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Eligibility Criteria 

Healthy 5–11-year-old participants with pre-existing stable disease could be included, defined as 

disease not requiring a significant change in therapy or hospitalization for worsening disease during 

the 6 weeks before enrollment. Participants with chronic stable HIV or hepatitis B or C infection 

could be included. Receipt of COVID-19 preventative treatments, previous or current diagnosis of 

multisystem inflammatory syndrome in children (MIS-C), history of severe adverse reaction to a 

vaccine or any component of the study intervention, and immunodeficiency, autoimmune disease, or 

conditions associated with prolonged bleeding were exclusion criteria. Full eligibility criteria for the 

study, including the study protocol, are reported elsewhere.1   

 

Ethical Conduct of the Study 

Conduct of the study was in accordance with the study protocol and with consensus ethical principles 

derived from international guidelines, including the Declaration of Helsinki, International Conference 

on Harmonisation Guidelines for Good Clinical Practice, CIOMS International Ethical Guidelines, 

and applicable laws and regulations, including applicable privacy laws. The study protocol and any 

amendments, informed consent documents, and other relevant documents were approved by 

institutional review boards or ethics committees before study initiation. Before any study activity, 

written informed consent from the parent/guardian (and verbal or written participant assent if 

applicable) was obtained. The parent/legal guardian as applicable were also reconsented to the most 

current version of the informed consent document/assent during their participation in the study. 

 

Study Responsibilities 

Pfizer was responsible for study design and conduct; data collection, analysis, and interpretation; and 

writing of this manuscript. Both Pfizer and BioNTech manufactured the vaccine. BioNTech was the 

regulatory sponsor of the studies and contributed to data interpretation and writing of the manuscript. 

All data were available to the authors, who vouch for its accuracy and completeness and to adherence 

to the study protocols. 

 

Procedures 

In this study, existing 5–11-year-old participants from the phase 2/3 study who received two 10 µg 

BNT162b2 doses in the phase 2/3 study received an open-label third (booster) dose of 10 µg 

BNT162b2 ≥6 months after the second dose. The dose level of the second and third BNT162b2 doses 

was based on the participant’s age at the time of vaccination. Therefore, participants who were 12-

years-old at the time of receiving the third dose were not included in this analysis as they received the 

recommended age-appropriate 30-ug dose level. 

 
1 Walter EB, Talaat KR, Sabharwal C, et al. N Engl J Med. 2022;386:35-46. Available at: 

https://www.nejm.org/doi/full/10.1056/nejmoa2116298.  

https://www.nejm.org/doi/full/10.1056/nejmoa2116298
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Grading of Local Reactions and Systemic Events 

Pain at the injection site was graded as mild (does not interfere with activity), moderate (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 (0.5–2.0 cm in diameter), moderate (>2.0–

7.0 cm in diameter), severe (>7.0 cm in diameter), or grade 4 (necrosis or exfoliative dermatitis for 

redness and necrosis for swelling). Fatigue/tiredness, headache, chills, new or worsened muscle pain, 

and new or worsened joint pain were graded as mild (does not interfere with activity), moderate (some 

interference with activity), or severe (prevents daily routine activity). Vomiting was graded as mild 

(1–2 times in 24 hours), moderate (>2 times in 24 hours), or severe (requires intravenous hydration) 

and diarrhea as mild (2–3 loose stools in 24 hours), moderate (4–5 loose stools in 24 hours) or severe 

(≥6 loose stools in 24 hours). Grade 4 for all systemic events indicated an emergency department visit 

or hospitalization. Fever (ie, ≥38.0⁰C) was graded as ≥38.0⁰C–38.4⁰C, >38.4⁰C–38.9⁰C, >38.9⁰C–

40.0⁰C, and >40.0⁰C. 

 

Determination of Prior Infection Status 

Prior infection status was determined by serologic testing (SARS-CoV-2 N-binding assay) for 

immunoglobulin to the SARS-CoV-2 N-antigen at baseline (dose 1 visit), 1 month after dose 2, dose 

3, and 1 month after dose 3, and with a SARS-CoV-2 nucleic acid amplification test (NAAT) on 

anterior nares swabs at dose 1, dose 2, and dose 3, unscheduled visits, and medical history of 

COVID-19.  

