
Journal of the Pediatric Infectious Diseases Society

234  •  JPIDS  2023:12  (April)  •  BRIEF REPORT

Immunogenicity and Safety 
of a Third COVID-19 
BNT162b2 mRNA Vaccine 
Dose in 5- to 11-Year Olds
Eric A.F. Simões,1 Nicola P. Klein,2 Charu Sabharwal, 3 Alejandra Gurtman,3 
Nicholas Kitchin,4 Benita Ukkonen,5 Piotr Korbal,6 Jing Zou,7 
Xuping Xie,7 Uzma N. Sarwar,3 Xia Xu,8 Stephen Lockhart,4 Luke Cunliffe,4 
Claire Lu,3 Hua Ma,8 Kena A. Swanson,3 Kenneth Koury,3 Pei-Yong Shi,7 
David Cooper,3 Ӧzlem Türeci,9 Kathrin U. Jansen,3 Uğur Şahin,9 and 
William C. Gruber,3 on Behalf of the C4591007 Clinical Trial Group
1Children’s Hospital Colorado and University of Colorado School of Medicine, Aurora, 
CO, USA2Kaiser Permanente Vaccine Study Center, Kaiser Permanente Northern 
California, Oakland, CA, USA 3Vaccine Research and Development, Pfizer Inc, Pearl 
River, NY, USA4Vaccine Research and Development, Pfizer Ltd, Hurley, UK5Espoo 
Vaccine Research Clinic, Tampere University, Espoo, Finland6Ośrodek Badań 
Klinicznych In-Vivo, Bydgoszcz−Toruń, Poland7Department of Biochemistry and 
Molecular Biology, University of Texas Medical Branch, Galveston, TX, USA8Vaccine 
Research and Development, Pfizer Inc, Collegeville, PA, USA9BioNTech, Mainz, 
Germany

In this ongoing study, substantially increased ancestral SARS-
CoV-2 neutralizing responses were observed 1 month after a 
third 10-µg BNT162b2 dose given to 5 to 11-year olds versus 
neutralizing responses post-dose 2. After dose 3, increased 
neutralizing responses against Omicron BA.1 and BA.4/BA.5 
strains were also observed. The safety/tolerability profile was 
acceptable. (NCT04816643)
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INTRODUCTION

Vaccinating school-age children with a third dose (booster) 
of a COVID-19 vaccine is an urgent public health need as this 
population remains vulnerable to COVID-19 and may transmit 
SARS-CoV-2, particularly of highly transmissible variants. 
In a phase 2/3 study conducted before the Omicron wave, a 
BNT162b2 vaccine two-dose primary series given 21 days apart 
was immunogenic and 91% effective against COVID-19 in 
5- to 11-year olds [1]. However, immune evasion of currently 

circulating Omicron variants observed in adults support the 
need for a third BNT162b2 dose to enhance COVID-19 protec-
tion against Omicron variants and potentially against emerging 
future escape variants in children [2–4]. Relative vaccine effi-
cacy in ≥16-year olds after receiving a third 30-µg BNT162b2 
dose compared with two doses was 95%, during Delta variant 
predominance [5]. Therefore, we evaluated whether a third 
10-µg BNT162b2 dose administered approximately 6 months 
after dose 2 in 5- to 11-year olds was safe and tolerable and able 
to enhance the magnitude and breadth of neutralizing antibody 
responses to the SARS-CoV-2 ancestral strain and Omicron 
variants.

METHODS

In this ongoing study, existing 5- to 11-year-old participants 
from a phase 2/3 study (NCT04816643) who received two 10-µg 
BNT162b2 doses given 21 days apart received an open-label 
third (booster) dose of 10-µg BNT162b2 at least 6 months after 
dose 2. The dose level of BNT162b2 doses 2 and 3 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 are not included in this analysis as they received the 
recommended age-appropriate 30-µg dose level. Eligibility cri-
teria, ethical study conduct, and study responsibilities are sum-
marized in the Appendix.

