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Safety and immunogenicity of an inactivated COVID-19 
vaccine, BBIBP-CorV, in people younger than 18 years: 
a randomised, double-blind, controlled, phase 1/2 trial
ShengLi Xia, YunTao Zhang, YanXia Wang, Hui Wang, YunKai Yang, George Fu Gao, WenJie Tan, GuiZhen Wu, Miao Xu, ZhiYong Lou, WeiJin Huang, 
WenBo Xu, BaoYing Huang, Wei Wang, Wei Zhang, Na Li, ZhiQiang Xie, Xiujuan Zhu, Ling Ding, WangYang You, YuXiu Zhao, Jun Zhao, LiLi Huang, 
XueZhong Shi, YongLi Yang, GuangXue Xu, WenLing Wang, PeiPei Liu, Meng Ma, YuLing Qiao, SuHua Zhao, JingJing Chai, QinQin Li, Hui Fu, Ying Xu, 
XiaoTong Zheng, WanShen Guo, XiaoMing Yang

Summary
Background Although SARS-CoV-2 infection often causes milder symptoms in children and adolescents, young people 
might still play a key part in SARS-CoV-2 transmission. An efficacious vaccine for children and adolescents could 
therefore assist pandemic control. For further evaluation of the inactivated COVID-19 vaccine candidate BBIBP-CorV, 
we assessed the safety and immunogenicity of BBIBP-CorV in participants aged 3–17 years.

Methods A randomised, double-blind, controlled, phase 1/2 trial was done at Shangqiu City Liangyuan District Center 
for Disease Control and Prevention in Henan, China. In phases 1 and 2, healthy participants were stratified according 
to age (3–5 years, 6–12 years, or 13–17 years) and dose group. Individuals with a history of SARS-CoV-2 or SARS-CoV 
infection were excluded. All participants were randomly assigned, using stratified block randomisation (block size eight), 
to receive three doses of 2 μg, 4 μg, or 8 μg of vaccine or control (1:1:1:1) 28 days apart. The primary outcome, safety, was 
analysed in the safety set, which consisted of participants who had received at least one vaccination after being randomly 
assigned, and had any safety evaluation information. The secondary outcomes were geometric meant titre (GMT) of the 
neutralising antibody against infectious SARS-CoV-2 and were analysed based on the full analysis set. This study is 
registered with www.chictr.org.cn, ChiCTR2000032459, and is ongoing.

Findings Between Aug 14, 2020, and Sept 24, 2020, 445 participants were screened, and 288 eligible participants were 
randomly assigned to vaccine (n=216, 24 for each dose level [2/4/8 μg] in each of three age cohorts [3–5, 6–12, and 
13–17 years]) or control (n=72, 24 for each age cohort [3–5, 6–12, and 13–17 years]) in phase 1. In phase 2, 810 participants 
were screened and 720 eligible participants were randomly assigned and allocated to vaccine (n=540, 60 for each dose 
level [2/4/8 μg] in each of three age cohorts [3–5, 6–12, and 13–17 years]) or control (n=180, 60 for each age cohort 
[3–5, 6–12, and 13–17 years]). The most common injection site adverse reaction was pain (ten [4%] 251 participants in all 
vaccination groups of the 3–5 years cohort; 23 [9·1%] of 252 participants in all vaccination groups and one [1·2%] of 
84 in the control group of the 6–12 years cohort; 20 [7·9%] of 252 participants in all vaccination groups of the 13–17 years 
cohort). The most common systematic adverse reaction was fever (32 [12·7%] of 251 participants in all vaccination 
groups and six [7·1%] of 84 participants in the control group of the 3–5 years cohort; 13 [5·2%] of 252 participants in the 
vaccination groups and one [1·2%] of 84 in the control group of the 6–12 years cohort; 26 [10·3%] of 252 participants in 
all vaccination groups and eight [9·5%] of 84 in the control group of the 13–17 years cohort). Adverse reactions were 
mostly mild to moderate in severity. The neutralising antibody GMT against the SARS-CoV-2 virus ranged 
from 105·3 to 180·2 in the 3–5 years cohort, 84·1 to 168·6 in the 6–12 years cohort, and 88·0 to 155·7 in the 13–17 years 
cohort on day 28 after the second vaccination; and ranged from 143·5 to 224·4 in the 3–5 years cohort, 127 to 184·8 in 
the 6–12 years cohort, and 150·7 to 199 in the 13–17 years cohort on day 28 after the third vaccination.