 

Definition of Seroresponse 

Seroresponse was defined as a ≥4-fold rise from before dose 1, or ≥4 × lower limit of quantitation 

(LLOQ) if the baseline measurement was <LLOQ.  

 

Immunogenicity Analyses 

Immunogenicity analyses were conducted with the validated neutralization assay2 for an 

immunogenicity set of participants based on the evaluable immunogenicity populations. The 

immunogenicity set was comprised of the 3-dose set, which included the first 130 participants who 

received dose 3 and completed the 1 month after dose 3 visit before March 15, 2022 (defined in 

Figure S1A). Within this set, 30 participants also had blood sample collection at 1 month after dose 2. 

The 2-dose set included 67 additional participants randomly selected from the previously analyzed 

dose 2 evaluable immunogenicity population who were without evidence of prior infection ≤1 month 

after dose 2. These additional participants were included to ensure sufficient data for analyses were 

 
2 Walsh EE, Frenck RW Jr, Falsey AR, et al. N Engl J Med 2020;383:2439-2450. 
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obtained 1 month after dose 2. The dose 2 and dose 3 evaluable immunogenicity populations are 

defined in Figure S1A and data from this set are included in Figure 1A.  

Immunogenicity analyses were also conducted on the Omicron neutralization subset (defined in 

Figure S1A). Analyses were conducted for participants without evidence of prior SARS-CoV-2 

infection (results from this subset are shown in Figure 1A) and in participants with and without prior 

SARS-CoV-2 infection (results from this subset are shown in Figure S2B). A non-validated 

Fluorescent Focus Reduction Neutralization Test (FFRNT)3,4 was used to determine SARS-CoV-2 

serum neutralizing titers 1 month after dose 2 and 1 month after dose 3. FFRNT GMTs were obtained 

from the 50% FFRNT titers determined against the designated wild-type reference strain 

(recombinant USA-WA1/2020) and against the Omicron BA.1 sublineage, which is a recombinant 

virus with the Omicron BA.1 spike sequence on the genetic background of USA-WA1/2020. All 

samples were tested at the same time to ensure comparability of results.  

 

Statistical Analysis 

Safety endpoints are presented descriptively for the safety population (ie, all participants who 

received a third dose of BNT162b2 by February 22, 2022) as counts, percentages, and associated 

Clopper‒Pearson 2-sided 95% CIs. Adverse events were coded using the Medical Dictionary for 

Regulatory Activities v24.1 term for each group.  

GMTs were obtained by exponentiating the mean of logarithmically transformed neutralizing titer 

values. Associated 2-sided 95% CIs were obtained based on the Student t distribution and then the 

confidence limits were exponentiated to express results on the original scale. Geometric mean ratios 

were obtained by exponentiating the mean of the differences ([dose 3 group at the 1 month after dose 

3 time point] – [dose 2 group at the 1 month after dose 2 time point]) of logarithmically transformed 

neutralizing titer values. Associated 2-sided 95% CIs were based on the Student t distribution and 

then exponentiating results. GMFRs were calculated for participants by exponentiating the logarithm 

of fold rises. Associated 2-sided 95% CIs were obtained for the mean difference using the Student t 

distribution and the confidence limits were exponentiated. The exact 2-sided 95% CI for the 

percentage of participants with a seroresponse was computed using the F distribution (Clopper-

Pearson) and the 2-sided 95% CI for the difference in seroresponse was determined using the 

Miettinen and Nurminen method.  

 
3 Zou J, Xia H, Xie X, et al. Nat Commun 2022;13:852.  
4 Kurhade C, Zou J, Xia H, et al. Nat Commun 2022;13:3602. 
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Table S1. Demographic characteristics*  

Characteristic  BNT162b2  

(N=401) 

Sex, n (%)   

Male 210 (52.4) 

Female 191 (47.6) 

Race, n (%)†   

White 281 (70.1) 

Black or African American 29 (7.2) 

Asian 31 (7.7) 

Multiracial 46 (11.5) 

American Indian or Alaska Native 8 (2.0) 

Other/not reported 6 (1.5) 

