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BACKGROUND
Safe, effective vaccines against coronavirus disease 2019 (Covid-19) are urgently 
needed in children younger than 12 years of age.

METHODS
A phase 1, dose-finding study and an ongoing phase 2–3 randomized trial are 
being conducted to investigate the safety, immunogenicity, and efficacy of two 
doses of the BNT162b2 vaccine administered 21 days apart in children 6 months to 
11 years of age. We present results for 5-to-11-year-old children. In the phase 2–3 
trial, participants were randomly assigned in a 2:1 ratio to receive two doses of 
either the BNT162b2 vaccine at the dose level identified during the open-label 
phase 1 study or placebo. Immune responses 1 month after the second dose of 
BNT162b2 were immunologically bridged to those in 16-to-25-year-olds from the 
pivotal trial of two 30-μg doses of BNT162b2. Vaccine efficacy against Covid-19 at 
7 days or more after the second dose was assessed.

RESULTS
During the phase 1 study, a total of 48 children 5 to 11 years of age received 10 μg, 
20 μg, or 30 μg of the BNT162b2 vaccine (16 children at each dose level). On the 
basis of reactogenicity and immunogenicity, a dose level of 10 μg was selected for 
further study. In the phase 2–3 trial, a total of 2268 children were randomly as-
signed to receive the BNT162b2 vaccine (1517 children) or placebo (751 children). 
At data cutoff, the median follow-up was 2.3 months. In the 5-to-11-year-olds, as 
in other age groups, the BNT162b2 vaccine had a favorable safety profile. No 
vaccine-related serious adverse events were noted. One month after the second 
dose, the geometric mean ratio of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) neutralizing titers in 5-to-11-year-olds to those in 16-to-25-year-olds 
was 1.04 (95% confidence interval [CI], 0.93 to 1.18), a ratio meeting the pre-
specified immunogenicity success criterion (lower bound of two-sided 95% CI, 
>0.67; geometric mean ratio point estimate, ≥0.8). Covid-19 with onset 7 days or 
more after the second dose was reported in three recipients of the BNT162b2 vac-
cine and in 16 placebo recipients (vaccine efficacy, 90.7%; 95% CI, 67.7 to 98.3).

CONCLUSIONS
A Covid-19 vaccination regimen consisting of two 10-μg doses of BNT162b2 ad-
ministered 21 days apart was found to be safe, immunogenic, and efficacious in 
children 5 to 11 years of age. (Funded by BioNTech and Pfizer; ClinicalTrials.gov 
number, NCT04816643.)
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The BNT162b2 vaccine (Pfizer–BioN-
Tech) is a lipid nanoparticle formulation 
containing nucleoside-modified mRNA en-

coding the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) viral spike glycopro-
tein.1 The BNT162b2 vaccine received emergency 
use authorization from the Food and Drug Ad-
ministration (FDA) in December 2020 for the pre-
vention of coronavirus disease 2019 (Covid-19) 
in persons 16 years of age or older, with subse-
quent expansion to 12-to-15-year-olds in May 2021, 
and to 5-to-11-year-olds on October 29, 2021, on 
the basis of data from this trial.2 BNT162b2 re-
cently received U.S. licensure for immunization 
in persons 16 years of age or older.2

Results of an ongoing phase 1–2–3 clinical 
study in healthy persons 12 years of age or older 
support the safety, immunogenicity, and efficacy 
of a two-dose series of 30-μg BNT162b2 injec-
tions administered 21 days apart.3-5 BNT162b2 
has been shown to have an acceptable safety 
profile characterized by transient mild-to-mod-
erate injection-site pain, fatigue, and headache, 
was more immunogenic among 12-to-15-year-
olds than among young adults, and was 95 to 
100% efficacious in preventing Covid-19 illness 
from 7 days to approximately 2 months after the 
second dose.3,4 Vaccine efficacy against Covid-19 
from 7 days to 6 months after the second dose was 
91%,6 with a similar estimated real-world effec-
tiveness from 8 to 28 days after the second dose.7

