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Abstract
BNT162b2 (Comirnaty®; BioNTech and Pfizer) is a lipid nanoparticle-formulated, nucleoside-modified mRNA vaccine for
the prevention of the novel coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection. BNT162b2 encodes the SARS-CoV-2 spike protein, the expression of which elicits immune
responses against the antigen in recipients. In early December 2020, BNT162b2 received a temporary emergency use authorization (EUA) in the UK and, subsequently, a series of approvals or authorizations for emergency use in Bahrain, Canada,
Mexico, Saudi Arabia and the USA. Soon after, BNT162b2 received conditional marketing authorizations in Switzerland (19
December 2020) and the EU (21 December 2020) for active immunization to prevent COVID-19 caused by SARS-CoV-2 in
individuals 16 years of age and older. BNT162b2 is administered intramuscularly in a two-dose regimen. This article summarizes the milestones in the development of BNT162b2 leading to these first approvals for the prevention of COVID-19.
Digital Features for this AdisInsight Report can be found at https
://doi.org/10.6084/m9.figshare.13557800.

BNT162b2 (Comirnaty®): Key points
A nucleoside-modified mRNA vaccine has been developed by BioNTech and Pfizer for the prevention of
COVID-19
Received its first emergency use authorization on 2
December 2020 in the United Kingdom
Received its first conditional approval on 19 December
2020 in Switzerland
Approved for active immunization to prevent COVID-19
caused by the SARS-CoV-2 virus in people aged 16 and
over
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1 Introduction
BNT162b2 (Comirnaty®), a nucleoside-modified mRNA
vaccine, has been developed by BioNTech and Pfizer for
the prevention of coronavirus disease 2019 (COVID-19),
the causative agent of which is the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). The COVID-19
pandemic has necessitated an unprecedented acceleration of
the traditionally lengthy vaccine development process [1, 2].
Rapid response genetic platforms have facilitated rapid vaccine development [3]. Gene-based vaccines (which include,
among others, mRNA vaccines and DNA vaccines) carry
genetic instructions for the production of an antigen by the
cells of the vaccine recipient. For coronavirus vaccines, the
target antigen is the surface spike protein, which is used by
the virus to bind and fuse with host cells [3]. BNT162b2
consists of nucleoside-modified mRNA encoding the viral
spike glycoprotein of SARS-CoV-2, encapsulated in lipid
nanoparticles [4]. BNT162b2 was developed through BioNTech’s Project Lightspeed, which brought mRNA vaccine
candidates from concept to clinical development in < 3
months [5]. Phase I/II clinical trials of vaccine candidates
including BNT162b2 were initiated in April 2020.
On 2 December 2020, BNT162b2 received a temporary
emergency use authorization (EUA) in the United Kingdom
based on a rolling submission which included phase III data
from a multinational clinical trial (NCT04368728) [6]. This
initial authorization was followed by a rapid succession of
authorizations or approvals for emergency use of BNT162b2
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Authorized for emergency use in UK (Dec)
Authorized or approved for emergency use in Bahrain,
Canada, Mexico, Saudi Arabia and USA (Dec)
Conditional marketing authorization in Switzerland (Dec)

Phase I/II trials initiated (Apr)

Conditional marketing authorization in EU (Dec)

Fast Track designation in
USA (Jul)

Apr 2020

Jul 2020

Oct 2020

Listed for emergency use by WHO (Dec)

Jan 2021

Apr 2021

Jul 2021

Oct 2021

NCT04368728
NCT04380701

Phase I/II/III trial

Est. Jan 2023
Est. Apr 2023

NCT04588480
NCT04649021

Phase I/II and II trials

Key milestones in the development of the BNT162b2 mRNA COVID-19 vaccine. WHO World Heath Organisation