Ethnicity, n (%)†   

Hispanic/Latinx 92 (22.9) 

Not reported 3 (0.7) 

Country, n (%)   

USA 401 (100.0) 

Age at first dose vaccination, y   

Mean (standard deviation)  7.9 (1.75) 

Median (range) 8.0 (5–11) 

Baseline SARS-CoV-2 status (at the time of dose 1), n (%)‡  

Positive 22 (5.5) 

Negative 379 (94.5) 

Comorbidities, n (%)§¶  

Yes 119 (29.7) 

No 282 (70.3) 

Obese, n (%)# 39 (9.7) 

* Results are for the safety population (defined in Figure S1). Percentages may not total 100 because of 

rounding. 

† Race and ethnic group were reported by the parent/guardian. 

‡ Baseline SARS-CoV-2 positive required a positive N-binding antibody or positive nucleic acid amplification 

test (NAAT) result at dose 1, or a medical history of COVID-19. 

§ Participants with ≥1 comorbidity that increases the risk of severe COVID-19 (defined as participants with ≥1 

prespecified comorbidity as outlined by COVID-NET5 and/or obesity as defined in #).  

¶ In the current study, the only medical history associated with increased risk of severe COVID-19 as outlined 

by COVID-NET5 (ie, asthma, congenital heart disease, diabetes mellitus, feeding tube dependent, 

immunocompromised condition, neurologic disorder, obesity, premature infant, sickle cell disease) was asthma 

(n=31; 7.7%), obesity (n=2; 0.5%), premature infant (n=2; 0.5%), and sickle cell trait (n=1; 0.2%). 

# Body mass index at or above the 95th percentile according to the US Centers for Disease Control and 

Prevention growth chart (https://www.cdc.gov/growthcharts/html_charts/bmiagerev.htm). 

  

 
5 Kim L, Whitaker M, O'Halloran A, et al. MMWR Morb Mortal Wkly Rep. 2020;69(32):1081-1088.  
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Table S2. Seroresponse in participants without evidence of prior infection  

Assay Time point n/N 
Seroresponse*, 

% (95% CI) 

Difference† 

(95% CI) 

SARS-CoV-2 

neutralization assay 
1 month after dose 2 

96/96 100.0  

(96.2, 100.0) 

–1.5 

(–8.0, 2.4) 
Before dose 3 

52/67 77.6  

(65.8, 86.9) 

1 month after dose 3 
66/67 98.5  

(92.0, 100.0) 

Results are for the evaluable immunogenicity populations (defined in Figure S1).  

Participants included in this analysis had no serological or virological evidence of past SARS-CoV-2 infection 

for up to 1 month after dose 2 (for the 1 month after dose 2 time point) or 1 month after dose 3 (for the before 

dose 3 and 1 month after dose 3 time points) study blood sample collection. Having no evidence of past SARS-

CoV-2 infection up to 1 month after dose 2 was defined as having a negative N-binding antibody (serum) result 

at the dose 1 and 1 month after dose 2 study visits; a negative NAAT (nasal swab) result at the dose 1 and dose 

2 study visits and any unscheduled visit before the 1 month after dose 2 blood sample collection; and no medical 

history of COVID-19. Having no evidence of past SARS-CoV-2 infection ≤1 month after dose 3 was defined as 

having a negative N-binding antibody (serum) result at the dose 1, 1 month after dose 2 (if available), dose 3, 

and 1 month after dose 3 study visits; a negative NAAT (nasal swab) result at the dose 1, dose 2, and dose 3 

study visits and any unscheduled visit before the 1 month after dose 3 blood sample collection; and no medical 

history of COVID-19.  

The data cutoff date was March 22, 2022. 

* Seroresponse was defined as achieving a ≥4-fold rise from baseline (before dose 1). If the baseline 

measurement was below the lower limit of quantification (LLOQ), a post-vaccination assay result ≥4 × LLOQ 

was considered a seroresponse.  

