons aged ≥6 months: recommendations of the 
Advisory Committee on Immunization Practices—United States, September 
2023. MMWR Morb Mortal Wkly Rep 2023; 72:1140–6.

1532 • CID 2024:79 (15 December) • Berthaud et al

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/79/6/1524/7736002 by Acquisitions D

ept Serials user on 23 D
ecem

ber 2024

https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive/vaccination-dashboard.html
https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive/vaccination-dashboard.html
https://www.ema.europa.eu/en/medicines/human/EPAR/spikevax
https://www.who.int/news-room/feature-stories/detail/the-moderna-covid-19-mrna-1273-vaccine-what-you-need-to-know
https://www.who.int/news-room/feature-stories/detail/the-moderna-covid-19-mrna-1273-vaccine-what-you-need-to-know
https://public4.pagefreezer.com/browse/FDA/15-07-2022T10:16/https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-covid-19-vaccines-children
https://public4.pagefreezer.com/browse/FDA/15-07-2022T10:16/https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-covid-19-vaccines-children
https://public4.pagefreezer.com/browse/FDA/15-07-2022T10:16/https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-covid-19-vaccines-children
https://public4.pagefreezer.com/browse/FDA/15-07-2022T10:16/https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-covid-19-vaccines-children
https://covid.cdc.gov/covid-data-tracker/#new-hospital-admissions
https://covid.cdc.gov/covid-data-tracker/#new-hospital-admissions
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-09-01/05-COVID-Shimabukuro-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-09-01/05-COVID-Shimabukuro-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-09-01/05-COVID-Shimabukuro-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-22-23/03-covid-shimabukuro-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-06-22-23/03-covid-shimabukuro-508.pdf

	Safety and Immunogenicity of an mRNA-1273 Booster �in Children
	METHODS
	Trial Design and Participants
	Vaccine
	Objectives
	Safety Assessments
	Immunogenicity Assessments
	Statistical Analyses

	RESULTS
	6-Month-Olds to 5-Year-Olds
	Participants
	Safety
	Immunogenicity

	6- to 11-Year-Olds
	Participants
	Safety
	Immunogenicity


	DISCUSSION
	Supplementary Data
	Notes
	References