Interpretation The inactivated COVID-19 vaccine BBIBP-CorV is safe and well tolerated at all tested dose levels in 
participants aged 3–17 years. BBIBP-CorV also elicited robust humoral responses against SARS-CoV-2 infection after 
two doses. Our findings support the use of a 4 μg dose and two-shot regimen BBIBP-CorV in phase 3 trials in the 
population younger than 18 years to further ascertain its safety and protection efficacy against COVID-19.
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Introduction
According to WHO, as of July, 2021, the COVID-19 
pandemic has caused more than 4 million deaths 

worldwide. Children are susceptible to SARS-CoV-2 
infection, but show milder clinical manifestation of 
disease.1 This susceptibility raises the possibility of 

https://covid19.who.int/
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transmission among family members, and risk to elderly 
members who are more vulnerable to disease.2,3 Clinical 
trials of vaccine candidates on different platforms 
(inactivated,4–6 protein subunit,7,8 mRNA9,10, and vector 
based11,12) have shown their safety and efficacy against 
SARS-CoV-2 in adults, but to date fewer studies have been 
done in children. An mRNA vaccine candidate BNT162b2 
(tozinameran; Pfizer–BioNTech) has shown 100% efficacy 
in a population aged 12–25 years.13 Another mRNA vaccine 
candidate mRNA-1273 (Moderna, Cambridge, MA, USA) 
is reported to be tolerated and to have efficacy against 
COVID-19 of 100% starting 14 days after the second 
dose in adolescents aged 12–17 years.14 The safety and 
immunogenicity of the inactivated vaccine CoronaVac 
(Sinovac, Beijing, China) is being tested in a phase 1/2 trial 
in a population aged 3–17 years.15 In addition to CoronaVac, 
further evaluation of safety and immunogenicity of 
the inactivated COVID-19 vaccine BBIBP-CorV (Beijing 
Institute of Biological Products, Beijing, China) is needed 
in populations aged younger than 18 years.

Our previous phase 1/2 clinical trial interim report of 
BBIBP-CorV, has shown an acceptable safety profile and 
immunogenicity in participants aged 18–59 years and 
60 years and older.4 Thus, in this study, we further report 
the full set of safety and immunogenicity data for 
BBIBP-CorV in phase 1 and 2 clinical trials among 
healthy people younger than 18 years in China.

Methods
Study design and participants
We did a randomised, double-blind, dose-escalation, 
controlled phase 1/2 trial of BBIBP-CorV in the Shangqiu 
City Liangyuan District Center for Disease Control and 
Prevention in Henan, China. The enrolled participants 
were healthy individuals aged 3–17 years, who were 
negative for serum-specific IgM or IgG antibodies against 
SARS-CoV-2 N and S proteins (tested and verified with a 
commercial kit from Innovita, China) at the time of 

screening and vaccine inoculation on the same day. 
Exclusion criteria were a history of travelling to Hubei, 
regions outside of China, or regions within China with 
any reported COVID-19 cases since December, 2019; 
a history of infection with SARS-CoV; fever (axillary 
temperature more than 37·3°C if aged older than 
14 years, and axillary temperature of more than 37·5°C if 
aged 14 years or younger), respiratory syndromes, 
diarrhoea, dyspnoea, or tachypnoea within 14 days 
before vaccination; abnormal results in laboratory tests 
(blood biochemistry tests [alanine aminotransferase, 
aspartate aminotransferase, total bilirubin, creatinine, 
urea nitrogen], routine blood tests [haemoglobin, white 
blood cell count], and routine urine tests [protein, urine 
sugar, blood cells—microscopic examination]); allergy 
to any ingredient included in the vaccine; a history 
of seizures or mental illness (defined as a history of 
convulsion, epilepsy or psychosis); and being unable 
to comply with the study schedule. Criteria for early 
suspension of trial are outlined in the protocol 
(ChiCTR2000032459). Safety was reviewed by a safety 
monitoring board before proceeding to the next dose 
group or next age cohort, and for advancement to phase 2.

