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ABSTRACT 

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections and 
the resulting disease, coronavirus disease 2019 (COVID-19), have spread to millions of people 
globally. Multiple vaccine candidates are under development, but no vaccine is currently 
available.  

Methods: Healthy adults 18–55 and 65–85 years of age were randomized in an ongoing, 
placebo-controlled, observer-blinded dose-escalation study to receive 2 doses at 21-day intervals 
of placebo or either of 2 lipid nanoparticle–formulated, nucleoside-modified RNA vaccine 
candidates: BNT162b1, which encodes a secreted trimerized SARS-CoV-2 receptor-binding 
domain, or BNT162b2, which encodes a prefusion stabilized membrane-anchored SARS-CoV-2 
full-length spike. In each of 13 groups of 15 participants, 12 received vaccine and 3 received 
placebo. Groups were distinguished by vaccine candidate, age of participant, and vaccine dose 
level. Interim safety and immunogenicity data of BNT162b1 in younger adults have been 
reported previously from US and German trials. We now present additional safety and 
immunogenicity data from the US Phase 1 trial that supported selection of the vaccine candidate 
advanced to a pivotal Phase 2/3 safety and efficacy evaluation.  

Results: In both younger and older adults, the 2 vaccine candidates elicited similar dose-
dependent SARS-CoV-2–neutralizing geometric mean titers (GMTs), comparable to or higher 
than the GMT of a panel of SARS-CoV-2 convalescent sera. BNT162b2 was associated with less 
systemic reactogenicity, particularly in older adults.  

Conclusion: These results support selection of the BNT162b2 vaccine candidate for Phase 2/3 
large-scale safety and efficacy evaluation, currently underway.  
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INTRODUCTION 

Since the first coronavirus disease 2019 (COVID-19) cases in Wuhan, China, in December 2019, 
pandemic illness has spread to millions of people globally. No COVID-19 vaccines are currently 
available, and they are urgently needed to combat escalating cases and deaths worldwide.1   

In response, BioNTech and Pfizer launched an unprecedented and coordinated program to 
compare 4 RNA-based COVID-19 pandemic vaccine candidates in umbrella-type clinical studies 
conducted in Germany (BNT162-01) and the US (C4591001). The program was designed to 
support the selection of a single vaccine candidate and dose level for a pivotal global safety and 
efficacy trial. Based on initial clinical trial results in Germany,2 2 lipid nanoparticle–formulated,3 
nucleoside-modified RNA (modRNA)4 vaccine candidates were evaluated in the US Phase 1 
portion of the trial.5 One of these, BNT162b1, encodes the SARS-CoV-2 receptor-binding 
domain (RBD), trimerized by the addition of a T4 fibritin foldon domain to increase its 
immunogenicity through multivalent display.6,7,8 The other, BNT162b2, encodes the SARS-
CoV-2 full-length spike, modified by 2 proline mutations (P2 S) to lock it in the prefusion 
conformation9 to increase its potential to elicit virus-neutralizing antibodies.10 

Previous publications have described assessment of BNT162b1 in 18–55 year old healthy adults 
at multiple dose levels.2,5 Those studies indicated that well-tolerated dose levels of BNT162b1 
efficiently elicited high titer, broad serum neutralizing responses, TH1 phenotype CD4+ T helper 
cell responses, and strong interferon γ (IFN-γ) and interleukin-2 (IL-2) producing CD8+ 
cytotoxic T-cell responses. This ability to elicit both humoral and cell-mediated antiviral 
mechanisms makes BNT162b1 a promising vaccine candidate. 

Here we report the full set of safety and immunogenicity data from the Phase 1 portion of an 
ongoing randomized, placebo-controlled, observer-blinded dose-escalation US trial that was used 
to select the final vaccine candidate, BNT162b2, as well as comparison of the safety and 
immunogenicity of both vaccine candidates (ClinicalTrials.gov identifier: NCT04368728). These 
data include evaluation of 10-µg, 20-µg, and 30-µg dose levels of BNT162b1 in 65–85 year old 
adults and of an additional 20-µg dose level in 18–55 year old adults. In addition, the safety, 
tolerability, and immunogenicity of BNT162b2 in both younger and older adults are compared to 
those of BNT162b1 at 10-µg, 20-µg, and 30-µg dose levels.  

