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Summary
Background BNT162b2, an mRNA vaccine against COVID-19, is being utilised worldwide, but immunogenicity and
safety data in Chinese individuals are limited.

Methods This phase 2, randomised, double-blind, placebo-controlled trial included healthy or medically stable indi-
viduals aged 18−85 years enrolled at two clinical sites in China. Participants were stratified by age (≤55 or >55 years)
and randomly assigned (3:1) by an independent randomisation professional to receive two doses of intramuscular
BNT162b2 30 mg or placebo, administered 21 days apart. Study participants, study personnel, investigators, statisti-
cians, and the sponsor’s study management team were blinded to treatment assignment. Primary immunogenicity
endpoints were the geometric mean titers (GMTs) of neutralising antibodies to live severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and seroconversion rates (SCR) 1 month after the second dose. Safety assess-
ments included reactogenicity within 14 days of vaccination, adverse events (AEs), and clinical laboratory
parameters. Randomised participants who received at least one dose were included in the efficacy and safety analyses
on a complete case basis (incomplete/missing data not imputed). Results up to 6 months after the second dose are
reported.

Findings Overall, 959 participants (all of Han ethnicity) who were recruited between December 5th, 2020 and Janu-
ary 9th, 2021 received at least one injection (BNT162b2, n=720; placebo, n=239). At 1 month after the second dose,
the 50% neutralising antibody GMT was 294.4 (95% CI; 281.1−308.4) in the BNT162b2 group and 5.0 (95% CI; 5.0
−5.0) in the placebo group. SCRs were 99.7% (95% CI; 99.0%−100.0%) and 0% (95% CI; 0.0%−1.5%), respec-
tively (p<0.0001 vs placebo). Although the GMT of neutralising antibodies in the BNT162b2 group was greatly
reduced at 6 months after the second dose, the SCR still remained at 58.8%. BNT162b2-elicited sera neutralised
SARS-CoV-2 variants of concern. T-cell responses were detected in 58/73 (79.5%) BNT162b2 recipients. Reactogenic-
ity was mild or moderate in severity and resolved within a few days after onset. Unsolicited AEs were uncommon at 1
month following vaccine administration, and there were no vaccine-related serious AEs at 1 month or 6 months after
the second dose.
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Interpretation BNT162b2 vaccination induced a robust immune response with acceptable tolerability in Han Chi-
nese adults. However, follow-up duration was relatively short and COVID-19 rates were not assessed. Safety data col-
lection is continuing until 12 months after the second dose.

Funding BioNTech − sponsored the trial. Shanghai Fosun Pharmaceutical Development Inc. (Fosun Pharma) −
conducted the trial, funded medical writing.

ClinicalTrials.gov registration number NCT04649021. Trial status: Completed.

Copyright � 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

We searched PubMed for research articles published up
to 21 June 2021 using the search terms “SARS-CoV-2”,
“COVID-19”, “mRNA”, “vaccine” and “trial or study”; an
update search was run on 8 March 2022. Phase 1/2 trials
of BNT162b2 in the US and Germany provided evidence
of its immunogenicity and safety at a 30 mg dose in
healthy individuals. In a multinational placebo-con-
trolled phase 2/3 trial in 43,448 individuals aged 16 years
or older who had no evidence of prior or current SARS-
CoV-2 infection, BNT162b2 demonstrated 95% vaccine
efficacy against symptomatic laboratory-confirmed
SARS-CoV-2 infection. It was generally well tolerated,
with a low incidence of serious adverse events (0.6% in
the vaccine group and 0.5% in the placebo group), and
local and systemic reactogenicity was generally mild or
moderate in severity.

Previous studies have reported varying levels of
cross reactivity against three early variants of concern
(B.1.1.7, B.1.351, B.1.617.2), and that a third dose of
BNT162b2 is required to achieve neutralising antibody
levels against the Omicron variant (B.1.1.529; the Pango
Network split the initially designated B.1.1.529 lineage
into sublineages. The original lineage is now designated
BA.1) that are broadly similar to but not as high as those
achieved with the two-dose regimen against the wild-
type and early variants.

Added value of this study

Our ongoing placebo-controlled phase 2 trial is the first
providing evidence of the efficacy and safety of
BNT162b2 in a Han Chinese population of healthy peo-
ple or with stable chronic disease. Two 30 mg doses
given 21 days apart elicited a robust immune response.
Although neutralising antibody titers were higher in
individuals aged 18−55 years than in older individuals
aged 56−85 years at 1 month after dose two, the sero-
conversion rate (SCR) was at least 99% in both age
groups, consistent with prior findings that the vaccine is
effective in older adults. As expected, geometric mean
titers (GMT) of neutralising antibodies and SCR had
fallen at 6 months after the second dose, but the latter
still remained at 58.8%. BNT162b2-elicited sera at 1
month after the second dose also neutralised three SARS-
CoV-2 variants of concern, Alpha, Beta, and Delta,
although titer reductions were observed versus wild-type,
especially for the Beta and Delta variants. BNT162b2 was
generally well tolerated during follow up, 6 months after
the second dose, in Han Chinese individuals who were
healthy or had stable pre-existing disease.