Safety evaluations included assessment of participant- or 
parent/legal guardian-reported local reactions, systemic events, 
and antipyretic use recorded in an electronic diary for up to  
7 days after dose 3. Adverse event (AE) reports were collected 
from dose 3 through 1 month after dose 3. Serious AEs are 
being collected from dose 3 through approximately 6 months 
after dose 3.

In this analysis, the main immunogenicity assessments were 
conducted in participants without prior SARS-CoV-2 infec-
tion (see Appendix for determination of prior infection status). 
Assessments were also conducted in participants with and 
without prior SARS-CoV-2 infection. Blood samples were col-
lected for immunogenicity assessments, which included deter-
mination of SARS-CoV-2 neutralization titers with a validated 
assay using the ancestral (USA-WA1/2020) strain as described 
previously and with a non-validated Fluorescent Focus 
Reduction Neutralization Test (FFRNT) against Omicron BA.1 
and BA.4/BA.5 lineages [6–8]. For the ancestral strain, SARS-
CoV-2 neutralizing geometric mean titers (GMTs) were meas-
ured in serum obtained before dose 1, 1 month after dose 2, 
and before and 1 month after dose 3 from the 2- or 3-dose 
immunogenicity set (defined in Supplementary Figure 1). 
For the FFRNT assessments against Omicron BA.1 and BA.4/
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BA.5 lineages, SARS-CoV-2 neutralizing GMTs were measured  
1 month after dose 2 and 1 month after dose 3 in the Omicron 
neutralization subset (defined in Supplementary Figure 1). Of 
note, not all participants had blood samples at each of these time 
points. The ratio of GMTs (ie, geometric mean ratio [GMR]) 
and differences in percentages of participants with seroresponse 
(defined in the Appendix) 1 month after dose 3 to 1 month after 
dose 2, and geometric mean fold rises (GMFRs) in titers from 
before to after dose 3 were calculated. Further details regarding 
immunogenicity assessments and an overview of statistical ana-
lyses are summarized in the Appendix.

RESULTS

All 401 enrolled participants received the third (booster) 
BNT162b2 dose at least 5 months after dose 2 (most commonly 
between 8 and 9 months after dose 2 [86.8%]) and comprise the 
safety population (see Supplementary Table S1 for demographic 
characteristics of the participants). The first open-label dose 
3 was administered on January 31, 2022, at the time that the 
Omicron BA.1 subvariant was dominant in the United States. 
There were no withdrawals from the study by the immunoge-
nicity cutoff date (March 22, 2022); at that time, 311 partici-
pants had completed the 1 month after dose 3 vaccination visit 
and 90 participants had not. Median (range) of follow-up after 
dose 3 was 1.3 (1.0−1.8) months.

A third BNT162b2 dose elicited ancestral SARS-CoV-2 
neutralizing responses 1 month after dose 3 that were substan-
tially increased versus those 1 month after dose 2, with a GMR 
of 2.17 (Figure 1A). The percentage of participants achieving 
seroresponse was 100% at 1 month after dose 2, decreasing to 
77.6% before dose 3, and increasing to 98.5% 1 month after  
dose 3 (Supplementary Table 2).

In a subset of participants, Omicron sublineage BA.1 neu-
tralizing GMTs were 28 and 614 at 1 month after dose 2 and  
1 month after dose 3, respectively, corresponding to a 22-fold 
titer increase after the third dose (Figure 1B). Similarly, 
Omicron sublineage BA.4/BA.5 neutralizing GMTs were 17 and 
196 at these respective time points, corresponding to a 12-fold 
titer increase after the third dose. Ancestral neutralizing GMTs 
1 month after dose 2 and 1 month after dose 3 were 324 and 
1703, respectively, corresponding to a 5-fold titer increase after 
the third dose.

The third BNT162b2 dose was well tolerated, with a safety 
profile consistent with previous doses in this age group. No new 
safety signals were identified. Most reactogenicity events were 
mild to moderate in severity and transient; no grade 4 events or 
fevers >40 °C were reported (Figure 2). Similar to doses 1 and 
2, injection-site pain was the most common local reaction, and 
fatigue and headache were the most common systemic events.