 

METHODS 

Trial Objectives: Safety and immunogenicity of varying dose levels of BNT162b1 and 
BNT162b2.  

Trial Participants: Healthy adults 18–55 or 65–85 years of age were eligible for inclusion. Key 
exclusion criteria included: known infection with HIV, HCV, or HBV; immunocompromised; 
history of autoimmune disease; previous clinical or microbiological diagnosis of COVID-19; 
receipt of medications intended to prevent COVID-19; prior coronavirus vaccination; a positive 
test for SARS-CoV-2 IgM and/or IgG at the screening visit; and a SARS-CoV-2 nucleic acid 
amplification test (NAAT)-positive nasal swab within 24 hours before study vaccination. 
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Trial Procedures: Using an interactive web-based response technology system, study 
participants were randomly assigned to vaccine groups defined by vaccine candidate, dose level, 
and age range. Participants received two 0.5-mL injections into the deltoid of either BNT162b1, 
BNT162b2, or placebo, 21 days apart. The first 5 participants in each new dose level or age 
group were observed for 4 hours after vaccination to identify immediate adverse events (AEs). 
All other participants were observed for 30 minutes. Blood was collected for safety and/or 
immunogenicity assessments.  

Safety: Primary endpoints presented include: the proportions of participants with solicited local 
reactions, systemic events, and use of antipyretic and/or pain medication within 7 days after 
vaccination recorded in an electronic diary; unsolicited AEs and serious adverse events (SAEs) 
from Dose 1 through 1 month after Dose 2; clinical laboratory abnormalities 1 and 7 days after 
vaccination; and grading shifts in laboratory assessments between baseline and 1 and 7 days after 
Dose 1 and between 2 and 7 days after Dose 2. There were protocol-specified safety stopping 
rules for all sentinel-cohort participants. An internal review committee and an external data 
monitoring committee reviewed all safety data.  

Immunogenicity: Immunogenicity assessments (SARS-CoV-2 serum neutralization assay and 
RBD-binding or S1-binding IgG direct Luminex immunoassays) were assessed before 
vaccination, at 7 and 21 days after Dose 1, and 7 days (Day 21) and 14 days (Day 35) after Dose 
2. The neutralization assay used a previously described strain of SARS-CoV-2 
(USA_WA1/2020) that had been rescued by reverse genetics and engineered by the insertion of 
an mNeonGreen gene into open reading frame 7 of the viral genome.11,12 The 50% neutralization 
titer (NT50) was reported as the interpolated reciprocal of the dilution yielding a 50% reduction 
in fluorescent viral foci. One serum sample from the 30 µg BNT162b2 18-55 year old group, 
drawn 3 days after Dose 2 rather than 6 to 8 days after Dose 2 (as specified in the protocol), was 
excluded from the reported immunogenicity analysis. No other samples were reported to be 
drawn outside of the protocol-specified window.  

Immunogenicity data from a human convalescent serum panel are included as a benchmark. 
Thirty-eight human SARS-CoV-2 infection/COVID-19 convalescent sera were drawn from 
donors 18 to 83 years of age, at least 14 days after a PCR-confirmed diagnosis and after 
symptom resolution. Neutralizing GMTs in subgroups of the donors were as follows: 
symptomatic infections – 90 (n=35); asymptomatic infections – 156 (n=3); hospitalized – 618 
(n=1). The sera were obtained from Sanguine Biosciences (Sherman Oaks, CA), the MT Group 
(Van Nuys, CA), and Pfizer Occupational Health and Wellness (Pearl River, NY). 

Statistical Analysis: In this report, safety and immunogenicity analyses are descriptive, and the 
sample size was not based on statistical hypothesis testing. Safety analyses are presented as 
counts, percentages, and associated Clopper-Pearson 95% confidence intervals (CIs) for local 
reactions, systemic events, and any AEs after vaccination according to MedDRA terms for each 
vaccine group. Summary statistics are provided for abnormal laboratory values and grading 
shifts. 