Although Covid-19 is generally milder in chil-
dren than in adults, severe illness and long-term 
complications, including multisystem inflamma-
tory syndrome in children (MIS-C), can occur af-
ter the primary infection.8,9 School-age children 
represent a high proportion of Covid-19 cases,10 
and they may play an important role in the trans-
mission of SARS-CoV-2,11,12 including spread of 
the highly transmissible B.1.617.2 (or delta) vari-
ant.13,14 At the end of September 2021, persons 
younger than 18 years of age represented more 
than a quarter of weekly U.S. cases and 1.6 to 
4.2% of cumulative hospitalizations.10 Covid-19–
associated hospitalizations among children have 
increased steadily since early July 2021 in the 
United States; prevalence among 5-to-11-year-old 
children reached an all-time high of 1.1 per 
100,000 population in late September.15 The pan-
demic has also interrupted education and has 
adversely affected children’s social and emotional 
development and mental health.16-19 Therefore, 

the availability of safe and efficacious vaccines 
for school-age children is critical.

Me thods

Participants and Oversight

This phase 1 dose-level identification study and 
ongoing phase 2–3 safety, immunogenicity, and 
efficacy trial investigate the administration of the 
BNT162b2 vaccine to healthy participants 6 months 
to 11 years of age. Herein we present the results 
for children 5 to 11 years of age through the cut-
off date (September 6, 2021); results for children 
2 to 4 years and 6 months to less than 2 years 
of age are not yet available. Participants will be 
followed for 2 years after receipt of the first 
dose, including monitoring for potential cases of 
Covid-19 and MIS-C.

Participants were recruited by study site per-
sonnel. Children with no or stable preexisting 
conditions were eligible to participate, except 
those with an immunocompromising or immu-
nodeficiency disorder, those with a history of 
MIS-C, or those receiving immunosuppressive 
therapy (including cytotoxic agents and systemic 
glucocorticoids). In addition, in the phase 1 study, 
children with a previous clinical or virologic 
Covid-19 diagnosis were excluded. Further inclu-
sion and exclusion criteria and information on 
study responsibilities and ethical study conduct, 
including informed consent, are summarized in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org. The protocol 
contains additional details and is available at 
NEJM.org. The authors vouch for the accuracy 
and completeness of the data and for the fidelity 
of the trial to the protocol.

Procedures
Phase 1, Open-Label, Dose-Finding Study

In 5-to-11-year-olds, a vaccination regimen involv-
ing intramuscular (deltoid) injection of two doses 
of BNT162b2 administered 21 days apart was 
initiated at a 10-μg dose level on the basis of 
acceptable safety of the 30-μg dose level in 
12-to-15-year-olds, described in the efficacy study.4 
At each planned dose level (10 μg, 20 μg, and 
30 μg), four sentinel participants received injec-
tions of BNT162b2, with vaccination followed by 
a planned 2-day pause. If no safety events of 
concern were noted, the remaining 12 partici-
pants in the group were vaccinated. After confir-
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mation of an acceptable safety assessment at 10 μg 
by the internal review committee (see the Sup-
plementary Appendix), vaccination began at the 
20-μg dose level. The same process was followed 
for the 30-μg dose level.

Phase 2–3 Randomized Trial among Children  
5 to 11 Years of Age
Through the use of an interactive Web-based 
system, participants were randomly assigned in 
a 2:1 ratio to receive two doses, 21 days apart, of 
either BNT162b2 at the dose level selected dur-
ing phase 1 (10 μg) or saline placebo. In phase 
2–3, all participants and study personnel, with 
the exception of those preparing or administer-
ing the injections, were unaware of group as-
signments. After 6 months, or after participants 
become eligible for Covid-19 vaccination accord-
ing to local or national recommendations, pla-
cebo recipients will be offered the BNT162b2 
vaccine.

Safety

Safety evaluations included assessment of reacto-
genicity events reported by a parent or guardian 
through the use of an electronic diary for 7 days 
after each dose. Data on unsolicited adverse 
events, including confirmed diagnoses of myo-
carditis or pericarditis, were collected from the 
first dose through 1 month after the second 
dose. Data on serious adverse events will be col-
lected from the first dose through 6 months 
after the second dose.