The trial design was a dose escalation study, in 
three dose levels (2 μg, 4 μg, and 8 μg per dose) at a 
28-day intervals in both adults and children. After an 
interim analysis showed BBIBP-CorV’s safety and 
immunogenicity in an adult population after two doses 
of vaccines,4 the adult cohort continued on to receive the 
third dose of vaccine. These data were obtained according 
to the original trial protocol. The studies of individuals 
aged 3–17 years were also done using a three-dose 
regimen, according to the original protocol.

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 done by Henan 

Research in context

Evidence before this study
We searched PubMed for research articles published from 
database inception until April 20, 2021, using the terms 
“COVID-19” OR “SARS-CoV-2”, “vaccine”, AND “clinical trial” 
AND “phase”. Article type was set to clinical trial. No language 
and date restrictions were applied. 34 reports were identified, 
among which five were for inactivated vaccines, two were for 
spike protein subunit vaccines, seven were for mRNA vaccines, 
and eight were for vector-based vaccines. We identified one 
clinical trial report for the SARS-CoV-2 mRNA vaccine candidate 
BNT162b2 done in children and adolescents by the time our 
Article was under revision. On May 25, 2021, Moderna 
announced that the phase 2/3 study of its mRNA vaccine 
candidate mRNA-1273 in adolescents had met its primary 
immunogenicity endpoint.

Added value of this study
The present trial showed that the inactivated COVID-19 
vaccine, BBIBP-CorV, was safe and able to elicit a robust 
humoral response in healthy people younger than 18 years. 
Seroconversion rate of neutralising antibody was found in all 
vaccinees on day 28, and the neutralising antibody geometric 
mean titre was at level comparable to that of adults in earlier 
trials.

Implications of all the available evidence
Our finding indicates that BBIBP-CorV is safe and 
immunogenic in healthy individuals aged 3–17 years. Further 
clinical investigation is needed to evaluate the efficacy of this 
vaccine candidate for prevention of COVID-19 in the general 
population.

https://covid19.who.int/
https://covid19.who.int/
www.chictr.org.cn
www.chictr.org.cn
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Provincial Center for Disease Control and Prevention, 
and implemented in Liangyuan, Shangqiu, in accordance 
with the Declaration of Helsinki and Good Clinical 
Practice.

Randomisation and masking
In age de-escalation, dose escalation phase 1 and 2 
studies, participants were stratified by age (3–5 years, 
6–12 years, or 13–17 years) and were randomly assigned 
to receive intramuscular injections of 2 μg, 4 μg, 8 μg, or 
control (1:1:1:1). Within each dose-escalating group of 
each age cohort in phase 1/2, the ratio of vaccine versus 
control was 3:1. Participants were sequentially assigned a 
randomisation number generated by an independent 
statistician using Stata, version 12.0, and stratified block 
randomisation (block size eight) by subgroups was 
adopted. All vaccines used for inoculation were 
distributed in identical packages with serial numbers to 
ensure masking of participants. The safety evaluation 
was masked for all participants. Group allocation was 
masked from participants, investigators, and outcome 
assessors for the duration of the study.

Procedures
BBIBP-CorV was developed by Beijing Institute of 
Biological Products (Beijing, China), and manufactured 
as previously described.5,16 Briefly, the strain 19nCoV-
CDC-Tan-HB02 (HB02), with optimal replication and 
highest virus yields in Vero cells, was inactivated by 
β-propionolactone 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 of total proteins with 
aluminium hydroxide adjuvant (0·45 mg/mL) per 0·5 mL 
in a vial. The control consisted of saline and aluminium 
hydroxide adjuvant.