Up to 1 month after dose 3, AEs were reported by 9% of 
participants and no AEs led to withdrawal (Supplementary 

Table 3). No serious AEs, deaths, or myocarditis/pericar-
ditis or anaphylaxis cases were reported. Through the safety 
data cutoff (July 30, 2022), lymphadenopathy was reported 
in 15 participants (3.7%), including lymph node pain in 1 
participant. Most cases of lymphadenopathy were mild 
and resolved within 1 week; 14 of 15 cases were considered 
vaccine-related.

DISCUSSION

A third (booster) BNT162b2 10-µg dose administered approx-
imately 6 months after the second dose to 5- to 11-year olds 
increases neutralizing titers against SARS-CoV-2, including 
against Omicron BA.1 and BA.4/BA.5 strains, and is expected 
to confer protection against COVID-19 including illness caused 
by Omicron variants. This is in the context of previously ob-
served immunogenicity and efficacy results across adolescent 
and adult clinical trial populations and from real-world data, 
which have collectively shown that a third (booster) dose of 
BNT162b2 substantially increases the magnitude and breadth 
of neutralization and provides protection against symptomatic 
SARS-CoV-2 infection, including those caused by Omicron 
variants [2–5]. Consistent with recent data showing decreased 
antibody neutralization to Omicron BA.4/BA.5 compared to 
other Omicron subvariants after a third or fourth COVID-19 
vaccine dose administered to adults [9, 10], the magnitude of 
neutralization after the third (booster) BNT162b2 dose in our 
study was lower for Omicron BA.4/BA.5 sublineages than for 
ancestral and Omicron BA.1 strains.

A third (booster) BNT162b2 10-µg dose administered to 5- 
to 11-year olds had an acceptable safety and tolerability profile, 
and no new safety concerns were identified. Reactogenicity after 
the third (booster) dose was mostly mild to moderate in severity, 
short-lived, and generally comparable to that observed after the 
two-dose series [1]. Lymphadenopathy frequency (3.7%) after 
dose 3 in 5- to 11-year olds was higher than previously ob-
served after dose 2 of 10-µg BNT162b2 in this age group (0.9%), 
and similar to that observed after dose 3 of 30-µg BNT162b2 
in ≥16-year olds (2.7%) [1, 5]. This pattern of increased lym-
phadenopathy after dose 3 is consistent in adults and children 
and likely attributable to the post-dose 3 boosted immune re-
sponse. The safety profile of a third (booster) BNT162b2 dose 
in this age group is also supported by an assessment by the US 
Centers for Disease Control and Prevention, which included 
AEs reported to the Vaccine Adverse Event Reporting System 
and a voluntary safety surveillance system [11]. During the as-
sessment period, more than 650,000 children received a third 
(booster) BNT162b2 dose. Reactogenicity events were similar 
in frequency after doses 2 and 3, serious AEs were rare, and no 
myocarditis or deaths were reported.

Limitations of this analysis include the short follow-up, lack 
of efficacy assessment, and data in children who had a longer 
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interval between the primary series and dose 3 were not avail-
able. Long-term follow-up from this and other studies is ongoing.

These data contribute to evidence supporting benefits of a 
third (booster) BNT162b2 dose, which received emergency 
use authorization for 5- to 11-year olds in May 2022 [11]. 
More recently, in October 2022, a bivalent booster (composed 

of original BNT162b2 plus Omicron-BA.4/BA.5-adapted 
BNT162b2) was authorized in 5- to 11-year olds [12]. The au-
thorization was based in part on the safety and immunogenicity 
data described here; this highlights the importance of clinical 
trial data alongside the need for agility in the face of the ongoing 
pandemic. Emerging data from clinical trials and real-world 
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Figure 1.  Serum SARS-CoV-2 neutralization titers 1 month after BNT162b2 doses 2 and 3 in participants without evidence 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). Results are 
in the dose 2 and dose 3 evaluable immunogenicity populations (defined in Supplementary Figure 1). The n value for the before dose 1 timepoint is the total 
number of participants who were either dose 2 evaluable or dose 3 evaluable. 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 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 in the Omicron neutralization subset (defined in Supplementary Figure 
1A) and based on the Fluorescent Focus Reduction Neutralization Test (FFRNT). Results in participants with and without prior SARS-CoV-2 infection are in 
Supplementary Figure 2.
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assessments will further clarify the effectiveness of two mon-
ovalent BNT162b2 doses followed by a bivalent booster, dura-
bility of vaccine-induced immune responses, and the need for 
additional dose(s) and additional variant-specific vaccine for-
mulations in school-aged children.