Immunogenicity

For all participants in phase 1 and for a subset 
of participants in phase 2–3, blood samples were 
collected for immunogenicity assessments, which 
included determination of SARS-CoV-2 neutral-
ization titers as described previously.20 Serum 
samples collected from 5-to-11-year-olds and 
16-to-25-year-olds in this study were assayed in 
parallel to ensure comparability of titers. Analy-
ses were conducted in participants who were 
without serologic or virologic evidence of past 
SARS-CoV-2 infection. In phase 1, SARS-CoV-2 
neutralizing geometric mean titers (GMTs) were 
measured in serum samples obtained at 7 days 
after the second dose from participants who 
could be evaluated (Table S1). In phase 2–3, we 
calculated the ratio of GMTs (geometric mean 
ratio) and the difference between the percentage 

of participants with seroresponse among 5-to-
11-year-olds and that among 16-to-25-year-olds 
at 1 month after the second dose, GMTs at base-
line and 1 month after the second dose, and geo-
metric mean fold rises from baseline to 1 month 
after the second dose. Seroresponse was defined 
by an increase in titers by a factor of at least 4 from 
baseline or by titers that were at least 4 times the 
lower limit of quantitation if the baseline mea-
surement was less than the lower limit of quan-
titation.

Efficacy

Vaccine efficacy against confirmed Covid-19 with 
onset at least 7 days after the second dose was 
described both in participants without evidence 
of previous SARS-CoV-2 infection and in all par-
ticipants. Methods for identifying SARS-CoV-2 
infection and Covid-19 are summarized in the 
Supplementary Appendix.

Statistical Analysis

The sample size for phase 1 and the total sample 
size for phase 2–3 were not based on statistical 
hypothesis testing. Safety end points for the safety 
population (Table S1) are presented descriptively 
as counts, percentages, and associated Clopper–
Pearson two-sided 95% confidence intervals. Ad-
verse events and serious adverse events are cate-
gorized according to terms in the Medical Dictionary 
for Regulatory Activities (MedDRA), version 24.0, for 
each group.

Effectiveness was inferred by an “immuno-
bridging” approach, in which neutralizing titers 
elicited by BNT162b2 in 5-to-11-year-olds were 
compared with titers elicited by BNT162b2 in 
16-to-25-year-olds (in whom efficacy had been 
demonstrated4), with formal noninferiority hy-
pothesis testing. The immunobridging subset of 
5-to-11-year-olds (those whose neutralizing titers 
were compared) consisted of 485 participants en-
rolled from U.S. and European sites (322 in the 
BNT162b2 group and 163 in the placebo group). 
The immunobridging comparison used data that 
could be evaluated from the immunogenicity 
population of the immunobridging subset. A ran-
dom sample of 350 participants 16 to 25 years of 
age from an earlier study4 (300 in the 30-μg 
BNT162b2 group and 50 in the placebo group 
[included for blinding purposes]) was selected 
with the use of a simple random-sample selec-
tion procedure as the immunobridging control 
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age group. Immunobridging success as specified 
in the protocol was based on the geometric mean 
ratio of neutralizing titers of serum samples 
drawn 1 month after the second dose and was 
declared if the lower limit of the 95% confidence 
interval for the geometric mean ratio (5-to-11-
year-olds to 16-to-25-year-olds) was greater than 
0.67 and the geometric mean ratio point esti-
mate was 0.8 or greater. FDA communication 
received after the database lock for the reported 
analyses proposed increasing the geometric mean 
ratio point estimate for immunobridging suc-
cess to 1.0 or greater.

Immunobridging success based on the differ-
ence in seroresponse was declared if the lower 
limit of the 95% confidence interval for the dif-
ference in percentages of participants (5–11 
years minus 16–25 years) with seroresponse was 
greater than –10%. A sample size of 225 
BNT162b2 recipients with data that could be 
evaluated in both age groups provided 90.4% 
and 92.6% power to demonstrate immunobridg-
ing on the basis of the geometric mean ratio and 
the difference in seroresponse, respectively.

Vaccine efficacy was defined as 100 × (1 – IRR), 
where IRR is the rate ratio of confirmed Covid-19 
illness in the BNT162b2 group to that in the 
placebo group. The associated two-sided 95% con-
fidence interval for vaccine efficacy was derived 
with the Clopper–Pearson method, adjusted for 
surveillance time (defined as the total time in 
1000 person-years for the given end point across 
all participants within each group at risk for the 
end point).

R esult s

Participants
Phase 1

From March 24 through April 14, 2021, a total 
of 50 children 5 to 11 years of age were screened 
for inclusion at four U.S. sites, and 48 received 
escalating doses of the BNT162b2 vaccine 
(Fig. 1). Half the children were male, 79% were 
White, 6% were Black, 10% were Asian, and 8% 
were Hispanic or Latinx. The mean age was 7.9 
years (Table S2).