Implications of all the available evidence

International evidence shows that nationwide vaccina-
tion programs with BNT162b2 reduce the risk of severe
COVID-19 outcomes. This study confirms that
BNT162b2 is effective and has acceptable tolerability in
adult individuals of Han ethnicity, and when results of
its longer-term safety in this population become avail-
able, it may be considered for inclusion in vaccination
programs in China. To this end, real-world investigations
into its effectiveness in reducing severe COVID-19 out-
comes, including hospitalisation and death, in a Chinese
population will be important, as will more data of its
efficacy against Omicron and its subvariants in Chinese
individuals.
Introduction
The ongoing coronavirus disease of 2019 (COVID-19)
global pandemic has infected 533,816,957 people and
caused 6,309,633 confirmed deaths (as of 15 June
2022).1

BNT162b2 (tozinameran) is a lipid nanoparticle
−formulated,2 nucleoside-modified RNA vaccine3 that
encodes the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) full-length spike (S) protein.4 In the
global pivotal trial, BNT162b2 demonstrated 95% vac-
cine efficacy (VE) in individuals aged 16 years or older.5
www.thelancet.com Vol 29 Month , 2022
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It was generally well tolerated, with a low incidence of
serious adverse events (AEs; 0.6% vs 0.5% with pla-
cebo), and local and systemic reactogenicity was gener-
ally mild or moderate in severity and transient.

Data for BNT162b2 in Chinese populations are cur-
rently limited: in the global pivotal clinical trial there
were no study sites in China, and only 4.3% of partici-
pants were Asian.5 We conducted a phase 2 trial of
BNT162b2 in Chinese individuals, and report here the
immunogenicity, safety and tolerability results up to 6
months after the second dose.
Methods

Study design and participants
This phase 2, randomised, double-blind, placebo-con-
trolled trial was conducted at two clinical sites, one in
Lianshui County and one in Taizhou City, in Jiangsu
Province, China (ClinicalTrials.gov number
NCT04649021). Its design and conduct were based
broadly on the global pivotal trial (NCT04368728).5

However, key methodological differences in the present
trial were: early safety monitoring in about 150 partici-
pants, solicited reactogenicity assessed for an additional
seven days (total 14 days) post-vaccination, and AEs
graded using the United States Food and Drug Admin-
istration (FDA) grading criteria6 and the National Medi-
cal Products Administration (NMPA) of China criteria.7

Eligible participants were recruited from the com-
munity and were healthy Chinese adults aged 18
−85 years with a negative SARS-CoV-2 antibody test at
screening. Individuals with a pre-existing stable condi-
tion could be included. Stability was defined as disease
not requiring a significant change in therapy or hospi-
talisation for worsening disease in the 6 weeks before
study enrolment, as determined by study investigators
from consultation with participants. For the early safety
monitoring group, a normal chest computed tomogra-
phy scan and negative SARS-CoV-2 polymerase chain
reaction test were required. Key exclusion criteria
included symptoms of COVID-19, known infection with
human immunodeficiency virus, hepatitis B or C virus
(according to medical history), known or suspected
immunodeficiency or treatment with immunosuppres-
sive therapy, and treatment with medications intended
to prevent COVID-19 (Supplementary Methods lists all
criteria).

The trial protocol was approved by the Institutional
Review Board of the Jiangsu Provincial Center for Dis-
ease Control and Prevention (Jiangsu, China). The trial
was conducted in compliance with the ethical require-
ments in the Declaration of Helsinki,8 the Good Clinical
Practice guidelines from the International Council for
Harmonization, and Chinese laws and regulations
related to clinical studies. All participants provided writ-
ten informed consent.
www.thelancet.com Vol 29 Month , 2022
Randomisation and masking
Participants were stratified into two age groups (18−55
or 56−85 years), with age categories based on recom-
mendations from the NMPA, and randomised 3:1 to
receive two doses of BNT162b2 (COMIRNATY�, Pfizer-
BioNTech9) 30 mg or saline placebo by intramuscular
injection, 21 days apart (Supplementary Figure S1). An
independent randomisation professional generated a
participant randomisation table and performed a block
randomisation, assigning participants using an interac-
tive response technology system. Study participants,
study personnel at each clinical site, investigators, trial
statisticians and the sponsor’s management team were
blinded to treatment assignment. Randomisation proce-
dures are described in further detail in Supplementary
Methods.
Trial procedures
Recruitment began with both age groups. Enrolment of
participants aged 56−85 years continued only after a
safety review by the safety review committee (SRC) of
the first 40 participants enrolled in this age group, who
were closely monitored during the 48 hours after the
first injection. SRC approval of continued enrolment of
participants aged 18−55 years was required after a safety
data review of the first 110 participants in this age group
who completed one-day observation after their first
injection.

Antipyretics and analgesics were allowed to treat
symptoms related to the vaccination.