SUPPLEMENTARY DATA
Supplementary materials are available at the Journal of The Pediatric 
Infectious Diseases Society online (http://jpids.oxfordjournals.org).
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Figure 2.  Local reactions and systemic events. Panel A shows local reactions and Panel B shows systemic events in BNT162b2 recipients with electronic-
diary data after dose 1 (n = 398), dose 2 (n = 399), and dose 3 (n = 371). Grading of reactogenicity events is outlined in the Appendix. Numbers above the bars 
are the percentage of participants with that local reaction or systemic event with any severity within 7 days after each dose. One participant experienced 
fever of >40.0 °C after dose 2 (body temperature of 39.7 °C on day 2 and 40.3 °C on day 3). This participant also had a fever of 39.0 °C occurring 1 day after 
dose 3, which resolved within 3 days with the use of concomitant medication. Technical issues that impacted activation of the electronic diary after dose 3 
resulted in 36 participants not recording events on day 1 after dose 3. For 11 of these participants, events were recorded by day 2. For the remaining 25 par-
ticipants, study site staff contacted participants/parents/legal guardians regarding the occurrence of reactogenicity events; only 1 participant had fatigue 
and injection site pain.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/12/4/234/7078951 by guest on 18 Septem

ber 2023

http://jpids.oxfordjournals.org
https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://www.pfizer.com/science/clinical-trials/trial-data-and-results


238  •  JPIDS  2023:12  (April)  •  BRIEF REPORT

We would like to thank all the participants who volunteered for this study 
and the caregivers who allowed them to participate. We also thank all the 
study site personnel for their contributions to this study.

We especially acknowledge members of the Data Monitoring Committee, 
who have been reviewing the trial safety data: Jonathan Zenilman, Kathryn 
Edwards, Lawrence Stanberry, Robert Belshe, Steven G. Self, Heather 
Lipkind, and Robert Phillips Heine.

Pfizer colleagues: Greg Adams, Priscilla Alba, Harshawardhan 
Anantaneni, Ayman Ayoub, Ruth Bailey, Vara Bandi, Molly Bennett, 
Pankaj Bhoir, Smiti Bihari, Mark Boaz, Christopher Bowen, Donna 
Boyce, Michelle Bryson, Patrick Caubel, Andrea Cawein, Sherri Charlton, 
Darren Cowen, Kimberly Ann Cristall, Carmel Devlin, Julie Donato, 
Saumita Dubey, Camilla Farrell, Samantha Gault, Emily Graham, Tina 
Guina, Robin Hancock, Caitlin Hansen, Elisa Harkins Tull, Marie-Pierre 
Hellio Le Graverand-Gastineau, Martha Iwamoto, Zi Jia (Carrie) Jiang, 
Nai Chao Jin, Luis Jodar, Richa Kala, Hui Kim, Esther Ladipo, David 
Lambe, Venkateswarlu Layam, Rod MacKenzie, Jason McKinley, Robert 
Maroko, Susan Mather, Ruchi Mathur, Zaynah Majid, Gosia Mineo, Shawn 
Musselman, Sagaya Mythili, Sheri Naly, Pascale Nantermet, Jason Painter, 
Marina Palombini, Elisabeth Pantazis-Butera, Vishal Patel, Elizabeth 
Paulukonis, Mark Pepin, Kellie Lynn Richardson, Laurel Rivera, Elizabeth 
Rogers, Christine Rossin, Melinda Rottas, Yanula Salamanca, Ian Schochet, 
Judy Sewards, Noushad Shahulhameed, Marianne Simone, Helen Smith, 
Naren Surampalli, Dina Tresnan, Sarah Tweedy, Sheela Veeramachaneni, 
Lina Wang, Xiang Wang, Yingying Wang, Emily Wasserman, Erica Weaver, 
Anil Kumar Yelike, Fang Yuan, Gabriel Zegrean, Liping Zhang, Ying Zhang, 
Mei Nan Zhuang, the Vaccines Clinical Assay Team, the Vaccines Assay 
Development Team, and all of the Pfizer colleagues not named here who 
contributed to the success of this study.