in several countries, with Bahrain, Canada, Mexico, Saudi
Arabia and the USA being among the earliest (all prior to 14
December 2020) [7–9]. On 19 December 2020, BNT162b2
received a conditional marketing authorization in Switzerland for active immunization to prevent COVID-19 caused
by SARS-CoV-2 in people aged 16 and over [10–12] and
on 21 December, BNT162b2 received a conditional marketing authorization in the EU for use in the same indication [13]. The efficacy and safety of BNT162b2 have not yet
been established in children < 16 years of age [4, 12]. On
31 December 2020, BNT162b2 was listed for emergency
use by the World Health Organisation, representing the first
COVID-19 vaccine to receive emergency validation via this
pathway [14]. On 14 February 2021, BNT162b2 became the
first COVID-19 vaccine to be granted Special Approval for
Emergency in Japan [15].
BNT162b2 is available in a multiuse vial which
requires cold storage (posing a logistical challenge for
the distribution of the vaccine [16]) and must be thawed
and diluted before use [4, 12]. Each vial contains six 30
µg doses after dilution [4]. BNT162b2 is administered
intramuscularly (ideally into the deltoid muscle) as a
course of two 30 µg doses, with a recommended dose
interval of 21 days. Full protection against COVID-19
may not be achieved until 7 days after administration of
the second dose [4]. As is the case with other vaccines,
BNT162b2 may not protect every recipient [4, 12].
The safety of BNT162b2 continues to be monitored,
along with the duration of protection against COVID19 provided by the vaccine. In addition, the safety and
immunogenicity of BNT162b2 in specific populations
(including pregnant women and Japanese and Chinese
individuals) are being evaluated in ongoing clinical
trials.

1.1 Company Agreements
In March 2020, BioNTech and Pfizer agreed to codevelop and distribute a potential mRNA-based vaccine
for the prevention of COVID-19 [17]. Under the collaboration terms, BioNTech would receive an upfront payment from Pfizer and be eligible to also receive future
milestone payments [18]. Development costs would be
shared equally between the two companies. BioNTech
and its partners were to provide the vaccine candidates
for clinical trials from its European GMP-certified
mRNA manufacturing facilities. Together, BioNTech
and Pfizer will commercialize the approved vaccine
worldwide (excluding China) and scale-up manufacturing capacity for global supply [18]. This collaboration
built upon their 2018 agreement to co-develop mRNAbased vaccines for influenza [17]. In July 2020, Pfizer
and BioNTech announced an agreement with the US government to provide the USA with 100 million doses of
BNT162 upon regulatory approval or EUA [19]. The US
government would pay the companies US $1.95 billion
for these initial doses and would be able to acquire up
to 500 million additional doses [19]. As of November
2020, BioNTech and Pfizer have announced commercial
supply agreements for 2020 and 2021 with numerous
countries, including Canada, Japan, the UK, the USA
and those of the EU (subject to clinical success and regulatory approval of the vaccine) [20]. These total more
than 570 million doses, including options to purchase an
additional 600 million doses [20]. BioNTech and Pfizer
expect to manufacture approximately two billion doses
in 2021, based on supply projections [21].
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BNT162b2 lipid nanoparcles
containing mRNA are taken up by
host cells
The spike protein is expressed
on the surface of the host cell

mRNA escapes into the host cell cytosol
and directs producon of the SARS-CoV-2
spike protein
Neutralizing anbodies against the
SARS-CoV-2 spike protein are generated and
spike protein-specific T cell (CD4+ and CD8+)
expansion is induced

Mechanism of action of BNT162b2 following intramuscular administration

BioNTech and Shanghai Fosun Pharma entered into
a research and development agreement in March 2020
[22]. Under the terms of this agreement, the companies
would jointly develop BNT162 in China, with BioNTech and its partner Polymun supplying the vaccine for
clinical trials from European GMP manufacturing facilities. Fosun Pharma would make an upfront payment to
BioNTech and an equity investment for shares in BioNTech, as well as potential future investment and milestone payments. Following regulatory approval, Fosun
Pharma will be responsible for commercializing the
vaccine in China. Future gross profits from sales of the
vaccine in China will be shared between the two companies [22]. In August 2020, BioNTech and Fosun Pharma
announced that they intend to collaborate to supply 10
million doses of their BNT162 vaccine to Hong King
and Macao (dependent upon clinical success and regulatory approval) [23]. The companies have also recently
(December 2020) reported an agreement to supply an
initial 100 million doses to Mainland China in 2021 [24].