Immunogenicity analyses of SARS-CoV-2 serum neutralizing titers, S1- and RBD-IgG binding 
concentrations, GMTs, and geometric mean concentrations (GMCs) were computed along with 
associated 95% CIs. The GMTs/GMCs were calculated as the mean of the assay results after 
making the logarithm transformation and then exponentiating the mean to express results on the 
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original scale. Two-sided 95% CIs were obtained by taking log transforms of titers or 
concentrations, calculating the 95% CI with reference to Student’s t-distribution, and then 
exponentiating the confidence limits.  

 

RESULTS 

Disposition and Demographics 

Between 04 May 2020 and 22 June 2020, 332 healthy males and nonpregnant females at 4 US 
sites (2 sites per vaccine candidate) were screened: 195 were randomized to 13 groups of 15 
participants (12 received vaccine and 3 placebo per group) (Figure 1). Groups of 18–55 year old 
and 65–85 year old participants received 10-μg, 20-μg, or 30-μg dose levels of BNT162b1 or 
BNT162b2 on a 2-dose schedule, 21 days apart. One group of 18–55 year old participants 
received 1 dose of 100 µg BNT162b1 or placebo. Overall, participants were predominantly white 
(67%–100%) and non-Hispanic/non-Latinx (92%–100%) (Table 1). More older women than 
older men participated. The median age of younger participants was 35–37 years and of older 
participants was 68–69 years, depending on vaccine candidate.  
 

Safety 

Reactogenicity 

Local reactions  

Participants 18–55 years old who received 10 or 30 µg BNT162b1 reported mild to moderate 
local reactions, primarily pain at the injection site, within 7 days after an injection, which were 
more frequent after Dose 2.2, 5 In 65–85 year olds, BNT162b1 elicited similar but milder local 
reactions, with mild to moderate injection site pain reported by 92% after Dose 1 and 75% after 
Dose 2 (Figure 2). A similar pattern was observed after vaccination with BNT162b2. No older 
adult who received BNT162b2 reported redness or swelling. No participant who received either 
BNT162 vaccine reported a Grade 4 local reaction.  

Systemic events  

Participants 18–55 years old who received 10 or 30 µg BNT162b1 frequently experienced mild 
to moderate fever and chills, with 75% reporting fever ≥38.0°C after Dose 2 of 30 µg (Figure 3 
and Figure S1).5  In 65–85 year old participants who received BNT162b1, systemic events were 
milder than in the younger participants, though many older participants reported fatigue and 
headache after Dose 1 or Dose 2, and 33% of older participants reported fever ≥38°C after Dose 
2, including 1 older participant who reported fever (38.9–40.0°C; Figure 3 and Figure S2). Like 
local reactions, systemic events were dose-dependent, greater after Dose 2 than Dose 1, and 
transient. Symptoms generally peaked by Day 2 after vaccination and resolved by Day 7.  

Systemic events in response to BNT162b2 were milder than those to BNT162b1 (Figures 3, S1, 
and S2). For example, only 17% of 18–55 year olds and 8% of 65–85 year olds reported fever 
(≥38.0–38.9°C) after Dose 2 of 30 µg BNT162b2. Severe systemic events (fatigue, headache, 
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chills, muscle pain, and joint pain) were reported in small numbers of younger BNT162b2 
recipients, but no severe systemic events were reported by older BNT162b2 recipients. There 
were no reports of Grade 4 systemic events by any BNT162 recipient. Overall, systemic events 
reported by 65–85 year olds who received BNT162b2 were similar to those reported by those 
who received placebo after Dose 1.  

