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Summary
Background The ongoing COVID-19 pandemic warrants accelerated efforts to test vaccine candidates. We aimed to 
assess the safety and immunogenicity of an inactivated severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
vaccine candidate, BBIBP-CorV, in humans.

Methods We did a randomised, double-blind, placebo-controlled, phase 1/2 trial at Shangqiu City Liangyuan 
District Center for Disease Control and Prevention in Henan Province, China. In phase 1, healthy people aged 
18–80 years, who were negative for serum-specific IgM/IgG antibodies against SARS-CoV-2 at the time of 
screening, were separated into two age groups (18–59 years and ≥60 years) and randomly assigned to receive 
vaccine or placebo in a two-dose schedule of 2 μg, 4 μg, or 8 μg on days 0 and 28. In phase 2, healthy adults (aged 
18–59 years) were randomly assigned (1:1:1:1) to receive vaccine or placebo on a single-dose schedule of 8 μg on 
day 0 or on a two-dose schedule of 4 μg on days 0 and 14, 0 and 21, or 0 and 28. Participants within each cohort 
were randomly assigned by stratified block randomisation (block size eight) and allocated (3:1) to receive vaccine 
or placebo. Group allocation was concealed from participants, investigators, and outcome assessors. The 
primary outcomes were safety and tolerability. The secondary outcome was immunogenicity, assessed as the 
neutralising antibody responses against infectious SARS-CoV-2. This study is registered with www.chictr.org.cn, 
ChiCTR2000032459.

Findings In phase 1, 192 participants were enrolled (mean age 53·7 years [SD 15·6]) and were randomly assigned to 
receive vaccine (2 μg [n=24], 4 μg [n=24], or 8 μg [n=24] for both age groups [18–59 years and ≥60 years]) or placebo 
(n=24). At least one adverse reaction was reported within the first 7 days of inoculation in 42 (29%) of 144 vaccine 
recipients. The most common systematic adverse reaction was fever (18–59 years, one [4%] in the 2 μg group, one [4%] 
in the 4 μg group, and two [8%] in the 8 μg group; ≥60 years, one [4%] in the 8 μg group). All adverse reactions were 
mild or moderate in severity. No serious adverse event was reported within 28 days post vaccination. Neutralising 
antibody geometric mean titres were higher at day 42 in the group aged 18–59 years (87·7 [95% CI 64·9–118·6], 2 µg 
group; 211·2 [158·9–280·6], 4 µg group; and 228·7 [186·1–281·1], 8 µg group) and the group aged 60 years and older 
(80·7 [65·4–99·6], 2 μg group; 131·5 [108·2–159·7], 4 μg group; and 170·87 [133·0–219·5], 8 μg group) compared 
with the placebo group (2·0 [2·0–2·0]). In phase 2, 448 participants were enrolled (mean age 41·7 years [SD 9·9]) and 
were randomly assigned to receive the vaccine (8 μg on day 0 [n=84] or 4 μg on days 0 and 14 [n=84], days 0 and 21 
[n=84], or days 0 and 28 [n=84]) or placebo on the same schedules (n=112). At least one adverse reaction within the 
first 7 days was reported in 76 (23%) of 336 vaccine recipients (33 [39%], 8 μg day 0; 18 [21%], 4 μg days 0 and 14; 
15 [18%], 4 μg days 0 and 21; and ten [12%], 4 μg days 0 and 28). One placebo recipient in the 4 μg days 0 and 21 group 
reported grade 3 fever, but was self-limited and recovered. All other adverse reactions were mild or moderate in 
severity. The most common systematic adverse reaction was fever (one [1%], 8 μg day 0; one [1%], 4 μg days 0 and 14; 
three [4%], 4 μg days 0 and 21; two [2%], 4 μg days 0 and 28). The vaccine-elicited neutralising antibody titres on day 
28 were significantly greater in the 4 μg days 0 and 14 (169·5, 95% CI 132·2–217·1), days 0 and 21 (282·7, 221·2–361·4), 
and days 0 and 28 (218·0, 181·8–261·3) schedules than the 8 μg day 0 schedule (14·7, 11·6–18·8; all p<0·001).

Interpretation The inactivated SARS-CoV-2 vaccine, BBIBP-CorV, is safe and well tolerated at all tested doses in 
two age groups. Humoral responses against SARS-CoV-2 were induced in all vaccine recipients on day 42. Two-dose 
immunisation with 4 μg vaccine on days 0 and 21 or days 0 and 28 achieved higher neutralising antibody titres than 
the single 8 μg dose or 4 μg dose on days 0 and 14.
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Introduction
The COVID-19 pandemic, caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2),1–6 
has caused 35 million infections and more than 
1 000 000 deaths worldwide as of Oct 5, 2020, according 
to the WHO COVID-19 Dashboard. People aged 60 years 
and older and people with pre-existing respiratory or 
cardiovascular diseases have a high risk of severe disease 
and death if infected with SARS-CoV-2.7

Compared with other coronaviruses, SARS-CoV-2 
appears to undergo more rapid transmission,1,2 leading to 
the urgent demand for a vaccine for control and prevention 
of COVID-19. According to WHO’s draft landscape of 
COVID-19 candidate vaccines,8 42 candidate vaccines are 
in clinical evaluation and 151 candidate vaccines are in 
preclinical evaluation. The candidate vaccines in clinical 
trials include DNA plasmid vaccines, inactivated vaccines, 
adeno virus-vectored vaccines, RNA vaccines, protein 
subunit vaccines, and virus-like particle vaccines. The 
safety and efficacy of some of these candidates have been 
shown in preclinical trials, and the safety and immuno-
genicity in clinical trials.9–15 The development of inactivated 
vaccines is a mature tech nology, which is widely used for 
the prevention and control of emerging infectious diseases, 
including influenza virus and poliovirus. To date, two 
inactivated vaccine candidates have been reported to 
protect non-human primates against SARS-CoV-2, with 
good safety in preclinical trials.9,13 Here, we report the 
safety, tolerability, and immunogenicity of an inactivated 

vaccine candidate, called BBIBP-CorV,13 in healthy people 
in China.

Methods
Study design and participants
We did a dose-escalation, randomised, double-blind, 
placebo-controlled, phase 1/2 trial of an inactivated SARS-
CoV-2 vaccine, BBIBP-CorV, in a single centre (Center for 
Disease Control and Prevention, Liangyuan District, 
Shangqiu City, Henan Province, China). Parti cipants were 
screened for SARS-CoV-2 infection by serology only before 
enrolment. Eligible participants were healthy people aged 
18–80 years, who were negative for serum-specific IgM/IgG 
antibodies against SARS-CoV-2, as measured by a com-
mercial kit (Innovita, China) at the time of screening. 
Exclusion criteria were a history of travelling to Hubei 
Province (China), regions outside of China, or regions with 
reported COVID-19 cases from December, 2019; a history 
of infection with SARS-CoV; fever, cough, runny nose, sore 
throat, diarrhoea, dyspnoea, or tachypnoea in the 14 days 
before vaccination; abnormalities in laboratory tests; 
pregnancy or lactation; allergy to any ingredient included 
in the vaccine; a history of seizures or mental illness; and 
being unable to comply with the study schedule. Laboratory 
tests included measurement of alanine aminotransferase, 
aspartate aminotransferase, serum total bilirubin, creati-
nine, blood urea nitrogen, white blood cell count, 
haemoglobin, blood glucose, urinary protein, and urinary 
glucose. 

