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A B S T R A C T

Background: We aimed to assess the safety and immunogenicity of an inactivated vaccine against COVID-19
in Chinese adults aged �18 years.
Methods: This is an ongoing randomized, double-blind, placebo-controlled, phase 1/2 clinical trial among
healthy adults aged �18 years in Henan Province, China. Participants (n = 336 in 18�59 age group and
n = 336 in �60 age group) were enrolled between April 12 and May 17 2020, and were equally randomized
to receive vaccine or placebo (aluminum hydroxide adjuvant) in a three-dose schedule of 2¢5, 5, or 10 mg on
days 0, 28, and 56. Another 448 adults aged 18�59 years were equally allocated to four groups (a one-dose
schedule of 10 mg, and two-dose schedules of 5 mg on days 0 and 14/21/28) and received vaccine or placebo
(ratio 3:1 within each group). The primary outcomes were 7-day post-injection adverse reactions and neu-
tralizing antibody titres on days 28 and 90 after the whole-course vaccination. Trial registration: www.
chictr.org.cn #ChiCTR2000031809.
Findings: The 7-day adverse reactions occurred in 4¢8% to 32¢1% of the participants in various groups, and most
adverse reactions were mild, transient, and self-limiting. Twenty participants reported 68 serious adverse events
which were judged to be unrelated to the vaccine. The 90-day post-injection geometric mean titres of neutraliz-
ing antibody ranged between 87 (95% CI: 61�125) and 129 (99�169) for three-dose schedule among younger
and older adults; 20 (14�27), 53 (38�75), and 44 (32�61) in 5mg days 0 and 14/21/28 groups, respectively, and
7 (6�9) in one-dose 10mg group. There were no detectable antibody responses in all placebo groups.
Interpretation: The inactivated vaccine against COVID-19 was well tolerated and immunogenic in both youn-
ger and older adults. The two-dose schedule of 5 mg on days 0 and 21/28 and three-dose schedules on days
0, 28, and 56 could be further evaluated for long-term safety and efficacy in the phase 3 trials.
© 2021 The Author(s). 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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1. Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic, caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
continues to affect everyone’s life and is responsible for more than
3¢7 million deaths worldwide as of June 9, 2021 [1]. Unprecedented
efforts have been made to rapidly develop vaccines against the
COVID-19 by pharmaceutical companies, academic researchers, and
government agencies [2]. According to the draft landscape of COVID-
19 candidate vaccines by the World Health Organizations (WHO),
there were over 185 candidate vaccines in preclinical evaluations
and 102 undergoing clinical evaluations in different phases till June 8
[2]. Among them, the results of phase 1/2 trials of 24 candidate vac-
cines have been published or made available on preprint servers,
including seven protein subunit [3�9], six inactivated [10�15], six
recombinant, [16�21] three mRNA, [22�24] one DNA vaccine, [25]
and one virus-like particle vaccine [26]. All 24 vaccines demonstrated
acceptable safety profiles and immunogenicity. Among them, seven
also published the interim results of the phase 3 trial [27�33].

Since age has been identified as an independent risk factor for
critical illness or death of COVID-19 and there is a possibility of lower
immune response [34,35], the safety and immunogenicity of the vac-
cines should be particularly assessed in older people. Previous studies

Research in context

Evidence before this study

By May 10, 2021, results of the clinical trials in different phases
of 24 SARS-CoV-2 vaccines (seven protein subunit, six inacti-
vated, six recombinant, three mRNA, one DNA, and one virus-
like particle vaccine) have been reported. For the inactivated
vaccine developed by the Sinopharm (Wuhan, China), we have
previously reported the interim results of the phase 1 trial of
three-dose groups and phase 2 trial of days 0 and 14/21 groups
among adults aged 18�59 years. It was reported that 6¢0% to
25¢0% of the participants had adverse reactions, and neutraliz-
ing antibody titres ranged between 121 and 316 on day 14 after
the whole-course vaccination.

Added value of this study

This study reported safety profile at 292�327 days after the first
injection of an inactivated SARS-CoV-2 vaccine and antibody
responses at 90 days after the whole-course vaccination, which
showed that the vaccine was safe, tolerable, and immunogenic
in healthy adults. Only 15% of participants experienced adverse
reactions, which were mostly mild-to-moderate and self-limit-
ing, and no severe adverse reaction was reported. Two-dose
schedules of 5mg on days 0 and 21/28 and three-dose schedules
of 2¢5mg, 5mg, and 10mg on days 0, 28, and 56 induced neutral-
izing antibodies in over 87% and 71% of recipients on days 28 and
90 after the whole-course vaccination, respectively.

Implications of all the available evidence

The inactivated SARS-CoV-2 vaccine had a good safety profile
and demonstrated immunogenicity among adults. Two-dose
schedules of 5 mg on days 0 and 21/28 and three-dose sched-
ules of 2¢5mg, 5 mg, and 10 mg on days 0, 28, and 56 are poten-
tial options for phase 3 clinical trials and future applications in
the real world. Extended follow-ups and phase 3 clinical trials
are still warranted to evaluate the long-term safety, immunoge-
nicity, and efficacy of the inactivated vaccine..
indicated that the safety profile of vaccines against the COVID-19 was
similar or even better among older adults compared with younger
adults [4,12,14,18�20,24,29,36�38]. As for antibody responses, sev-
eral studies reported lower antibody responses among older adults
[4,19,24,38], while others reported similar antibody responses
between older and younger adults [12,14,18,36,37]. Therefore, it is
necessary to evaluate the safety and immunogenicity of each vaccine
against COVID-19 in both young and old adults.

We have previously reported interim results of an ongoing phase
1/2 trial of an inactivated vaccine against COVID-19 among healthy
adults aged 18�59 years old for the 28-day post-vaccination adverse
events and 14-day post-vaccination humoral immunogenicity [13].
The report included participants who received three doses of 2¢5 mg,
5 mg, or 10 mg in the phase 1 trial and two doses of 5 mg on days 0
and 14 or days 0 and 21 in the phase 2 trial [13]. In the current analy-
sis, we included all adult groups that were designed in the original
protocol (Supplementary Appendix Section 1) of the phase 1/2 trial
including studies among those aged 60 years or older, and updated
the antibody response till 90 days after the whole-course vaccination
as well as serious adverse events till March 5, 2021 with a maximum
follow-up of 327 days since the first injection.
2. Methods

2.1. Study design and participants

The phase 1/2, randomized, double-blind, placebo-controlled trial
was designed by the Wuhan Institute of Biological Products Co. Ltd.
and Henan Province center for Disease Control and Prevention (CDC),
and the study protocol was approved by the institutional review
board of Henan CDC. All participants provided written informed con-
sent before enrollment. Investigators at the Wuzhi county CDC,
Henan Province, performed the ongoing trial and collected data since
April 12, 2020. An independent data and safety monitoring board
(DSMB) monitored the safety data and evaluated risks among the
participants during the trial. The trial was registered with www.
chictr.org.cn (ChiCTR2000031809) and included participants aged �6
years; however, interventions among children and adolescents were
only initiated after evaluating the 28-day post-vaccination safety and
immunogenicity results among adults. Therefore, the trial among
children and adolescents is still ongoing and data are not yet avail-
able. The current analysis included only adults aged 18 years and
above.