All participants were monitored for at least 30 min
after each intramuscular injection (6 h for the first 150
participants). Blood samples were collected from all par-
ticipants for measurement of humoral immune
responses, from the first 98 participants for detecting T-
cell responses, and from another 59 randomly selected
from the BNT162b2 group for cross-neutralisation
assays. Blood and urine samples were collected from
the first 150 participants for laboratory safety testing.
Immunogenicity outcomes
Microneutralisation assay using live SARS-CoV-2
(BetaCoV/Jiangsu/JS02/2020), and S1-binding immu-
noglobulin G (IgG) indirect enzyme-linked immunosor-
bent assay (ELISA), were conducted using serum
samples collected prior to the first dose and at 1 week,1
month and 6 months after the second dose (described
in detail in Supplementary Methods). The microneutral-
isation assay measured the protection of Vero-E6 cells
from SARS-CoV-2-induced cytopathic effects at prede-
termined serum dilutions, as described in the
BNT162b1 phase 1 trial in China;10 additionally, the cur-
rent trial used the WHO international standard (NIBSC
code 20/136) as the assay reference.11 Cross-neutralisa-
tion analysis of SARS-CoV-2 variants of concern (VOC)
3
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compared with the wild-type strain SARS-CoV-2/
INMI1-Isolate/2020/Italy was conducted using Alpha-,
Beta- and Delta-specific microneutralisation assays
(described in detail in Supplementary Methods).

Ex vivo interferon-g (IFNg) enzyme-linked immune
absorbent spot (ELISpot) assays were conducted using
peripheral blood mononuclear cells (PBMCs) (Supple-
mentary Methods) collected prior to the first dose and 1
week after the second dose.

The primary immunogenicity endpoints were the geo-
metric mean titers (GMTs) against live SARS-CoV-2 and
the seroconversion rate (SCR), measured 1 month after
the second dose compared with baseline. Secondary
immunogenicity endpoints included the GMT and SCR
of neutralising antibodies at 1 week and 6 months after
the second dose; the geometric mean fold rise (GMFR) in
neutralising antibody at 1 week and at 1 month and 6
months after the second dose compared with baseline;
and the GMT, SCR, and GMFR versus baseline of S1-
binding IgG protein level at 1 week, 1 month and 6
months after the second dose. Cellular immune response
(IFNg ELISpot assay) was an exploratory endpoint.
Safety outcomes
To assess reactogenicity, participants recorded in diary
cards any local and systemic solicited events, and antipy-
retic medication use, in the 14-day period following each
injection. Solicited reactions were defined as drug-
related solicited events. Treatment-emergent unsolicited
AEs were recorded from the time of the first dose up to 1
month after the second dose. AE severity was graded
according to the NMPA of China grading standard and/
or the US FDA grading criteria (see Supplementary
Methods). AEs were coded using the Medical Dictionary
for Regulatory Activities (MedDRA) version 23.1. Seri-
ous AEs (defined as those that resulted in death, were
life threatening, required or prolonged inpatient hospi-
talisation, led to permanent or significant disability/loss
of functioning, led to congenital anomaly/birth defects
in offspring, or that were considered an important med-
ical event) that occurred up to 6 months after the second
dose were also collected by investigators. Anaphylaxis
was defined as anaphylactic reaction or shock, and ana-
phylactoid reaction or shock.
Statistical analysis
The intent-to-treat (ITT) and safety populations
included all randomised participants who received at
least one dose of vaccine. Incomplete/missing data
were not imputed; complete case analysis was used.
Student’s t-test was used to compute p-values for com-
parisons of GMTs, and confidence intervals (CIs) were
based on the Wald method. Fisher’s exact test was
used to derive p-values for comparing SCRs and
corresponding CIs were calculated by the Miettinen-
Nurminen method.

Post hoc analyses included a Pearson correlation
analysis between neutralising antibody and S1-binding
IgG titers, and analysis of immunogenicity and safety
by comorbidity risk status. ‘At risk’ was defined as par-
ticipants with at least one Charlson Comorbidity Index
condition12 and/or who were obese (body mass index
≥30 kg/m2).

Statistical analyses were conducted using SAS� ver-
sion 9¢4 or higher (SAS Institute Inc., Cary, NC, USA).

ClinicalTrials.gov registration number: NCT04649021
Role of the funding source
BioNTech was the trial sponsor, and Shanghai Fosun
Pharmaceutical Development Inc. (Fosun Pharma) con-
ducted the trial, and was responsible for the trial design,
data collection, and analysis and interpretation. Fosun
Pharma also funded medical writing assistance in the
preparation of the manuscript.
Results
A total of 960 individuals were randomised between
December 5th, 2020 and January 9th, 2021 (Figure 1).
The ITT and safety populations included 959 partici-
pants who had received ≥1 dose of BNT162b2 (n=720)
or placebo (n=239). Almost all participants received
both doses of BNT162b2 or placebo (99¢3% and 98¢8%
of participants, respectively) and completed follow-up to
6 months after the second dose (97.6% and 98.3%,
respectively). The data cut-off date for this analysis was
July 13th, 2021.

Baseline demographic characteristics of participants
were similar between the BNT162b2 and placebo
groups (Table 1), including in the at-risk and non-risk
subgroups (Table S1). Of the 959 individuals who
received ≥1 dose of BNT162b2 or placebo, 48.8% were
female, 11.6% were obese, and 5.1% had at least one
Charlson Comorbidity Index condition (Table 1). The
median age was 54 years, and 46.0% of participants
were aged 56−85 years. All participants were Chinese,
of Han ethnicity.

