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BACKGROUND
Until very recently, vaccines against severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) had not been authorized for emergency use in persons younger 
than 16 years of age. Safe, effective vaccines are needed to protect this population, 
facilitate in-person learning and socialization, and contribute to herd immunity.

METHODS
In this ongoing multinational, placebo-controlled, observer-blinded trial, we ran-
domly assigned participants in a 1:1 ratio to receive two injections, 21 days apart, 
of 30 μg of BNT162b2 or placebo. Noninferiority of the immune response to 
BNT162b2 in 12-to-15-year-old participants as compared with that in 16-to-25-year-
old participants was an immunogenicity objective. Safety (reactogenicity and ad-
verse events) and efficacy against confirmed coronavirus disease 2019 (Covid-19; 
onset, ≥7 days after dose 2) in the 12-to-15-year-old cohort were assessed.

RESULTS
Overall, 2260 adolescents 12 to 15 years of age received injections; 1131 received 
BNT162b2, and 1129 received placebo. As has been found in other age groups, 
BNT162b2 had a favorable safety and side-effect profile, with mainly transient mild-
to-moderate reactogenicity (predominantly injection-site pain [in 79 to 86% of partici-
pants], fatigue [in 60 to 66%], and headache [in 55 to 65%]); there were no vaccine-
related serious adverse events and few overall severe adverse events. The geometric 
mean ratio of SARS-CoV-2 50% neutralizing titers after dose 2 in 12-to-15-year-old 
participants relative to 16-to-25-year-old participants was 1.76 (95% confidence interval 
[CI], 1.47 to 2.10), which met the noninferiority criterion of a lower boundary of the 
two-sided 95% confidence interval greater than 0.67 and indicated a greater response 
in the 12-to-15-year-old cohort. Among participants without evidence of previous 
SARS-CoV-2 infection, no Covid-19 cases with an onset of 7 or more days after dose 2 
were noted among BNT162b2 recipients, and 16 cases occurred among placebo re-
cipients. The observed vaccine efficacy was 100% (95% CI, 75.3 to 100).

CONCLUSIONS
The BNT162b2 vaccine in 12-to-15-year-old recipients had a favorable safety profile, 
produced a greater immune response than in young adults, and was highly effective 
against Covid-19. (Funded by BioNTech and Pfizer; C4591001 ClinicalTrials.gov 
number, NCT04368728.)
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As of May 21, 2021, the coronavirus 
disease 2019 (Covid-19) pandemic has 
caused more than 165 million infections 

across all ages globally, as well as more than 
3.4 million deaths.1 BNT162b2 (Pfizer–BioNTech) 
is a Covid-19 vaccine containing nucleoside-mod-
ified messenger RNA encoding the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
spike glycoprotein.2 In healthy adults, two 30-μg 
doses of BNT162b2 elicited high neutralizing 
titers and robust, antigen-specific CD4+ and 
CD8+ T-cell responses against SARS-CoV-2.3,4 In 
the phase 2–3 part of an ongoing global, phase 
1–2–3 randomized, controlled trial involving par-
ticipants 16 years of age or older, BNT162b2 had 
a favorable safety profile characterized by tran-
sient mild-to-moderate injection-site pain, fatigue, 
and headache and was 95% effective in prevent-
ing Covid-19 from 7 days after dose 2.5 On the 
basis of these findings, BNT162b2 received emer-
gency use authorization from the Food and 
Drug Administration on December 11, 2020, for 
Covid-19 prevention in persons 16 years of age 
or older.6 On May 10, 2021, the emergency use 
authorization was expanded to include persons 
12 years of age or older on the basis of data 
presented in this report.7 Other vaccines against 
SARS-CoV-2 are authorized for emergency use1,8-

10; however, BNT162b2 is the only one currently 
authorized for use in persons younger than 16 
years of age.

Although children and adolescents generally 
have milder Covid-19 than adults, severe illness 
can occur in this population, especially in those 
with underlying medical conditions.11 Adolescents 
may play an important role in SARS-CoV-2 trans-
mission.12,13 Thus, their vaccination may prevent 
disease and contribute to herd immunity. Fur-
thermore, with immunization of older persons, 
younger persons account for an increased pro-
portion of Covid-19 infections.14,15 The pandemic 
has interrupted the education and social devel-
opment of students and has simultaneously bur-
dened caregivers.16-18 Safe, efficacious vaccines for 
younger populations are therefore paramount.