Phase 2–3
From June 7 through June 19, 2021, a total of 
2316 children 5 to 11 years of age were screened 
for inclusion and 2285 underwent randomiza-

tion across 81 sites in the United States, Spain, 
Finland, and Poland; 2268 participants received 
injections, with 1517 randomly assigned to re-
ceive BNT162b2 and 751 assigned to receive 
placebo (Fig. 1). One participant who was ran-
domly assigned to receive placebo was admin-
istered BNT162b2 in error for both doses; 
therefore, 1518 participants received dose 1 of 
BNT162b2 and 750 participants received dose 1 of 
placebo. More than 99% of participants received 
a second dose. At the data cutoff date, the median 
follow-up time was 2.3 months (range, 0 to 2.5); 
95% of participants had at least 2 months of 
available follow-up safety data after the second 
dose. Overall, 52% were male, 79% were White, 
6% were Black, 6% were Asian, and 21% were 
Hispanic or Latinx (Table 1). The mean age was 
8.2 years; 20% of children had coexisting con-
ditions (including 12% with obesity and ap-
proximately 8% with asthma), and 9% were 
SARS-CoV-2–positive at baseline. Apart from 
younger age and a lower percentage of Black and 
Hispanic or Latinx 5-to-11-year-olds (6% and 
18%, respectively) than 16-to-25-year-olds (12% 
and 36%, respectively), demographic character-
istics were similar among the 5-to-11-year-old 
and 16-to-25-year-old BNT162b2 recipients who 
were included in the immunobridging subset 
(Table S3).

Phase 1 Safety and Immunogenicity

Most local reactions were mild to moderate, and 
all were transient (Fig. S1A and Table S4). Fever 
was more common in the 30-μg dose-level 
group than in the 10-μg and 20-μg dose-level 
groups after the first and second doses (Fig. S1B). 
All four sentinel participants in the 30-μg dose-
level group who received the second 30-μg dose 
had mild-to-moderate fever within 7 days; the 
remaining 12 participants in the 30-μg dose-
level group received a 10-μg second dose ap-
proximately 1 month after the first dose, as rec-
ommended by the internal review committee 
after selection of the phase 2–3 dose. Adverse 
events from the first dose through 1 month after 
the second dose were reported by 43.8% of par-
ticipants who received two 10-μg doses of 
BNT162b2, 31.3% of those who received two 
20-μg doses, and 50.0% of those who received 
two 30-μg doses (Table S6). One severe adverse 
event (grade 3 pyrexia) in a 10-year-old partici-
pant began the day of the second 20-μg dose of 
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Figure 1. Screening, Randomization, and Vaccine and Placebo Administration among 5-to-11-Year-Old Children in the Phase 1 Study  
and the Phase 2–3 Trial.

Participants who discontinued the vaccination regimen could remain in the study. In the phase 2–3 trial, reasons for not receiving the first 
dose included withdrawal (14 children), no longer meeting eligibility criteria (2 children), and protocol deviation (1 child). Discontinuations 
or withdrawals after the first dose were due to a decision by the parent or guardian or by the participant, except one, for which the reason 
was classified as “other.” In the phase 2–3 trial, one participant who was randomly assigned to receive placebo was administered BNT162b2 
in error for both doses. Therefore, 1518 participants received dose 1 of BNT162b2 and 750 participants received dose 1 of placebo.

2285 Underwent randomization

31 Were excluded
26 Did not meet eligibility criteria
5 Withdrew

1528 Were assigned to receive
BNT162b2, 10 µg

757 Were assigned to receive
placebo

1517 Received dose 1 751 Received dose 1

1514 Received dose 2 747 Received dose 2

1510 Completed 1-mo follow-up visit
after dose 2

746 Completed 1-mo follow-up visit
after dose 2

49 Entered study

50 Children were screened

1 Was excluded; did not
meet eligibility criteria

16 Were assigned to and
received two doses of

BNT162b2, 10 µg

16 Were assigned to receive
two doses of BNT162b2,

30 µg, and received one dose

17 Were assigned to receive
 two doses of

BNT162b2, 20 µg

1 Withdrew assent and
did not receive vaccine

16 Received two doses of
BNT162b2, 20 µg

2316 Children were screened

12 Received BNT162b2,
10 µg, for dose 2

4 Received BNT162b2,
 30 µg, for dose 2

A Phase 1 Study

B Phase 2–3 Trial
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BNT162b2, with temperature reaching 39.7°C 
(103.5°F) the day after vaccination and resolving 
the following day. Antipyretic medications were 
used, and the investigator considered the event 
to be related to receipt of the BNT162b2 vaccine.