Neutralising antibody titers were undetectable for all
participants prior to vaccination. All BNT162b2 recipi-
ents had strong neutralising antibody responses (ITT
population; Table 2; Table S2), regardless of comorbid-
ity status (Table S3). This response was more pro-
nounced 1 month after the second dose than at 1 week
after the second dose, reaching a GMT of 294.44 (equiv-
alent to 1840.25 IU/mL per WHO standard units) ver-
sus 196.09 (1225.56 IU/mL) (Figure 2a). At 6 months
after the second dose, antibody responses were
markedly reduced compared with those observed at 1
month after the second dose (Table 2; Table S2), drop-
ping to 18.90 (118.12 IU/mL). While the neutralising
www.thelancet.com Vol 29 Month , 2022



Figure 1. Disposition of subjects in the trial.
The intent-to-treat (ITT) population and safety population included all participants who underwent randomisation and received

at least one dose of study drug.

Characteristic BNT162b2 Placebo Total

No. of participants 720 239 959

Sex − no. (%)

Male 368 (51.1) 123 (51.5) 491 (51.2)

Female 352 (48.9) 116 (48.5) 468 (48.8)

Age group − no. (%)

18−55 years 389 (54.0) 129 (54.0) 518 (54.0)

56−85 years 331 (46.0) 110 (46.0) 441 (46.0)

Age at vaccination − years

Mean (standard deviation) 52.9 (11.8) 52.3 (12.2) 52.7 (11.9)

Median (range) 54 (19−84) 53 (18−80) 54 (18−84)

Body mass index − kg/m2

Mean (standard deviation) 25.7 (3.3) 25.9 (3.5) 25.8 (3.3)

Median (range) 25.6 (17.9−40.5) 25.7 (19.0−37.2) 25.6 (17.9−40.5)

Body-mass index ≥30.0 kg/m2 (obese) − no. (%) 83 (11.5) 28 (11.7) 111 (11.6)

Subjects with Charlson comorbidity − no. (%)

Diabetes 28 (3.9) 9 (3.8) 37 (3.9)

Chronic pulmonary disease 2 (0.3) 0 (0) 2 (0.2)

Cerebrovascular disease 7 (1.0) 3 (1.3) 10 (1.0)

Rheumatic disease 1 (0.1) 1 (0.4) 2 (0.2)

Peptic ulcer disease 1 (0.1) 0 (0) 1 (0.1)

Any Charlson comorbidity 37 (5.1) 12 (5.0) 49 (5.1)

Table 1: Baseline demographic and clinical characteristics.
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Endpoint BNT162b2 Placebo BNT162b2 vs Placebo

Participants

18−55 Years of Age

Participants

56−85 Years of Age

Total Total

No. of participants 389 331 720 239

Neutralizing antibody geometric

mean titer (95% CI)b,c
Geometric mean ratio

(95% CI)d

Baseline (pre-dose) 5.00 (5.00 to 5.00) 5.00 (5.00 to 5.00) 5.00 (5.00 to 5.00) 5.00 (5.00 to 5.00) ¢¢
1 week 196.24 (181.80 to 211.84) 195.90 (178.32 to 215.21) 196.09 (184.74 to 208.13) 5.00 (5.00 to 5.00) 39.22a (35.36 to 43.49)

1 month 324.35 (305.14 to 344.77) 262.75 (245.24 to 281.50) 294.44 (281.13 to 308.39) 5.00 (5.00 to 5.00) 58.89a (54.35 to 63.81)

6 months 20.35 (19.12 to 21.66) 17.33 (16.15 to 18.58) 18.90 (18.04 to 19.81) 5.01 (4.99 to 5.02) 3.78a (3.48 to 4.10)

Neutralizing antibody geometric

mean fold rise (95% CI)b

1 week 39.25 (36.36 to 42.37) 39.18 (35.66 to 43.04) 39.22 (36.95 to 41.63) 1.00 (1.00 to 1.00) ¢¢
1 month 64.87 (61.03 to 68.95) 52.55 (49.05 to 56.30) 58.89 (56.23 to 61.68) 1.00 (1.00 to 1.00) ¢¢
6 months 4.07 (3.82 to 4.33) 3.47 (3.23 to 3.72) 3.78 (3.61 to 3.96) 1.00 (1.00 to 1.00 ¢¢

Neutralizing antibody serocon-

version rate, n (%), (95% CI)b,e
Difference in seroconversion

rate, % (95% CI)f

1 week 384 (99.2) (97.8 to 99.8) 323 (98.8) (96.9 to 99.7) 707 (99.0) (98.0 to 99.6) 0 (0.0 to 1.5) 99.0a (97.4 to 99.5)

1 month 383 (99.5) (98.1 to 99.9) 327 (100.0) (98.9 to 100.0) 710 (99.7) (99.0 to 100.0) 0 (0.0 to 1.5) 99.7a (98.1 to 99.9)

6 months 239 (62.9) (57.8 to 67.8) 173 (53¢9) (48.3 to 59.4) 412 (58.8) (55.0 to 62.4) 0 (0.0 to 1.6) 58.8a (55.1 to 62.4)

Anti-S1 IgG antibody geometric

mean titer (95% CI)

Geometric mean ratio

(95% CI)

Baseline (pre-dose) 75.05 (69.52 to 81.03) 81.37 (73.76 to 89.75) 77.89 (73.27 to 82.80) 74.79 (67.54 to 82.82) ¢¢
1 week 27469.27 (25319.45 to 29801.63) 19874.39 (17922.87 to 22038.41) 23685.15 (22179.88 to 25292.58) 72¢.87 (66.18 to 80.23) 325.05a (286.39 to 368.93)