Research in context

Evidence before this study
There are currently no licensed vaccines to prevent severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
We searched PubMed for research articles published between 
database inception and Oct 7, 2020, using various 
combinations of the terms “COVID-19” or “SARS-CoV-2”, 
“vaccine”, and “clinical trial”. No language or date restrictions 
were applied. Three adenovirus-vectored vaccine clinical trials 
have been published. A phase 1 study of a recombinant 
adenovirus type-5 vectored vaccine against SARS-CoV-2, 
using a one-dose vaccination schedule of intramuscular 
injection, was done in China. The vaccine was well tolerated 
and neutralising antibodies were detected in 63 (58%) of 
108 participants by day 28. Additionally, a chimpanzee 
adenovirus-vectored vaccine phase 1/2 study was done in the 
UK, and a combination of recombinant adenovirus type-26 
and type-5 vectored vaccine phase 1/2 study was done in 
Russia. Another published clinical trial described a phase 1 
study done in the USA, of an mRNA vaccine, using a two-dose 
vaccination schedule (28 days apart). The vaccine was well 
tolerated and neutralising antibodies were detected in all 
45 participants. We also searched the ClinicalTrials.gov and 
Chictr.org.cn registry for unpublished trials of COVID-19 
vaccines, up to July 12, 2020. In addition to the inactivated 

vaccine reported here, another 20 candidate SARS-CoV-2 
vaccines are in ongoing clinical trials, including DNA plasmid 
vaccines, inactivated vaccine, adenovirus-vectored vaccine, 
RNA vaccine, protein subunit vaccine, and virus-like particle 
vaccine.

Added value of this study
This is the first report of an inactivated SARS-CoV-2 vaccine 
tested on human participants. This trial showed that the 
inactivated SARS-CoV-2 vaccine BBIBP-CorV was safe, tolerable, 
and immunogenic in healthy people. Two-dose immunisations 
(on days 0 and 28) at all doses (2 μg, 4 μg, and 8 μg) in two age 
groups (18–59 years and ≥60 years) induced neutralising 
antibodies in 100% of vaccine recipients. Mild adverse 
reactions, including pain and fever, were observed but no severe 
adverse reaction was reported in all groups.

Implications of all the available evidence
A vaccine against SARS-CoV-2 is urgently needed to prevent 
further waves of COVID-19. Immunisation with BBIBP-CorV 
results in rapid induction of immune responses against 
SARS-CoV-2, and would be valuable in preventing or limiting 
the COVID-19 pandemic. Further clinical studies are warranted 
to evaluate the potential of this vaccine in clinical application.

For WHO COVID-19 Dashboard 
see https://covid19.who.int/
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To minimise the possibility of recruiting participants 
infected with SARS-CoV-2 or of patients becoming 
infected with SARS-CoV-2 during the trials, despite 
serology testing during screening, volunteers were 
also recruited from COVID-19-free communities and 
follow-up monitoring for COVID-19 was done after 
vaccination. 

Criteria for early suspension of trials are outlined in the 
protocol (www.chictr.org.cn, ChiCTR2000032459).

The protocol and informed consent were approved by 
the Medical Ethics Committee of Henan Provincial 
Center for Disease Control and Prevention. Written 
informed consent from all participants was obtained 
before screening. This study was undertaken by Henan 
Provincial Center for Disease Control and Prevention, 
and implemented in Liangyuan District, Shangqiu City, 
in accordance with the Declaration of Helsinki and Good 
Clinical Practice.

Randomisation and masking
In phase 1, participants were separated into two groups—
ages 18–59 years and 60 years and older—before being 
randomly assigned (1:1:1:1) to receive the first dose (of a 
two-dose schedule) of the inactivated SARS-CoV-2 vaccine 
(BBIBP-CorV) at 2 μg, 4 μg, or 8 μg, or placebo via 
intramuscular injection in the arm. 

In phase 2, participants in each immunisation schedule 
were randomly assigned (3:1) to receive two intramuscular 
injections of the vaccine or placebo. The participants 
were sequentially assigned a randomisation number 
generated by Stata, version 12.0, and stratified block 
randomisation (block size eight) by subgroups was used, 
generated by an independent statistician. Individuals 
involved in randomisation and masking had no involve-
ment in the rest of the trial. Participants, investigators, 
and staff undertaking laboratory analyses were masked 
to group allocation.

Within each randomisation block, the ratio of vaccine 
versus placebo was 3:1. The safety evaluation was masked 
for all participants. Vaccine and placebo were distributed 
in identical packages with serial numbers. Group 
allocation was concealed from participants, investigators, 
and outcome assessors.

Procedures
BBIBP-CorV was developed by the Beijing Institute of 
Biological Products (Beijing, China), and manufactured 
as previously described.13 At the time of the SARS-CoV-2 
outbreak, we isolated three SARS-CoV-2 strains from 
the bronchoalveolar lavage samples or throat swabs of 
three patients admitted to hospital (Wuhan Jinyintan 
Hospital, Chongqing Wushan County People’s Hospital, 
or Qingdao Binhai New District Hospital). We selected 
strain 19nCoV-CDC-Tan-HB02 (HB02) to develop an 
inactivated vaccine because of its optimal replication and 
high virus yields in Vero cells, when compared with the 
other two strains. The HB02 strain was purified and 

passaged in Vero cells to generate the stock for vaccine 
production by using a novel carrier in a basket reactor. 
The stock virus replicated efficiently and reached a peak 
titre over 7·0 log10 cell culture infectious dose 50% assay 
by 48–72 h post infection at multiplicities of infection of 
0·01–0·3. To inactivate virus production, β-propiono-
lactone was thoroughly mixed with the harvested viral 
solution at a ratio of 1:4000 at 2–8°C. The vaccine was 
manufactured as a liquid formulation containing 2 μg, 
4 μg, or 8 μg total protein with aluminium hydroxide 
adjuvant (0·45 mg/mL) per 0·5 mL.

In phase 1, on days 0 and 28, vaccine recipients received 
BBIBP-CorV containing 2 μg, 4 μg, or 8 μg total protein, 
and placebo recipients received saline containing alu-
minium hydroxide adjuvant. Adverse events were self-
reported by participants, and verified by investigators 
each day for the first 7 days after each vaccination. Adverse 
events were subsequently recorded by partici pants on 
contact cards in the following 4 weeks. Laboratory tests 
were done before the first vaccination, and on day 4 after 
both the first and second vaccinations. Adverse events 
and abnormal changes in laboratory tests were graded 
according to the scale issued by the China State Food and 
Drug Administration (version 2019). Blood samples were 
taken from participants for serology tests at the scheduled 
site visits before the vaccination (on the same day), and 
on days 7, 14, 28, 32, and 42 after the vaccination. The 
neutralising antibody responses induced by vaccination 
were established for all blood samples using the infectious 
SARS-CoV-2 virus (strain 19nCoV-CDC-Tan-Strain04, 
QD01). In six participants (manually selected by staff) 
vaccinated with 4 μg, 2 weeks after the second dose (ie, 
day 42), the neutralising antibody responses against 
multiple SARS-CoV-2 strains were determined. Four of 
these isolated strains (35T, 56Y, 834Y, BJ01) are natural 
variants with spike mutant (D614G), which have been 
reported in the current pandemic (appendix 2 p 22).

In phase 2, four immunisation schedules were tested: 
three schedules of two doses of BBIBP-CorV at 4 μg 
total protein each or placebo, and one schedule of one 
shot of BBIBP-CorV at 8 μg total protein or placebo. In 
the 4 μg schedules, inoculations were given to 
participants on days 0 and 14, days 0 and 21, or days 0 
and 28. For the 8 μg schedule, the inoculation was given 
on day 0. For the 8 μg schedule and the 4 μg days 0 and 
28 schedule, neutralising antibody titres were measured 
on day 28 after the last inoculation. For the 4 μg days 0 
and 14 and days 0 and 21 schedules, neutralising 
antibody titres were measured 2 weeks (ie, on day 14) 
after the second inoculation in half of the participants, 
and 4 weeks (ie, on day 28) after the second inoculation 
in the other half of participants. Adverse events were 
recorded, but laboratory safety tests were not included 
in phase 2. The neutralising antibody responses 
elicited by vaccination were determined by using the 
infectious SARS-CoV-2 virus (strain 19nCoV-CDC-
Tan-Strain04, QD01).