Adverse Events and Shifts in Laboratory Values 

Through 1 month after Dose 2, 50% of 18–55 year old participants who received 30 µg 
BNT162b1 reported related AEs compared to 11.1% of placebo recipients.5 Among 65–85 year 
olds who received 30 μg BNT162b1 and 18–55 year olds who received 30 μg BNT162b2, 16.7% 
reported related AEs (Table S1). No 65–85 year old who received 30 µg BNT162b2 reported a 
related AE. No SAEs were reported, and no stopping rules were met as of the time of this report. 
The largest changes from baseline in laboratory values were transient decreases in lymphocyte 
counts, which resolved within a week after vaccination (Figure S3) and were not associated with 
clinical manifestations. 
 

Immunogenicity 

The serological responses elicited by BNT162b1 and BNT162b2 were similar. Antigen-binding 
IgG and neutralizing responses to vaccination with 10 µg to 30 µg of BNT162b1 or BNT162b2 
were boosted by Dose 2 in both younger2,5 and older adults, showing clear benefit of a second 
dose (Figure 4a). Both vaccines elicited lower antigen-binding IgG and neutralizing responses in 
65–85 year olds compared to 18–55 year olds (Figure 4). For example, neutralizing GMTs at 
Day 28 (7 days post Dose 2) of older adults who received 30 µg of BNT162b1 or BNT162b2 
were 0.38 and 0.41 times, respectively, the GMTs of the corresponding younger adult cohorts 
(Figure 4b). Although there was a clear dose-level response between 10 µg and 20 µg of either 
vaccine candidate, a dose-level response between 20 µg and 30 µg was not consistent by vaccine 
candidate or by age group (Figure 4). Neutralizing GMTs measured 7 days after Dose 2 of 30 µg 
BNT162b1 or BNT162b2 ranged from 1.1 to 1.6 times the convalescent serum panel GMT in 
65–85 year olds and from 2.8 to 3.8 times the convalescent serum panel GMT in 18–55 year 
olds. 

 

DISCUSSION  

Previously reported data from vaccination of 18–55 year old adults with 10 μg or 30 μg of 
BNT162b1 suggested that it could be a promising COVID-19 vaccine candidate.2,5 Consistent 
with our strategy to evaluate several RNA vaccine candidates and make a data-driven decision to 
advance the candidate with the best safety and immunogenicity profile, we compared clinical 
data obtained after vaccination with BNT162b1,2,5 which encodes the RBD, or with BNT162b2, 
which expresses the full-length spike. The data set presented here guided our decision to advance 
BNT162b2 at the 30-μg dose level into the Phase 2/3, global safety and efficacy evaluation in 
participants 18–85 years of age. 

The primary consideration driving this decision was the milder systemic reactogenicity profile of 
BNT162b2, particularly in older adults, in the context of comparable antibody responses elicited 
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by both candidate vaccines. Short-lived declines in postvaccination lymphocyte counts were 
without evidence of associated clinical impact, were observed across age groups, and likely 
reflect temporary redistribution of lymphocytes from the bloodstream to lymphoid tissues as a 
functional response to the immune stimulation of immunization.13,14,15,16 The observation of a 
modRNA vaccine candidate at the selected, relatively low dose level of 30 μg that is both very 
immunogenic and well tolerated is unexpected for a modRNA vaccine candidate targeting an 
infectious disease.17,18 Lipid composition of the LNPs, formulation components or sequence 
selection for the RNA backbone and/or antigen target could influence the tolerability profile. The 
reason for the lower reactogenicity of BNT162b2 compared to BNT162b1 is not certain, given 
that BNT162b1 and BNT162b2 share the same modRNA platform, RNA production and 
purification processes, and LNP formulation. They differ in the nucleotide sequences encoding 
the vaccine antigens and in the overall size of the RNA constructs, resulting in approximately 
five times the number of RNA molecules in 30 μg of BNT162b1 compared to 30 μg of 
BNT162b2. The nucleotide composition of RNA appears to affect its immune stimulatory 
activity and reactogenicity profile.19 