In phase 1 and 2, participants in the three groups 
(3–5 years, 6–12 years, and 13–17 years) received 2 μg, 
4 μg, or 8 μg of BBIBP-CorV or control on a three-dose 
schedule (on days 0, 28, and 56).

For safety assessments, all adverse reactions, including 
solicited and unsolicited adverse events, from the 
first dose to 30 days after the full course of vaccinations 
were collected by the investigator’s active visits and 
spontaneous reports. The investigators had phone calls 
or face-to-face interviews within 7 days after each dose, 
and weekly phone calls 8–30 days after each dose. 
Laboratory safety values (haematology, serum, and 
chemistry) were measured before vaccination (baseline) 
and on day 4 after each vaccination. The adverse events 
and abnormal changes in laboratory test results were 
graded according to the scales issued by the China State 
Food and Drug Administration.17 Safety data were 
collected based on guidance18 issued by the National 
Medical Products Administration, and monitored by the 
data safety monitoring board on 8 days after the first 
vaccination and 30 days after the vaccination schedule 
had been completed.

Blood samples were collected for serology tests at the 
scheduled site visits before each vaccination (days 0, 28, 
and 56), and on day 84. The neutralising antibody 
responses induced by vaccination were determined 
by microneuralisation assay with the infectious 
SARS-CoV-2 virus (strain 19nCoV-CDC-Tan-Strain05, 
QD01). Serum was diluted 1/4, followed by a series of 
two-times dilutions to the required concentration, and an 
equal volume of challenge virus solution was added. 
After neutralisation in a 37°C incubator for 2 h, a 
1·0–2·5 × 10⁵ cells per mL suspension was added to the 
wells of a 96-well plate (0·1 mL per well) and cultured in 
a CO2 incubator at 37°C for 4 days. Titres were expressed 
as the reciprocal of the highest dilution level protecting 
50% cells from virus challenge. Human convalescent 
serum (HCS) was collected from patients at least 15 days 
after confirmation of SARS-CoV-2 infection. HCS was 
included as an internal positive control in every assay. 
Seroconversion was defined as a four-times increase in 
antibody titre relative to day 0.

Outcomes
The primary outcome for safety was the occurrence of 
adverse reactions within 7 days after each vaccination. Any 
abnormal changes in laboratory test results were measured 
on day 4 after each vaccination, and adverse reactions 
within 30 days after whole vaccination procedure across all 
study groups were analysed as secondary safety endpoints. 
The secondary outcomes for humoral immuno genicity 
were measured with infectious SARS-CoV-2 neutralising 
assay (on days 0, 28, 56, and 84) and expressed as 
neutralising antibody geometric mean titres (GMTs) and 
seroconversion.

Statistical analysis
The sample size was not determined based on the 
statistical power calculation. Both phases were designed 
at the same time. For a sample size of 84 in 2 μg, 4 μg, 
and 8 μg of each age subgroup (24 in phase 1 and 60 in 
phase 2), we had an 80% test power to detect a 15% rate 
difference in immunogenicity with 10% dropout 
at a 0·05 significance level using a Z test for two 
independent proportions in PASS13-NCSS10. This 
result in a planned sample sizes of 24 participants for 
each vaccination group and eight for each control group 
in phase 1, and 60 participants for each vaccination 
group and 20 for each control group in phase 2 were 
determined.

The safety analysis was based on the safety set, which 
consisted of participants who had received at least 
one vaccination after being randomly assigned, and 
had any safety evaluation information. Humoral immuno-
genicity analysis was based on the full analysis set, which 
consisted of enrolled participants who had randomly 
received a vaccination with blood collection before and 
after each inoculation, and the compliance set, which 
consisted of enrolled participants who had randomly 
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received a vaccination with blood sample collection before 
and after each inoculation and showed no trial protocol 
violation. From the perspective of trial design, 
vaccination:control ratio was 3:1 inside the dose-escalating 
group of each age cohort. The analysis was done by 
comparing the vaccination group with control within the 
same dose-escalating group.