See Online for appendix 2

For more on the China State 
Food and Drug Administration 
scale see https://www.nmpa.
gov.cn/WS04/CL2138/373037.
html.

https://www.nmpa.gov.cn/WS04/CL2138/373037.html
https://www.nmpa.gov.cn/WS04/CL2138/373037.html
https://www.nmpa.gov.cn/WS04/CL2138/373037.html.
https://www.nmpa.gov.cn/WS04/CL2138/373037.html.
https://www.nmpa.gov.cn/WS04/CL2138/373037.html.
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Outcomes
The primary endpoint for safety was the occurrence of 
adverse reactions within 7 days after the first and 
second vaccinations. Any abnormal changes in laboratory 

measures at day 4 post inoculations, and adverse events 
within 28 days after the first and the second vaccinations 
across the treatment groups were analysed as secondary 
safety endpoints. The secondary humoral immunogenicity 

192 participants enrolled in phase 1

96 assigned to the group aged 18–59 years

32 in 2 μg cohort
 24 received first vaccine
 8 received placebo

32 in 4 μg cohort
 24 received first vaccine
 8 received placebo

32 in 8 μg cohort
 24 received first vaccine
 8 received placebo

32 in 2 μg cohort
 24 received first vaccine
 8 received placebo

32 in 4 μg cohort
 24 received first vaccine
 8 received placebo

32 in 8 μg cohort
 24 received first vaccine
 8 received placebo

96 assigned to the group aged ≥60 years

32 completed the visits
 within 28 days
32 included in safety and
 immunogenicity
 analysis

32 completed the visits
 within 28 days
32 included in safety and
 immunogenicity
 analysis

32 completed the visits
 within 28 days
32 included in safety and
 immunogenicity
 analysis

31 completed the visits
 within 28 days
31 included in safety and
 immunogenicity
 analysis

32 completed the visits
 within 28 days
32 included in safety and
 immunogenicity
 analysis

32 completed the visits
 within 28 days
32 included in safety and
 immunogenicity
 analysis

24 received second vaccine
 8 received placebo

24 received second vaccine
 8 received placebo

24 received second vaccine
 8 received placebo

23 received second vaccine
 8 received placebo

24 received second vaccine
 8 received placebo

23 received second vaccine
 7 received placebo

32 included in safety and
 immunogenicity
 analysis

32 included in safety and
 immunogenicity
 analysis

32 included in safety and
 immunogenicity
 analysis

31 included in safety and
 immunogenicity
 analysis

32 included in safety and
 immunogenicity
 analysis

30 included in safety and
 immunogenicity
 analysis

2 excluded†

1 excluded*

A

B

112 assigned to 8 μg, day 0 schedule
 84 received first vaccine
 28 received placebo at day 0

112 assigned to 4 μg, days 0 and 14 schedule
 84 received first vaccine
 28 received placebo at day 0

112 assigned to 4 μg, days 0 and 21 schedule
 84 received first vaccine
 28 received placebo at day 0

112 assigned to 4 μg, days 0 and 28 schedule
 84 received first vaccine
 28 received placebo at day 0

56 included in immunogenicity analysis
 at day 28 after the second immunisation

56 included in immunogenicity analysis
 at day 14 after the second immunisation
56 included in immunogenicity analysis
 at day 28 after the second immunisation

56 included in immunogenicity analysis
 at day 14 after the second immunisation
52 included in immunogenicity analysis
 at day 28 after the second immunisation

55 included in immunogenicity analysis
 at day 28 after the second immunisation

84 received second vaccine
28 received placebo at day 14

84 received second vaccine
28 received placebo at day 21

84 received second vaccine
28 received placebo at day 14

448 participants aged 18–59 years enrolled in phase 2

1 excluded‡4 excluded‡

Figure 1: Trial profile for phase 1 (A) and phase 2 (B)
*Participant received the first vaccination, finished all safety visits, but did not have blood sample taken on personal request. †Two participants quit the trial at day 28 before the second vaccination on 
personal request. ‡Four participants in the days 0 and 21 schedule and one participant in the days 0 and 28 schedule quit or did not finish taking blood sample at day 28 on request.
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18–59 years ≥60 years Total (n=192)

2 μg (n=32) 4 μg (n=32) 8 μg (n=32) 2 μg (n=32) 4 μg (n=32) 8 μg (n=32)

Age, years

18–29 2 (6%) 10 (31%) 3 (9%) NA NA NA 15 (8%)

30–39 9 (28%) 8 (25%) 12 (38%) NA NA NA 29 (15%)

40–49 15 (47%) 8 (25%) 11 (34%) NA NA NA 34 (18%)

50–59 6 (19%) 6 (19%) 6 (19%) NA NA NA 18 (9%)

60–69 NA NA NA 26 (81%) 22 (69%) 28 (88%) 76 (40%)

70–79 NA NA NA 6 (19%) 10 (31%) 3 (9%) 19 (10%)

≥80 NA NA NA 0 0 1 (3%) 1 (1%)

Mean 42·7 (8·1) 37·7 (12·2) 40·1 (8·6) 65·90 (4·1) 67·5 (4·1) 67·5 (4·0) 53·7 (15·6)

Sex

Male 11 (34%) 16 (50%) 17 (53%) 20 (62%) 17 (53%) 9 (28%) 90 (47%)

Female 21 (66%) 16 (50%) 15 (47%) 12 (38%) 15 (47%) 23 (72%) 102 (53%)

Data are n (%) or mean (SD). NA=not applicable.

Table 1: Baseline characteristics in phase 1

2 μg cohort (n=32) 4 μg cohort (n=32) 8 μg cohort (n=32) Total (n=96)

Vaccination 
(n=24)

Placebo 
(n=8)

p value Vaccination 
(n=24)

Placebo 
(n=8)

p value Vaccination 
(n=24)

Placebo 
(n=8)

p value Vaccination 
(n=72)

Placebo 
(n=24)

p value

All adverse reactions within 0–7 days

Any 11 (46%) 3 (38%) >0·99 8 (33%) 2 (25%) >0·99 11 (46%) 1 (13%) 0·20 30 (42%) 6 (25%) 0·22

Grade 1 10 (42%) 3 (38%) ·· 8 (33%) 2 (25%) ·· 11 (46%) 1 (13%) ·· 29 (40%) 6 (25%) ··

Grade 2 1 (4%) 0 ·· 0 0 ·· 1 (4%) 0 ·· 2 (3%) 0 ··

Injection site adverse reactions within 0–7 days

Pain 9 (38%) 1 (13%) 0·38 7 (29%) 1 (13%) 0·64 9 (38%) 0 0·07 25 (35%) 2 (8%) 0·017

Grade 1 9 (38%) 1 (13%) ·· 7 (29%) 1 (13%) ·· 9 (38%) ·· ·· 25 (35%) 2 (8%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Swelling 0 0 ·· 0 1 (13%) 0·25 2 (8%) 0 >0·99 2 (3%) 1 (4%) >0·99

Grade 1 0 0 ·· 0 1 (13%) ·· 1 (4%) 0 ·· 1 (1%) 1 (4%) ··

Grade 2 0 0 ·· 0 0 ·· 1 (4%) 0 ·· 1 (1%) 0

Itch 0 0 ·· 1 (4%) 0 >0·99 0 0 ·· 1 (1%) 0 >0·99

Grade 1 0 0 ·· 1 (4%) 0 ·· 0 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Redness 1 (4%) 0 >0·99 0 0 ·· 0 0 ·· 1 (1%) 0 >0·99

Grade 1 1 (4%) 0 ·· 0 0 ·· 0 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Systemic adverse reactions within 0–7 days