1 month 32203.76 (30304.13 to 34222.48) 31235.22 (29307.34 to 33289.93) 31755.27 (30390.78 to 33181.02) 75.26 (68.11 to 83.16) 421.95a (383.60 to 464.13)

6 months 2397.11 (2179.38 to 2636.60) 3146.00 (2901.24 to 3411.41) 2714.91 (2546.07 to 2894.93) 121.61 (102.98 to 143.61) 22.33a (19.28, 25.85)

Anti-S1 IgG antibody geometric

mean fold rise (95% CI)

1 week 365.23 (327.22 to 407.67) 244.13 (212.05 to 281.05) 303.70 (277.89 to 331.91) 0.97 (0.92 to 1.03) ¢¢
1 month 427.28 (389.24 to 469.03) 383.67 (341.11 to 431.56) 406.67 (377.73 to 437.82) 1.00 (0.94 to 1.07) ¢¢
6 months 31.99 (28.51 to 35.88) 38.29 (33.88 to 43.29) 34.73 (31.94 to 37.78) 1.63 (1.39 to 1.91) ¢¢

Anti-S1 IgG antibody serocon-

version rate, n (%), 95% CI

Difference in seroconversion

rate, % (95% CI)

1 week 387 (100.0) (99.1 to 100.0) 325 (99.4) (97.8 to 99.9) 712 (99.7) (99.0 to 100.0) 2 (0.8) (0.1 to 3.0) 98.9a (96.7 to 99.6)

1 month 385 (100.0) (99.1 to 100.0) 326 (99.7) (98.3 to 100.0) 711 (99.9) (99.2 to 100.0) 3 (1.3) (0.3 to 3.7) 98.6a (96.2 to 99.5)

6 months 362 (95.3) (92.6 to 97.2) 310 (96.6) (94.0 to 98.3) 672 (95.9) (94.1 to 97.2) 36 (15.4) (11.0 to 20.7) 80.5a (75.1 to 84.8)

Table 2: Immunogenicity pre-vaccination and at 1 week, 1 month and 6 months after the second vaccine dose.
CI, confidence interval; IgG, immunoglobulin; S1, spike glycoprotein.

a P<0.0001 vs placebo.
b Values missing for 2, 4, 6 and 2 participants at 1 week in the BNT162b2 18−55 years’ age group, BNT162b2 56−85 years’ age group, overall BNT162b2 group, and placebo group, respectively, as well as for 4, 4, 8 and 2 partici-

pants at 1 month and 9, 10, 19 and 6 participants at 6 months, respectively.
c Data are functional 50% SARS-CoV-2 neutralizing geometric mean titer (ID50 GMT). An arbitrary titer of 5 (half of the limit of detection [LOD]) is given if no neutralization reaction was observed at the initial serum dilution (1:10). The

lower limit of quantitation was defined as 20, with titers below this considered as seronegative. Conversion of GMTs to equivalent World Health Organization reference standard units is provided in Supplementary Table S2.
d The geometric mean ratio was determined using the Wald method, and the associated P-value with a t-test, both after logarithmic transformation.
e Seroconversion was defined as a ≥4-fold rise in antibody titers from before vaccination to 1 month and 6 months after dose 2.
f The between-group difference in seroconversion rate was calculated using the Miettinen-Nurminen method, and the associated P-value using Fisher’s exact test.
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antibody GMTs were generally consistent between age
groups at 1 week after the second dose, by 1 month after
they were numerically lower in the older than younger
age group of BNT162b2 recipients. SCRs with
BNT162b2 were at least 99% at 1 week (18−55 years:
99.2%; 56−85 years: 98.8%) and 1 month (18−55 years:
99.5%; 56−85 years: 100%) after the second dose, and
had fallen to approximately 50−60% at 6 months after
the second dose (18−55 years: 62.9%; 56−85 years:
53.9%) (Table 2).

BNT162b2-elicited sera at 1 month after the second
dose also neutralised SARS-CoV-2 VOCs Alpha, Beta,
and Delta (Figure 2b, Table S4). Neutralising GMT
against the Alpha variant was slightly lower than the
wild-type strain (Alpha to Italy-INMI1/2020 GMT ratio
[GMR]: 0.81, 95% CI, 0.72−0.93). Reductions in GMTs
were even more pronounced for the Beta and Delta var-
iants, with GMRs versus the wild-type strain of 0.17
(95% CI; 0.14−0.20) and 0¢38 (95% CI; 0.34−0.43),
respectively.

BNT162b2 induced high S1-binding IgG titers after
the second dose in both age groups, with an increase in
these titers from 1 week to 1 month (Table 2, Figure 2c).
Titers had fallen at 6 months after the second dose, but
the SCR still remained above 95% (Table 2). Positive
correlations were observed between S1-binding IgG and
neutralising antibody titers (post hoc analysis, P≤0¢
0001; Figure 2d), regardless of age.

At 1 week after the second dose, robust SARS-CoV-2
S-specific T-cell responses were detected in the
BNT162b2 recipients (n=74). The geometric mean
IFNg spot counts per 100,000 PBMCs were 73.5 and
73.7 when cells were stimulated with overlapping pep-
tide pools covering the N-terminal ‘S pool 1’ (amino
acids 1−643) and C-terminal ‘S pool 2’ (amino acids 633
−1273) of the spike protein, respectively, higher than
the response to the CEF peptide pool positive control,
which was 16.9 (Figure 2f). A strong IFNg response
was elicited in both age groups (Figure 2e). The major-
ity (79.5%) of BNT162b2 recipients had a positive T-cell
response (Table S5).