Data from phases 1 and 2 were pooled for analysis, 
since the participants in both studies had similar 
characteristics and underwent same vaccination 
regimens and the safety and immunogenicity data of 
two phases should thus be theoretically comparable. 
No formal statistical analysis was planned for unsolicited 
adverse events. The occurrence of laboratory abnor-
malities was tested by χ² test, correction χ² test, or 
Fisher’s exact test between the test group and the control 
group in each age cohort, among groups who received 
different doses. GMTs for neutralising antibody with 
corresponding 95% CIs are reported. Comparison 
of antibody titres at timepoints after immunisation 
was done with the two independent sample t tests 
(normal and homogeneous variance) or corrected t tests 
(normal but non-homogeneous variance). For abnormally 
distributed data, a Wilcoxon rank sum test was used 
to compare the difference between experimental and 
control groups of different ages, among groups who 
received different doses. All data were included in the 
analyses. All analyses were done using GraphPad Prism 
(version 8.0.1). All statistical tests were two-sided, and the 
significance level was p values of 0·05 or less for 
inferential analyses and multiple comparisons were not 
adjusted.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. All authors had full access to all the 
data in the study and had final responsibility for the 
decision to submit for publication.

Results
Between Aug 14, 2020, and Sept 24, 2020, 445 participants 
were screened, and 288 eligible participants were 
randomly assigned to vaccine or control in the phase 1 
study. Enrolled participants were evenly distributed over 
three age cohorts (3–5 years, 6–12 years, and 13–17 years). 
Each participant received three shots of either vaccine 
(at 2 μg, 4 μg, or 8 μg) or control at 28-day intervals. All 
288 participants received the first vaccination on day 0, 
and all but four received the second vaccination on day 28 
and the third vaccination on day 56. Exceptions included 
three participants in the 4 μg 3–5 years cohort and one 
participant in the 4 μg 6–12 years cohort (figure 1). In 
phase 2, 810 participants were screened and 720 eligible 
participants were randomly assigned and allocated to 
vaccine or control. Enrolled participants were evenly 
distributed over three age groups (3–5 years, 6–12 years, 

and 13–17 years). Participants in phase 2 underwent 
identical vaccination procedures to the phase 1 study. All 
but one of the 720 participants received the first vaccination 
on day 0, and all but seven received the second vaccination 
on day 28 and the third vaccination on day 56 (figure 1). 
Exceptions included one participant in the 2 μg 3–5 years 
cohort, one participant in the 8 μg 3–5 years cohort, one 
participant in the 2 μg 6–12 years cohort, one participant 
in the 8 μg 6–12 years cohort, and three participants in the 
4 μg 13–17 years cohort. All withdrawals were requested by 
participants or their guardian. Detailed demographic 
characteristics of the participants are listed in tables 1 and 2.

The most common adverse reaction was pain at the 
injection site, which was reported within 30 days after all 
three vaccinations by ten (4·0%) of 251 participants in 
the vaccination groups of the 3–5 years cohort, 23 (9·1%) 
of 252 participants in the vaccination groups and one 
(1·2%) of 84 participants in the control group of the 
6–12 years cohort, and 20 (7·9%) of 252 participants in 
the vaccination groups of the 13–17 years cohort 
(tables 2–4; appendix 2 p 1). Participants in the vaccine 
groups in the 6–12 years (p=0·014) and 13–17 years 
(p=0·0078) cohorts reported significantly more pain than 
participants in the control groups. A dose-dependent 
increase in overall injection site adverse reactions in the 
vaccine groups compared with the control group was 
detectable in the 6–12 years cohort (table 5; appendix 2 p 1). 
Reported local adverse reactions were all mild (grade 1) 
and moderate (grade 2) in severity.