Fever 1 (4%) 2 (25%) 0·15 1 (4%) 0 >0·99 2 (8%) 0 >0·99 4 (6%) 2 (8%) 0·64

Grade 1 1 (4%) 2 (25%) ·· 1 (4%) 0 ·· 2 (8%) 0 ·· 4 (6%) 2 (8%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Fatigue 2 (8%) 0 >0·99 0 0 ·· 0 1 (13%) 0·25 2 (3%) 1 (4%) >0·99

Grade 1 2 (8%) 0 ·· 0 0 ·· 0 1 (13%) ·· 2 (3%) 1 (4%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Inappetence 0 0 ·· 0 0 ·· 1 (4%) 0 >0·99 1 (1%) 0 >0·99

Grade 1 0 0 ·· 0 0 ·· 1 (4%) 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Nausea 0 0 ·· 0 0 ·· 1 (4%) 0 >0·99 1 (1%) 0 >0·99

Grade 1 0 0 ·· 0 0 ·· 1 (4%) 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

(Table 2 continues on next page)
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outcomes were measured using an infectious SARS-CoV-2 
neutralising assay and expressed as neutralising antibody 
geometric mean titre (GMT). Seroconversion was defined 
as an increase in post-vaccination titre of four-fold or more 
from baseline. To directly demonstrate antibody neutralising 
efficacy and avoid the situation in which antibody binds 
to the receptor-binding domain, but fails to neutralise 
SARS-CoV-2 infection,16 IgG binding to specific virus 
protein (eg, S protein) assay was not included in the trial.

Statistical analysis
The sample size was not determined based on the 
statistical power calculation. Both phases 1 and 2 were 
designed at the same time. When 84 participants in the 
2 µg, 4 µg, and 8 µg schedules of each age subgroup were 
enrolled (phase 1 n=24; phase 2 n=60), we had 80% power 
to detect a 15% rate difference in immunogenicity, with a 
10% dropout rate at a significance level of 0·05 using a 
Z test for two independent proportions in PASS13-
NCSS10. Planned sample sizes of 24 participants for each 
vaccination group and eight for each placebo group in 
phase 1, and 84 participants for each vaccination group and 
28 for each placebo group in phase 2 (appendix 2 p 24) 
were determined.

The safety analysis was based on the safety set consisting 
of participants who received at least one dose of the vaccine 
after randomisation and had any safety evaluation infor-
mation. Humoral immunogenicity analysis was based on 
the full analysis set consisting of enrolled participants who 
had randomly received vaccination with blood collection 
before and after each inoculation, and the compliance set 
consisting of enrolled participants who had randomly 
received vaccination with blood collection before and after 
each inoculation and did not violate the trial protocol. 
From the trial design perspective, for both age groups 
considered, the ratio of vaccination to placebo was 
3:1 within the dose escalating schedule in phase 1 and 
vaccination timepoint in phase 2. All analyses were done 
using GraphPad Prism (version 8.0.1). All statistical tests 
were two-sided and the significance level was set at p values 
of 0·05 or less for inferential analyses. No formal statistical 
analysis was planned for unsolicited adverse events. For 
normal distributed data, differences between dose groups 
at a specific timepoint were tested with a two-sample t test 
with 95% CIs. All data were included in the analyses. Data 
from the two phases with 0-day, 28-day, and 56-day 
procedures and the same doses were pooled. Because the 
participants in the two phases came from the same regions 

2 μg cohort (n=32) 4 μg cohort (n=32) 8 μg cohort (n=32) Total (n=96)

Vaccination 
(n=24)

Placebo 
(n=8)

p value Vaccination 
(n=24)

Placebo 
(n=8)

p value Vaccination 
(n=24)

Placebo 
(n=8)

p value Vaccination 
(n=72)

Placebo 
(n=24)

p value

(Continued from previous page)

Constipation 0 0 ·· 0 0 ·· 1 (4%) 0 >0·99 1 (1%) 0 >0·99

Grade 1 0 0 ·· 0 0 ·· 1 (4%) 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Mucocutaneous 
abnormalities

1 (4%) 0 >0·99 0 0 ·· 0 0 ·· 1 (1%) 0 >0·99

Grade 1 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Grade 2 1 (4%) 0 ·· 0 0 ·· 0 0 ·· 1 (1%) 0 ··

Headache 1 (4%) 0 >0·99 0 0 ·· 0 0 ·· 1 (1%) 0 >0·99

Grade 1 1 (4%) 0 ·· 0 0 ·· 0 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Vomiting 0 0 ·· 1 (4%) 0 >0·99 0 0 ·· 1 (1%) 0 >0·99

Grade 1 0 ·· 1 (4%) 0 ·· 0 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Itch 
(non-injection 
site)

1 (4%) 0 >0·99 0 0 0 0 ·· 1 (1%) 0 >0·99

Grade 1 1 (4%) 0 ·· ·· 0 ·· 0 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· ·· 0 ·· 0 0 ·· 0 0 ··

Overall adverse events within 0–28 days

Any 12 (50%) 3 (38%) 0·69 11 (46%) 2 (25%) 0·42 11 (46%) 2 (25%) 0·42 34 (47%) 7 (29%) 0·16

Grade 1 10 (42%) 3 (38%) ·· 8 (33%) 1 (13%) ·· 8 (33%) 1 (8%) ·· 26 (36%) 5 (21%) ··

Grade 2 2 (8%) 0 ·· 3 (13%) 1 (13%) ·· 3 (13%) 1 (8%) ·· 8 (11%) 2 (8%) ··

Data are n (%). Any refers to all the participants with any grade adverse reactions or events. Adverse reactions and events were graded according to the scale issued by the China 
State Food and Drug Administration.

Table 2: Adverse reactions within 7 days and overall adverse events within 28 days after the first and the second vaccinations for the group aged 
18–59 years in phase 1
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and were randomised to the vaccine group and placebo 
group with the same lots, the safety and immunogenicity 
of two phases should be theoreti cally comparable. Pooled 
analysis is not included in the current report, because we 
have not obtained the results of phase 2 with the 0-day, 28-
day, and 56-day pro cedures. This study is registered with 
www.chictr.org.cn, ChiCTR2000032459.

Role of the funding source
The funders of the study had no role in data collection, 
data analysis, data interpretation, or writing of the 

Article. All authors had full access to all the data in the 
study and had final responsibility for the decision to 
submit for publication.

Results
In phase 1, between April 29 and June 28, 2020, 
466 participants were screened, and 192 were enrolled 
(47% male, 53% female; 50% aged 18–59 years, 50% aged 
≥60 years; mean age 53·7 years). 96 participants were 
included in the group aged 18–59 years and 96 in the 
group aged 60 years and older. Within these groups, 

2 μg cohort (n=32) 4 μg cohort (n=32) 8 μg cohort (n=32) Total (n=96)

Vaccination 
(n=24)

Placebo 
(n=8)

p value Vaccination 
(n=24)

Placebo 
(n=8)

p value Vaccination 
(n=24)

Placebo 
(n=8)

p value Vaccination 
(n=24)

Placebo 
(n=8)

p value

All adverse reactions within 0–7 days

Any 1 (4%) 1 (13%) 0·44 6 (25%) 0 0·30 5 (21%) 1 (13%) >0·99 12 (17%) 2 (8%) 0·51

Grade 1 1 (4%) 1 (13%) ·· 6 (25%) 0 ·· 4 (17%) 1 (13%) ·· 11 (15%) 2 (8%) ··

Grade 2 0 0 ·· 0 0 ·· 1 (4%) 0 ·· 1 (1%) 0 ··

Injection site adverse reactions within 0–7 days

Pain 1 (4%) 1 (13%) 0·44 4 (17%) 0 0·55 4 (17%) 0 0·55 9 (13%) 1 (4%) 0·44

Grade 1 1 (4%) 1 (13%) ·· 4 (17%) 0 ·· 4 (17%) 0 ·· 9 (13%) 1 (4%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Induration 0 0 ·· 0 0 ·· 2 (8%) 0 >0·99 2 (3%) 0 >0·99