Me thods

Objectives, Participants, and Oversight

We conducted a randomized, placebo-controlled, 
observer-blinded, phase 3 trial as part of a phase 
1–2–3 trial assessing BNT162b2 safety, immuno-

genicity, and efficacy in healthy persons 12 years 
of age or older. This report presents findings from 
12-to-15-year-old participants enrolled in the 
United States, including descriptive comparisons 
of safety between participants in that age cohort 
and those who were 16 to 25 years of age and an 
evaluation of the noninferiority of immunoge-
nicity in the 12-to-15-year-old cohort to that in 
the 16-to-25-year-old cohort. Data were collected 
through the cutoff date of March 13, 2021.

Eligible participants were healthy or had sta-
ble preexisting disease (including hepatitis B, 
hepatitis C, or human immunodeficiency virus 
infection). Persons with a previous clinical or vi-
rologic Covid-19 diagnosis or SARS-CoV-2 infec-
tion, previous coronavirus vaccination, diagnosis 
of an immunocompromising or immunodeficiency 
disorder, or treatment with immunosuppressive 
therapy (including cytotoxic agents and systemic 
glucocorticoids) were excluded.

The ethical conduct of the trial is summa-
rized in the Supplementary Appendix, available 
with the full text of this article at NEJM.org. 
Additional details of the trial are provided in the 
protocol, available at NEJM.org. Pfizer was re-
sponsible for the trial design and conduct, data 
collection, data analysis, data interpretation, and 
writing of the manuscript that was submitted. 
Both Pfizer and BioNTech manufactured the 
vaccine and placebo. BioNTech was the regula-
tory sponsor of the trial and contributed to data 
interpretation and writing of the manuscript. All 
data were available to the authors, who vouch for 
their accuracy and completeness and for the 
adherence of the trial to the protocol.

Procedures

Randomization was conducted with the use of 
an interactive Web-based response system. Par-
ticipants were assigned in a 1:1 ratio to receive two 
intramuscular injections of 30 μg of BNT162b2 
or placebo (saline) 21 days apart. For evaluation 
of immediate vaccine-associated reactions, par-
ticipants were observed in the clinic for 30 min-
utes after vaccination.

Safety

Safety objectives included the assessment of local 
or systemic reactogenicity events, which were re-
corded by the participants in an electronic diary 
(e-diary) for 7 days after each dose. Unsolicited 
adverse events (i.e., those reported by the partici-
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pant without e-diary prompting) and serious ad-
verse events were also recorded from receipt of 
the first dose through 1 month and 6 months 
after dose 2, respectively.

Immunogenicity

Immunogenicity assessments (SARS-CoV-2 se-
rum neutralization assay and receptor-binding 
domain [RBD]–binding or S1-binding IgG direct 
Luminex immunoassays) were performed before 
vaccination and 1 month after dose 2, as de-
scribed previously.3 The immunogenicity objec-
tive was to show noninferiority of the immune 
response to BNT162b2 in 12-to-15-year-old par-
ticipants as compared with that in 16-to-25-
year-old participants. Noninferiority was assessed 
among participants who had no evidence of previ-
ous SARS-CoV-2 infection with the use of the 
two-sided 95% confidence interval for the geomet-
ric mean ratio of SARS-CoV-2 50% neutralizing 
titers in 12-to-15-year-old participants as com-
pared with 16-to-25-year-old participants 1 month 
after dose 2. BNT162b2 immunogenicity was 
evaluated in participants with and those without 
serologic or virologic evidence of previous SARS-
CoV-2 infection. Corresponding end points were 
the geometric mean SARS-CoV-2 neutralizing ti-
ters at baseline (i.e., immediately before receipt 
of the first injection) and 1 month after dose 2 
and geometric mean fold rises (GMFRs) in titers 
from baseline to 1 month after dose 2.

Efficacy

The efficacy of BNT162b2 against confirmed 
Covid-19 with an onset 7 or more days after dose 
2 was summarized in participants who did not 
have evidence of previous SARS-CoV-2 infection, 
as well as in all vaccinated participants. Surveil-
lance for potential Covid-19 cases was under-
taken throughout the trial; if acute respiratory 
illness developed in a participant, the participant 
was tested for SARS-CoV-2. Methods for identi-
fying SARS-CoV-2 infections and Covid-19 diag-
noses are summarized in the Supplementary 
Appendix.