The most common systemic reactions reported after 
each vaccination in all three age cohorts were mild to 
moderate fever and cough. After the vaccination schedule 
was completed, fever was reported by 32 (12·7%) of 
252 participants in all three dose groups, and by 
six (7·1%) of 84 participants in the control group of the 
3–5 years cohort; 13 (5·2%) of 251 participants in all three 
dose groups, and one (1·2%) of 84 participants in the 
control group of the 6–12 years cohort; and 26 (10·3%) of 
252 participants in all three dose groups, and eight (9·5%) 
of 84 participants in the control group of the 13–17 years 
cohort (table 3–4; appendix 2 p 1). The frequency of fever 
was lower after the second and third doses compared 
with the first dose (appendix 2 pp 2–10). The second most 
common systematic reaction was cough, and no signs 
of upper respiratory tract infection were detected 
during follow-up. Cough was reported by 22 (8·7%) of 
252 participants in the vaccination groups and 
nine (10·7%) of 84 participants in the control group of 
the 3–5 years cohort; eight (3·2%) of 252 participants in 
the vaccination groups and one (1·2%) of 84 participants 
in the control group of the 6–12 years cohort; and 
six (2·4%) of 252 participants in the vaccination group 
and one (1·2%) of 84 participants in the control group of 
the 13–17 years cohort. Neither of two common systematic 
adverse reactions were significantly different between 
vaccination and control groups (tables 2–4). An increase 
in overall systematic adverse reactions in the vaccine 

See Online for appendix 2
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group compared with the control group was detectable 
independent of dose level in the 13–17 years cohort 
(table 5; appendix 2 p 1) There was one grade 3 systematic 
acute allergic reaction reported 4 days after the second 
vaccination in the 2 μg group of 6–12 years cohort.

Laboratory abnormalities were mild to moderate in 
severity after each vaccination dose. Elevated white 
blood cell count (reference range 4–10 × 10⁹ cells per L) 
occurred in the 3–5 years cohort (17 [23·6% of 72 in the 
vaccination group and six [25·0%] of 24] in the control 
group) and the 6–12 years cohort (11 [15·3%] of 72 in the 

vaccination group and five [20·8%] of 24 in the control 
group). The 13–17 years cohort reported fewer elevated 
white blood cell counts (two [2·8%] of 72 in the 
vaccination group and two [8·3%] of 24 in the control 
group). An additional haemoglobin abnormality was 
observed in the 13–17 years cohort (seven [9·7%] of 
72 in the vaccination group and one [4·2%] of 24 in 
the control group). Laboratory abnormalities of grade 3 
were all white blood cell count value changes, and were 
reported in the 3–5 years 2 μg group (two [2·8%] of 72) 
and 6–12 years 4 μg group (one [1·4%] of 72). Grade 3 

(Figure 1 continues on next page)
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laboratory abnormalities were transient (ie, resolved 
within 10 days).

One vaccine-related unsolicited adverse event (grade 3 
allergic purpura) was reported after the second dose 
of 2 μg in the cohort aged 6–12 years. Throughout the 
course of hospitalisation, this participant was diagnosed 
as allergic and intolerant to a variety of food allergens. 
This participant made a complete recovery after a 5-day 
hospitalisation, but withdrew from the third dose 
vaccination and is still under follow-up monitoring due 
to safety concerns.

Neutralising antibody titres against infectious 
SARS-CoV-2 were assessed 28 days after every vaccination 
(days 0, 28, 56, and 84). Neutralising antibodies for all 
participants were tested negative before vaccination as a 
requirement of the enrolment and remained negative 
throughout the studies in the control groups.

In the cohort aged 3–5 years, 61 (75%) of 81 participants 
in the 2 μg group, 75 (90%) of 83 participants in the 4 μg 
group, and 75 (91%) of 82 participants in the 8 μg group 
were seroconverted on day 28 (figure 2). In the cohort aged 
6–12 years, 80 (95%) of 84 participants in the 2 μg group, 

Figure 1: Trial profile for phase 1 (A) and phase 2 (B)
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all 84 (100%) participants in the 4 μg group, and all 
83 (100%) participants in the 8 μg group were seroconverted 
on day 28 (figure 2). In the cohort aged 13–17 years, all 
83 (100%) participants in the 2 μg group, 82 (99%) of 

83 participants in the 4 μg group, and all 82 (100%) 
participants in the 8 μg group were seroconverted on 
day 28 (figure 2). Seroconversion rates reached 100% on 
day 56 in all three dose levels of all three age cohorts.