2 Scientific Summary
2.1 Mechanism of Action
BNT162b2 is comprised of nucleoside-modified mRNA
formulated in lipid nanoparticles [4]. The mRNA
encodes the membrane-anchored, full-length SARSCoV-19 spike protein and contains mutations which
stabilize the spike protein in an antigenically preferred,
prefusion conformation [4, 25]. The lipid nanoparticles

protect the non-replicating RNA from degradation and
allow it to be delivered into host cells after intramuscular
injection. Once inside host cells, the mRNA is translated
into SARS-CoV-2 spike protein, which is expressed on
the surface of the host cells. The transient expression
of this spike antigen induces neutralizing antibody and
cellular immune responses against it, which may confer
protection against COVID-19 [4, 25].

2.2 Immunogenicity
BNT162b2 induced strong antibody responses in healthy
adults aged 19–55 years in a non-randomized, open-label
phase I/II trial (NCT04380701) conducted in Germany
[26]. Patients were assigned to receive two doses of
BNT162b2 1 µg, 10 µg, 20 µg or 30 µg administered 21
days apart (n = 12 per dose cohort). In all dose groups,
geometric mean concentrations (GMCs) of spike proteinbinding immunoglobulin G (IgG) were increased at 21
days after the first dose, with a strong booster response
observed at 7 days after the second dose. While spike
protein-binding antibody GMCs decreased between 7 and
63 days after the second dose, they remained considerably higher than those in sera from SARS-CoV-2 convalescent patients. SARS-CoV-2 50% neutralizing geometric mean titres (GMTs) were substantially increased
by 7 days after the second dose of BNT162b2 10–30
µg. They then decreased somewhat before stabilizing at
around 21 days after the second dose (with follow-up
until 63 days after the second dose). When a panel of 19
SARS-CoV-19 spike protein variants were evaluated as
targets in pseudovirus neutralization assays, BNT162b2
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immune sera demonstrated neutralizing responses against
all strains. BNT162b2 elicited a robust expansion of
SARS-CoV-19 spike protein-specific C
 D4 + and C D8 +
T cells in the majority of vaccinated participants [26].
SARS-CoV-2-neutralizing GMTs elicited by
BNT162b2 were similar to or higher than those elicited
by natural SARS-CoV-2 infection in the randomized,
placebo-controlled, observer-blinded, phase I dose-escalation component of the NCT04368728 trial conducted in
in healthy adults in the USA (n = 195 randomized) [27].
This phase I component included participants in two
age groups (18–55 years and 65–85 years) who received
two doses of BNT162b2 or BNT162b1 at a dose level
of 10 µg, 20 µg or 30 µg, or placebo, administered 21
days apart (BNT162b1 100 µg was also assessed in the
study, but second doses were not administered due to
reactogenicity results). As a benchmark, convalescent
serum samples were obtained from donors aged 18–83
years who had recovered from SARS-CoV-2 infection or
COVID-19. With BNT162b2 30 µg and BNT162b1 30
µg, the 50% neutralizing GMTs at 7 and 14 days after the
second dose were 1.7–4.6 times the GMT of the convalescent serum panel in younger adults (aged 18–55 years)
and 1.1–2.2 times the GMT of the convalescent serum
panel in older adults (aged 65–85 years). BNT162b2 and
BNT162b1 elicited comparable immune responses. In
both younger and older adults, antigen-binding IgG and
virus-neutralizing responses to vaccination (BNT162b2
or BNT162b1 10–30 µg) were augmented by the administration of the second dose, with neutralization titers
(obtained prior to the first dose, 21 days after the first
dose, and 7 and 14 days after the second dose) being
highest at 7 or 14 days after this dose. As is typical with
vaccines, antigen-binding IgG and virus-neutralizing
responses were generally lower in the older participant
group than in the younger group. In each vaccine group,
there were 10–12 valid results per assay from samples
that could be evaluated at each time point. Immunogenicity results in conjunction with safety data supported the
selection of BNT162b2 30 µg for evaluation in the multinational phase II/II component of the trial [27].
Consistent with the breadth of neutralizing response
demonstrated against SARS-CoV-2 spike protein variants in NCT04380701[26], BNT162b2 vaccine-elicited
sera was recently shown to neutralize engineered SARSCoV-2 viruses containing key spike mutations (including N501Y) from the newly emerged, rapidly spreading
United Kingdom and South African variants [28, 29].
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Features and properties of BNT162b2
Alternative names