Healthy, non-pregnant adults aged 18 years or older who had no
known history of SARS-CoV-1 (via on-site inquiry) or SARS-CoV-2
infection (via serological and nucleic acid test); had not been to Hubei
province, regions outside China, or other regions with confirmed
COVID-19 cases; and had not contacted with confirmed or suspected
cases were assessed for eligibility. Key exclusion criteria included
respiratory diseases or symptoms within 14 days before vaccination;
abnormalities in laboratory examinations; history of severe allergic
reaction or allergy to ingredients in the vaccine; taking certain treat-
ments or medications or other vaccines before the study as specified
in Supplementary Appendix Section 1; and history of severe comor-
bidities that may affect the adherence. Details of the inclusion and
exclusion criteria are described in the previous publication [13] and
Supplementary Appendix Section 1. All the authors had full access to
all the data in the study.
2.2. Randomization and masking

Sequential computer-generated randomization numbers were
assigned to participants, and stratified block randomization by age and
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doses was adopted (block size 8). Within each randomization block, the
ratio of vaccine to placebo (aluminum hydroxide adjuvant) was 3:1.

2.3. Procedures

In the phase 1 trial, participants were stratified by 18�59 (youn-
ger adults) and �60 years old (older adults) and randomly allocated
to receive the inactivated SARS-CoV-2 vaccine at 2¢5 mg, 5 mg, or
10 mg, or placebo on days 0, 28, and 56 via intramuscular injections
(24 participants in each group). To accelerate the development of
vaccine and provide relevant data for the phase 3 trial, the phase 2
trial was designed at the same time with the phase 1 trial, and same
group assignment approach (i.e., vaccine at 2¢5 mg, 5 mg, and 10 mg,
and placebo on days 0, 28, and 56 among younger and older adults,
respectively) was used with a larger sample size for each group (60
participants in each group). With the purpose of quickly increasing
vaccine coverage in the population, four more groups in those aged
18�59 years old were added in the phase 2 trial to explore whether
less doses or shorter between-dose intervals could also be immuno-
genic, i.e., two-dose schedule of 5 mg on days 0 and 14, on days 0 and
21, or on days 0 and 28, or a one-dose schedule of 10 mg on day 0
(vaccine:placebo = 3:1 in each group).

Participants were sequentially enrolled and received injections
in an age- and dose-escalating manner. The first group of partici-
pants aged 18�59 years in the phase 1 trial received the inactivated
vaccine at 2¢5 mg first, and adverse events were monitored for 7
days after the first injection. If no severe adverse events were
observed, the second group of participants aged 18�59 years in the
phase 1 trial received the inactivated vaccine at 5 mg; meanwhile, a
group of participants aged �60 years in the phase 1 trial and partici-
pants aged 18�59 years in the phase 2 trial received the inactivated
vaccine at 2¢5 mg. Similar sequences were used for 5 mg and 10 mg
groups (Supplementary Appendix, Fig. 1). Participants, investiga-
tors, and laboratory personnel were blinded to the intervention
allocation.

Details of the vaccine development and production were
reported previously [13,39]. Briefly, a SARS-CoV-2 strain (WIV04
strain, GenBank accession number MN996528) was isolated from a
patient in the Jinyintan Hospital, Wuhan. The virus strains were cul-
tivated in qualified Vero cell lines for proliferation, followed by puri-
fication and b-propanolide inactivation (1:4000 vol/vol) at 2�8 °C
for 48 h. A second inactivation was subsequently performed after
clarification of cell debris and ultrafiltration, then the vaccine was
adsorbed to 0¢5 mg aluminum hydroxide and packed into pre-filled
syringes in 0¢5 mL of sterile phosphate-buffered saline without pre-
servative. The placebo only contained 0¢5 mg aluminum hydroxide
in 0¢5 mL sterile phosphate-buffered saline. All the vaccines and pla-
cebos were approved by the National Institutes for Food and Drug
Control of China, and provided in coded, identical-appearing, sin-
gle-dose vials.

2.4. Outcomes

Participants were requested to record any injection-site-specific
adverse events (e.g., pain, redness, and swelling), systemic adverse
events (e.g., fever, headache, and fatigue), and unsolicited adverse
events on diary cards (within 7 days) or contact cards (8 days and
after) of each injection. After each dose, participants were observed
for 30 min to record any adverse events. Within 7 days after the first
dose, researchers visited the participants on a daily basis and guided
the participants to correctly report the adverse events on the diary
card. After the second and third dose, researchers made a phone call
within 24 h, a face-to-face visit within 1�3 days, a phone call within
4�7 days, a weekly phone call between days 8 and 28, and a monthly
phone call after 28 days following the whole-course vaccination to
collect information on the adverse events. The participants could also
actively report adverse events to the researchers at any time. The
grading of adverse events and relationships between vaccinations
and adverse events were decided by investigators according to the
standard guidelines issued by the National Medical Products Admin-
istration of China, and details are shown in Supplementary Appendix
Section 1. The 7-day adverse reactions were the primary safety out-
come, while all adverse events within 28 days and serious adverse
events after 28 days, regardless of relations with the vaccine, were
considered as the secondary safety outcome. A total of 13 trained
investigators were involved in adjudications of the relations of the
serious adverse events with vaccine and determined the severity
according to medical records. To assess any acute toxic effects after
vaccination, laboratory safety tests (including blood routine tests,
total bilirubin, liver enzymes, urea nitrogen, creatinine, and urine
sugar, protein, and occult blood) were also performed before and on
day 4 after each injection in the phase 1 trial and were considered as
secondary safety outcomes.

The primary humoral immunogenicity outcomes were neutraliz-
ing antibody titres and specific IgG binding antibody titres measured
on days 28 and 90 after the whole-course vaccination. Antibody titres
at the same time point in the phase 1 and 2 trials were combined and
analysed together. In the phase 1 trial, blood samples were also col-
lected before each dose, on day 4 after each injection, and on day 14
after the first and second injections, and neutralizing antibody titres
and specific IgG binding antibody titres measured at these time
points were secondary immunogenicity outcomes. The schedule of
blood collections is described in Supplementary Appendix Fig. 2. Pla-
que reduction neutralization test (PRNT) was used to measure the
neutralization capacity induced by the vaccine against live SARS-
CoV-2 (BetaCoV/Wuhan/AMMS01/2020 activated), and the PRNT50
values were used to determine the maximal dilution factors when
SARS-CoV-2 plaque formation could be reduced by 50%. An in-house
developed ELISA kit was used to measure specific IgG-binding anti-
body titres with the inactivated whole SARS-CoV-2 as coating anti-
gen. The specificity, recovery, and inter-assay and intra-assay
coefficients of variation of the ELISA assay were 100%, 96¢0�105¢3%,
and 6¢4�10¢2%, respectively. Detailed immunogenicity assays have
been reported previously [13]. The low detection limit was 5 for the
neutralizing antibody titre and 10 for the specific IgG-binding anti-
body titre, and those below the detection limit were respectively
assigned to 5 or 10 for further analysis. Seroconversion rate on days
28 and 90 after the whole-course vaccination was defined as at least
a four-fold increase of antibody titres over baseline (i.e., 20 for neu-
tralizing and 40 for IgG-binding antibody titres) and was considered
as a secondary immunogenicity outcome.

2.5. Statistical analysis

The phase 1 and 2 trials were designed concurrently, thus the
sample size was not calculated according to the statistical power cal-
culation. Instead, the sample size was determined according to rec-
ommendations from the National Medical Products Administration
of China, i.e., a minimum of 20�30 participants in a phase 1 vaccine
trial and a roughly 3-fold sample size in a phase 2 vaccine trial. The
sample size in the current study was in the similar range compared
to other clinical trials of COVID-19 vaccines [12�14,19,40,41].