The immune responses elicited by BNT162b1 and BNT162b2 were similar. As observed with 
other vaccines and likely associated with immunosenescence,20,21 the immunogenicity of both 
vaccine candidates decreased with age, eliciting lower humoral responses in 65–85 year olds 
than in 18–55 year olds. Nevertheless, at 7 days after Dose 2, the neutralizing GMT elicited by 
30 µg BNT162b2 in older adults, despite being only 0.41 times the GMT of younger adults, still 
exceeded the GMT of the convalescent serum panel. Based on the responses to 30 µg of 
BNT162b1 (Figure 4b), neutralizing GMTs elicited by BNT162b2 are expected to further 
increase from 7 to 14 days after Dose 2 (Day 35). At this time point, the GMT elicited by 
BNT162b1 was 4.6 times the GMT of the convalescent serum panel.5  

A subtle difference in the humoral response to BNT162b1 and BNT162b2 is an apparent dose-
response plateau for both vaccines in younger adults, but only for BNT162b1 in older adults. The 
more reactogenic regimens are associated with an apparent dose-response plateau. RNA vaccines 
require vaccine RNA translation in the host to express antigen, thus higher reactogenicity may be 
associated with an innate immune shutdown of host cell translation that can result in suboptimal 
antigen presentation and lower immunogenicity.  

This study and interim report have several limitations. First, at the time of publication, data on 
immune responses or safety beyond 7 days after Dose 2 were not available. Second, we do not 
yet know the relative importance of humoral and cellular immunity in protection from COVID-
19. Although strong cell-mediated immune responses (TH1-biased CD4+ and CD8+) elicited by 
BNT162b1 have been observed and reported from the German trial,2 cellular immune responses 
elicited by BNT162b2 are still being studied and will be reported separately. We anticipate that 
the full-length spike encoded by BNT162b2 will present a greater diversity of T-cell epitopes 
than does the much smaller RBD encoded by BNT162b1. This may lead to stronger and more 
consistent cellular responses to BNT162b2. Third, although the serum neutralizing responses 
elicited by the vaccine candidates relative to those elicited by natural infection are highly 
encouraging, the degree of protection against COVID-19 provided by this or any other 
benchmark is unknown. Finally, participants in this early-stage clinical study were healthy and in 
groups too small to reflect the diversity of those in need of a COVID-19 vaccine.  
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Many of the limitations to this study are now being addressed in the global Phase 2/3 portion of 
this study, while we expand our RNA vaccine manufacturing and distribution capacity. In this 
pivotal study, we are assessing the safety and efficacy of 2 doses of 30 µg BNT162b2 in up to 
30,000 participants (randomized 1:1 with placebo) from diverse backgrounds, including 
individuals with stable chronic underlying health conditions, individuals at increased risk due to 
occupational exposure, and individuals from racial and ethnic backgrounds at higher risk for 
severe COVID-19.22 
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Tables 

Vaccine Group 
 

BNT162b1 

18–55 Years of Age 65–85 Years of Age 

10 μg 
(n=12) 

20 μg 
(n=12) 

30 μg 
(n=12) 

100 μg 
(n=12) 

Placebo 
(n=12) 

Total 
(n=60) 

10 μg 
(n=12) 

20 μg 
(n=12) 

30 μg 
(n=12) 

Placebo 
(n=9) 

Total 
(n=45) 

Sex, n (%)            

Male 7  
(58.3) 

9  
(75.0) 

6  
(50.0) 

5  
(41.7) 

7  
(58.3) 

34 
(56.7) 

4  
(33.3) 

4  
(33.3) 

4  
(33.3) 

1  
(11.1) 

13  
(28.9) 

Female 5  
(41.7) 

3  
(25.0) 

6  
(50.0) 

7  
(58.3) 

5  
(41.7) 

26 
(43.3) 

8  
(66.7) 

8  
(66.7) 

8  
(66.7) 

8  
(88.9) 

32  
(71.1) 

Race, n (%)            

White 8  
(66.7) 

11  
(91.7) 

10  
(83.3) 

11  
(91.7) 

11  
(91.7) 

51 
(85.0) 

12  
(100.0) 

11  
(91.7) 

10  
(83.3) 

9  
(100.0) 

42  
(93.3) 