Serum neutralizing GMTs 7 days after the 
second dose were 4163 with the 10-μg dose of 
BNT162b2 and 4583 with the 20-μg dose (Fig. 
S2). On the basis of these safety and immunoge-
nicity findings, the 10-μg dose level was selected 
for further assessment in 5-to-11-year-olds in 
phase 2–3.

Phase 2–3 Safety

BNT162b2 recipients reported more local reac-
tions and systemic events than placebo recipi-
ents (Fig. 2). The reactions and events reported 
were generally mild to moderate, lasting 1 to 2 days 
(Table S4). Injection-site pain was the most com-
mon local reaction, occurring in 71 to 74% of 
BNT162b2 recipients. Severe injection-site pain 
after the first or second dose was reported in 
0.6% of BNT162b2 recipients and in no placebo 
recipients. Fatigue and headache were the most 
frequently reported systemic events. Severe fatigue 

Table 1. Demographic and Clinical Characteristics of Children in the Phase 2–3 Trial.*

Characteristic
BNT162b2 

 (N = 1518)†
Placebo 

(N = 750)†
Total 

(N = 2268)

Male sex — no. (%) 799 (52.6) 383 (51.1) 1182 (52.1)

Race — no. (%)‡

White 1204 (79.3) 586 (78.1) 1790 (78.9)

Black 89 (5.9) 58 (7.7) 147 (6.5)

Asian 90 (5.9) 47 (6.3) 137 (6.0)

Multiracial 109 (7.2) 49 (6.5) 158 (7.0)

Other or not reported 26 (1.7) 10 (1.3) 36 (1.6)

Hispanic or Latinx ethnicity — no. (%)‡ 319 (21.0) 159 (21.2) 478 (21.1)

Country — no. (%)

United States 1073 (70.7) 531 (70.8) 1604 (70.7)

Finland 158 (10.4) 81 (10.8) 239 (10.5)

Spain 162 (10.7) 78 (10.4) 240 (10.6)

Poland 125 (8.2) 60 (8.0) 185 (8.2)

Age at vaccination — yr

Mean ±SD 8.2±1.93 8.1±1.97 8.2±1.94

Median (range) 8.0 (5–11) 8.0 (5–11) 8.0 (5–11)

Obese — no. (%)§ 174 (11.5) 92 (12.3) 266 (11.7)

Coexisting conditions¶ 312 (20.6) 152 (20.3) 464 (20.5)

Baseline SARS-CoV-2 infection status — no. (%)‖

Positive 133 (8.8) 65 (8.7) 198 (8.7)

Negative 1385 (91.2) 685 (91.3) 2070 (91.3)

*  Results shown are for the safety population (see Table S1). Percentages may not total 100 because of rounding.
†  One participant who was randomly assigned to receive placebo was administered BNT162b2 in error; this participant 

received two doses of BNT162b2 and is included in the BNT162b2 column.
‡  Race and ethnicity were reported by the participants or by their parents or guardians.
§  Obesity was defined as a body-mass index (the weight in kilograms divided by the square of the height in meters) at or 

above the 95th percentile according to the U.S. Centers for Disease Control and Prevention growth charts.
¶  Coexisting conditions are those that increase the risk of severe Covid-19 disease (i.e., one or more prespecified under-

lying conditions as defined in Kim et al.,21 obesity, or both).
‖  A positive SARS-CoV-2 status required a positive N-binding antibody result at the first vaccination visit, a positive 

nucleic acid amplification test result at the first vaccination visit, or a medical history of Covid-19.
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Figure 2. Local Reactions and Systemic Events Reported in the Phase 2–3 Trial within 7 Days after Injection of BNT162b2 or Placebo.