Within 7 days after each dose, both local and sys-
temic solicited events occurred more frequently in
BNT162b2 recipients (local: 67.4%; systemic: 56.3%)
than placebo recipients (local: 5.4%; systemic: 8.8%),
and were more common in individuals aged 18−55 years
(local: 80.2%; systemic: 66.1%) than in those aged 56
−85 years (local: 52.3%; systemic: 44.7%). Non-risk indi-
viduals experienced solicited events more frequently
than at-risk individuals (local: 68.3% vs. 62.6%; sys-
temic: 57.9% vs. 49.6%) (Table S6).

All solicited local events reported within the 7 days
after each dose were considered treatment related and
were of mild or moderate severity (per the US FDA
grading criteria), transient in nature, and were slightly
more frequent after the first than the second dose. Injec-
tion site pain was the most frequent of these in the
www.thelancet.com Vol 29 Month , 2022
BNT162b2 recipients (Figure 3a). Figure S2 presents
treatment-related solicited local reactions reported in
the 14-day period after each vaccination (per the Chinese
NMPA grading criteria). Only two local reactions (pain),
one in each age group, were reported between 7 and
14 days after a BNT162b2 dose.

Almost all solicited systemic events that occurred
within 7 days were of mild or moderate severity
(Figure 3b). Solicited systemic events occurred rarely
(two for BNT162b2 and three for placebo, respectively)
between 7 and 14 days after vaccination (Figure S3). The
majority of solicited systemic reactions were transient,
resolving within 1 to 3 days and were more likely to
occur, or be more severe after the second dose than the
first. Treatment-related fever was the most common
solicited systemic event (Figure 3b); only 4.0% of
BNT162b2 recipients had grade 3 fever per the US FDA
grading criteria. One BNT162b2 recipient had a peak
temperature of 40 °C, which began approximately 30
minutes after the second dose and resolved without
sequelae within 24 h.

Use of analgesic/antipyretic medication was more
common after the second (22.4%) than first (2.4%)
dose of BNT162b2 and more common after the second
dose among individuals aged 18−55 years (29.5%) than
56−85 years (14.0%).

Treatment-emergent unsolicited AEs occurred at a
relatively low frequency between the first dose and 1
month after the second dose (BNT162b2: 11.0% vs. pla-
cebo: 8.0%) (Tables S7, S8), and were less common in
at-risk than non-risk individuals (Table S6). Treatment-
related unsolicited AEs were also relatively uncommon
during this period (BNT162b2: 8.1%; placebo: 3.8%).
No treatment-related unsolicited AEs were reported
between 1 month and 6 months after the second dose.
No deaths, grade 3 unsolicited AEs or serious AEs
related to BNT162b2 or placebo were reported within 6
months after the second dose. Further, no BNT162b2-
related cardiac disorders, nor any cases of myocarditis,
pericarditis or anaphylaxis (in either vaccine group),
were reported.

None of the treatment-emergent serious AEs were
considered to be treatment related. Few treatment-emer-
gent serious AEs were reported between the first dose
and 6 months after the second dose (Table S9), and the
incidence was numerically lower in the BNT162b2
group (2.4%) than the placebo group (3.4%). The most
common treatment-emergent serious AEs, by MedDRA
System Organ Class, in BNT162b2 recipients were ner-
vous system disorders (5 subjects vs. 3 subjects in the
placebo group), injury, poisoning and procedural com-
plications (4 vs. 0), neoplasms benign, malignant and
unspecified (including cysts and polyps) [2 vs. 1],
and musculoskeletal and connective tissue disorders
(2 vs. 0). Treatment-emergent serious AEs were more
frequent in individuals aged 56−85 years (3.9%) than in
those aged 18−55 years (1.0%).
7



Figure 2. BNT162b2-induced antibody responses and T-cell responses.
Panel a shows BNT162b2-induced neutralising antibody responses at various time-points after the second dose compared with base-