BioNTech colleagues: Meghan Bushway, Alexandra Kemmer Brück, 
Zakaria Khondker, Kimberly Krüger, Orkun Orzhelvaci, Ruben Rizzi, 
Svetlana Shpyro, and Anna Sokolowska.

References
	 1.	 Walter EB, Talaat KR, Sabharwal C, et al; C4591007 Clinical Trial Group. 

Evaluation of the BNT162b2 Covid-19 Vaccine in Children 5 to 11 Years of Age. 
N Engl J Med 2022; 386:35–46.

	 2.	 Nemet I, Kliker L, Lustig Y, et al. Third BNT162b2 Vaccination Neutralization of 
SARS-CoV-2 Omicron Infection. N Engl J Med 2022; 386:492–4.

	 3.	 Lusvarghi S, Pollett SD, Neerukonda SN, et al. SARS-CoV-2 BA.1 variant is neu-
tralized by vaccine booster-elicited serum but evades most convalescent serum 
and therapeutic antibodies. Sci Transl Med 2022; 14:eabn8543.

	 4.	 Andrews N, Stowe J, Kirsebom F, et al. COVID-19 vaccine effectiveness against 
the Omicron (B.1.1.529) variant. N Engl J Med 2022; 386:1532–46.

	 5.	 Moreira ED Jr, Kitchin N, Xu X, et al; C4591031 Clinical Trial Group. Safety 
and efficacy of a third dose of BNT162b2 Covid-19 vaccine. N Engl J Med 2022; 
386:1910–21.

	 6.	 Walsh EE, Frenck RW Jr, Falsey AR, et al. Safety and Immunogenicity of Two 
RNA-Based Covid-19 Vaccine Candidates. N Engl J Med 2020; 383:2439–50.

	 7.	 Zou J, Xia H, Xie X, et al. Neutralization against Omicron SARS-CoV-2 from pre-
vious non-Omicron infection. Nat Commun 2022; 13:852.

	 8.	 Kurhade C, Zou J, Xia H, et al. Neutralization of Omicron BA.1, BA.2, and BA.3 
SARS-CoV-2 by 3 doses of BNT162b2 vaccine. Nat Commun 2022; 13:3602.

	 9.	 Cheng SS, Mok CK, Li JK, et al. Plaque-neutralizing antibody to BA.2.12.1, BA.4 
and BA.5 in individuals with three doses of BioNTech or CoronaVac vaccines, 
natural infection and breakthrough infection. J Clin Virol 2022; 156:105273.

	10.	 Kliker L, Zuckerman N, Atari N, et al. COVID-19 vaccination and BA.1 break-
through infection induce neutralising antibodies which are less efficient against 
BA.4 and BA.5 Omicron variants, Israel, March to June 2022. Euro Surveill 2022; 
27:2200559 [Epub].

	11.	 Hause AM, Baggs J, Marquez P, et al. Safety Monitoring of Pfizer-BioNTech 
COVID-19 Vaccine Booster Doses Among Children Aged 5-11 Years - United 
States, May 17-July 31, 2022. MMWR Morb Mortal Wkly Rep 2022; 71:1047–51.

	12.	 US Food & Drug Administration. Coronavirus (COVID-19) Update: FDA Authorizes 
Moderna and Pfizer-BioNTech Bivalent COVID-19 Vaccines for Use as a Booster 
Dose in Younger Age Groups. Available at: https://www.fda.gov/news-events/press-
announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-
biontech-bivalent-covid-19-vaccines. Accessed November 28 2022.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/12/4/234/7078951 by guest on 18 Septem

ber 2023

https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-bivalent-covid-19-vaccines
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-bivalent-covid-19-vaccines
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-moderna-and-pfizer-biontech-bivalent-covid-19-vaccines