Statistical Analysis

The safety population included all participants 
who received at least one dose of BNT162b2 or 
placebo. The reactogenicity subset included all 
12-to-15-year-old participants and a subset of 
16-to-25-year-old participants (those who received 

an e-diary to record reactogenicity events). Safety 
end points are presented descriptively as counts, 
percentages, and associated Clopper–Pearson two-
sided 95% confidence intervals, with adverse 
events and serious adverse events described ac-
cording to terms in the Medical Dictionary for Regu-
latory Activities, version 23.1, for each group.

Immunogenicity was assessed in a random 
subset of participants in each age cohort with 
the use of a simple random-sample selection 
procedure. For immunogenicity assessments, all 
participants in both age cohorts were from U.S. 
sites. The dose 2 immunogenicity population 
that could be evaluated included participants 
who underwent randomization and received two 
BNT162b2 doses in accordance with the proto-
col, received dose 2 within the prespecified 
window (19 to 42 days after dose 1), had at least 
one valid and determinate immunogenicity re-
sult from a blood sample obtained within 28 to 
42 days after dose 2, and had no major protocol 
deviations. Noninferiority of the immune re-
sponse to BNT162b2 in 12-to-15-year-old par-
ticipants as compared with that in 16-to-25-year-
old participants was assessed on the basis of the 
geometric mean ratio of SARS-CoV-2 50% neutral-
izing titers. A sample of 225 BNT162b2 recipi-
ents who could be evaluated (or 280 BNT162b2 
recipients overall) in each age cohort was esti-
mated to provide 90.8% power for declaring 
noninferiority (defined as a lower limit of the 
95% confidence interval for the geometric mean 
ratio of >0.67). A testing laboratory supply limi-
tation of the qualified viral lot used for assay 
validation and clinical testing resulted in the 
trial having fewer participants than anticipated 
for the immunogenicity analyses. Calculations of 
the geometric mean ratios, geometric mean titers, 
and GMFRs are described in the Supplementary 
Appendix.

Although the formal evaluation of efficacy 
was to be based on the overall results obtained 
across all age cohorts, the statistical analysis 
plan specified that descriptive efficacy summa-
ries would be provided for each age cohort (the 
stratification factor). The efficacy analysis for 
the 12-to-15-year-old cohort was planned as a 
descriptive analysis because the number of cases 
that would occur in the age subgroups was un-
known. The efficacy population that could be 
evaluated included all eligible 12-to-15-year-old 
participants who underwent randomization and 
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received two doses of BNT162b2 or placebo, re-
ceived dose 2 within the prespecified window 
(19 to 42 days after dose 1), and had no major 
protocol deviations. The all-available efficacy 
population included all participants who received 
one or two doses. Vaccine efficacy was defined 
as 100 × (1 − IRR), where IRR is the ratio of the 
rate of a first confirmed Covid-19 illness in the 
BNT162b2 group to the corresponding rate in 
the placebo group. Two-sided Clopper–Pearson 
95% confidence intervals were calculated (not ad-
justed for multiple comparisons). Because the 
number of participants who reported symptoms 
but were missing a valid polymerase-chain-reac-
tion test result was small, data for these partici-
pants were not imputed in the analysis.

R esult s

Participants

Between October 15, 2020, and January 12, 2021, 
a total of 2306 adolescents 12 to 15 years of age 
were screened for inclusion, and 2264 underwent 
randomization across 29 U.S. sites; 2260 partici-
pants received injections, with 1131 receiving 
BNT162b2 and 1129 receiving placebo (Fig. 1). 
More than 97% of the BNT162b2 recipients re-
ceived dose 2. In the reactogenicity subset, all 
the 12-to-15-year-old participants were from the 
United States and the 16-to-25-year-old partici-
pants were recruited globally (Table 1). Although 
documented previous Covid-19 was an exclusion 
criterion, approximately 5% of the participants 
were SARS-CoV-2–positive at baseline, possibly 

because of previous asymptomatic infection. In 
the immunogenicity subset, all the participants 
in both age cohorts were from the United States. 
Among the 2260 participants who were 12 to 15 
years of age, 51% were male, 86% were White, 
and 12% were Hispanic or Latinx. Overall, 1308 
participants (58%) had at least 2 months of fol-
low-up after their second vaccine dose. The trial 
populations are summarized in Table S1 in the 
Supplementary Appendix.