The safety analysis was conducted in all participants receiving at
least one injection. The immunogenicity analysis was conducted in
participants receiving at least one injection and having results of anti-
body titre measurements at the designated time points. Rates of
adverse reactions, unsolicited adverse events, abnormal laboratory
indicators, and seroconversion between vaccine and placebo groups
and among different dose groups were compared using x2 test or
Fisher’s exact test (for sparse outcomes). Log10-transformed antibody
titres between vaccine and placebo groups were compared using Stu-
dent’s t-test or Mann-Whitney U test (for non-normally distributed
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data). We also made post-hoc comparisons of antibody titres across
2¢5 mg, 5 mg, and 10 mg days 0, 28, and 56 groups as well as across
two-dose and one-dose group through ANOVA and Student-New-
man-Keuls Tests. Results were presented by different age groups
(18�59 and �60 years old) as specified as in Supplementary Appen-
dix Section 1, and post-hoc stratified analyses of the immune
responses were conducted by sex and body mass index (BMI;
<24 kg/m2 versus �24 kg/m2 according to the Chinese criterion for
determining overweight/obesity) [42]. Analyses were performed
using SPSS software, version 25¢0 (IBM SPSS Inc., Chicago, IL), and
hypothesis testing was two-sided with an alpha value of 0¢05. The
results of secondary endpoints and post-hoc analyses should be
interpreted cautiously given the potential type 1 error due to multi-
ple comparisons.

2.6. Role of the funding source

The China National Biotec Group Company Limited and the
Wuhan Institute of Biological Products Co. Ltd. were the study spon-
sors and designed the trial, provided the study product, and oversaw
all trial operations. The sponsors used contract clinical research
organizations to coordinate interactions with regulatory authorities
and oversee clinical site operations. Data were collected by the clini-
cal site research staff, managed by a blinded contract research organi-
zation data management team, monitored by a contract research
organization, and overseen by the sponsor and an independent data
and safety monitoring board. The analyses were performed after the
data were checked and locked before unblinding by an independent
statistician who was not involved in the trial. Manuscript preparation
was performed by the study authors and the decision to submit the
manuscript for publication was made by the study authors. All the
authors had full access to all the data in the study and had final
responsibility for the decision to submit for publication.
Fig. 1. Screening, randomization, and inclusion in safety and immunogenicity analyses strati
*The comorbidities in the exclusion criteria included cardiovascular disease, cancer, resp

formation, mental illness, nervous system diseases, uncontrolled hypertension and diabetes,
tion and compliance in the trial as judged by the investigators. yLaboratory tests included ro
urine sugar, and urinary occult blood. Details of the list and definition of abnormal values a
who received placebo on days 0, 28, and 56 in the phase 2 trial did not provide blood sample
years who received vaccines at 5mg on days 0 and 21 in the phase 2 trial received two inject
aged 18�59 years who received vaccines at 5 mg on days 0 and 28 in the phase 2 trial did
18�59 years who was allocated to receive placebo on days 0 and 28 in the phase 2 trial did n
blood sample on days 28/90 after the second dose. One participant aged �60 years who was
from the study before the second dose. One participant aged �60 years who was allocated to
study before the second dose. One participant aged �60 years who received vaccines at 5 m
after the third dose for antibody measures. Two participants aged �60 years who were alloc
the study before the third dose.
3. Results

3.1. Participants

Between April 12 and May 17, 2020, a total of 1120 volunteers
aged 18�59 years old (younger adults) and 608 volunteers aged �60
years old (older adults) were screened, and 784 and 336, respectively,
were finally enrolled in the phase 1 and 2 trials (Fig. 1). All partici-
pants completed the first injection while five did not complete the
second or third injection. All participants provided blood samples
before the first injection, while a total of 8 and 9 participants did not
provide blood samples on days 28 and 90, respectively, after the
whole-course vaccination. Data in the three-dose schedule groups in
both phase 1 and 2 trials were combined, and the baseline character-
istics of the participants stratified by age groups (18�59 and �60
years old), dose groups (2¢5mg, 5mg, 10mg, and placebo) and sched-
ule groups (three doses on days 0, 28, and 56, two doses on days 0
and 14/21/28, and one dose on day 0) are shown in Table 1. The
mean (standard deviation) age was 43¢1 (9¢6) years in participants
aged 18�59 years and 66¢7 (4¢3) in those aged �60 years (79¢2% aged
60�69 years); and there were 462 (58¢9%) and 136 (40¢5%) women in
the two age groups, respectively.

3.2. Safety

Injection-site and systemic reaction symptoms (according to soli-
cited reports) are shown in Table 2. Within 7 days after each injec-
tion, the number of participants reporting adverse reactions was 12
(14¢3%), 18 (21¢4%), 21 (25¢0%), and 14 (16¢7%) in the 2¢5 mg, 5 mg,
10 mg, and placebo groups among younger adults with three doses,
respectively; and the corresponding number was 4 (4¢8%), 13
(15¢5%), 6 (7¢1%), and 14 (16¢7%) in the age group of �60 years. The
proportion of adverse reactions was similar between vaccine and
fied by age groups
iratory disease, autoimmune disease, tuberculosis, severe liver disease, congenital mal-
severe malnutrition, fever within 14 days, and other diseases that could affect participa-
utine blood tests, liver enzymes, total bilirubin, creatinine, urea nitrogen, urine protein,
re provided in Supplementary Appendix Section 1. zOne participant aged 18�59 years
on days 28/90 after the third dose for antibody measures. One participant aged 18�59
ions but did not provide blood sample on day 90 after the second dose. One participant
not provide blood sample on days 28/90 after the second dose. One participant aged
ot receive the second dose because of positive pregnancy test and thus did not provide
allocated to receive vaccines at 5mg on days 0, 28, and 56 in the phase 1 trial withdrew
receive vaccines at 10 mg on days 0, 28, and 56 in the phase 1 trial withdrew from the

g on days 0, 28, and 56 in the phase 1 trial did not provide blood sample on days 28/90
ated to receive vaccines at 10 mg on days 0, 28, and 56 in phase 2 trial withdrew from



Table 1
Baseline characteristics of the study participants in the phase 1 and 2 trials*.