line; Panel b shows the ratios of the 50% virus neutralising titers (VNT50) for the SARS-CoV-2 variants of concern (VOC) Alpha, Beta, and
Delta to the wild-type strain VNT50; Panel c shows BNT162b2-induced S1-binding immunoglobulin G (IgG) responses at various time-
points after the second dose compared with baseline; Panel d shows the Pearson correlation between the VNT50 values (from Panel a)
and the spike protein (S1)-binding IgG geometric mean titers (GMTs) (from Panel c); and Panels e1, e2 and f show BNT162b2-induced T-
cell responses at various time-points after the second dose compared with baseline. Further detail regarding the time points specified in
this figure can be found in Supplementary Figure S1, which presents the vaccination and serum sampling schedule. In Panels a and c,
functional 50% SARS-CoV-2 neutralising antibody GMTs, and IgG GMTs, as well as 95% confidence intervals, were plotted. In Panel b,
geometric mean ratios (horizontal lines; numbers above data points) were calculated from the individual VNT50 ratios of the Alpha, Beta,
and Delta SARS-CoV-2 variants to the wild-type strain, confidence intervals are indicated on the graph by errors bars. Sera for these
cross-neutralisation analyses were drawn 1 month after the second dose of BNT162b2. The clinical isolate Italy-INMI1/2020 was used as
the wild-type virus in this analysis. In Panel d, the square data points represent individual values outside the lower limit of quantitation.
Calculation of the correlation coefficient (r) excluded any values above or below the limits of quantitation. Results shown in Panels e1,
e2 and f are from interferon-g (IFNɣ) enzyme-linked immune absorbent spot (ELISpot) assays conducted on peripheral blood mononu-
clear cells obtained from participants (n=74, 18−85 years) at baseline (pre-vaccination) and 1 week after the second dose, which were
stimulated overnight with overlapping S peptide pools (S pool 1 [Sp1] and S pool 2 [Sp2]). Each data point in Panels e to f represents
the mean spot count from quadruple wells for one study participant, after subtraction of the medium-only control. If the spot count was
less than one, it was reset to one. Values above each group of data points are the geometric mean spot count of all participants in that
group, indicated by a horizontal bar (with error bars indicating the 95% confidence intervals). Panels e1 and e2 show S-specific T-cells
(Sp1 and Sp2) producing IFNɣ as a fraction of peripheral blood mononuclear cells (PBMCs) from baseline, and 1 week after the second
dose, by age group. Panel f shows T-cell responses to Sp1, Sp2 and to the recall antigen (CEF).
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There were no abnormalities in clinical chemistry
parameters with clinical manifestation, including thy-
roid function and coagulation tests in either group (not
shown); transient non-clinically significant decreases in
lymphocyte and platelet counts were observed in the
BNT162b2 group (Table S10).
Discussion
Our trial is the first to show that BNT162b2 adminis-
tered as a two-dose regimen at 30 mg, 21 days apart, eli-
cited a robust immune response and was generally well
tolerated in Chinese adults who were healthy or had sta-
ble pre-existing disease.
www.thelancet.com Vol 29 Month , 2022



Figure 3. The incidence of solicited local reactions (Panel a) and systemic reactions (Panel b) by maximum severity within
7 days after each dose of BNT162b2 30 mg or placebo.

In both Panels a and b, the number above each column is the overall incidence (grade 1−3), and data are for subsets of the
safety population by doses received: the safety population for dose one included recipients of the first dose (n=959) and for dose
two, recipients of both doses (n=952). Grade 1 reactions were labelled mild and grade 2 moderate, and in Panel b, grade 3 severe.
Grading was per the United States Food and Drug Administration criteria. “Related” means “possibly related”, “probably related” or
“definitely related” to randomised treatment.
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Overall, our trial confirmed the results of prior stud-
ies showing that BNT162b2 vaccination induces a high
neutralising antibody response against SARS-CoV-2 in
adults.13,14 In the global pivotal trial, antibody response
induced by BNT162b2 translated into 95% VE against
COVID-19.5 In our trial, the neutralising antibody GMT
in BNT162b2 recipients 1 month after the second vacci-
nation was equivalent to 1840 neutralising antibody
units (IU)/mL (95% CI; 1757−1927) using the WHO
international standard (NIBSC code 20/136).11 This is
substantially higher than the value of 26 IU/mL
required for 80% VE against symptomatic SARS-CoV-2
infection reported by Feng and colleagues when using a
pseudovirus in the virus neutralisation test.15 As
expected, the neutralising antibody titers and serocon-
version rates had fallen considerably at 6 months after
the second dose in the total cohort. These findings sup-
port the recommendation of a third dose of BNT162b2
at 4 to 6 months after the primary vaccination series to
provide ongoing protection against VOC.16

In our trial, Chinese individuals vaccinated with
BNT162b2 had antibodies with cross-reactivity against
three VOCs (B.1.1.7, B.1.351, B.1.617.2) and, although
www.thelancet.com Vol 29 Month , 2022
titer reductions were observed, especially for the Beta
and Delta variants, these were broadly in line with previ-
ously published cross-neutralisation analyses of
BNT162b2 immune sera.13,17−19

The Omicron variant (B.1.1.529) has now emerged
globally, with five major lineages (BA.1−BA.5) and a fur-
ther sublineage (BA.2.12.1) identified [preprint].20,21

While BA.2 is replacing the initial BA.1 lineage world-
wide, the newer BA.4/BA.5 lineages show more infec-
tious potential than BA.2; BA.4 and BA.5 have become
the dominant lineages in some countries21−24 and
accounted for 21.6% of COVID variants in the United
States as of June 2022.25 These newer lineages exhibit
increased immune escape from neutralising antibodies
induced by both vaccination and infection
[preprint].21,26 Neutralising antibody titers to BA.4 and
BA.5, and to a lesser extent to BA.2.12.1, are lower than
to BA.1 and BA.2 [preprint].21 Three doses of BNT162b2
have been shown to be required to achieve adequate lev-
els of neutralising antibodies to BA.2, although these
levels are lower than to wild-type [preprint],27,28 and
there is some evidence that levels are lower than to BA.1
[preprint].28 Further, breakthrough BA.1 infection in
9
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individuals who have received two or three doses of
BNT162b2 appears to augment neutralising antibodies
to BA.1 and/or BA.2, but not to BA.4 and BA.5
[preprint].29,30 Additional studies are required to con-
firm these initial results suggesting that BNT162b2 has
limited efficacy against BA.4 and BA.5.