Safety
Reactogenicity

In both age cohorts, BNT162b2 recipients reported 
more local and systemic events than placebo re-
cipients (Fig. 2). Local and systemic events were 
generally mild to moderate in severity, reported 
at similar frequencies in both age cohorts, and 
typically resolved within 1 or 2 days. In both age 
cohorts, injection-site pain was the most com-
mon local reaction. Severe injection-site pain 
after any BNT162b2 dose was reported in 1.5% 
of 12-to-15-year-old participants and in 3.4% of 
16-to-25-year-old participants; no severe pain was 
reported after placebo administration.

In both age cohorts, headache and fatigue 
were the most frequently reported systemic events. 
After BNT162b2 injection, severe headache and 
severe fatigue were reported in a lower percent-
age of 12-to-15-year-old participants than of 
16-to-25-year-old participants. Fever (oral body 
temperature, ≥38°C) occurred after dose 2 of 
BNT162b2 in 20% of 12-to-15-year-old recipients 
and in 17% of 16-to-25-year-old recipients. The 
use of antipyretic agents was slightly more fre-
quent among BNT162b2 recipients who were 12 
to 15 years of age than among those who were 
16 to 25 years of age (37% vs. 32% after dose 1, 
and 51% vs. 46% after dose 2). Fever with a tem-
perature higher than 40°C occurred in 1 (0.1%) 
of the 12-to-15-year-old participants 1 day after 
BNT162b2 dose 1. In general, systemic events 
were reported more often after BNT162b2 dose 
2 than after dose 1. No differences in reactoge-
nicity were noted between participants who were 
SARS-CoV-2–positive at baseline and those who 
were SARS-CoV-2–negative at baseline (Fig. S1).

Adverse Events
Among 12-to-15-year-old participants, adverse 
events occurring from dose 1 through 1 month 
after dose 2 were reported by 6% of BNT162b2 

Figure 1 (facing page). Screening, Randomization, and 
Vaccine and Placebo Administration.

Participants who received dose 1 but not dose 2 could 
continue to be evaluated for safety. Participants were 
considered to have completed the vaccination period if 
they had completed the follow-up visit 1 month after 
dose 2 as of the data-cutoff date. As of the data-cutoff 
date, some participants had not yet completed their 
1-month follow-up visit after dose 2. Some participants 
became eligible for a vaccine according to local or na-
tional recommendations before the 1-month follow-up 
visit after dose 2. These participants could choose to 
be made aware of their randomly assigned injection, 
and those who had received placebo could then choose 
to receive BNT162b2. Participants who had originally 
received placebo and chose to receive BNT162b2 as 
part of the trial would then follow a different visit 
schedule.
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and placebo recipients; slightly more BNT162b2 
recipients than placebo recipients reported re-
lated adverse events (3% vs. 2%) (Table S2). Among 
16-to-25-year-old BNT162b2 recipients, 11% re-
ported any adverse event and 6% had vaccine-

related adverse events. Among BNT162b2 recipi-
ents, severe adverse events were reported in 0.6% 
of those who were 12 to 15 years of age and in 
1.7% of those who were 16 to 25 years of age.

One BNT162b2 recipient in the 12-to-15-year-

Table 1. Demographic Characteristics of the Participants.*

Characteristic BNT162b2 Placebo

12–15 Yr 
(N = 1131)

16–25 Yr 
(N = 537)

12–15 Yr 
(N = 1129)

16–25 Yr 
(N = 561)

Male sex — no. (%) 567 (50.1) 255 (47.5) 585 (51.8) 269 (48.0)

Race or ethnic group — no. (%)†

White 971 (85.9) 445 (82.9) 962 (85.2) 466 (83.1)

Black or African American 52 (4.6) 47 (8.8) 57 (5.0) 50 (8.9)

American Indian or Alaska 
Native

4 (0.4) 7 (1.3) 3 (0.3) 1 (0.2)

Asian 72 (6.4) 22 (4.1) 71 (6.3) 21 (3.7)

Native Hawaiian or other 
Pacific Islander

3 (0.3) 3 (0.6) 0 1 (0.2)

Multiracial 23 (2.0) 12 (2.2) 29 (2.6) 19 (3.4)

Not reported 6 (0.5) 1 (0.2) 7 (0.6) 3 (0.5)

Hispanic or Latinx ethnic group — 
no. (%)†

Hispanic or Latinx 132 (11.7) 112 (20.9) 130 (11.5) 105 (18.7)

