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ABSTRACT

Introduction: BNT162b1 is a lipid nanoparti-
cle-formulated, nucleoside-modified mRNA
SARS-CoV-2 vaccine. Here, we report safety and
immune persistence data following a primary
two-dose vaccination schedule administered
21 days apart.
Methods: Immune persistence was determined
at month 3 in 72 younger participants (aged

18–55 years) and at month 6 in 70 younger and
69 older participants (aged 65–85 years).
Results: In younger participants, neutralizing
antibody (nAb) geometric mean titers (GMTs)
for the 10 and 30 lg dose levels declined from
233 and 254 (21 days after dose 2) to 55 and 87
at month 3, respectively, and to 16 and 27 at
month 6, respectively. In older participants,
nAb GMTs declined from 80 and 160 (21 days
after dose 2) to 10 and 21 at month 6. Overall,
higher antibody titers were observed in younger
participants, and the 30 lg dose induced higher
levels of nAb, which declined more slowly byJingxin Li and Ai-Min Hui contributed equally.
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month 6. No serious adverse events were
reported in the vaccine group.
Conclusion: This study showed BNT162b1
maintains a favorable safety profile in younger
and older participants in the 6 months after
vaccination. This study further extends our
understanding of immune persistence and the
safety of the BNT162b1 vaccine as a candidate
vaccine in the BioNTech pipeline.
Trial Registration Number: NCT04523571,
registered August 21, 2020.

Keywords: SARS-CoV-2; COVID; mRNA
vaccine; Immune persistence

Key Summary Points

mRNA vaccine platforms are crucial in
reducing SARS-CoV-2 transmission and
improving disease prognosis.

BNT162b1 is a lipid-formulated
nucleoside-modified mRNA SARS-CoV-2
vaccine formulation, generated by
BioNTech in collaboration with Pfizer and
Fosun Pharma.

This brief report described immune
persistence data at 3 and 6 months in 144
Chinese adults who received two doses of
BNT162b1 vaccine 21 days apart.

This study showed BNT162b1 maintained
a favorable safety profile in younger and
older participants in the 6 months after
vaccination.

INTRODUCTION

SARS-CoV-2, the causative agent of COVID-19,
has produced [ 360 million confirmed cases
and 5.6 million deaths globally as of January 27,
2022 [1]. SARS-CoV-2 vaccine development is
critical for the prevention of infection and dis-
ease. Vaccine platforms based on messenger
RNA (mRNA) are a new development in vaccine
technology; they enable rapid, targeted antigen

design, accelerating the development of poten-
tial vaccine candidates [2, 3].

BioNTech, in collaboration with Pfizer and
Fosun Pharma, has launched an extensive vac-
cine development program involving multiple
clinical trials in Germany (phase 1/2;
NCT04380701), the USA (phase 1/2/3;
NCT04368728) and China (phase 1;
ChiCTR2000034825; NCT04523571) [4–7]. Two
vaccine candidates, BNT162b1 and BNT162b2,
were selected for further investigation.
BNT162b1 and BNT162b2 are lipid nanoparti-
cle-formulated, pharmacologically optimized
[5, 6, 8, 9], nucleoside-modified mRNA [10]
vaccine candidates targeting SARS-CoV-2.
BNT162b1 encodes a trimerized, secreted SARS-
CoV-2 receptor binding domain (RBD) [11],
whereas BNT162b2 encodes the full-length,
membrane-anchored spike protein, stabilized in
the prefusion conformation.

In a China-based phase 1 study [4], it was
shown that BNT162b1 had an acceptable safety
and tolerability profile, and a robust humoral
and T-cell response, with SARS-CoV-2 neutral-
izing immunoglobulin G (IgG) titers (21 days
after dose 2) up to 2.1-fold higher than in those
who had recovered from a natural infection.
The results were similar to those observed in the
initial clinical trial in Germany [6], which
showed that two doses of BNT162b1 elicited
robust, non-dose–dependent T-cell responses
and RBD-binding IgG concentrations that were
up to 3.5-fold higher than in a cohort who had
recovered from a natural SARS-CoV-2 infection.
In parallel, a phase 1/2 clinical trial was con-
ducted in the US [5], which showed that two
doses of 10–30 lg BNT162b1 produced mild-to-
moderate, transient, dose-dependent reactions
and yielded dose-dependent RBD-binding IgG
concentrations and SARS-CoV-2 neutralizing
titers, increasing after a second dose.

To determine which of the two vaccine
candidates, BNT162b1 or BNT162b2, was more
promising, the safety and immunogenicity of
BNT162b1 and BNT162b2 were compared;
BNT162b2 was found to have milder systemic
reactogenicity than BNT162b1, with a humoral
and cellular immune response that was broadly
similar to that of BNT162b1 [7, 12]. These more
favorable safety data have prompted the
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decision to advance BNT162b2 to the phase 2/3
trial [13], which has subsequently led to its
global roll out.

To gain a better understanding of the long-
term safety and efficacy of BNT162b1, here we
report safety and immune-persistence data at
month 3 and month 6 in participants who
received two doses of the SARS-CoV-2
BNT162b1 vaccine.