Grade 1 0 0 ·· 0 0 ·· 1 (4%) 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 1 (4%) 0 ·· 1 (1%) 0 ··

Systemic adverse reactions within 0–7 days

Fever 0 0 ·· 0 0 ·· 1 (4%) 0 >0·99 1 (1%) 0 >0·99

Grade 1 0 0 ·· 0 0 ·· 1 (4%) 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Fatigue 0 0 ·· 0 0 ·· 1 (4%) 0 >0·99 1 (1%) 0 >0·99

Grade 1 0 0 ·· 0 0 ·· 1 (4%) 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Headache 0 0 ·· 1 (4%) 0 >0·99 1 (4%) 0 >0·99 2 (3%) 0 ··

Grade 1 0 0 ·· 1 (4%) 0 ·· 1 (4%) 0 ·· 2 (3%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Diarrhoea 0 0 ·· 2 (8%) 0 >0·99 0 0 ·· 2 (3%) 0 >0·99

Grade 1 0 0 ·· 2 (8%) 0 ·· 0 0 ·· 2 (3%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Joint pain 0 0 ·· 1 (4%) 0 >0·99 0 0 ·· 1 (1%) 0 >0·99

Grade 1 0 0 ·· 1 (4%) 0 ·· 0 0 ·· 1 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Muscle pain 0 0 ·· 0 0 ·· 0 1 (13%) 0·25 0 1 (4%) 0·26

Grade 1 0 0 ·· 0 0 ·· 0 1 (13%) ·· 0 1 (4%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Overall adverse events within 0–28 days

Any 2 (8%) 1 (13%) >0·99 7 (29%) 0 0·15 5 (21%) 2 (25%) >0·99 14 (19%) 3 (13%) 0·55

Grade 1 1 (4%) 1 (13%) ·· 7 (29%) 0 ·· 5 (21%) 1 (13%) ·· 13 (18%) 2 (8%) ··

Grade 2 1 (4%) 0 ·· 0 0 ·· 1 (4%) 0 ·· 2 (4%) 0 ··

Grade 3 0 0 ·· 0 0 ·· 0 1 (13%) ·· 0 1 (4%) ··

Data are n (%). Any refers to all the participants with any grade adverse reactions or events. Adverse reactions and events were graded according to the scale issued by the 
China State Food and Drug Administration. Grade 3=severe.

Table 3: Adverse reactions within 7 days and overall adverse events within 28 days after the first and the second vaccinations for the group aged 60 years 
or older in phase 1
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32 participants were each randomly assigned to receive 
two doses of 2 μg, 4 μg, or 8 μg of vaccine or placebo in a 
3:1 ratio; thus, 144 participants received vaccine and 
48 participants received placebo (figure 1; appendix 2 p 24). 
One participant in the group aged 60 years and older 
receiving the 2 μg dose received the first vaccination, 
finished all safety visits, but did not have blood samples 
taken on personal request. One vaccine recipient and one 
placebo recipient in the group aged 60 years and older 

receiving 8 μg quit on day 28 before the second vacci-
nation on personal request. Their safety data and existing 
immunogenicity data were included in the analysis. 
None of the enrolled patients had underlying disease. 
Baseline characteristics of the participants enrolled in 
phase 1 are shown in table 1.

42 (29%) of 144 vaccine recipients had at least one 
adverse reaction within 7 days of either vaccination, 
compared with eight (17%) of 48 placebo recipients 
(tables 2 and 3). In the group aged 18–59 years, at least 
one adverse reaction occurred within the first 7 days after 
either vaccination in 11 (46%) of 24 vaccine recipients in 
the 2 μg cohort (compared with three [38%] of eight 
placebo recipients; p>0·99), eight (33%) of 24 vaccine 
recipients in the 4 μg cohort (compared with two [25%] of 
eight placebo recipients; p>0·99), and 11 (46%) of 
24 vaccine recipients in the 8 μg cohort (compared with 
one [13%] of eight placebo recipients; p=0·2). In the 
group aged 60 years and older, at least one adverse 
reaction occurred within the first 7 days of either 
vaccination in one (4%) of 24 vaccine recipients in the 
2 μg cohort (compared with one [13%] of eight placebo 
recipients; p=0·44), six (25%) of 24 vaccine recipients in 
the 4 μg cohort (compared with zero placebo recipients; 
p=0·3), and five (21%) of 24 vaccine recipients in the 8 μg 

8 μg day 0 
(n=112)

4 μg days 0 
and 14 (n=112)

4 μg days 0 and 
21 (n=112)

4 μg days 0 
and 28 (n=112)

Total  
(n=448)

Age, years

18–29 13 (12%) 14 (13%) 13 (12%) 11 (10%) 51 (11%)

30–39 36 (32%) 37 (33%) 39 (35%) 27 (24%) 139 (31%)

40–49 42 (38%) 33 (29%) 32 (29%) 36 (32%) 143 (32%)

50–59 21 (19%) 28 (25%) 28 (25%) 38 (34%) 115 (26%)

Mean 40·8 (10·0) 41·0 (10·0) 41·7 (9·6) 43·7 (9·9) 41·7 (9·9)

Sex

Male 52 (46%) 50 (45%) 53 (47%) 48 (43%) 203 (45%)

Female 60 (54%) 62 (55%) 59 (53%) 64 (57%) 245 (55%)

Data are n (%) or mean (SD).

Table 4: Baseline characteristics in phase 2 (participants aged 18–59 years)

Group allocation
 2 µg vaccine
 4 µg vaccine
 8 µg vaccine
 Placebo

0

Se
ro

co
nv

er
sio

n 
ra

te
s (

%
)

20

40

60

80

100
A B

Group allocation
 2 µg vaccine
 4 µg vaccine
 8 µg vaccine
 Placebo

Group allocation
 2 µg per dose
 4 µg per dose
 8 µg per dose
 Placebo

0* 7 14 28* 32 42
0

Se
ro

co
nv

er
sio

n 
ra

te
s (

%
)

20

40

60

80

100
C

0

Re
cip

ro
ca

l n
eu

tr
al

isi
ng

 a
nt

ib
od

y 
tit

re

1024

256

64

16

4

Time post inoculation (days) Time post inoculation (days)

D

0* 7 14 28* 32 42
0

Re
cip

ro
ca

l n
eu

tr
al

isi
ng

 a
nt

ib
od

y 
tit

re

1024

256

64

16

4

Figure 2: Seroconversion ratios and neutralising antibody titres for and 60 years and older
Seroconversion rates (A) and neutralising antibody titres (B) for participants aged 18–59 years; and seroconversion rates (C) and neutralising antibody titres (D) for 
participants aged 60 years and older. We defined the seroconversion as at least a four-fold increase in post-vaccination titre from baseline. The negative in 
neutralisation antibody detection is represented as a GMT of 2. *Days of vaccination. 
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cohort (compared with one [13%] of eight placebo 
recipients; p>0·99).

The most common injection site adverse reaction was 
pain, which was reported in 34 (24%) of 144 vaccine 
recipients after either vaccination, compared with 
three (6%) of 48 placebo recipients (tables 3 and 4). For 
vaccine recipients in the group aged 18–59 years (n=72), 
besides pain (nine [38%] in the 2 μg group, seven [29%] 
in the 4 μg group, and nine [38%] in the 8 μg group), 
additional injection site adverse reactions included 
swelling (two [3%] of 72) and itch (one [1%] of 72). For the 
vaccine recipients in the group aged 60 years and older 
(n=72), besides pain (one [4%] in the 2 μg group, four 
[17%] in the 4 μg group, and four [17%] in the 8 μg group), 
an additional injection site adverse reaction was 
induration (two [3%] of 72). We observed statistically 
higher reports for pain in the group aged 18–59 years 
than the placebo group (two [8%] of 24; p=0·017).