Non-Hispanic or non-Latinx 997 (88.2) 423 (78.8) 996 (88.2) 456 (81.3)

Not reported 2 (0.2) 2 (0.4) 3 (0.3) 0

Country — no. (%)

Argentina 0 20 (3.7) 0 28 (5.0)

Brazil 0 24 (4.5) 0 19 (3.4)

Germany 0 11 (2.0) 0 20 (3.6)

South Africa 0 34 (6.3) 0 45 (8.0)

Turkey 0 12 (2.2) 0 15 (2.7)

United States 1131 (100) 436 (81.2) 1129 (100) 434 (77.4)

Age at vaccination — yr

Mean 13.6±1.11 19.4±3.26 13.6±1.11 19.6±3.33

Median (range) 14.0 (12–15) 18.0 (16–25) 14.0 (12–15) 19.0 (16–25)

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

Positive 46 (4.1) 30 (5.6) 47 (4.2) 34 (6.1)

Negative 1028 (90.9) 497 (92.6) 1023 (90.6) 522 (93.0)

Missing 57 (5.0) 10 (1.9) 59 (5.2) 5 (0.9)

*  Plus–minus values are means ±SD. Results are for the reactogenicity subset of the safety population, which included 
all participants in the 12-to-15-year-old cohort and a subset of participants in the 16-to-25-year-old cohort. Percentages 
may not total 100 because of rounding.

†  Race and ethnic group were reported by the participants.
‡  A positive severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) status required a positive N-binding antibody 

result at vaccination visit 1, a positive nucleic acid amplification test (NAAT) result at vaccination visit 1, or a medical 
history of coronavirus disease 2019 (Covid-19).
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old cohort discontinued vaccination because of a 
vaccine-related adverse event: a temperature greater 
than 40°C (described above) in a 14-year-old boy 
who was SARS-CoV-2–negative at baseline, had 
no reported medical history, and had no other 
symptoms. He received BNT162b2 dose 1 and 
had fever (temperature, 40.4°C) 1 day after vac-
cination, which resolved 2 days later. The par-
ticipant did not receive dose 2 but remained in 
the trial for safety follow-up. One BNT162b2 re-
cipient in the 16-to-25-year-old cohort discontin-
ued vaccination because of severe vaccine-related 
injection-site pain and headache, both of which 
were reported 1 day after dose 1 and resolved 
within 1 day. Lymphadenopathy was reported in 
9 of 1131 BNT162b2 recipients (0.8%) and in 2 of 
1129 placebo recipients (0.2%) who were 12 to 
15 years of age, as compared with in 1 of 536 
BNT162b2 recipients (0.2%) and in no placebo 
recipients who were 16 to 25 years of age. Appen-
dicitis was reported in 2 participants: 1 BNT162b2 
recipient in the 16-to-25-year-old cohort and 1 
placebo recipient in the 12-to-15-year-old cohort. 
No thromboses or hypersensitivity adverse events 
or vaccine-related anaphylaxis was seen. Few par-
ticipants in any cohort (≤0.4% through 1 month 
after dose 2) had serious adverse events, and none 
were considered by the investigators to have been 
vaccine-related. No deaths were reported.

Immunogenicity

The immune response to BNT162b2 in 12-to-15-
year-old adolescents was noninferior to that ob-
served in 16-to-25-year-old young adults. The 
geometric mean ratio of the BNT162b2 neutral-
izing geometric mean titer in 12-to-15-year-old 
participants to that in 16-to-25-year-old partici-
pants 1 month after dose 2 was 1.76 (95% confi-
dence interval [CI], 1.47 to 2.10) (Table 2), which 
met the noninferiority criterion (i.e., a lower 
boundary of the two-sided 95% confidence in-
terval of >0.67). The lower boundary of the two-
sided 95% confidence interval for the geometric 
mean ratio was greater than 1, indicating a greater 
response in adolescents than in young adults.

Among all participants regardless of sero-
logic evidence of previous SARS-CoV-2 infection, 
the serum-neutralizing geometric mean titer 1 month 
after BNT162b2 dose 2 was 1283.0 in the 12-to-
15-year-old cohort and 730.8 in the 16-to-25-year-
old cohort (Fig. S2). The corresponding geometric 
mean titers at 1 month among placebo recipients 

were 15.1 and 10.7. Substantial increases in the 
50% neutralizing titer from baseline were ob-
served, with GMFRs from baseline to 1 month 
after dose 2 of 118.3 among 12-to-15-year-old 
participants and 71.2 among 16-to-25-year-old 
participants. The corresponding GMFRs among 
placebo recipients were 1.4 and 1.1.