METHODS

Study Design

We previously reported preliminary safety and
immunogenicity of a SARS-CoV-2 mRNA vac-
cine candidate, BNT162b1, in healthy Chinese
adults aged 18–55 years or 65–85 years in a
phase 1, randomized, placebo-controlled,
observed-blind study [4]. Here, we report the
immune persistence and safety of BNT162b1
vaccine in those participants over a 6-month
follow-up period (NCT04523571,
ChiCTR2000034825). Only those participants
who had received two doses of the active treat-
ment or placebo were included in the immune
persistence analysis.

Compliance with Ethics Guidelines

All procedures performed in studies involving
human participants were in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki Declaration and its later amendments
or comparable ethical standards. The study
protocol was approved by Chinese NMPA and
the institutional review board of the Jiangsu
Provincial Center of Disease Control and
Prevention. Informed consent was obtained
from all individual participants included in the
study.

Outcomes

Geometric mean titer, seroconversion rate and
geometric mean fold increase of virus-neutral-
izing antibody, anti-S1 IgG and anti-RBD IgG

were used to assess antibody persistence. Serious
adverse events were collected during the follow-
up period and graded according to the guideli-
nes set by the China National Medical Products
Administration [14] and the US Food and Drug
Administration [15] and categorized by investi-
gators as possibly, probably or definitely vac-
cine-related.

Immune Persistence Assessment

To assess antibody persistence, sera were col-
lected 3 (for younger adults only) and 6 (for
younger and older adults) months after the first
vaccination to determine total anti-SARS-CoV-2
neutralizing antibodies, anti-S1 IgG and anti-
RBD IgG antibody titers by ELISA. A cytopathic
effect-based microneutralization assay was used
to determine SARS-CoV-2–specific neutralizing
antibody titers [4]. Seroconversion is defined as
an increase by a factor of 4 or more in antibody
titer over baseline, or the lower limit value if the
baseline titer is below the limit of detection.
Antibody titers were compared by calculating
the geometric mean fold increase (GMFI). More
detailed information can be found in the pre-
vious published phase 1 study [4].

RESULTS

Participant disposition and baseline demo-
graphics have been previously reported [4]. In
brief, between July 18 and August 14, 2020, 144
eligible participants (72 participants aged 18–55
and 72 aged 65–85 years) were randomized 1:1:1
to receive two doses (10 or 30 lg) of the
BNT162b1 vaccine or placebo, 21 days apart.
Two participants in the older group (one in each
of the 10 and 30 lg dose groups) withdrew
before receiving the second dose because of
adverse events [4]; additionally, one older and
two younger participants in the placebo group
were lost to follow-up before the 6-month time
point. Sixty-nine patients in the older group
and 70 patients in the younger group were
therefore eligible for full analysis.

Preliminary safety and tolerability data
through day 28 after the second vaccination
have been previously reported [4]. No
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additional serious adverse events were reported
in the vaccine groups by the 6 month follow-
up. One serious adverse event (a thyrolin-
gual cyst 152 days after the second dose of pla-
cebo, which resulted in hospitalization and
resolved within 12 days) was reported in a
42-year-old woman in the placebo group during
the follow-up period.

The highest neutralizing antibody (nAb),
anti-S1 IgG, and anti-RBD IgG antibody geo-
metric mean titers (GMTs) were recorded on day
43 (21 days after the second dose) in both dose
groups (10 and 30 lg), as previously reported
[4]. Antibody titers at month 3 (day 85) and
month 6 (day 184) after the first dose are shown
in Fig. 1 and Table 1. As compared with the peak
titer on day 43, GMTs of nAb for the 10 and
30 lg doses in younger participants declined
from 233 (95% confidence interval [CI]
151–359) and 254 (95% CI 185–349) to 55 (95%
CI 38–79) and 87 (95% CI 64–118) at month 3
and to 16 (95% CI 11–24) and 27 (95% CI
20–37) at month 6, respectively. In older par-
ticipants, GMTs of nAb at month 6 declined
from 80 (95% CI 49–130) and 160 (95% CI
97–265) to 10 (95% CI 7–14) and 21 (95% CI
13–32), respectively. Similar declining trends
were also found in GMTs and the geometric
mean fold increase (GMFI) of binding anti-S1
IgG and anti-RBD IgG for the 10 and 30 lg doses
in both the younger and older adult groups.

The BNT162b1 vaccine elicited antibody
responses in a dose-dependent manner, with
higher antibody titers observed in those receiv-
ing the 30 lg dose (vs. the 10 lg dose). After
mounting a peak response, the titers of all three
types of antibody gradually declined in both age
groups through month 6 (Fig. 1). However,
those induced by the 30 lg dose declined more
slowly over this period.