The most commonly reported systematic adverse 
reaction overall after either vaccination was fever, which 
was reported in five (4%) of 144 vaccine recipients, 
compared with three (6%) of 48 placebo recipients 
(tables 3 and 4). For the group aged 18–59 years, fever 
was reported in all three dose cohorts of vaccine 
recipients: one (4%) of 24 in the 2 μg cohort, one (4%) of 
24 in the 4 μg cohort, and two (8%) of 24 in the 8 μg 
cohort. For this same age group (n=72), besides fever, the 
systematic adverse reactions included fatigue (two [3%]), 
inappetence (one [1%]), nausea (one [1%]), constipation 

(one [1%]), mucocutaneous abnormalities (two [3%]), 
headache (one [1%]), vomiting (one [1%]), and itch 
(non-injection site; one [1%]). For the vaccine recipients 
in the cohort aged 60 years or older (n=72), fever 
(one [1%]) and fatigue (one [1%]) were reported in the 
8 μg cohort; and headache (one [1%]), diarrhoea 
(one [1%]), and joint pain (one [1%]) in the 4 μg cohort. 
One placebo recipient was reported to have muscle pain. 
All adverse reactions were mild or moderate in severity. 
No serious adverse event was reported within 28 days 
post vaccination for all cohorts.

At day 4 after either vaccination, in the group aged 
18–59 years, a small proportion of vaccine recipients 
(n=72) had mild to moderate abnormal haemoglobin 
(one [1%]), blood urea nitrogen (one [1%]), blood glucose 
(seven [10%]), serum total bilirubin (14 [19%]), urinary 
protein (one [1%]), or urinary glucose (one [1%]; 
appendix 2 pp 3–4). In the group aged 60 years and older 
(n=72), a small proportion of vaccine recipients had mild 
to moderate abnormal white blood cells (one [1%]), 
haemoglobin (three [4%]), alanine amino transferase 
(two [3%]), blood urea nitrogen (four [6%]), aspartate 
aminotransferase (four [6%]), blood glucose (ten [14%]), 
serum total bilirubin (nine [12%]), and urinary protein 
(three [4%]; appendix 2 pp 5–6). No instances were 
considered as clinically significant.

For vaccine recipients in the group aged 18–59 years, 
19 (79%) of 24 in the 2 μg group, 21 (87%) of 24 in the 4 μg 
group, and 23 (96%) of 24 in the 8 μg group seroconverted 

8 μg day 0 (n=112) 4 μg days 0 and 14 (n=112) 4 μg days 0 and 21 (n=112) 4 μg days 0 and 28 (n=112) Total (n=448)

Vaccination 
(n=84)

Placebo 
(n=28)

p value Vaccination 
(n=84)

Placebo 
(n=28)

p value Vaccination 
(n=84)

Placebo 
(n=28)

p value Vaccination 
(n=84)

Placebo 
(n=28)

p value Vaccination 
(n=336)

Placebo 
(n=112)

p value

All adverse reactions within 0–7 days

Any 33 (39%) 3 (11%) 0·0049 18 (21%) 5 (18%) 0·79 15 (18%) 5 (18%) >0·99 10 (12%) 6 (21%) 0·22 76 (23%) 19 (17%) 0·20

Grade 1 31 (37%) 3 (11%) ·· 18 (21%) 3 (11%) ·· 13 (15%) 4 (14%) ·· 8 (10%) 2 (7%) ·· 70 (21%) 12 (11%) ··

Grade 2 2 (2%) 0 ·· 0 2 (7%) ·· 2 (2%) 0 ·· 2 (2%) 4 (14%) ·· 6 (2%) 6 (5%) ··

Grade 3 0 0 ·· 0 0 ·· 0 1 (4%) ·· 0 0 ·· 0 1 (1%) ··

Injection site adverse reactions within 0–7 days

Pain 25 (30%) 2 (7%) 0·02 12 (14%) 0 0·035 10 (12%) 1 (4%) 0·29 6 (7%) 1 (4%) 0·68 53 (16%) 4 (4%) 0·0008

Grade 1 25 (30%) 2 (7%) ·· 12 (14%) 0 ·· 10 (12%) 1 (4%) ·· 6 (7%) 1 (4%) ·· 53 (16%) 4 (4%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Swelling 2 (2%) 0 >0·99 0 0 ·· 3 (4%) 0 0·57 1 (1%) 0 >0·99 6 (2%) 0 0·15

Grade 1 2 (2%) 0 ·· 0 0 ·· 3 (4%) 0 ·· 1 (1%) 0 ·· 6 (2%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Itch 2 (2%) 0 >0·99 1 (1%) 1 (4%) 0·44 0 0 ·· 1 (1%) 0 >0·99 4 (1%) 1 (1%) 0·80

Grade 1 2 (2%) 0 ·· 1 (1%) 1 (4%) ·· 0 0 ·· 1 (1%) 0 ·· 4 (1%) 1 (1%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Redness 1 (1%) 0 >0·99 0 0 ·· 1 (1%) 0 >0·99 1 (1%) 0 >0·99 3 (1%) 0 0·32

Grade 1 1 (1%) 0 ·· 0 0 ·· 1 (1%) 0 ·· 1 (1%) 0 ·· 3 (1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Rash 1 (1%) 0 >0·99 0 0 ·· 0 0 ·· 0 0 ·· 1 (<1%) 0 0·58

Grade 1 1 (1%) 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 1 (<1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

(Table 5 continues on next page)
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by day 14 (figure 2). Seroconversion rates reached 100% in 
all three cohorts on day 28. For vaccine recipients in the 
group aged 60 years and older, eight (4%) of 23 in the 2 μg 

group and 11 (46%) of 24 in each of the 4 μg and 8 μg groups 
seroconverted by day 14. 21 (91%) of 23 in the 2 μg group, 
22 (92%) of 24 in the 4 μg group, and 22 (96%) of 23 in the 

8 μg day 0 (n=112) 4 μg days 0 and 14 (n=112) 4 μg days 0 and 21 (n=112) 4 μg days 0 and 28 (n=112) Total (n=448)

Vaccination 
(n=84)

Placebo 
(n=28)

p value Vaccination 
(n=84)

Placebo 
(n=28)

p value Vaccination 
(n=84)

Placebo 
(n=28)

p value Vaccination 
(n=84)

Placebo 
(n=28)

p value Vaccination 
(n=336)

Placebo 
(n=112)

p value

(Continued from previous page)

Systemic adverse reactions within 0–7 days

Fever 1 (1%) 1 (4%) 0·44 1 (1%) 0 >0·99 3 (4%) 1 (4%) >0·99 2 (2%) 3 (11%) 0·099 7 (2%) 5 (4%) 0·18

Grade 1 1 (1%) 1 (4%) ·· 1 (1%) 0 ·· 2 (2%) 0 ·· 1 (1%) 2 (7%) ·· 5 (1%) 3 (3%) ··

Grade 2 0 0 ·· 0 0 ·· 1 (1%) 0 ·· 1 (1%) 1 (4%) ·· 2 (1%) 1 (1%) ··

Grade 3 0 0 ·· 0 0 ·· 0 1 (4%) ·· 0 0 ·· 0 1 (1%) ··

Fatigue 5 (6%) 0 0·33 2 (2%) 1 (4%) >0·99 1 (1%) 3 (11%) 0·048 1 (1%) 1 (4%) 0·44 9 (3%) 5 (4%) 0·35

Grade 1 5 (6%) 0 ·· 2 (2%) 1 (4%) ·· 1 (1%) 2 (7%) ·· 1 (1%) 0 9 (3%) 5 (4%) ··

Grade 2 0 0 ·· 0 0 ·· 0 1 (4%) ·· 0 1 (4%) 0·25 0 0 ··

Nausea 0 1 (4%) 0·25 0 0 ·· 2 (2%) 1 (4%) >0·99 0 1 (4%) 0·25 2 (1%) 3 (3%) 0·07

Grade 1 0 1 (4%) ·· 0 0 ·· 1 (1%) 1 (4%) ·· 0 0 ·· 1 (<1%) 3 (3%) ··

Grade 2 0 0 ·· 0 0 ·· 1 (1%) 0 ·· 0 1 (4%) ·· 1 (<1%) 0 ··

Headache 1 (1%) 0 >0·99 2 (2%) 0 >0·99 1 (1%) 2 (7%) 0·15 0 1 (4%) 0·25 4 (1%) 3 (3%) 0·27