Cellular immunity is an important aspect of the
immune response to SARS-CoV-2 infection; virus-spe-
cific T-cell responses are critical in elimination of the
virus-infected cells and in optimising the humoral
immune response.31 Furthermore, SARS-CoV-2-specific
IFNg-producing CD8+ T-cells and CD4+ T-cells have
been associated with less severe disease.32 In our trial,
BNT162b2 induced a strong SARS-CoV-2-specific T-cell
response in the majority (79.5%) of participants at 1
week after the second dose, as shown by cellular immu-
noassay IFNg spot counts. These results are in line with
those of a previous BNT162b2 study.13 The only other
SARS-CoV-2 mRNA vaccine currently available likewise
elicits a Th-1 directed T-cell response.33,34

BNT162b2 was well tolerated in Chinese individuals.
Reactogenicity events were as anticipated, with the
majority being transient in nature. Injection site pain
was the most common solicited local event and fever
the most common solicited systemic event. The fever
incident was higher than in the global study;14 the rea-
sons for this difference may be the use of different crite-
ria for defining fever in the two trials, and difference in
the use of antipyretics (there was a lower usage of anti-
pyretics in the current trial, possibly resulting in a
greater likelihood of fever developing). Overall, the reac-
togenicity profile of BNT162b2 in Chinese participants
in this analysis was consistent with that observed in the
global pivotal trial.5 Reactogenicity after each dose of
vaccine was generally milder and less frequent in older
than younger adults, and was similar between ‘at risk’
and ‘non-risk’ participants, although this particular sub-
group analysis was post hoc, and should be confirmed
in prospective analyses. No treatment-related serious
AEs were observed 6 months after the second dose, and
no cases of myocarditis, pericarditis or anaphylaxis were
reported. The risk of severe cardiac AEs after BNT162b2
vaccination is small but not as substantial as after
SARS-CoV-2 infection.35

Few studies have compared the effectiveness and tol-
erability of BNT162b2 with other COVID-19 vaccines,
particularly in Chinese individuals. In those that have, a
more robust humoral response against SARS-CoV-2
(including the Omicron BA.1 variant) has been observed
after three dose of BNT162b2 than after three doses of
CoronaVac (an inactivated whole-virus vaccine) in indi-
viduals from Hong Kong.36,37 A dose of BNT162b2 also
improved neutralising antibodies levels against Omi-
cron BA.1 in individuals who had previously received
two doses of CoronaVac.37 The effect of BNT162b2 and
CoronaVac against the Omicron BA.2 variant has been
recently investigated.38 A more robust response was
observed in individuals who received three doses of
BNT162b2 or two doses of CoronaVac plus one dose
of BNT162b2 than in those who received three doses of
CoronaVac. These data suggest that mRNA vaccination,
whether three doses of BNT162b2 or a dose of
BNT162b2 following two previous doses of an inacti-
vated whole-virus vaccine, provides increased protection
against wild-type and variants of SARS-CoV-2. Thus far,
no mRNA COVID-19 vaccines are available in mainland
China; if approved, BNT162b2 could be used to supple-
ment current vaccination programs in China.

As an interim analysis, our results have some limita-
tions, specifically the absence of data on COVID-19 rates
and outcomes. Given the evidence that BNT162b2 vacci-
nation reduces SARS-CoV-2 infection rates, as well as
the risk of serious COVID-19−related outcomes such as
hospitalisation for COVID-19, severe or critical COVID-
19, and COVID-19−related death, similar data will be
required to confirm the real-world effectiveness of
BNT162b2 vaccination in a Chinese population.39 Fur-
ther, our results may not be generalisable to special
patient populations in China, such as immunocompro-
mised individuals, adolescents or pregnant women.
However, it has been reported that in general, immuno-
compromised individuals are less likely to develop vac-
cine antibody responses compared with healthy
subjects,40,41 and may therefore need a different vacci-
nation schedule. Also, a prior study conducted in Hong
Kong found that immunogenicity responses of adoles-
cents after two doses of BNT162b2 were non-inferior to
adults.41 Although global studies showed that
BNT162b2 vaccination in special patient populations
was generally safe and generated protection from
COVID-19 infection, more studies are needed to explore
their use in special patient populations in China. Our
study cohort, while of a reasonable size, does represent
a small sample of the Chinese population and, there-
fore, studies with larger sample sizes and utilising more
study sites would be useful to confirm our findings. Fur-
ther, the sample size may have limited the ability of this
study to detect infrequent but severe AEs that might be
associated with BNT162b2. To confirm the clinical signifi-
cance of the immunogenicity reported here, additional
studies are required using the same neutralisation assays
to compare the immunogenicity of BNT162b2 in Chinese
individuals with individuals from the global pivotal trial,
since VE in that trial was 95%.5 Long-term follow-up data
are required to better characterise the long-term persis-
tence of immunogenicity, and long-term safety, in a Chi-
nese population. Safety data collection from participants
in this trial is therefore continuing until 12 months after
the second dose.
Conclusions
Robust SARS-CoV-2 neutralising antibody and strong
SARS-CoV-2-specific T-cell responses were detected
www.thelancet.com Vol 29 Month , 2022
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after BNT162b2 vaccination in the first phase 2 trial of
an mRNA COVID-19 vaccine conducted in a Han Chi-
nese population. BNT162b2 had acceptable tolerability
up to 6 months after the second dose, indicating a
favourable risk-benefit profile for Chinese adults.
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