Panel A shows local reactions and Panel B shows systemic events after the first and second doses in recipients of the BNT162b2 vaccine 
(dose 1, 1511 children; dose 2, 1501 children) and placebo (dose 1, 748 or 749 children; dose 2, 740 or 741 children). The numbers refer 
to the numbers of children reporting at least one “yes” or “no” response for the specified event after each dose; responses may not 
have been reported for every type of event. Severity scales are summarized in Table S5; fever categories are designated in the key. The 
numbers above the bars are the percentage of participants in each group with the specified local reaction or systemic event. I bars rep-
resent 95% confidence intervals. One participant in the BNT162b2 group had a fever of 40.0°C after the second dose.
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(0.9%), headache (0.3%), chills (0.1%), and mus-
cle pain (0.1%) were also reported after the first 
or second dose of BNT162b2. Frequencies of fa-
tigue, headache, and chills were similar among 
BNT162b2 and placebo recipients after the first 
dose and were more frequent among BNT162b2 
recipients than among placebo recipients after 
the second dose. In general, systemic events were 
reported more often after the second dose of 
BNT162b2 than after the first dose. Fever oc-
curred in 8.3% of BNT162b2 recipients after the 
first or second dose. Use of an antipyretic among 
BNT162b2 recipients was more frequent after 
the second dose than after the first dose. One 
BNT162b2 recipient had a temperature of 40.0°C 
(104°F) 2 days after the second dose; antipyretics 
were used, and the fever resolved the next day.

From the first dose through 1 month after 
the second dose, adverse events were reported by 
10.9% of BNT162b2 recipients and 9.2% of place-
bo recipients (Table S7). Slightly more BNT162b2 
recipients (3.0%) than placebo recipients (2.1%) 
reported adverse events that were considered by 
the investigators to be related to the vaccine or 
placebo. Severe adverse events were reported in 
0.1% of BNT162b2 recipients and 0.1% of pla-

cebo recipients. Three serious adverse events in 
two participants were reported by the cutoff date; 
all three (postinjury abdominal pain and pancre-
atitis in a placebo recipient and arm fracture in a 
BNT162b2 recipient) were considered to be unre-
lated to the vaccine or placebo. No deaths or ad-
verse events leading to withdrawal were reported.

Lymphadenopathy was reported in 10 
BNT162b2 recipients (0.9%) and 1 placebo re-
cipient (0.1%). No myocarditis, pericarditis, hyper-
sensitivity, or anaphylaxis in BNT162b2 recipi-
ents was reported. Four rashes in BNT162b2 
recipients (observed on the arm, torso, face, or 
body, with no consistent pattern) were consid-
ered to be related to vaccination; the rashes were 
mild and self-limiting, and onset was typically 
7 days or more after vaccination. No safety differ-
ences were apparent when the data were analyzed 
according to baseline SARS-CoV-2 infection status.

Phase 2–3 Immunogenicity

The geometric mean ratio of neutralizing GMTs 
for 10 μg of BNT162b2 in 5-to-11-year-olds to 
that for 30 μg of BNT162b2 in 16-to-25-year-olds 
1 month after the second dose was 1.04 (95% 
confidence interval [CI], 0.93 to 1.18) (Table 2), 

Table 2. Results of Serum SARS-CoV-2 Neutralization Assay 1 Month after the Second Dose of BNT162b2 among 
Participants 5 to 11 and 16 to 25 Yr of Age.*

Age Group
BNT162b2 
Dose Level

No. of 
Participants GMT (95% CI)†

Geometric Mean Ratio, 
 5-to-11-yr-olds vs. 16-to-25-yr-olds 

(95% CI)‡

5–11 yr 10 μg 264 1197.6 (1106.1–1296.6) 1.04 (0.93–1.18)

16–25 yr 30 μg 253 1146.5 (1045.5–1257.2) —

*  Results are those that could be evaluated for participants in the immunogenicity population of the immunobridging 
subset (Table S1) who had no serologic or virologic evidence of past or current SARS-CoV-2 infection up to the visit  
1 month after the second dose and who had no history of Covid-19. Twenty-eight of 322 participants 5 to 11 years of 
age and 27 of 300 participants 16 to 25 years of age were excluded from the immunogenicity population; the most com-
mon reasons were that the participant did not have at least one valid and determinate immunogenicity result within 28 
to 42 days after the second dose (13 and 21 participants, respectively), which included those who either did not have 
blood drawn at 1 month or did not have blood drawn within the specified time window, and protocol deviation (10 and 
4 participants, respectively). Participants could be excluded for more than one reason. Among those in the population 
with data that could be evaluated, 30 participants who were 5 to 11 years of age and 20 participants who were 16 to 25 
years of age were further excluded because they did not meet the requirement of “without evidence of infection” for the 
primary comparison.