Grade 1 1 (1%) 0 ·· 2 (2%) 0 ·· 1 (1%) 2 (7%) ·· 0 0 ·· 4 (1%) 2 (2%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 1 (4%) ·· 0 1 (1%) ··

Itch (non-
injection 
site)

0 0 ·· 2 (2%) 0 >0·99 0 1 (4%) 0·25 1 (1%) 0 >0·99 3 (1%) 1 (1%) >0·99

Grade 1 0 0 ·· 2 (2%) 0 ·· 0 1 (4%) ·· 1 (1%) 0 ·· 3 (1%) 1 (1%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Cough 0 0 ·· 0 1 (4%) 0·25 0 0 ·· 1 (1%) 0 >0·99 1 (<1%) 1 (1%) 0·41

Grade 1 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Grade 2 0 0 ·· 0 1 (4%) ·· 0 0 ·· 1 (1%) 0 ·· 1 (<1%) 1 (1%) ··

Diarrhoea 2(2%) 0 >0·99 2 (2%) 1 (4%) >0·99 0 2 (7%) 0·061 0 0 ·· 4 (1%) 3 (3%) 0·27

Grade 1 2 (2%) 0 ·· 2 (2%) 1 (4%) ·· 0 2 (7%) ·· 0 0 ·· 0 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Muscle pain 1 (1%) 0 >0·99 1 (1%) 0 >0·99 0 0 ·· 0 0 ·· 1 (<1%) 1 (1%) 0·41

Grade 1 1 (1%) 0 ·· 1 (1%) 0 ·· 0 0 ·· 0 0 ·· 1 (<1%) 1 (1%) ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Anaphylaxis 1 (1%) 0 >0·99 0 0 ·· 0 0 ·· 0 0 ·· 1 (<1%) 0 0·58

Grade 1 1 (1%) 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 1 (<1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Other adverse reactions within 0–7 days

Drowsiness 0 0 ·· 0 0 ·· 1 (1%) 0 >0·99 0 0 1 (<1%) 0 0·58

Grade 1 0 0 ·· 0 0 ·· 1 (1%) 0 ·· 0 0 ·· 1 (<1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Dizziness 1 (1%) 0 >0·99 0 0 ·· 0 0 ·· 0 0 ·· 1 (<1%) 0 0·58

Grade 1 1 (1%) 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 1 (<1%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ·· 0 0 ··

Overall adverse events within 0–30 days

Any 33 (39%) 3 (11%) 0·015 19 (23%) 6 (21%) >0·99 15 (18%) 6 (21%) 0·78 11 (13%) 6 (21%) 0·36 78 (23%) 21 (19%) 0·32

Grade 1 30 (36%) 3 (11%) ·· 17 (20%) 3 (11%) ·· 13 (15%) 4 (14%) ·· 5 (6%) 2 (7%) ·· 65 (19%) 12 (11%) ··

Grade 2 2 (2%) 0 ·· 2 (2%) 3 (11%) ·· 2 (2%) 1 (4%) ·· 6 (7%) 4 (14%) ·· 12 (4%) 8 (7%) ··

Grade 3 1 (1%) 0 ·· 0 0 ·· 0 1 (4%) ·· 0 0 ·· 1 (<1%) 5 (1%) ··

Data are n (%). Any refers to all the participants with any grade adverse reactions or events. Adverse reactions and events were graded according to the scale issued by the China State Food and Drug 
Administration. One placebo recipient in the days 0 and 21 schedule reported grade 3 fever (38·5°C), but was self-limited and recovered. Grade 3=severe. 

Table 5: Adverse reactions within 7 days and overall adverse events within 30 days after the first and the second vaccinations for all schedules in phase 2
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8 μg group seroconverted by day 28. The neutralising 
antibodies in all placebo recipients were negative 
throughout the trials.

The neutralising antibodies against infectious SARS-
CoV-2 were detected in 26 (18%) of 143 vaccine recipients 
on day 7 after the first inoculation, and increased to 100% 
on day 42 after the second inoculation (figure 2; 
appendix 2 pp 7–21). In the group aged 18–59 years, by 
day 28, the neutralising antibody GMTs in the three 
vaccine recipient cohorts were greater than the placebo 
cohort (2 μg 22·6, 95% CI 18·9–27·0; 4 μg 29·3, 23·8–36·0; 
8 μg 36·7, 29·8–45·2; placebo 2·0, 2·0–2·0). By day 28, 
neutralising antibody GMT in the 2 μg cohort was 
significantly lower than the 8 μg cohort (p=0·0093), and 
the neutralising antibody GMT in the 4 μg cohort was not 
significantly different than in the 8 μg cohort (p=0·58). By 
day 42, the neutralising antibody GMT in the 2 μg cohort 
(87·7, 95% CI 64·9–118·6) was significantly lower than 
the 8 μg cohort (228·7, 186·1–281·1; p<0·001), and 
the neutralising antibody GMT in the 4 μg cohort 
(211·2, 158·9–280·6) was statistically comparable to that in 
the 8 μg cohort (p>0·99).

In the group aged 60 years and older, by day 28, the 
neutralising antibody GMT was greater in the vaccine 
recipients (2 μg 13·4, 95% CI 9·4–19·0; 4 μg 18·9, 
13·4–26·6; 8 μg 23·7, 19·0–29·6) than the placebo cohort 
(2·0, 2·0–2·0). By day 28, the neutralising antibody 
GMTs in the 2 μg (p=0·087) and 4 μg (p=0·96) cohorts 
were not significantly different than that in the 8 μg 
cohort. By day 42, the neutralising antibody GMT in the 
2 μg cohort (80·7, 95% CI 65·4–99·6) was significantly 
lower than that in the 8 μg cohort (170·9, 133·0–219·5; 
p<0·001), and the neutralising antibody GMT in the 4 μg 
cohort (131·5, 108·2–159·7) was not significantly 
different than that in the 8 μg cohort (p=0·30).

In the six randomly selected participants vaccinated 
with 4 μg, by day 14 after the second dose (day 42), 
the neutralising antibody GMTs against multiple 
SARS-CoV-2 strains were 279·2 (95% CI 192·6–404·7) 
against 35C, 234·8 (122·2–450·8) against 56Y, 181·0 
(105·9–309·5) against 834Y, 304·4 (202·1–485·6) against 
HN97, 117·4 (61·1–225·4) against F13, 193·3 (141·4–264·0) 
against HB01, 210·7 (120·3–369·1) against BJ01, 146·8 
(93·8–230·0) against CQ01, 218·5 (125·3–380·8) against 
QD01, and 394·8 (256·5–607·6) against passage 7 virus 
stock for vaccine manufacture (appendix 2 p 2).