Efficacy

Among the 1983 participants in the 12-to-15-
year-old cohort who could be evaluated and did 
not have evidence of previous SARS-CoV-2 infec-
tion, no cases of Covid-19 with an onset of 7 or 
more days after dose 2 were observed among 
BNT162b2 recipients and 16 cases were observed 
among placebo recipients, which corresponded 
to an observed vaccine efficacy of 100% (95% CI, 
75.3 to 100) (Table 3). Similarly, in the group that 
included all 2229 participants in the 12-to-15-
year-old cohort who could be evaluated, regard-
less of whether they had evidence of previous 
SARS-CoV-2 infection, vaccine efficacy from 7 days 
after dose 2 was 100% (95% CI, 78.1 to 100), with 
no Covid-19 cases observed among BNT162b2 
recipients and 18 cases observed among placebo 
recipients. After dose 1 and before dose 2, there 
were 3 Covid-19 cases noted (within 11 days af-
ter dose 1) among BNT162b2 recipients, as com-
pared with 12 cases among placebo recipients 
(vaccine efficacy, 75%; 95% CI, 7.6 to 95.5) (Ta-
ble S3). No cases of severe Covid-19 were observed 
in this age cohort.

Discussion

A two-dose regimen of 30 μg of BNT162b2 ad-
ministered 21 days apart to adolescents 12 to 15 
years of age was safe and immunogenic and re-
sulted in an observed vaccine efficacy of 100% 
against Covid-19 from 7 days after dose 2. 
BNT162b2 elicited a high immune response in 
adults,3 which translated to a 95% vaccine effi-
cacy among participants in the phase 2–3 trial 
who were 16 years of age or older.5 Noninferior-
ity of immunogenicity in 12-to-15-year-old adoles-
cents, as shown in our trial, was initially planned 
as the primary assessment of vaccine effective-
ness through “immunobridging,” an approach in 
which the effectiveness of a vaccine is inferred 
from immunogenicity data. The efficacy analysis 
was descriptive because a sufficient number of 
Covid-19 cases was not anticipated. However, 
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given the number of cases and the precision of 
vaccine efficacy estimates, the vaccine efficacy 
in this trial provides a high level of certainty 
about the efficacy results. The lower limit of the 
95% confidence interval for vaccine efficacy, 
which was greater than 75%, provides substan-
tial evidence of efficacy in this age group and is 
consistent with the high efficacy previously re-
ported in participants 16 years of age or older.5 
Although BNT162b2 is a two-dose regimen, 
early protection after a single dose has been re-
ported in clinical trials and on the basis of real-
world data.5,19,20 It is reassuring that early protec-
tion is also observed in this age group, given the 
important public health implications for pan-
demic control.

Evaluation of BNT162b2 in younger adoles-
cents was undertaken for several reasons. The 
incidence of Covid-19 is reported to be higher 
among 12-to-17-year-old adolescents than among 
younger children.21 In addition, children, especially 
from low-income families, have been negatively 
affected by the lack of in-person learning during 
the pandemic.17,18 Therefore, a demonstration of 
efficacy and safety in 12-to-15-year-old adolescents 
is important in order to expand the emergency use 
authorization to include children 12 years of age 
or older and make a critical step toward achiev-
ing herd immunity. Finally, the favorable safety 
and side-effect profile and high efficacy, along 
with the acceptable risk-to-benefit ratio in ado-

Figure 2 (facing page). Local Reactions and Systemic 
Events Reported within 7 Days after Administration  
of BNT162b2 or Placebo.