†  Geometric mean titers (GMTs) and two-sided 95% confidence intervals were calculated by exponentiation of the mean 
logarithm of the titers and the corresponding confidence intervals (based on Student’s t distribution). Assay results below 
the lower limit of quantitation were set to 0.5 times the lower limit of quantitation.

‡  The geometric mean ratio and two-sided 95% confidence intervals were calculated by exponentiation of the mean differ-
ence of the logarithms of the titers (the 5-to-11-year-old cohort minus the 16-to-25-year-old cohort) and the correspond-
ing confidence intervals (based on Student’s t distribution). The immunobridging criterion was met because the lower 
boundary of the two-sided confidence interval for the geometric mean ratio was greater than 0.67 and the point estimate 
of the geometric mean ratio was 0.8 or more.
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a ratio meeting the immunobridging criterion of 
a lower boundary of the two-sided 95% confi-
dence interval greater than 0.67, the predefined 
point estimate of a geometric mean ratio of 0.8 
or greater, and the FDA-requested point estimate 
criterion of a geometric mean ratio of 1.0 or 
greater. In both age groups, 99.2% of partici-
pants achieved seroresponse 1 month after the 
second dose. The difference between the per-
centage of 5-to-11-year-olds who achieved sero-
response and the percentage in 16-to-25-year-
olds was 0.0 percentage points (95% CI, –2.0 
to 2.2), which also met an immunobridging 
criterion.

Serum-neutralizing GMTs 1 month after the 
second dose of BNT162b2 were 1198 in 5-to-11-
year-olds and 1147 in 16-to-25-year-olds (Fig. S3); 
corresponding GMTs among placebo recipients 
were 11 and 10. Geometric mean fold rises from 
baseline to 1 month after the second dose were 
118.2 in 5-to-11-year-olds and 111.4 in 16-to-25-
year-olds; corresponding geometric mean fold 
rises among placebo recipients were 1.1 and 1.0. 
Of note, the neutralizing GMTs reported in 
phase 1 are from serum samples obtained 7 days 
after the second dose (during immune response 
expansion) and the GMTs in phase 2–3 are from 
serum samples obtained 1 month after the sec-
ond dose.

Phase 2–3 Efficacy

Among participants without evidence of previ-
ous SARS-CoV-2 infection, there were three cases 
of Covid-19 (with onset 7 days or more after the 
second dose) among BNT162b2 recipients and 
16 among placebo recipients; the observed vac-
cine efficacy was 90.7% (95% CI, 67.7 to 98.3). 
Among all participants with data that could be 
evaluated, regardless of evidence of previous 
SARS-CoV-2 infection, no additional cases were 
reported; the observed vaccine efficacy was 
90.7% (95% CI, 67.4 to 98.3) (Fig. 3). No cases of 
severe Covid-19 or MIS-C were reported.

Discussion

Two 10-μg doses of the BNT162b2 vaccine ad-
ministered 21 days apart were safe, immuno-
genic, and 90.7% effective against Covid-19 in 
5-to-11-year-old children. Evaluation of BNT162b2 
in children was undertaken for several reasons. 

With the prioritization of older age groups for 
vaccination, school-age children now account for 
an increasing proportion of cases and hospital-
izations as compared with their proportion early 
in the pandemic,10,22,23,24 and school outbreaks 
are occurring.14,25 Direct benefits of preventing 
SARS-CoV-2 infection in children include protec-
tion against severe disease, hospitalizations, and 
severe or long-term complications, such as MIS-C. 
Indirect benefits include the likelihood of re-
duced transmission in the home and in school 
settings, including transmission affecting vul-
nerable persons, and safer in-person learning.26-29 
Without effective Covid-19 vaccines for this age 
group, children could potentially become ongo-
ing reservoirs of infection and sources of newly 
emerging variants.26,30 Covid-19–associated school 
closures and quarantines also have social and 
economic costs for families and caregivers.16-19 
Widespread vaccination across age groups is there-
fore essential in ongoing efforts to curtail the 
pandemic.