Class
Mechanism of action
Route of administration
Adverse events
Very common (≥ 1/10)
Common (≥ 1/100 to < 1/10)
Uncommon (≥ 1/1000 to <
1/100)
ATC codes
WHO ATC code
EphMRA ATC code

Tozinameran; BNT 162; BNT
162b2; Bnt-162b2; COMIRNATY; PF-07302048; PfizerBioNTech vaccine
RNA vaccines; viral vaccines
Immunostimulant
Intramuscular injection
Injection site pain, fatigue, headache, myalgia, chills, arthralgia,
pyrexia, injection site swelling
Injection site redness, nausea
Malaise, lymphadenopathy, injection site pruritis, pain in extremity, insomnia
JO7B-X (other viral vaccines)
J7E9 (all other viral vaccines)

2.3 Protective Efficacy
BNT162b2 was 95.0% effective (95% CI 90.3–97.6; >
0.9999 posterior probability of true vaccine efficacy being
> 30%) in preventing COVID-19 in participants who had no
evidence of prior or existing SARS-CoV-2 infection (i.e. no
serological or virological evidence of SARS-CoV-2 infection
up to 7 days after the second dose) [first primary efficacy
endpoint] in the phase II/III component of the pivotal, randomized, placebo-controlled, observer-blinded, global phase
I/II/III efficacy trial (NCT04368728); 8 cases of COVID19 with onset ≥ 7 days after the second dose occurred in
BNT162b2 recipients, while 162 cases occurred in placebo
recipients [30]. In an analysis including participants with
and without evidence of prior SARS-CoV-2 infection, the
efficacy of BNT162b2 was 94.6% (95% CI 89.9–97.3; >
0.9999 posterior probability of true vaccine efficacy being
> 30%) [second primary efficacy endpoint]; there were 9
cases of COVID-19 with onset ≥ 7 days after the second
dose in BNT162b2 recipients, compared with 169 cases in
placebo recipients. The efficacy of BNT162b2 was generally
consistent across subgroups based on age, sex, race, ethnicity, obesity and pre-existing conditions (lower limit of 95%
CI for efficacy > 30% for all subgroups with > 10 cases
of COVID-19). In participants without evidence of prior or
existing SARS-CoV-2 infection, the efficacy of BNT162b2
was 93.7–100% in subgroups of patients aged 16–55 years,
> 55 years, ≥ 65 years and ≥ 75 years. In a separate analysis
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in participants with hypertension, the efficacy of BNT162b2
was similar to that in the overall population (vaccine efficacy
94.6%; 95% CI 68.7–99.9) [30].
The cumulative incidence of COVID-19 cases in the
BNT162b2 group and placebo group began to diverge 12 days
after the first dose, suggesting an early onset of partial protection [30]. Between doses one and two, BNT162b2 was 52.4%
effective (95% CI 29.5–68.4) in preventing COVID-19, with
39 cases observed in BNT162b2 recipients and 82 cases in placebo recipients. Between the administration of dose two and
7 days after dose two, BNT162b2 was 90.5% effective (95%
CI 61.0–98.9) in preventing COVID-19, with cases occurring
in two BNT162b2 recipients and 21 placebo recipients. With
respect to the occurrence of severe COVID-19, cases occurred
in one BNT162b2 recipient and nine placebo recipients after
the first dose (vaccine efficacy 88.9%; 95% CI 20.1–99.7) [30].
The phase II/III component of the pivotal trial evaluated vaccine efficacy and safety in adults and adolescents ≥ 16 years
of age who were healthy or had stable chronic medical conditions (including, but not limited to, hepatitis B virus infection,
hepatitis C virus infection or human immunodeficiency virus)
[30]. Those with a medical history of COVID-19, treated with
immunosuppressive therapy or diagnosed with an immunocompromising condition were among the excluded. Enrolled participants were randomized to receive two 30 µg doses of either
BNT162b2 or placebo, administered 21 days apart, at study sites
in the USA, Argentina, Brazil, South Africa, Germany and Turkey. Analyses of the first and second primary efficacy endpoints
included 36,523 participants (18,198 BNT162b2 recipients and
18,325 placebo recipients) and 40,137 participants (19,965 and
20,172) respectively [30].
Key clinical trials of BNT162b2 for the prevention of COVID-19
(sponsored by BioNTech)
Vaccine(s)