Adults aged 18�59 years (phase 1 & 2 combined) Adults aged 60 years or older (phase 1 & 2 combined)

Days 0, 28, and 56 Days 0, 28, and 56

2¢5mg (n = 84) 5mg (n = 84) 10mg (n = 84) Placebo (n = 84) 2¢5mg (n = 84) 5mg (n = 84) 10mg (n = 84) Placebo (n = 84)

Age, years
Mean (SD) 43¢4 (9¢5) 43¢0 (10¢2) 44¢3 (8¢9) 43¢9 (9¢2) 66¢6 (4¢0) 67¢8 (5¢2) 66¢3 (3¢6) 66¢4 (4¢2)
18�29 8 (9¢5) 9 (10¢7) 8 (9¢5) 10 (11¢9) ¢¢ ¢¢ ¢¢ ¢¢
30�39 19 (22¢6) 23 (27¢4) 14 (16¢7) 16 (19¢1) ¢¢ ¢¢ ¢¢ ¢¢
40�49 36 (42¢9) 27 (32¢1) 35 (41¢7) 33 (39¢3) ¢¢ ¢¢ ¢¢ ¢¢
50�59 21 (25¢0) 25 (29¢8) 27 (32¢1) 25 (29¢8) ¢¢ ¢¢ ¢¢ ¢¢
60�69 ¢¢ ¢¢ ¢¢ ¢¢ 70 (83¢3) 61 (72¢6) 68 (81¢0) 67 (79¢8)
�70 ¢¢ ¢¢ ¢¢ ¢¢ 14 (16¢7) 23 (27¢4) 16 (19¢1) 17 (20¢2)
Sex
Women 51 (60¢7) 49 (58¢3) 48 (57¢1) 55 (65¢5) 35 (41¢7) 35 (41¢7) 39 (46¢4)y 27 (32¢1)
Men 33 (39¢3) 35 (41¢7) 36 (42¢9) 29 (34¢5) 49 (58¢3) 49 (58¢3) 45 (53¢6) 57 (67¢9)
Height, m 163¢3 (8¢7) 164¢8 (7¢0) 165¢1 (8¢2) 164¢2 (7¢7) 161¢7 (8¢3) 161¢5 (8¢5) 161¢6 (8¢5)y 163¢8 (8¢7)
Weight, kg 69¢4 (11¢9) 70¢9 (11¢4) 68¢7 (11¢2) 68¢0 (11¢8) 68¢9 (10¢2) 68¢3 (11¢0) 67¢3 (10¢2) 69¢3 (10¢3)
Body mass index, kg/m2 26¢0 (4¢2) 26¢1 (3¢6) 25¢2 (3¢4) 25¢2 (3¢5) 26¢3 (3¢2) 26¢1 (2¢9) 25¢8 (3¢6) 25¢8 (2¢9)
Systolic blood
pressure, mmHg

123¢1 (11¢9) 124¢6 (9¢9) 125¢9 (11¢3) 123¢9 (11¢3) 132¢4 (6¢8) 129¢7 (9¢5)y 131¢5 (7¢4) 132¢2 (6¢6)

Diastolic blood
pressure, mmHg

81¢4 (6¢0) 80¢3 (5¢8) 82¢9 (5¢3) 80¢8 (6¢4) 83¢3 (4¢0) 81¢0 (5¢6) 82¢6 (4¢4) 83¢4 (3¢9)

Adults aged 18�59 years (phase 2 only)

Days 0 and 14 Days 0 and 21 Days 0 and 28 Day 0

5mg (n = 84) Placebo (n = 28) 5mg (n = 84) Placebo (n = 28) 5mg (n = 84) Placebo (n = 28) 10mg (n = 84) Placebo (n = 28)

Age, years
Mean (SD) 43¢7 (8¢8) 45¢9 (8¢7) 41¢4 (9¢3)y 46¢2 (8¢9) 42¢6 (9¢8) 44¢1 (10¢7) 41¢0 (10¢9) 42¢1 (9¢8)
18�29 5 (6¢0) 2 (7¢1) 13 (15¢5) 1 (3¢6) 11 (13¢1) 4 (14¢3) 15 (17¢9) 5 (17¢9)
30�39 23 (27¢4) 6 (21¢4) 18 (21¢4) 3 (10¢7) 23 (27¢4) 4 (14¢3) 21 (25¢0) 5 (17¢9)
40�49 38 (45¢2) 9 (32¢1) 39 (46¢4) 14 (50¢0) 22 (26¢2) 10 (35¢7) 28 (33¢3) 12 (42¢9)
50�59 18 (21¢4) 11 (39¢3) 14 (16¢7) 10 (35¢7) 28 (33¢3) 10 (35¢7) 20 (23¢8) 6 (21¢4)
Sex
Women 52 (61¢9) 19 (67¢9) 52 (61¢9) 19 (67¢9) 47 (56¢0) 16 (57¢1) 43 (51¢2) 11 (39¢3)
Men 32 (38¢1) 9 (32¢1) 32 (38¢1) 9 (32¢1) 37 (44¢1) 12 (42¢9) 41 (48¢8) 17 (60¢7)
Height, m 163¢9 (8¢3) 161¢8 (7¢2) 162¢7 (8¢4) 160¢3 (10¢2) 164¢9 (8¢5) 162¢9 (8¢0) 164¢9 (8¢5) 167¢1 (8¢1)
Weight, kg 66¢5 (11¢2) 67¢8 (11¢6) 67¢9 (13¢1) 65¢8 (12¢5) 69¢8 (13¢9) 66¢4 (11¢5) 68¢6 (13¢4) 73¢7 (16¢4)
Body mass index, kg/m2 24¢7 (3¢4) 25¢8 (3¢9) 25¢6 (4¢0) 25¢5 (3¢4) 25¢6 (4¢2) 24¢9 (3¢1) 25¢2 (4¢1) 26¢2 (4¢8)
Systolic blood

pressure, mmHg
123¢5 (11¢2) 125¢5 (9¢8) 124¢6 (9¢7) 123¢0 (9¢6) 122¢5 (12¢3) 120¢1 (10¢8) 123¢7 (12¢4) 123¢9 (11¢6)

Diastolic blood
pressure, mmHg

79¢8 (6¢7) 80¢1 (5¢6) 80¢5 (5¢7) 80¢0 (5¢9) 79¢5 (6¢5) 78¢1 (6¢3) 81¢3 (6¢4) 82¢2 (5¢4)

* Data are mean (SD) or n (%). yDifferences between vaccine and placebo group were statistically insignificant (p>0¢05), which were tested using t-test for continuous variables
and x2 test for categorical variables.
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placebo groups (P >0¢099), except that the proportion of total
adverse reactions was larger among those receiving placebo com-
pared with 2¢5 mg on days 0, 28, and 56 among older adults
(P = 0¢042). Besides, the proportion of adverse reactions was higher
in 5 mg group compared with 2¢5 mg or 10 mg group among older
adults receiving three doses (P = 0¢012), and no statistically signifi-
cant differences were observed for other comparisons among differ-
ent dose groups (P >0¢056). In the phase 2 trial among younger
adults, the number of participants reporting adverse reactions was 5
(6¢0%), 4 (14¢3%), 16 (19¢1%), 5 (17¢9%), 17 (20¢2%), 9 (32¢1%), 9
(10¢7%), and 3 (10¢7%) in 5 mg days 0 and 14, placebo days 0 and 14,
5 mg days 0 and 21, placebo days 0 and 21, 5 mg days 0 and 28, pla-
cebo days 0 and 28, 10 mg day 0, and placebo day 0 groups, respec-
tively. No statistically significant differences of incident adverse
reactions were observed between vaccine and placebo groups
(P > 0¢099); however, incidence rates of total and injection-site
adverse reactions were lower among 5 mg days 0 and 14 group com-
pared with 5mg days 0 and 21/28 groups (P < 0¢013).

The most common adverse reaction was injection-site pain (126
out of 1120 participants), followed by fever (26 out of 1120 partici-
pants). Most adverse reactions were mild (grade 1/2), transient and
self-limiting. Unsolicited adverse events with 28 days (regardless of
relations with the vaccination) are shown in the Supplementary
Appendix Tables 1 and 2. Up to March 5, 2021, a total of 68 severe
adverse events from 20 participants occurred during the follow-up
(median 306 days after the first injection, range 292�327 days; Sup-
plementary Appendix, Table 3), but none were judged to be related
to the vaccination.