In phase 2, between May 18 and July 30, 2020, 
546 participants aged 18–59 years were screened, and 
448 were enrolled (45% male, 55% female; mean 
age 41·7 years). Baseline characteristics of the participants 
enrolled in phase 2 are shown in table 4. None of the 
enrolled patients had underlying disease. To test the 
impact of 8 μg of antigen in different combinations, 
either via a single dose with the full amount or two doses 
each with 4 μg of antigen, and based on the results from 
preclinical and phase 1 studies, participants were 
randomly assigned to receive 8 μg of vaccine or placebo 

on day 0 (n=112), or 4 μg of vaccine or placebo on days 0 
and 14 (n=112), 0 and 21 (n=112), or 0 and 28 (n=112; 
figure 1; appendix 2 p 24). Four participants in the 4 μg 
days 0 and 21 group, and one participant in the 4 μg 
days 0 and 28 group quit or did not finish providing a 
blood sample on day 28; their existing data were included 
in the analysis. In phase 2, at least one adverse reaction 
within the first 7 days after either vaccination was 
reported in 76 (23%) of 336 vaccine recipients (table 5). 
The most common injection site adverse reaction in the 
vaccine recipient group was pain (53 [16%] of 336), and 
was higher than the placebo group (four [4%] of 112; 
p=0·008). The most common systematic adverse reaction 
in the vaccine recipient group was fever (seven [2%] of 
336). One placebo recipient in the 4 μg days 0 and 
21 group reported grade 3 fever, but was self-limited and 
recovered. All other adverse reactions were mild or 
moderate in severity.

In phase 2, the neutralising antibodies against infectious 
SARS-CoV-2 were detected in all vaccine recipients after 
inoculation in the 8 μg day 0 group, and the 4 μg days 0 
and 14, 0 and 21, and 0 and 28 schedules (figure 3; 
appendix 2 p 18–21). In all four vaccination schedules 
(8 μg day 0, 14·7 [95% CI 11·6–18·8]; 4 μg days 0 
and 14, 169·5 [132·2–217·1]; 4 μg days 0 and 21, 282·7 
[221·2–361·4]; 4 μg days 0 and 28, 218·0 [181·8–261·3]), 
the neutralising antibody GMT was greater than the 
placebo cohort (2·0 [2·0–2·0]) by day 28 after the 
inoculation. By day 14 after the second inocu lation, 
neutralising antibody GMT in the 4 μg days 0 and 14 cohort 
(104·9 [79·0–139·1]) was significantly lower than that in 
the 4 μg days 0 and 21 cohort (218·9 [165·6–289·5]; 
p=0·0051). By day 28 after the last inoculation, neutralising 
antibody GMT in the 8 μg day 0 cohort was significantly 
lower than that in the 4 μg days 0 and 14, 0 and 21, and 0 
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Figure 3: Neutralising antibody titres for different immunisation schedules
The negative in neutralisation antibody detection is represented as a GMT of 2. 0 days is pre-immunisation. 14 days 
and 28 days refers to day 14 and day 28 after the second inoculation, with the exception of the 8 μg, day 0 group 
(in which it refers to day 28 after the single inoculation). The measurement of neutralising antibody at day 14 was 
not designed for the 4 μg days 0 and 14 or days 0 and 28 groups. For the 4 μg days 0 and 14 and days 0 and 21 
groups, samples from day 14 were collected from half of the participants in the group and day 28 from the other half.
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and 28 cohorts (all p<0·001). By day 28 after the second 
inoculation, the neutralising antibody GMT in the 4 μg 
days 0 and 14 cohort was lower than in the days 0 and 21 
(p=0·0081) and days 0 and 28 (p=0·084) cohorts, which 
showed comparable GMT volume (p=0·34).

Discussion
In this phase 1/2 trial, the BBIBP-CorV inactivated 
vaccine, given as a two-dose immunisation, was safe and 
well tolerated at all three doses in both age groups. A 
robust humoral immune response was observed in 100% 
of vaccine recipients. In preclinical studies, we showed 
that immunisation with BBIBP-CorV can induce high 
levels of neutralising antibody titres in mice, rats, guinea 
pigs, rabbits, and non-human primates (cynomolgus 
monkeys and rhesus macaques) to provide protection 
against SARS-CoV-2.13

The most common adverse reactions were pain and 
fever, which were reported in small proportions of 
vaccine recipients and with no significant difference 
across the groups. All adverse events were mild or 
moderate in severity. Notably, there was a higher number 
of systemic adverse events in the placebo group, 
but during the follow-up monitoring of respiratory 
symptoms, no upper respiratory tract infections were 
detected. There were also no clinically significant 
abnormal changes in laboratory measurements, nor 
were any changes considered to be related to the vaccine. 
Evidence to indicate antibody-dependent enhancement 
in SARS-CoV infection has emerged;17,18 however, in 
preclinical studies of BBIBP-CorV immunisation 
and SARS-CoV-2 challenge, no antibody-dependent 
enhancement was observed in rhesus macaques.13 In our 
ongoing phase 2 clinical trial, we use BBIBP-CorV at 
2 μg, 4 μg, and 8 μg, in one-dose, two-dose, and three-
dose immunisation schedules to profile vaccine safety 
and immunogenicity in children and adolescents (aged 
3–17 years), adults (18–59 years), and older people 
(≥60 years).

BBIBP-CorV was immunogenic and induced robust 
humoral responses rapidly. For patients aged 60 years 
and older, and patients with pre-existing respiratory or 
cardiovascular disease, COVID-19 presents a re markably 
high risk of severe disease and death.7 In this trial, 
we aimed to evaluate the safety and tolerability of 
BBIBP-CorV in patients aged 60 years and older. The 
100% seroconversion rate was reached earlier in the 
group aged 18–59 years than in the group aged 60 years 
and older. More than 75% of vaccine recipients in the 
group aged 18–59 years seroconverted after the first 
vaccine dose (day 14). The remaining vaccine recipients 
seroconverted on day 28. For the group aged 60 years and 
older, the seroconversion rate of the 4 μg and 8 μg dose 
recipients reached 100% on day 28, and the 2 μg group 
was 100% seroconverted by day 42. The magnitude of 
neutralising antibodies in the group aged 60 years and 
older was lower than in the group aged 18–59 years.

The neutralising antibodies induced by BBIBP-CorV 
can neutralise multiple SARS-CoV-2 strains (appendix 2 
pp 2, 22). These findings indicate the potential of 
BBIBP-CorV to provide cross-protection against other 
SARS-CoV-2 strains.

In the test of different immunisation schedules, 
neutralising antibody titres of the 8 μg, day 0 single-
dose immunisation schedule were significantly lower 
than those of all three two-dose immunisation 
schedules. The neutralising antibody titres after the 
second inoculation in the 4 μg days 0 and 21 schedule 
were comparable to those in the 4 μg days 0 and 28 
schedule, but were significantly greater than that in the 
4 μg days 0 and 14 schedule. These results suggest that 
the boost inocu lation is necessary to achieve more 
efficient protection, providing useful information for a 
phase 3 trial.

While this Article was under revision, the results of a 
similar trial of SARS-CoV-2 inactivated vaccine were 
reported.19 Despite similar findings in safety and 
immunogenicity, the study claimed no notable changes 
in lymphocyte subset or cytokines, which is consistent 
with our unpublished findings.

Interpretation of the results of this study is limited by 
the short duration of follow-up. Another limitation of our 
study is the absence of safety and immunogenicity 
testing in children and adolescents. Although it was part 
of the original plan for this trial, we will not begin testing 
in people aged younger than 18 years until the full 
analysis of the adult groups is finalised. We will investi-
gate younger ages in the ongoing phase 1 trial. As our 
study was, to our knowledge when the trial began, the 
first trial of an inactivated SARS-CoV-2 vaccine, it was not 
designed to measure vaccine efficacy.

In conclusion, we found that the inactivated SARS-CoV-2 
vaccine BBIBP-CorV is tolerable and immuno genic 
in healthy people. Rapid humoral responses against 
SARS-CoV-2 were noted from day 4 after the first 
inoculation and 100% seroconversion was found in all 
participants on day 42. The days 0 and 21 and days 0 and 
28 two-immunisation schedules elicited significantly 
greater neutralising antibody titres than the days 0 and 
14 schedule and the single-immunisation schedule. There 
is potential for further investigation of this inactivated 
vaccine for the control and prevention of COVID-19. The 
ongoing phase 1/2 and phase 3 trials will provide more 
information on the safety and immunogenicity, dose, and 
immunisation schedule of BBIBP-CorV.
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