Phase Status

Location(s)

Identifier

BNT162b2,
BNT162b1,
placebo

I/II/III Active, not
recruiting

Multinational

BNT162b2

III

Not yet
recruiting

BNT162b2,
BNT162a1,
BNT162b1,
BNT162c2

I/II

Recruiting

US- and
EU-manufactured
batches
Germany

NCT04368728;
C4591001;
2020-00264142
NCT04713553;
C4591017

BNT162b2,
placebo
BNT162b2,
placebo

I/II

Active, not
recruiting
Recruiting

II

Japan
China

NCT04380701;
BNT162-01;
2020-00103836; U11111249-4220
NCT04588480
NCT04649021;
BNT162-06

2.4 Adverse Events
BNT162b2 administered as two 30 µg doses 21 days apart
was generally well tolerated in the pivotal phase I/II/III
trial [27, 30]. In the phase II/III component of the trial
(n = 21,621 and 21,631 treated with at least one dose of
BNT162b2 and placebo, respectively, with any duration of
follow-up; 18,860 and 18,846 participants in the respective
groups had a median of ≥ 2 months of safety data after the
second dose, 42% of whom were > 55 years of age), adverse
events (AEs) were reported in 27% of BNT162b2 recipients
versus 12% of placebo recipients while related AEs were
reported in 21% versus 5% [30]. These group differences
are largely attributed to transient reactogenicity events,
which were more common with BNT162b2 than placebo
(see below). Few BNT162b2 or placebo recipients experienced severe AEs (1.1% vs 0.6%), serious AEs (0.6% vs
0.5%) or AEs that lead to withdrawal from the trial (0.2%
vs 0.1%). Related serious AEs occurred in four BNT162b2
recipients (right axillary lymphadenopathy; right leg paresthesia; shoulder injury related to vaccine administration;
paroxysmal ventricular arrhythmia). Deaths, none of which
were considered to be related to BNT162b2 or placebo,
occurred in two BNT162b2 recipients and four placebo
recipients [30].
In a subset of patients from the pivotal trial (i.e. the reactogenicity subset; n = 8183), data on local and systemic
reactions were collected using electronic diaries for 7 days
after each dose [30]. With respect to solicited local events,
injection site pain was the most common, reported in 83%
and 78% of younger BNT162b2 recipients (aged 16–55
years) after doses one and two (vs 14% and 12% of younger
placebo recipients). Injection site pain was somewhat less
common in older BNT162b2 recipients (aged > 55 years),
occurring in 71% and 66% after doses one and two (vs 9%
and 8% of older placebo recipients). Injection site swelling was reported in 6% of younger BNT162b2 recipients
after each dose (compared with 0% of younger placebo
recipients), while the respective rates in older BNT162b2
and placebo recipients were 7% and 1% after each dose.
Injection site redness was reported in 5% and 6% of younger
BNT162b2 recipients after doses one and two (vs 1% of placebo recipients after each dose), while the respective rates
in older BNT162b2 recipients were 5% and 7% (vs 1%).
Local reactions were generally of mild to moderate severity, resolving within 1–2 days; there were no grade 4 local
reactions [30].
The systemic events most commonly reported in younger
BNT162b2 recipients (≥ 10% after either dose) were fatigue
(47% and 59% after doses one and two vs 33% and 23% with
placebo), headache (42% and 52% vs 34% and 24%), muscle
pain (21% and 37% vs 11% and 8%), chills (14% and 35%
vs 6% and 4%), joint pain (11% and 22% vs 6% and 5%),
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diarrhoea (11% and 10% vs 12% and 8%) and fever (4% and
16% vs 1% and 0%) [30]. Systemic events were generally
less common in older BNT162b2 recipients. Those occurring in ≥ 10% of older BNT162b2 recipients (after either
dose) were fatigue (34% and 51% after doses one and two vs
23% and 17% with placebo), headache (25% and 39% vs 18%
and 14%), muscle pain (14% and 29% vs 8 and 5%), chills
(6% and 23% vs 3% and 3%), joint pain (9% and 19% vs 6%
and 4%) and fever (1% and 11% vs 0% and 0%). Most systemic events were mild to moderate severity; severe systemic
events occurred in < 2% of BNT162b2 recipients after each
dose, with the exception of fatigue and headache after the
second dose (occurring in 4% and 2%, respectively). They
were typically observed in the first 1–2 days after the vaccine, resolving soon after [30].
Events of anaphylaxis have been reported with BNT162b2
[4, 31]. Vaccine Adverse Event Reporting System monitoring in the USA (14–23 December 2020) detected 21 cases of
anaphylaxis after 1,893,360 first doses of BNT162b2 were
administered (a rate of 11.1 cases per million doses) [31].
The majority of cases occurred within 15 min of administration (71%; range 2–150 min), in females (90%) and in
individuals with a documented history of allergies or allergic reactions (81%). The median age of patients with anaphylaxis was 40 years (range 27–60 years). In cases where
follow-up information was available (95%), the patient had
recovered or been discharged from hospital [31]. Following
administration of BNT162b2, close observation is recommended for ≥ 15 min and appropriate medical treatment
needs to be readily available in case of an anaphylactic reaction [4]. Individuals who experience anaphylaxis to the first
dose of BNT162b2 should not receive a second dose [4].
Due to limited data, the use of BNT162b2 during pregnancy should only be considered if the potential benefits are
deemed to outweigh any potential risks for the mother and
foetus [4]. It is unknown whether BNT162b2 is present in
human breast milk [4].