Black or 
African 
American 

1 (8.3) 1 (8.3) 0 0 0 2 (3.3) 0 1 (8.3) 0 0 1 (2.2) 

Asian 3 (25.0) 0 2 (16.7) 1 (8.3) 1 (8.3) 7 (11.7) 0 0 2 (16.7) 0 2 (4.4) 

Ethnicity, n (%)            
Hispanic/ 
Latinx 

1 (8.3) 0 1 (8.3) 0 0 2 (3.3) 0 0 0 1 (11.1) 1 (2.2) 

Age at 
Vaccination, y 

           

Mean ± SD 29.4 ± 
6.39 

44.8 ± 
8.33 

35.8 ± 
9.96 

38.3 ± 
9.34 

36.3 ± 
11.26 

36.9 ± 
10.19 

69.7 ± 
5.40 

70.6 ± 
4.94 

69.9 ± 
3.55 

68.2 ± 
2.95 

69.7 ± 
4.34 

Median  
(range) 

26.5  
(24–42) 

49.0  
(30–54) 

33.5  
(23–52) 

38.0  
(25–53) 

35.0  
(19–54) 

35.0  
(19–54) 

68.5  
(65–82) 

69.0  
(65–81) 

69.0  
(65–77) 

68.0  
(65–73) 

69.0  
(65–82) 

BNT162b2 
10 μg 

(n=12) 
20 μg 
(n=12) 

30 μg 
(n=12) 

100 μg 
(n=0) 

Placebo 
(n=9) 

Total 
(n=45) 

10 μg 
(n=12) 

20 μg 
(n=12) 

30 μg 
(n=12) 

Placebo 
(n=9) 

Total 
(n=45) 

Sex, n (%)            
Male 5  

(41.7) 
6  

(50.0) 
3  

(25.0) 
– 5  

(55.6) 
19 

(42.2) 
2  

(16.7) 
5  

(41.7) 
6  

(50.0) 
4  

(44.4) 
17  

(37.8) 
Female 7  

(58.3) 
6  

(50.0) 
9  

(75.0) 
– 4  

(44.4) 
26 

(57.8) 
10  

(83.3) 
7  

(58.3) 
6  

(50.0) 
5  

(55.6) 
28  

(62.2) 
Race, n (%)            

White 11  
(91.7) 

10  
(83.3) 

9  
(75.0) 

– 9  
(100.0) 

39 
(86.7) 

12  
(100.0) 

12 
(100.0) 

12 
(100.0) 

9  
(100.0) 

45 
(100.0) 

Black or 
African 
American 

0 2 (16.7) 1 (8.3) – 0 3 (6.7) 0 0 0 0 0 

Asian 1 (8.3) 0 2 (16.7) – 0 3 (6.7) 0 0 0 0 0 
Ethnicity, n (%)            

Hispanic/ 
Latinx 

1 (8.3) 1 (8.3) 0  _ 0 2 (4.4) 0 0 0 0 0 

Age at 
Vaccination, y 

           

Mean ± SD 36.8 ± 
12.20 

37.6 ± 
10.07 

37.3 ± 
9.85 

– 34.4 ± 
13.22 

36.7 ± 
10.95 

68.0 ± 
2.89 

71.0 ± 
5.82 

68.5 ± 
2.81 

70.0 ± 
3.84 

69.3 ± 
4.09 

Median  
(range) 

37.0  
(21–53) 

38.0  
(23–53) 

36.5  
(23–54) 

– 30.0  
(19–53) 

37.0  
(19–54) 

67.0  
(65–73) 

68.5  
(65–81) 

68.0  
(65–74) 

69.0  
(65–77) 

68.0  
(65–81) 

Table 1 | Participant demographics for BNT162b1 and BNT162b2  
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Figures 

 