The results shown are for the reactogenicity subset of 
the safety population, which included all participants in 
the 12-to-15-year-old cohort and the subset of partici-
pants in the 16-to-25-year-old cohort who had electron-
ic diary data available. Pain at the injection site was 
graded as mild (does not interfere with activity), mod-
erate (interferes with activity), severe (prevents daily 
activity), or grade 4 (led to an emergency department 
visit or hospitalization). Redness and swelling were 
graded as mild (>2.0 to 5.0 cm in diameter), moderate 
(>5.0 to 10.0 cm in diameter), severe (>10.0 cm in di-
ameter), or grade 4 (necrosis or exfoliative dermatitis 
for redness and necrosis for swelling). Fever categories 
are designated in the key. Fatigue, headache, chills, new 
or worsened muscle pain, and new or worsened joint 
pain were graded as mild (does not interfere with activ-
ity), moderate (some interference with activity), or se-
vere (prevents daily routine activity). Vomiting was 
graded as mild (one or two times in 24 hours), moder-
ate (more than two times in 24 hours), or severe (re-
quires intravenous hydration), and diarrhea as mild 
(two or three loose stools in 24 hours), moderate (four 
or five loose stools in 24 hours), or severe (six or more 
loose stools in 24 hours). Grade 4 for all systemic 
events indicated an emergency department visit or hos-
pitalization. I bars indicate 95% confidence intervals. 
The numbers above the I bars are the overall percent-
ages of the participants in each group who reported 
the specified local reaction or systemic event. No par-
ticipant had a grade 4 local reaction. With regard to 
systemic events, there was one incident of fever with a 
temperature higher than 40°C in a 12-to-15-year-old 
participant after dose 1 of BNT162b2.

Table 2. SARS-CoV-2 Serum Neutralization Assay Results 1 Month after Dose 2 of BNT162b2 among Participants  
without Evidence of Infection.*

Age Group
No. of 

 Participants
Geometric Mean 50% Neutralizing 

Titer (95% CI)†
Geometric Mean Ratio (95% CI), 

 12 to 15 Yr vs. 16 to 25 Yr‡

12–15 yr 190 1239.5 (1095.5–1402.5) 1.76 (1.47–2.10)

16–25 yr 170 705.1 (621.4–800.2) —

*  Results are for the subset of participants in the dose 2 immunogenicity population that could be evaluated (i.e., partici-
pants who underwent randomization and received two BNT162b2 doses in accordance with the protocol, received dose 
2 within the prespecified window, had at least one valid and determinate immunogenicity result from a blood sample 
obtained within 28 to 42 days after dose 2, and had no major protocol deviations) who had no evidence of previous 
SARS-CoV-2 infection. Participants without evidence of previous infection were those who had no serologic or virologic 
evidence (up to 1 month after receipt of the last dose) of past SARS-CoV-2 infection (i.e., N-binding antibody [serum] 
negative at vaccination visit 1 and SARS-CoV-2 not detected by NAAT [nasal swab] at vaccination visits 1 and 2) and 
had negative NAAT results (nasal swab) at any unscheduled visit up to 1 month after dose 2.

†  Geometric mean titers and two-sided 95% confidence intervals were calculated by exponentiating the mean logarithm 
of the titers and the corresponding confidence intervals (based on the 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 exponentiating the mean dif-
ference of the logarithms of the titers (the 12-to-15-year-old cohort minus the 16-to-25-year-old cohort) and the cor-
responding confidence intervals (based on the Student’s t distribution). The noninferiority criterion was met, since the 
lower boundary of the two-sided confidence interval for the geometric mean ratio was greater than 0.67.
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lescents, now justify vaccine evaluation in young-
er age groups.22

The favorable safety profile of BNT162b2, 
which was seen in adults in the pivotal trial and 
through ongoing pharmacovigilance after vac-
cine introduction, was also observed in 12-to-15-
year-old recipients.5,23 Adherence was high, with 
more than 97% of BNT162b2 recipients receiving 
dose 2. As previously reported for vaccine re-
cipients 16 years of age or older, systemic events 
in 12-to-15-year-old BNT162b2 recipients were 
reported more often after dose 2 than after dose 
1.5 Antipyretic use after both doses was slightly 
higher in the 12-to-15-year-old cohort than in 
the 16-to-25-year-old cohort. This favorable safe-
ty profile is important, because a precedent ex-
ists for vaccines being increasingly reactogenic 
when administered to younger people. In the small 
percentage of participants who were SARS-CoV-2–
positive at baseline, no differences in reactoge-
nicity from those who were SARS-CoV-2–negative 
at baseline were noted, which supports immuni-
zation without screening for evidence of previous 
SARS-CoV-2 infection.