2.5 Ongoing Clinical Trials
The pivotal phase I/II/III trial (which has enrolled participants ≥ 12 years of age) is ongoing, with safety monitoring
to continue for 2 years after administration of the second
BNT162b2 dose [30]. Also underway is a randomized, placebo-controlled, phase I/II trial (NCT04588480) evaluating
the safety, tolerability and immunogenicity of BNT162b2 in
Japanese adults. In Germany, the safety and immunogenicity of four BNT162 vaccines (including BNT162b2) are
being assessed in a multicenter, phase I/II dose-escalation
study (NCT04380701; currently recruiting). A randomized,
placebo-controlled, phase II trial (NCT04649021) evaluating
the safety and immunogenicity of BNT162b2 has recently
started to recruit healthy adults in China.
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While yet to begin recruitment, a randomized, observerblind phase III trial (NCT04713553) in healthy individuals aged 18–55 years will evaluate the consistency of five
BNT162b2 manufacturing production lots in the USA and
EU with respect to vaccine safety, tolerability and immunogenicity. A randomized, placebo-controlled, observer-blind,
phase II/III trial (NCT04754594) will evaluate the safety,
tolerability, and immunogenicity of BNT162b2 in healthy
pregnant women (aged ≥ 18 years) administered the vaccine
at 24 to 34 weeks’ gestation.

3 Current Status
The BNT162b2 mRNA COVID-19 vaccine received its first
conditional approval on 19 December 2020 in Switzerland
for active immunization to prevent COVID-19 caused by the
SARS-CoV-2 virus in people aged 16 and over. BNT162b2
has subsequently received a conditional approval in the EU.
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