Figure 1 | Disposition of participants.  Participants not assigned were screened but not 
randomized because enrollment had closed.  
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Figure 2 | Local reactions reported within 7 days after vaccination by age group (a. 18–55 
years of age; b. 65–85 years of age). Solicited injection-site (local) reactions were collected 
with electronic diaries for 7 days after each vaccination. Pain at injection site scale - mild: does 
not interfere with activity; moderate: interferes with activity; severe: prevents daily activity; 
Grade 4: emergency room visit or hospitalization. Redness and swelling scale - mild: 2.0 to 5.0 
cm in diameter; moderate: >5.0 to 10.0 cm in diameter; severe: >10.0 cm in diameter; Grade 4: 
necrosis or exfoliative dermatitis for redness, and necrosis for swelling. 10 = 10 µg; 20 = 20 µg; 
30 = 30 µg; P = placebo; B1 – BNT162b1; B2 – BNT162b2.  
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Figure 3 | Select systemic events reported within 7 days after vaccination (a. 18–55 years of 
age; b. 65–85 years of age). Fever, chills, and fatigue reported here. Headache, vomiting, 
diarrhea, muscle pain, and joint pain reported in Figure S1. Systemic events were collected with 
electronic diaries for 7 days after each vaccination. Fever scale as indicated in the key.  Chills 
and fatigue scale - mild: does not interfere with activity; moderate: some interference with 
activity; severe: prevents daily activity; Grade 4: emergency room visit or hospitalization. 10 = 
10 µg; 20 = 20 µg; 30 = 30 µg; P = placebo; B1 – BNT162b1; B2 – BNT162b2. 
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Figure 4 | Immunogenicity of BNT162b1 and BNT162b2. Participants in groups of 15 were 
vaccinated with the indicated dose levels of either BNT162b vaccine candidate (n=12) or with 
placebo (n=3) on Days 1 and 21. Reponses in placebo recipients for each of the dosing groups 
are combined (P). The 28-day blood collection is 7 days after the second vaccination. Sera were 
obtained before vaccination (Day 1) and 21, and 28 days after the first vaccination. Day 35 is 
shown only for the 10 µg and 30 µg BNT162b1 (18–55 years) groups. Human COVID-19 
convalescent sera (HCS, n=38) were obtained at least 14 days after polymerase chain reaction-
confirmed diagnosis and at a time when the donors were asymptomatic. a. Geometric mean 
concentrations (GMCs) of recombinant S1-binding IgG. Lower limit of quantitation (LLOQ) is 
1.267. b. 50% SARS-CoV-2–neutralizing geometric mean titers (GMTs). LLOQ is 20. Each data 
point represents a serum sample, and each vertical bar represents a geometric mean with 95% 
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CI. The numbers above the bars are the GMCs or GMTs for the group. Arrows indicate timing of 
vaccination (blood draws were conducted prior to vaccination on vaccination days). 
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SUPPLEMENTARY APPENDIX 

 

Figure S1 | Systemic events reported within 7 days after vaccination, 18–55 years of age. 
Systemic events were collected with electronic diaries for 7 days after each vaccination. Fever 
scale as indicated in the key. Fatigue, headache, chills, new or worsened muscle pain, new or 
worsened joint pain (mild: does not interfere with activity; moderate: some interference with 
activity; severe: prevents daily activity), vomiting (mild: 1 to 2 times in 24 hours; moderate: >2 
times in 24 hours; severe: requires intravenous hydration) and diarrhea (mild: 2 to 3 loose stools 
in 24 hours; moderate: 4 to 5 loose stools in 24 hours; severe: 6 or more loose stools in 24 
hours); Grade 4 for all events: emergency room visit or hospitalization;  10 = 10 µg; 20 = 20 µg; 
30 = 30 µg; P = placebo; B1 – BNT162b1; B2 – BNT162b2. A second dose of BNT162b1 100 
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µg was not given to participants in the 18–55 year old group because of unsatisfactory 
tolerability after the first dose.  
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Figure S2 | Systemic events reported within 7 days after vaccination, 65–85 years of age. 
Systemic events were collected with electronic diaries for 7 days after each vaccination. Fever 
scale as indicated in the key. Fatigue, headache, chills, new or worsened muscle pain, new or 
worsened joint pain (mild: does not interfere with activity; moderate: some interference with 
activity; severe: prevents daily activity), vomiting (mild: 1 to 2 times in 24 hours; moderate: >2 
times in 24 hours; severe: requires intravenous hydration) and diarrhea (mild: 2 to 3 loose stools 
in 24 hours; moderate: 4 to 5 loose stools in 24 hours; severe: 6 or more loose stools in 24 
hours); Grade 4 for all events: emergency room visit or hospitalization; 10 = 10 µg; 20 = 20 µg; 
30 = 30 µg; P = placebo; B1 – BNT162b1; B2 – BNT162b2. A second dose of BNT162b1 100 