These results have several implications. Vac-
cination of adolescents is likely to confer the di-
rect benefit of preventing disease along with indi-

rect benefits, including community protection.24 
Although children generally have a lower burden 
of symptomatic Covid-19 than adults, schools, 
youth sports, and other community gatherings 
may represent important sources of ongoing out-
breaks and transmission, despite high rates of 
adult immunization.13,14,25 Vaccination of adoles-
cents will allow them to reintegrate into society 
and resume in-person learning safely, which are 
especially important outcomes given the severe 
mental health effects of the Covid-19 pandemic 
on this group.18,22,26 Recent real-world data sug-
gest that BNT162b2 prevents asymptomatic in-
fection.19,27 Given the observed immunogenicity 
and efficacy, it is likely that vaccination will also 
prevent asymptomatic infection in children, 
thereby broadening community protection.

This analysis has some limitations. The effi-
cacy analysis was prespecified as descriptive 
because an accurate sample size to assess vac-
cine efficacy could not be calculated before the 
start of the trial, given uncertainties about the 
incidence of SARS-CoV-2 infection. Therefore, 
the primary basis for the establishment of effi-
cacy in 12-to-15-year-old adolescents was a neu-
tralizing antibody response that was found to be 
noninferior to that in vaccine recipients 16 years 

Table 3. Vaccine Efficacy against Covid-19 in Participants 12 to 15 Years of Age.*

Efficacy End Point† BNT162b2 Placebo
% Vaccine Efficacy 

 (95% CI)‡

No. of Participants 
with Event/ 
Total No.§

Surveillance Time 
(No. at Risk)¶

No. of Participants 
with Event/ 
Total No.§

Surveillance Time 
(No. at Risk)¶

Covid-19 occurrence at least 
7 days after dose 2 in par-
ticipants without evidence of 
previous infection

0/1005 0.154 (1001) 16/978 0.147 (972) 100 (75.3–100)

Covid-19 occurrence at least 
7 days after dose 2 in par-
ticipants with or without evi-
dence of previous infection

0/1119 0.170 (1109) 18/1110 0.163 (1094) 100 (78.1–100)

*  Results are for the efficacy population that could be evaluated, which included all eligible 12-to-15-year-old participants who received two 
doses of BNT162b2 or placebo as randomly assigned, with dose 2 received within the prespecified window, and had no major protocol de-
viations.

†  Participants without evidence of previous infection were those who had no serologic or virologic evidence of past SARS-CoV-2 infection be-
fore 7 days after dose 2 (i.e., N-binding antibody testing [serum] negative at vaccination visit 1 and SARS-CoV-2 not detected by NAAT [nasal 
swab] at vaccination visits 1 and 2) and had negative NAAT results (nasal swab) at any unscheduled visit before 7 days after dose 2.

‡  The 95% confidence interval for vaccine efficacy was derived on the basis of the Clopper–Pearson method with adjustment for surveillance 
time.

§  The number of participants with a first occurrence of Covid-19 at 7 or more days after dose 2 and the total number of participants with data 
are shown.

¶  Total surveillance time in 1000 person-years for the given end point across all participants within each group of participants who were at 
risk for the end point is shown. The period for Covid-19 case accrual was from 7 days after dose 2 to the end of the surveillance period.
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of age or older, for whom efficacy had been 
shown.5 This report includes safety data through 
1 month of follow-up after dose 2 for some par-
ticipants. Data on longer-term safety and the 
duration of efficacy and antibody responses in 
children are not yet available.

Although racial and ethnic diversity was 
lower among the 12-to-15-year-old participants 
than among those who were 16 years of age or 
older, vaccine efficacy in the latter age cohort is 
consistent among racial and ethnic subgroups,5 
and a similar pattern is likely in the younger 
cohort. All 12-to-15-year-old participants in this 
trial were enrolled at U.S. sites, whereas the 
16-to-25-year-old participants were recruited glob-
ally. In the immunogenicity subset, however, all 
participants in both age cohorts were from the 
United States. The testing laboratory supply 
limitation resulted in fewer than anticipated 
participants in the immunogenicity analyses; 
however, even with the smaller sample size and 
lower power, the trial still established noninferi-
ority of the immune response. Although some 
participants received other vaccinations during 
the trial period, we did not formally examine 
concomitant vaccination with BNT162b2 and 
other vaccines received during adolescence. These 
results do not determine whether BNT162b2 vac-
cination prevents asymptomatic infection or trans-
mission of SARS-CoV-2; asymptomatic surveil-
lance is ongoing in this age group.

Given the safety, immune response, and ef-
ficacy of the BNT162b2 vaccine in adolescents 

12 to 15 years of age reported in this analysis, 
studies are ongoing to evaluate these measures 
in younger children and in other special popula-
tions, such as pregnant women.
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