Seroconversion rates (SCRs) are shown in
Table 1. In younger participants, SCRs of nAb
declined from 100 to 88% for the 10 lg dose
level and remained 100% for the 30 lg dose
level at month 3. SCRs declined further to 58%
(10 lg) and 83% (30 lg) at month 6. In older
adults, SCRs of nAb at month 6 were 30%
(10 lg) and 61% (30 lg) at month 6. The anti-S1
IgG SCR remained 100% for both dose levels in
both younger (at months 3 and 6) and older (at

month 6) participants. Anti-RBD IgG SCRs in
younger participants were 100% for 10 and
30 lg doses at months 3 and 6. In older partic-
ipants, anti-RBD IgG SCRs at month 6 remained
100% for the 10 lg dose but declined from 100
to 96% for the 30 lg dose.

The significant BNT162b1-induced Sp1-reac-
tive T-cell responses on day 29 and day 43 have
been reported previously [4]. Similar to GMTs of
nAb and binding IgGs, at month 6, geometric
mean IFN-c? spot counts for the 10 and 30 lg
doses in younger participants declined from 36
(95% CI 21– 60) and 51 (95% CI 30–86) to 15
(95% CI 8–29) and 18 (95% CI 12–28) per 105

peripheral blood mononuclear cells (PBMCs),
respectively, compared to 2 (95% CI 1–3) per
105 PBMCs for the placebo controls.

DISCUSSION

Initial clinical trials examining the safety, tol-
erability, and immunogenicity of both
BNT162b1 and BNT162b2 conducted in the US,
Germany and China [4–7, 12] showed that both
candidate vaccines demonstrated an accept-
able level of immunogenicity.

Twenty-one to 28 days after administration
of a second vaccine dose, systemic events after
administration of BNT162b1 were more severe
than those following vaccination with
BNT162b2; the incidence of fever in partici-
pants in the younger and older groups after the
second dose of 30 lg of BNT162b1 was 75% and
33%, respectively, compared to 17% and 8% in
the BNT162b2 group [7]. BNT162b2 has been
shown to maintain a favorable safety profile up
to 6 months post full vaccination [16].

SARS-CoV-2 antibodies were induced by
BNT162b1 in a dose-dependent manner in the
18–55 years and 65–85 years age groups and
only marginal differences were observed in nAb
GMT across both doses, peaking at 21 days after
the primary two-dose vaccination schedule,
which is in line with reporting from trials con-
ducted in the US and Germany [5–7, 12].
Moreover, the two doses showed different
extents of waning immunity, with the 30 lg
vaccine eliciting higher antibody titers, which
declined more slowly than the 10 lg dose. The
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GMTs of nAb, anti-S1 IgG and anti-RBD IgG
remained higher in younger participants than
in older participants at month 6.

As with other disease vaccines, antibody
waning following vaccination against SARS-
CoV-2 is expected [17, 18]. In this trial, there
was a gradual decline in GMTs of neutralizing,
anti-S1 IgG and anti-RBD antibodies, though
humoral immune responses were observed
through 6 months of follow-up. These results
are comparable to other SARS-CoV-2 vaccines
(including BNT162b2), which have also
demonstrated waning antibody titers over the
6 months post-vaccination [19–22]. As T-cell
response is thought to play a role in preventing
reinfection, particularly in the context of wan-
ing antibody titers, these reduced titers may not
correspond to a less efficacious vaccine [23].
Waning antibody titers of other mRNA SARS-
CoV-2 vaccines have prompted the administra-
tion of booster doses after 6 months, including

BTN162b2 [24, 25], and boosters would likely be
needed for BNT126b1 if it were being further
developed.

LIMITATIONS

This study is limited by its small sample size of
adult Chinese participants only, which limits
generalizability to other populations. Addi-
tionally, we did not measure cross-neutralizing
antibody levels against recently emerged vari-
ants of concern during the follow-up period,
and persistence of cellular response was not
determined in the older participants. A key
limitation of the findings in this report is that,
of the two BNT162 vaccines in this pipeline,
though the immunogenicity was comparable
with BNT162b2, the BNT162b1 vaccine is less
promising in terms of systemic reactogenicity
and therefore has not been further developed.

CONCLUSION

The current data confirm a favorable safety
profile of the mRNA-based SARS-CoV-2
BNT162b1 vaccine candidate in younger and
older participants over a 6-month period. The
study also extends our understanding of
immune persistence and the safety of the
BNT162b1 vaccine in the context of other vac-
cines in the BioNTech pipeline.

bFig. 1 Longitudinal geometric mean titer of virus-neu-
tralizing antibody, anti-S1 IgG and anti-RBD IgG in
healthy participants over 6 months. A GMT of neutral-
izing SARS-CoV-2 antibodies. B GMT of anti-S1
antibodies. C GMT of anti-RBD antibodies. Participants
received two doses of BNT162b1 (10 or 30 lg) or placebo
(saline) on days 1 and 22. Blood samples were not collected
from older participants (aged 65–85 years) at day 8 and
3 months after dose 1. The error bar was standard error.
anti-RBD IgG antibody to receptor binding domain, anti-
S1 IgG antibody to S1 protein, GMT geometric mean titer,
SARS-CoV-2 severe acute respiratory syndrome coron-
avirus 2
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