2 μg cohort (n=112) 4 μg cohort (n=112) 8 μg cohort (n=112) Total (n=336)

Vaccination 
(n=84)

Control 
(n=28)

p value Vaccination 
(n=84)

Control 
(n=28)

p value Vaccination 
(n=84)

Control 
(n=28)

p value Vaccination 
(n=252)

Control 
(n=84)

p value

Injection site adverse reactions after whole vaccination procedure dose

Any 8 (9·52%) 1 (3·57%) 0·32 19 (22·62%) 0 0·0057 11 (13·10%) 0 0·044 38 (15·08%) 1 (1·19%) 0·0006

Grade 1 6 (7·14%) 1 (3·57%) ·· 18 (21·43%) 0 ·· 10 (11·90%) 0 ·· 34 (13·49%) 1 (1·19%) ··

Grade 2 2 (2·38%) 0 ·· 1 (1·19%) 0 ·· 1 (1·19%) 0 ·· 4 (1·59%) 0 ··

Pain 5 (5·95%) 1 (3·57%) 0·63 10 (11·90%) 0 0·056 8 (9·52%) 0 0·090 23 (9·13%) 1 (1·19%) 0·014

Grade 1 5 (5·95%) 1 (3·57%) ·· 10 (11·90%) 0 ·· 8 (9·52%) 0 ·· 23 (9·13%) 1 (1·19%) ··

Redness 1 (1·19%) 0 0·56 6 (7·14%) 0 0·15 3 (3·57%) 0 0·31 10 (3·97%) 0 0·056

Grade 1 0 0 ·· 5 (5·95%) 0 ·· 2 (2·38%) 0 ·· 7 (2·78%) 0 ··

Grade 2 1 (1·19%) 0 ·· 1 (1·19%) 0 ·· 1 (1·19%) 0 ·· 3 (1·19%) 0 ··

Itching 1 (1·19%) 0 0·56 1 (1·19%) 0 0·56 0 0 1 2 (0·79%) 0 0·41

Grade 1 1 (1·19%) 0 ·· 1 (1·19%) 0 ·· 0 0 ·· 2 (0·79%) 0 ··

Swelling 1 (1·19%) 0 0·56 1 (1·19%) 0 0·56 0 0 1 2 (0·79%) 0 0·41

Grade 1 0 0 ·· 1 (1·19%) 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Grade 2 1 (1·19%) 0 ·· 0 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Induration 0 0 1 1 (1·19%) 0 0·56 0 0 1 1 (0·40%) 0 0·56

Grade 1 0 0 ·· 1 (1·19%) 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Systemic adverse reactions whole vaccination procedure dose

Any 6 (7·14%) 3 (10·71%) 0·55 6 (7·14%) 1 (3·57%) 0·50 14 (16·67%) 0 0·021 26 (10·32%) 4 (4·76%) 0·12

Grade 1 2 (2·38%) 2 (7·14%) ·· 4 (4·76%) 0 ·· 8 (9·52%) 0 ·· 14 (5·56%) 2 (2·38%) ··

Grade 2 3 (3·57%) 1 (3·57%) ·· 2 (2·38%) 1 (3·57%) ·· 6 (7·14%) 0 ·· 11 (4·37%) 2 (2·38%) ··

Grade 3 1 (1·19%) 0 ·· 0 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Fever 2 (2·38%) 0 0·41 1 (1·19%) 1 (3·57%) 0·44 10 (11·90%) 0 0·056 13 (5·16%) 1 (1·19%) 0·12

Grade 1 0 0 ·· 1 (1·19%) 0 ·· 5 (5·95%) 0 ·· 6 (2·38%) 0 ··

Grade 2 2 (2·38%) 0 ·· 0 1 (3·57%) ·· 5 (5·95%) 0 ·· 7 (2·78%) 1 (1·19%) ··

Diarrhoea 1 (1·19%) 0 0·56 0 0 1 0 0 1 1 (0·40%) 0 0·56

Grade 1 1 (1·19%) 0 ·· 0 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Constipation 0 0 1 1 (1·19%) 0 0·56 0 0 1 1 (0·40%) 0 0·56