In the phase 1 trial, there were 4 (16¢7%; 4¢7%�37¢4%; among
older adults receiving vaccines at 2¢5 mg) to 10 (41¢7%; 22¢1%�63¢4%;
among older adults receiving vaccines at 10 mg) participants in each
group having abnormalities in blood biochemical tests or urinalysis
tests before and on day 4 after each injection (Supplementary Appen-
dix, Table 4), and all abnormalities were transient which needed no
special treatment. A similar pattern was also found in younger adults
and was reported in our previous publication [13].

3.3. Immunogenicity

None of the participants had any measurable neutralizing anti-
body response at baseline, and none in the placebo group had any
measurable neutralizing antibody response during the follow-up. Dif-
ferences of neutralizing antibody tires and specific binding antibody
titres on days 28 and 90 after the whole-course vaccination between
vaccine and placebo groups were statistically significant
(P � 0¢0004). Among younger adults with three injections, the



Table 2
7-day adverse reactions among study participants who received at least one dose in the phase 1 and 2 trials*.

Adults aged 18�59 years Adults aged 60 years or older

Days 0, 28, and 56 Days 0, 28, and 56

2¢5mg (n = 84) 5mg (n = 84) 10 mg (n = 84) Placebo (n = 84) 2¢5mg (n = 84) 5mg (n = 84) 10mg (n = 84) Placebo (n = 84)

Total adverse reactions 12 (14¢3; 7¢6�23¢6) 18 (21¢4; 13¢2�31¢7) 21 (25¢0; 16¢2�35¢6) 14 (16¢7; 9¢4�26¢4) 4 (4¢8; 1¢3�11¢8)y 13 (15¢5; 8¢5�25¢0)z 6 (7¢1; 2¢7�14¢9) 14 (16¢7; 9¢4�26¢4)
Grade 3 total adverse reactions 0 0 0 0 0 0 1 (1¢2; 0¢0�6¢5) 0
Injection-site reactions 11 (13¢1; 6¢7�22¢2) 15 (17¢9; 10¢4�27¢7) 21 (25¢0; 16¢2�35¢6) 10 (11¢9; 5¢9�20¢8) 2 (2¢4; 0¢3�8¢3) 11 (13¢1; 6¢7�22¢2) 3 (3¢6; 0¢7�10¢1) 10 (11¢9; 5¢9�20¢8)
Induration 0 0 0 1 (1¢2; 0¢0�6¢5) 0 1 (1¢2; 0¢0�6¢5) 0 0
Itching 1 (1¢2; 0¢0�6¢5) 0 0 0 0 1 (1¢2; 0¢0�6¢5) 0 0
Pain 11 (13¢1; 6¢7�22¢2) 15 (17¢9; 10¢4�27¢7) 21 (25¢0; 16¢2�35¢6) 10 (11¢9; 5¢9�20¢8) 2 (2¢4; 0¢3�8¢3) 11 (13¢1; 6¢7�22¢2) 3 (3¢6; 0¢7�10¢1) 9 (10¢7; 5¢0�19¢4)
Redness 0 0 2 (2¢4; 0¢3�8¢3) 1 (1¢2; 0¢0�6¢5) 0 1 (1¢2; 0¢0�6¢5) 0 0
Swelling 1 (1¢2; 0¢0�6¢5) 0 2 (2¢4; 0¢3�8¢3) 1 (1¢2; 0¢0�6¢5) 0 1 (1¢2; 0¢0�6¢5) 0 1 (1¢2; 0¢0�6¢5)
Systemic reactions 3 (3¢6; 0¢7�10¢1) 4 (4¢8; 1¢3�11¢8) 1 (1¢2; 0¢0�6¢5) 4 (4¢8; 1¢3�11¢8) 2 (2¢4; 0¢3�8¢3) 4 (4¢8; 1¢3�11¢8) 4 (4¢8; 1¢3�11¢8) 6 (7¢1; 2¢7�14¢9)
Grade 3 systemic reactions 0 0 0 0 0 0 1 (1¢2; 0¢0�6¢5) 0
Anorexia 0 0 0 0 1 (1¢2; 0¢0�6¢5) 1 (1¢2; 0¢0�6¢5) 0 0
Constipation 0 0 0 0 0 1 (1¢2; 0¢0�6¢5) 0 0
Coughing 0 0 0 0 0 0 0 0
Diarrhea 0 0 0 0 0 0 1 (1¢2; 0¢0�6¢5) 1 (1¢2; 0¢0�6¢5)
Dyspnea 0 0 0 0 0 0 0 0
Fatigue 2 (2¢4; 0¢3�8¢3) 2 (2¢4; 0¢3�8¢3) 0 1 (1¢2; 0¢0�6¢5) 1 (1¢2; 0¢0�6¢5) 1 (1¢2; 0¢0�6¢5) 0 1 (1¢2; 0¢0�6¢5)
Fever 1 (1¢2; 0¢0�6¢5) 1 (1¢2; 0¢0�6¢5) 1 (1¢2; 0¢0�6¢5) 2 (2¢4; 0¢3�8¢3) 1 (1¢2; 0¢0�6¢5) 2 (2¢4; 0¢3�8¢3) 3 (3¢6; 0¢7�10¢1) 3 (3¢6; 0¢7�10¢1)
Grade 3 fever 0 0 0 0 0 0 1 (1¢2; 0¢0�6¢5) 0
Headache 0 0 0 0 0 0 0 0
Nausea 1 (1¢2; 0¢0�6¢5) 1 (1¢2; 0¢0�6¢5) 0 0 0 0 0 0
Pruritus (non-inoculated site) 0 0 0 0 0 0 0 1 (1¢2; 0¢0�6¢5)
Vomiting 0 0 0 1 (1¢2; 0¢0�6¢5) 0 0 0 0
Other reactions 0 0 0 0 0 1 (1¢2; 0¢0�6¢5) 0 0
Severe adverse reactions 0 0 0 0 0 0 0 0

Days 0 and 14 Days 0 and 21 Days 0 and 28 Day 0

5mg (n = 84) Placebo (n = 28) 5mg (n = 84) Placebo (n = 28) 5mg (n = 84) Placebo (n = 28) 10mg (n = 84) Placebo (n = 28)