† The difference in proportions, expressed as a percentage, was calculated as ([1 month after dose 3 group at the 

1 month after dose 3 time point] – [1 month after dose 2 group at the 1 month after dose 2 time point]). The 1 

month after dose 3 group includes participants in the 3-dose immunogenicity set who had assay results at 1 

month after dose 3 and the 1 month after dose 2 group includes participants in the 2-dose or 3-dose 

immunogenicity set who had assay results 1 month after dose 2. 
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Table S3. Participants reporting adverse events  

Adverse event 

BNT162b2 

(N*=401) 

n† (%) 

Any event (from dose 3 to 1 month after dose 3) 36 (9.0) 

Related§  19 (4.7) 

Severe¶  1 (0.2) 

Life-threatening  0 

Any serious adverse event (from dose 3 to safety data cutoff) 2 (0.5) 

Related§  0 

Any adverse event leading to discontinuation (from dose 3 to safety data cutoff) 0 

Death (from dose 3 to data cutoff) 0 

Adverse events of clinical interest (from dose 3 to safety data cutoff)#  

Lymphadenopathy** 15 (3.7) 

Rash†† 1 (0.2) 

Results are for the safety population (defined in Figure S1).  

The safety data cutoff date was July 30, 2022. 

* Number of participants in the specified group. This value is the denominator for the percentage calculations. 

† Number of participants reporting ≥1 occurrence of the specified event category. For ‘any event’, n is the 

number of participants reporting ≥1 occurrence of any event. 

§ Assessed by the investigator as related to the investigational product, the majority of which were 

reactogenicity events. 

¶ Grade 3 fever of 39.0⁰C in a 5-year-old participant occurred at Day 1 after dose 3, resolved within 3 days with 

the use of concomitant medication, and was considered to be vaccine-related. 

# The following Standardized MedDRA Queries (SMQs) were applied to search the safety data: angioedema, 

arthritis, convulsions, demyelination, hypersensitivity, peripheral neuropathy, and vasculitis. There were no 

preferred terms associated with these SMQs, except for 1 case of rash. Additionally, there were no adverse 

events of clinical interest reported for anaphylaxis, myocarditis, pericarditis, Bell’s palsy (or facial 

paralysis/paresis), or appendicitis. Other notable adverse events in which no cases were reported in this 

population as of the data cutoff included (but were not limited to): arthritis, thrombocytopenic events, 

thromboembolic or intravascular coagulation events, autoimmune or demyelination events, meningitis, 

encephalitis, neuritis, peripheral neuropathy, vasculitis, Kawasaki disease, MIS-C, or acute respiratory distress 

syndrome. The only AEs of clinical interest in this safety dataset was lymphadenopathy. 

**Lymphadenopathy included lymph node pain and was considered vaccine-related by the investigator in 14 

participants (3.5%); most had an onset within 2 days of dose 3 and resolved approximately 1 week after onset.  

†† 1 case of rash, which was not considered related to vaccination by the investigator, had an onset of 11 days 

after dose 3, and resolved within 4 days.  
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Figure S1. Study populations 
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Figure S2. Serum SARS-CoV-2 neutralization titers 1 month after BNT162b2 doses 2 

and 3 in participants regardless of prior SARS-CoV-2 infection 

In Panel A, 50% neutralizing titers were determined in a validated microneutralization assay against 

ancestral SARS-CoV-2 strain (USA-WA1/2020). Values within the bars are GMTs (95% CIs). The 

geometric mean ratio (GMR) shown is 1 month after dose 3 to 1 month after dose 2 and the geometric 

mean fold rise (GMFR) shown is from before dose 3 to 1 month after dose 3. Assay results below the 

lower limit of quantitation (LLOQ) of 41 were set to 0.5 × LLOQ. In Panel B, 50% serum neutralizing 

titers against ancestral SARS-CoV-2 and the Omicron BA.1 and BA.4/BA.5 sublineages are shown. 

Values within the bars are GMTs (95% CIs) and the GMR of after dose 3 to after dose 2 are shown 

above the bars. Assay results below the LLOQ of 20 were set to 0.5 × LLOQ. Results are based on the 

Fluorescent Focus Reduction Neutralization Test (FFRNT). Results in Panel A and Panel B are in the 

all-available immunogenicity population (defined in Figure S1). n=number of participants with valid 

and determinate assay results for the specified assay at the given dose/sampling time point.  

 