20 
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µg was not given to participants in the 18–55 year old group because of unsatisfactory 
tolerability after the first dose.  
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a.                     b.   

 

c.                     d.   

 

Figure S3 | Postvaccination changes in lymphocyte count over time. Figure represents box-
and-whisker plots for observed values at the following time points: Dose 1/Day 1-3: ~1 day after 
Dose 1; Dose 2/Day 6-8:  ~7 days after Dose 1; Pre-Dose 2: before Dose 2; Dose 2/Day 6-8: ~ 7 
days after Dose 2.  Symbols denote group means – O: placebo; +: 10 µg; X: 20 µg;  �: 30 µg;     
: 100 µg. Center line of box denotes median; lower and upper edges denote first and third 
quartiles; lower and upper whiskers denote minimum and maximum. a. BNT162b12 18–55 years 
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of age; b. BNT162b1 65–85 years of age; c. BNT162b2 18–55 years of age; d. BNT162b2 65–
85 years of age.  
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BNT162b1 18–55 Years of Age 65–85 Years of Age 

 10 μg 
(n=12) 

20 μg 
(n=12) 

30 μg 
(n=12) 

100 μg 
(n=12) 

Placebo 
(n=12) 

10 μg 
(n=12) 

20 μg 
(n=12) 

30 μg 
(n=12) 

Placebo 
(n=9) 

Any event, n (%) 6 (50.0) 4 (33.3) 6 (50.0) 7 (58.3) 2 (16.7) 6 (50.0) 6 (50.0) 3 (25.0) 3 (33.3) 

Related 3 (25.0) 3 (25.0) 6 (50.0) 6 (50.0) 1 (8.3) 3 (25.0) 3 (25.0) 2 (16.7) 1 (11.1) 

Severe 0 0 1 (8.3) 1 (8.3) 0 0 1 (8.3) 1 (8.3) 0 

Life-threatening 0 0 0 0 0 0 0 0 0 

Any SAE, n (%) 0 0 0 0 0 0 0 0 0 

Any AE leading to 
withdrawal, n (%) 

0 0 0 0 0 0 0 0 0 

Death, n (%) 0 0 0 0 0 0 0 0 0 

BNT162b2 18–55 Years of Age 65–85 Years of Age 

 10 μg 
(n=12) 

20 μg 
(n=12) 

30 μg 
(n=12) 

100 μg 
(n=0) 

Placebo 
(n=9) 

10 μg 
(n=12) 

20 μg 
(n=12) 

30 μg 
(n=12) 

Placebo 
(n=9) 

Any event, n (%) 4 (33.3) 4 (33.3) 4 (33.3) – 2 (22.2) 1 (8.3) 1 (8.3) 3 (25.0) 1 (11.1) 

Related 2 (16.7) 4 (33.3) 2 (16.7) – 1 (11.1) 0 1 (8.3) 0 0 

Severe 0 0 1 (8.3) – 0 0 0 1 (8.3) 1 (11.1) 

Life-threatening 0 0 0 – 0 0 0 0 0 

Any SAE, n (%) 0 0 0 – 0 0 0 0 0 

Any AE leading to 
withdrawal, n (%) 

0 0 0 – 0 0 0 0 0 

Death, n (%) 0 0 0 – 0 0 0 0 0 

Table S1 | Adverse events by age group and vaccine candidate. AE=adverse event. Related 
AE=adverse event that in the opinion of the investigator was possibly related to study vaccine. 
SAE=serious adverse event. 
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