Total adverse reactions 5 (6¢0; 2¢0�13¢4) 4 (14¢3; 4¢0�32¢7) 16 (19¢1; 11¢3�29¢1) 5 (17¢9; 6¢1�36¢9) 17 (20¢2; 12¢3�30¢4) 9 (32¢1; 15¢9�52¢4) 9 (10¢7; 5¢0�19¢4) 3 (10¢7; 2¢3�28¢2)
Injection-site reactions 2 (2¢4; 0¢3�8¢3) 3 (10¢7; 2¢3�28¢2) 13 (15¢5; 8¢5�25¢0) 4 (14¢3; 4¢0�32¢7) 11 (13¢1; 6¢7�22¢2) 5 (17¢9; 6¢1�32¢0) 6 (7¢1; 2¢7�14¢9) 3 (10¢7; 2¢3�28¢2)
Induration 0 0 0 0 0 0 0 0
Itching 0 0 1 (1¢2; 0¢0�6¢5) 1 (3¢6; 0¢1�18¢4) 0 0 1 (1¢2; 0¢0�6¢5) 0
Pain 2 (2¢4; 0¢3�8¢3) 3 (10¢7; 2¢3�28¢2) 12 (14¢3; 7¢6�23¢6) 4 (14¢3; 4¢0�32¢7) 11 (13¢1; 6¢7�22¢2) 4 (14¢3; 4¢0�32¢7) 5 (6¢0; 2¢0�13¢4) 3 (10¢7; 2¢3�28¢2)
Redness 0 0 0 1 (3¢6; 0¢1�18¢4) 0 0 0 0
Swelling 0 0 1 (1¢2; 0¢0�6¢5) 1 (3¢6; 0¢1�18¢4) 0 1 (3¢6; 0¢1�18¢4) 0 0
Systemic reactions 4 (4¢8; 1¢3�11¢8) 2 (7¢1; 0¢9�23¢5) 4 (4¢8; 1¢3�11¢8) 2 (7¢1; 0¢9�23¢5) 6 (7¢1; 2¢7�14¢9) 3 (10¢7; 2¢3�28¢2) 4 (4¢8; 1¢3�11¢8) 0
Anorexia 0 0 0 0 0 0 1 (1¢2; 0¢0�6¢5) 0
Constipation 0 0 0 0 0 1 (3¢6; 0¢1�18¢4) 0 0
Coughing 1 (1¢2; 0¢0�6¢5) 0 0 0 0 0 0 0
Diarrhea 0 0 1 (1¢2; 0¢0�6¢5) 0 0 0 1 (1¢2; 0¢0�6¢5) 0
Dyspnea 0 0 0 0 0 1 (3¢6; 0¢1�18¢4) 0 0
Fatigue 1 (1¢2; 0¢0�6¢5) 0 0 0 2 (2¢4; 0¢3�8¢3) 1 (3¢6; 0¢1�18¢4) 1 (1¢2; 0¢0�6¢5) 0
Fever 4 (4¢8; 1¢3�11¢8) 1 (3¢6; 0¢1�18¢4) 2 (2¢4; 0¢3�8¢3) 1 (3¢6; 0¢1�18¢4) 4 (4¢8; 1¢3�11¢8) 0 0 0
Headache 1 (1¢2; 0¢0�6¢5) 1 (3¢6; 0¢1�18¢4) 0 1 (3¢6; 0¢1�18¢4) 0 1 (3¢6; 0¢1�18¢4) 2 (2¢4; 0¢3�8¢3) 0
Nausea 0 0 1 (1¢2; 0¢0�6¢5) 1 (3¢6; 0¢1�18¢4) 0 2 (7¢1; 0¢9�23¢5) 0 0
Pruritus (non-inoculated site) 0 0 0 1 (3¢6; 0¢1�18¢4) 0 0 1 (1¢2; 0¢0�6¢5) 0
Vomiting 0 0 0 0 0 1 (3¢6; 0¢1�18¢4) 0 0
Other reactions 0 0 0 0 1 (1¢2; 0¢0�6¢5) 2 (7¢1; 0¢9�23¢5) 0 0
Severe adverse reactions 0 0 0 0 0 0 0 0

* Data are n (%; 95% confidence interval), and 95% confidence interval was calculated by the Clopper-Pearson (exact) method. Data from the phase 1 and 2 trials were pooled. yDifference between vaccine
and placebo groups was statistically significant (P = 0¢042), all other P values>0¢085. zDifference among different dose groups was statistically significant (P = 0¢012), and all other P values>0¢056.
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Table 3
Antibody responses of vaccine groups 28 and 90 days after the whole-course vaccination in the phase 1 and 2 trials*.

18�59 years 60 years or older

Days 0, 28, and 56 Days 0 and 14 Days 0 and 21 Days 0 and 28 Day 0 Days 0, 28, and 56

2¢5mg 5mg 10mg 5mg 5mg 5mg 10mg 2¢5mg 5mg 10mg

Neutralizing antibodies to live SARS-CoV-2 28 days after the whole-course vaccination
Participants 84 84 84 84 84 83 84 84 82 81
Geometric

mean titre
149
(110�202)

238
(188�302)

216
(181�257)

39
(29�53)

134
(104�174)

91
(71�115)

24
(17�34)

161
(118�219)

161
(118�221)

187
(138�253)

Seroconversion
rate

76
(90¢5; 82¢1�95¢8)

82
(97¢6; 91¢7�99¢7)

84
(100¢0; 95¢7�100¢0)

61
(72¢6; 61¢8�81¢8)

76
(90¢5; 82¢1�95¢8)

76
(91¢6; 83¢4�96¢5)

43
(51¢2; 40¢0�62¢3)

74
(88¢1; 79¢2�94¢1)

72
(87¢8; 78¢7�94¢0)

73
(90¢1; 83¢6�96¢6)

Specific binding antibody responses to whole SARS-CoV-2 antigen 28 days after the whole-course vaccination
Geometric

mean titre
238
(205�275)

297
(256�344)

271
(237�311)

42
(35�50)

136
(115�160)

151
(125�182)

29
(25�35)

186
(156�220)

242
(202�290)

346
(297�403)

seroconversion
rate

84
(100¢0; 95¢7�100¢0)

84
(100¢0; 95¢7�100¢0)

84
(100¢0; 95¢7�100¢0)

54
(64¢3; 53¢1�74¢5)

82
(97¢6; 91¢7�99¢7)

79
(95¢2; 88¢1�98¢7)

37
(44¢1; 33¢2�55¢3)

83
(98¢8; 93¢5�100¢0)

82
(100¢0; 95¢6�100¢0)

81
(100¢0; 95¢6�100¢0)

Neutralizing antibodies to live SARS-CoV-2 90 days after the whole-course vaccination
Participants 84 84 84 84 83 83 84 84 82 81
Geometric

mean titre
87
(61�125)

128
(95�173)

129
(99�169)

20
(14�27)

53
(38�75)

44
(32�61)

7
(6�9)

99
(70�139)

99
(69�144)

120
(84�172)

Seroconversion rate 67
(79¢8; 69¢6�87¢8)

74
(88¢1; 79¢2�94¢1)

77
(91¢7; 83¢6�96¢6)

42
(50¢0; 38¢9�61¢1)

59
(71¢1; 60¢1�80¢5)

59
(71¢1; 60¢1�80¢5)

12
(14¢3; 7¢6�23¢6)

68
(81¢0; 70¢9�88¢7)

64
(78¢1; 67¢5�86¢4)

67
(82¢7; 72¢7�90¢2)

Specific binding antibody responses to whole SARS-CoV-2 antigen 90 days after the whole-course vaccination|

Geometric
mean titre

164
(145�185)

224
(197�255)

234
(203�270)

34
(29�40)

99
(83�117)

96
(82�113)

23
(20�26)

130
(107�159)

196
(157�245)

265
(226�311)

Seroconversion
rate

84
(100¢0; 95¢7�100¢0)

84
(100¢0; 95¢7�100¢0)

84
(100¢0; 95¢7�100¢0)

51
(60¢7; 49¢5�71¢2)

79
(95¢2; 88¢1�98¢7)

78
(94¢0; 86¢5�98¢0)

27
(32¢1; 22¢4�43¢2)

77
(91¢7; 83¢6�96¢6)

78
(95¢1; 88¢0�98¢7)

81
(100¢0; 95¢6�100¢0)

SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. * Geometric mean titres are shown with 95% confidence intervals. Seroconversion rates are n (%; 95% confidence interval), and 95% confidence interval was calculated
by the Clopper-Pearson (exact) method. Data from the same immunization procedure groups in the phase 1 and 2 trials were pooled. The antibodies were not measurable at baseline for all groups and days 28 and 90 after the
whole-course vaccination for the alum-only group, and thus data were not shown. All T tests showed that the differences of neutralizing antibody tires and specific binding antibody titres between vaccine and placebo groups
were statistically significant (P � 0¢0004). Seroconversion rate was defined as at least a four-fold increase of antibody titres over baseline (i.e., 20 for neutralizing and 40 for IgG-binding antibody titres). Results of ANOVA, Stu-
dent-Newman-Keuls Test, and Fisher’s exact test are reported in the apendix (p 8).
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geometric mean titre (GMT) of neutralizing antibody at day 28 after
the third injection was 149 (95% CI, 110�202), 238 (188�302), and
216 (181�257) in the 2¢5 mg, 5 mg, and 10 mg group, respectively
(Table 3). The GMT for older adults was 161 (118�219), 161
(118�221), and 187 (138�253) in the 2¢5 mg, 5 mg, and 10 mg group,
respectively. In the phase 2 trial among younger adults, the GMT was
39 (29�53) in the 5 mg days 0 and 14 group, 134 (104�174) in the
5 mg days 0 and 21 group, 91 (71�115) in the 5 mg days 0 and 28
group, and 24 (17�34) in 10 mg day 0 group. Among participants
receiving three doses, seroconversion rates of neutralizing antibody
on day 28 after the whole-course vaccination ranged between 90¢5%
(82¢1%�95¢8%) and 100% (95¢7%�100¢0%) among younger adults and
ranged between 87¢8% (78¢7%�94¢0%) and 90¢1% (83¢6%�96¢6%)
among older adults. In the phase 2 trial among younger adults, the
seroconversion rate was 72¢6% (61¢8%�81¢8%) in 5 mg days 0 and 14
group, 90¢5% (82¢1%�95¢8%) in 5 mg days 0 and 21 group, 91¢6%
(83¢4%�96¢5%) in 5 mg days 0 and 28 group, and 51¢2%
(40¢0%�62¢3%) in 10mg day 0 group.

The GMT of neutralizing antibody titres on day 90 after the whole-
course vaccination were 87 (95% CI, 61�125). 128 (95�173), and 129
(99�169) in the 2¢5 mg, 5 mg, and 10 mg groups among younger
adults, respectively, and the corresponding figures were 99
(70�139), 99 (69�144), and 120 (84�172) among older adults; in
Fig. 2. Antibody responses of participants receiving 3 doses of vaccines in the phase 1 and 2
Data from the phase 1 and 2 trials were combined. Placebo groups are not shown since n

were 84 participants in each group. Among participants aged �60 years in the medium-dos
before the third dose, and on days 28 and 90 after the whole-course vaccination. Among part
blood samples before the second dose, before the third dose, and on days 28 and 90 after the
and horizontal bars denote interquartile range (IQR) and median value. The whisker’s uppe
equaled to 25th percentile - 1�5 £ IQR. The numbers below the boxes indicate the number o
tory syndrome coronavirus 2.
the phase 2 trial among younger adults, the GMT was 20 (14�27) in
the 5 mg days 0 and 14 group, 53 (38�75) in the 5 mg days 0 and 21
group, 44 (32�61) in the 5 mg days 0 and 28 group, and 7 (6�9) in
the 10 mg day 0 group. The GMT of neutralizing antibody titres
declined by 35¢8% (10 mg days 0, 28, and 56 group among older
adults) to 70¢8% (10 mg day 0 group) from day 28 to day 90 after the
whole-course vaccination; however, we did not observe statistically
different seroconversion rate of neutralizing antibody on day 90 after
the whole-course vaccination among those receiving three doses at
different dosages, and the seroconversion rates were 79¢8%
(69¢6%�87¢8%) to 91¢7% (83¢6%�96¢6%) among younger adults and
78¢1% (67¢5%�86¢4%) to 82¢7% (72¢7%�90¢2%) among older adults.
Among four exploratory 2-dose or 1-dose groups, seroconversion
rates were 71¢1% (60¢1%�80¢5%) in 5 mg days 0 and 21/28 groups,
which were higher than 50¢0% (38¢9%�61¢1%) in 5 mg days 0 and 14
group and 14¢3% (7¢6%�23¢6%) in 10 mg day 0 group (Supplementary
Appendix, Table 5). A similar pattern was found for the specific IgG-
binding antibody levels.

The dynamic changes of the antibody responses in the 0/28/56
groups in the phase 1 and 2 trials were further examined (Fig. 2). The
antibody responses with more time points in the phase 1 trial among
younger adults were shown before [13], and Supplementary Appen-
dix Table 6 shows the results for older adults. Most participants
trials at different time points
o measurable antibody responses could be detected in these groups at any time. There
e group, 1, 1, and 2 participants did not provide blood samples before the second dose,
icipants aged �60 years in the high-dose group, 1, 1, and 3 participants did not provide
whole-course vaccination. The dots represent individual participant values. The boxes
r endpoint equaled to 75th percentile + 1�5 £ IQR, and the whisker’s lower endpoint
f participants with values below the detection limit. SARS-CoV-2=severe acute respira-
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started to generate antibody responses after the second injection,
which remained at high levels 28 days after the third injection, but
antibody titres declined 90 days after the whole-course vaccination.
Results of subgroup analyses by sex and BMI groups are reported in
Supplementary Appendix Figs. 3 and 4, and all subgroups could gen-
erate neutralizing antibody and specific IgG-binding antibody on
days 28 and 90 after the whole-course vaccination.

4. Discussion

In this phase 1/2 clinical trial among healthy adults, the SARS-
CoV-2 inactivated vaccine was safe and well-tolerated in all age and
dose groups, and 15¢1% of participants experienced adverse reactions.
The most common injection-site adverse reaction was injection-site
pain, and the most common systemic adverse reaction was fever,
which were mostly mild-to-moderate and self-limiting. No serious
adverse reactions related to the vaccine occurred. The inactivated
vaccine could effectively elicit humoral responses, and the GMT of
neutralizing antibody titres on days 28 and 90 after the third injec-
tion ranged from 149 to 238 and 87 to 129, respectively among par-
ticipants receiving three doses of vaccines. In general, the antibody
response was weaker in 5 mg days 0 and 14 group and 10 mg day 0
group. Given that large-scale production of the inactivated vaccine
would be achievable and the vaccine could be stored at 2�8 °C, the
inactivated vaccine could be an optimal option for many developing
countries and regions where cold storage and distribution capacity
was relatively poor.

The incidence rates of adverse reactions to the inactivated vaccine
were generally comparable across different vaccine groups with no
clear dose-response associations and similar when compared to the
placebo group, indicating that the adverse reactions may not be
entirely due to the vaccine but may be because of intramuscular injec-
tions or the aluminum hydroxide adjuvant that was contained in both
the vaccines and placebos. The incidence rates of adverse reactions
were similar to what we have reported before in selected groups with
a smaller sample size [13], as well as recent reports of other whole-
virus inactivated vaccine candidates [10�12,14,40]. In the current
analysis, we found similar incidence rates of adverse reactions among
older adults (11¢0%) compared with younger adults (19¢3%) who
received three injections on days 0, 28 and 56. This pattern is consis-
tent with reports of another inactivated vaccine candidate [12,40].
Nevertheless, the current studies could not provide firm evidence of
the superiority and inferiority in terms of safety profile among differ-
ent vaccines or between older and younger adults, because of small
sample sizes in phase 1 and 2 trials, short follow-up duration, and var-
ied populations, settings, and methodologies across trials. Phase 3 tri-
als with long-term follow-up as well as larger sample size are still
needed to provide the full safety profile of the vaccines.