On the basis of phase 1 safety and immuno-
genicity results, 10 μg of BNT162b2 was selected 
as the dose level to be studied in 5-to-11-year-
olds in the phase 2–3 trial. This dose level was 
associated with mainly low-grade local and sys-
temic adverse events lasting 1 to 2 days; the 
frequency and severity of fever were low. As 
compared with adults and adolescents in the 
pivotal trial, 5-to-11-year-olds reported a higher 
incidence of injection-site redness (15 to 19%, 
vs. 5 to 7%) and swelling (10 to 15%, vs. 5 to 
8%), but a generally lower incidence of systemic 
events, including fever (3 to 7%, vs. 1 to 20%) 
and chills (5 to 10%, vs. 6 to 42%).3,4 Lymphade-
nopathy was reported in 0.9% of 5-to-11-year-old 
BNT162b2 recipients, an incidence similar to 
that in 12-to-15-year-olds (0.8%) but higher than 
that observed in adults (0.3%).3,4 Four potentially 
vaccine-related rashes were reported, too few 
to determine whether the pattern was similar to 
that observed in adult BNT162b2 recipients.31 No 
MIS-C cases were reported, although surveillance 
continues. Neither myocarditis nor pericarditis 
was observed, a finding consistent with the low 
frequency of these adverse events with real-world 
use of BNT162b2 in other age groups.32

The robust virus-neutralizing response ob-
served in 5-to-11-year-olds was similar to that 
seen in 16-to-25-year-olds from the pivotal trial, 
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which demonstrated 95% vaccine efficacy among 
persons at least 16 years of age from 7 days to 
approximately 2 months after the second dose.3 

Immunobridging to data from 16-to-25-year-olds, 
alongside efficacy assessments, was used to sup-
port emergency use authorization in 12-to-15-year-

Figure 3. Vaccine Efficacy in Children 5 to 11 Years of Age.

The graph represents the cumulative incidence of the first occurrence of Covid-19 after the first dose of vaccine or 
placebo. Each symbol represents cases of Covid-19 starting on a given day. Results shown in the graph are all avail-
able data for the efficacy population, and results shown in the table are those for the efficacy population that could 
be evaluated (defined in Table S1). Participants without evidence of previous infection were those who had no medi-
cal history of Covid-19 and no serologic or virologic evidence of past SARS-CoV-2 infection before 7 days after the 
second dose (i.e., N-binding serum antibody was negative at the first vaccination visit, SARS-CoV-2 was not detect-
ed in nasal swabs by nucleic acid amplification test at the vaccination visits, and nucleic acid amplification tests 
were negative at any unscheduled visit before 7 days after the second dose). The cutoff date for the efficacy evalua-
tion was October 8, 2021. Surveillance time is the total time in 1000 person-years for the given end point across all 
participants within each group at risk for the end point. The time period for Covid-19 case accrual was from 7 days 
after the second dose to the end of the surveillance period. The 95% confidence intervals for vaccine efficacy were 
derived by the Clopper–Pearson method, adjusted for surveillance time.
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olds.4 The observed high efficacy of BNT162b2 
in 5-to-11-year-olds is consistent with the immu-
nobridging results and the high efficacy demon-
strated in the pivotal trial.3,4,6

This study describes immunization against 
SARS-CoV-2 infection with an mRNA vaccine in 
children younger than 12 years of age and docu-
ments the safety, immunogenicity, and efficacy 
of a Covid-19 vaccine in this population; trials of 
other vaccines are under way. Limitations of the 
study include the lack of longer-term follow-up 
to assess the duration of immune responses, effi-
cacy, and safety. However, longer-term follow-up 
from this study, which will continue for 2 years, 
should provide clarification. This study was also 
not powered to detect potential rare side effects 
of BNT162b2 in 5-to-11-year-olds. However, the 
safety of BNT162b2 observed in the study com-
bined with widespread use of BNT162b2 in older 
populations should provide reassurance. More-
over, an expanded cohort of 5-to-11-year-olds is 
being assessed in the present study, and addi-
tional safety assessments are in progress. Fur-
ther limitations are that concomitant adminis-
tration of BNT162b2 with other vaccines was not 
assessed, and cell-mediated responses to immu-
nization are not yet available.

The data reported herein support vaccination 
of 5-to-11-year-old children with two 10-μg doses 
of the BNT162b2 vaccine. Evaluation of BNT162b2 
in younger children is ongoing.
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