The vaccine-enhanced diseases, i.e., antibody-dependent enhance-
ment (ADE) and vaccine-associated enhanced respiratory disease
(VAERD) [43,44], have been frequently raised as concerns for the
COVID-19 vaccine candidates, particularly for inactivated vaccines.
However, current phase 1/2 trials are not designed to assess these out-
comes given that none of the participants was infected with SARS-
CoV-2 after vaccination. Although published phase 3 trials of other
vaccines did not report ADE and VAERD [27�33], the safety of the
inactivated vaccine still need to be closely monitored in the subse-
quent follow-up visits as well as in the phase 3 trial and real-world
observations.

We have previously reported the interim results of antibody
responses for some groups from the phase 1 (2¢5 mg, 5 mg, and 10 mg
with three injections) and phase 2 (5mg on days 0 and 14/21) trials up
to 14 days after the whole-course vaccination. The current analysis
had an expanded sample size (e.g., 84 in each group rather than 24 in
different dose groups with three injections), longer follow-up (90
rather than 14 days post injection), additional age groups (i.e., those
aged �60 years old), and more schedule groups (i.e., 5 mg days 0 and
28 group and 10 mg day 0 group). Neutralizing antibody responses
were generally similar among younger and older adults in our study,
and the GMTs of neutralizing antibody on day 90 after three doses
were 87�129 and 99�120 among younger and older adults, respec-
tively, which was also observed in other vaccines [12,14,18,36,37].
Again, the efficacy in different age groups needs to be tested in the
phase 3 clinical trials. The GMT of neutralizing antibody level was
lower for those receiving vaccines at 5mg on days 0 and 14/21 on days
28 and 90 compared to day 14 after the whole-course vaccination.
Although seroconversion rates of neutralizing antibody on day 90 after
the whole-course vaccination were over 70% among participants
receiving 2¢5 mg, 5 mg, or 10mg on days 0, 28, and 56 or those receiv-
ing 5mg on days 0 and 21/28, the results still raised a concern whether
the antibody levels would decline over time, and longer follow-up is
still needed to confirm the durability of antibody against SARS-CoV-2
and the efficacy of the vaccine. Moreover, current epidemiological evi-
dence regarding the temporal change of antibody level against SARS-
CoV-2 after infection remained debatable, and most were from studies
with relatively small sample sizes. Some studies reported stable neu-
tralizing or specific binding antibody over 6 months, while others
found the antibody titre significantly declined and even turned to be
undetectable in some participants [45�50]. Besides, two studies
reported antibody titres on days 90 or 180 after the whole-course vac-
cination. The phase 1 trial of an inactivated vaccine, the BBV152 vac-
cine, did not observe declining antibody titres between days 14 and 90
after the whole-course vaccination, and seroconversion rates of neu-
tralizing antibody on day 90 after the whole-course vaccination ranged
between 73¢1 and 81¢1% among those receiving vaccines [51]. Another
study in 33 adults found specific binding antibody titres induced by
mRNA-1273 vaccine remained high in 6 months after vaccination, and
nearly all participants had measurable neutralizing antibody titres
[52]. Accordingly, future studies are still warranted to test the durabil-
ity of humoral and cellular immune induced by different vaccines
against SARS-CoV-2.

The antibody titres on day 90 after the whole-course vaccination
were low among those receiving 10mg on day 0, and the seroconver-
sion rates were only 32¢1% for specific IgG binding antibody and
14¢3% for neutralizing antibody, indicating the poor performance of
this approach. Our results also indicated that a relatively longer inter-
val (e.g., 21 or 28 days) between injections would be preferred,
because the 5 mg days 0 and 14 group had lower antibody titres and
seroconversion rates (60¢7% for specific IgG binding antibody and
50¢0% for neutralizing antibody). Nevertheless, the efficacy of the
three-dose and two-dose schedules is unclear, and the optimal or
minimum antibody titres that could protect people from COVID-19
are yet to be established. Besides, the sample size of current phase 2
trial is still limited, and the comparison among groups of different
immune procedures might be underpowered, and thus the results
should be interpreted cautiously. Subgroup analyses by intervals
between injections should be performed in a study with a larger sam-
ple size to further verify the current results.

Another concern is that whether current vaccines could protect
against infection of emerging SARS-CoV-2 variants, such as the
B.1.1.7 lineage (first detected in the UK), B.1.351 lineage (South
Africa), and P.1 lineage (Brazil). Phase 3 clinical trials showed that
two-dose regimen of ChAdOx1 nCoV-19 vaccine manifested no pro-
tection against mild-to-moderate COVID-19 caused by B.1.351 line-
age and reduced efficacy against symptomatic infection caused by
B.1.1.7 lineage [53,54]. As for inactivated vaccines, previous studies
reported that serum collected from participants receiving BBIBP-
CorV vaccines had a higher neutralizing antibody titre against B.1.1.7
lineage but similar or lower neutralizing antibody titre against
B.1.351 lineage, compared with neutralizing antibody titre against
wild-type virus [55,56]; while serum from those receiving CoronaVac
vaccines have lower neutralizing antibody titre against both B.1.1.7
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and B.1.351 lineage [56]. neutralizing capacity against emerging
SARS-CoV-2 variants of this investigated inactivated vaccine is
unavailable now but is planned to be tested to facilitate the under-
standing of its effects on different variants.

This study has several limitations. First, the long-term safety and
immunogenic responses are still unclear and extended follow-up vis-
its are underway. Second, the results from subgroup and secondary
analyses should be interpreted cautiously due to the limited sample
size. Third, cellular immune responses and antigen-specific antibody
binding responses were not measured in the current study, and data
of neutralizing antibody titres against emerging variants of SARS-
CoV-2 are unavailable. Fourth, data from older adults were mainly
from those aged 60�69, and evidence from the oldest old is still war-
ranted. Besides, the trial among children and adolescents is still ongo-
ing and data are not yet available. Fifth, since we did not collect and
measure antibody titres in convalescent sera as a comparator in this
study, it is difficult to compare the humoral immune responses
induced by the inactivated vaccine versus natural infection. Given
varied PRNT and ELISA assays across epidemiological studies and
clinical trials, it was also inappropriate to directly compare antibody
titres in our study with other studies. However, a previous study of
the phase 1/2 trials of BBV152, another inactivated vaccine, showed
that the neutralizing antibody titres generated by vaccine were simi-
lar to the titres in human convalescent serum [11].

In conclusion, the preliminary results of the phase 1/2 trial indi-
cated that the inactivated vaccine against SARS-CoV-2 was safe and
immunogenic among adults, including those aged 60 years or older.
The results also suggested that the two-dose schedule of 5 mg on days
0 and 21/28 could be further tested for efficacy in phase 3 trial given
the better immunogenicity profile compared to a single high dose
(10 mg on days 0) and the two-dose schedule with a shorter between-
dose interval (5 mg on days 0 and 14). A third boost dose could gener-
ate even higher antibody titres as expected, but this may reduce the
number of people who can get vaccinated and cause inadequate vac-
cine supplies. Extended follow-up is ongoing, and phase 3 trials have
been launched in multiple countries using the two-dose schedule of
5mg with 21�28 days of interval, which would provide additional evi-
dence on the long-term safety and efficacy of the inactivated vaccine.
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