Grade 1 0 0 ·· 1 (1·19%) 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Vomiting 0 1 (3·57%) 0·082 0 0 1 2 (2·38%) 0 0·41 2 (0·79%) 1 (1·19%) >0·99

Grade 1 0 1 (3·57%) ·· 0 0 ·· 1 (1·19%) 0 ·· 1 (0·40%) 1 (1·19%) ··

Grade 2 0 0 ·· 0 0 ·· 1 (1·19%) 0 ·· 1 (0·40%) 0 ··

Cough 2 (2·38%) 1 (3·57%) 0·74 4 (4·76%) 0 0·24 2 (2·38%) 0 0·41 8 (3·17%) 1 (1·19%) 0·46

Grade 1 1 (1·19%) 1 (3·57%) ·· 2 (2·38%) 0 ·· 2 (2·38%) 0 ·· 5 (1·98%) 1 (1·19%) ··

Grade 2 1 (1·19%) 0 ·· 2 (2·38%) 0 ·· 0 0 ·· 3 (1·19%) 0 ··

Headache 0 1 (3·57%) 0·082 0 0 1 0 0 1 0 1 (1·19%) 0·083

Grade 2 0 1 (3·57%) ·· 0 0 ·· 0 0 ·· 0 1 (1·19%) ··

Acute allergic 
reaction

1 (1·19%) 0 0·56 0 0 1 0 0 1 1 (0·40%) 0 0·56

Grade 3 1 (1·19%) 0 ·· 0 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Overall adverse reactions after whole vaccination procedure

Any 15 (17·86%) 4 (14·28%) 0·66 25 (29·76%) 1 (3·57%) 0·0045 25 (29·76%) 0 0·0011 65 (25·79%) 5 (5·95%) 0·0001

Grade 1 9 (10·71%) 3 (10·71%) ·· 22 (26·19%) 0 ·· 18 (21·43%) 0 ·· 49 (19·44%) 3 (3·57%) ··

Grade 2 5 (5·95%) 1 (3·57%) ·· 3 (3·57%) 1 (3·57%) ·· 7 (8·33%) 0 ·· 15 (5·95%) 2 (2·38%) ··

Grade 3 1 (1·19%) 0 ·· 0 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Data are n (%). Any refers to all the participants with any grade adverse reactions or reactions. Adverse reactions and reactions were graded according to the scale issued by the China State Food and Drug 
Administration. Grade 1 is mild, grade 2 is moderate, and grade 3 is severe.

Table 4: Adverse reactions within 30 days after whole vaccination procedure for group aged 6–12 years in phase 1/2
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2 μg cohort (n=112) 4 μg cohort (n=112) 8 μg cohort (n=112) Total (n=336)

Vaccination 
(n=84)

Control 
(n=28)

p value Vaccination 
(n=84)

Control 
(n=28)

p value Vaccination 
(n=84)

Control 
(n=28)

p value Vaccination 
(n=252)

Control 
(n=84)

p value

Injection site adverse reactions after whole vaccination procedure dose

Any 10 (11·90%) 4 (14·29%) 0·74 13 (15·48%) 0 0·027 6 (7·14%) 1 (3·57%) 0·50 29 (24·52%) 5 (5·96%) 0·14

Grade 1 9 (10·71%) 4 (14·29%) ·· 13 (15·48%) 0 ·· 6 (7·14%) 1 (3·57%) ·· 28 (11·11%) 5 (5·96%) ··

Grade 2 1 (1·19%) 0 ·· 0 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Pain 5 (5·95%) 1 (3·57%) 0·63 12 (14·29%) 0 0·034 3 (3·57%) 0 0·31 20 (7·94%) 0 0·0078

Grade 1 5 (5·95%) 1 (3·57%) ·· 12 (14·29%) 0 ·· 3 (3·57%) 0 ·· 20 (7·94%) 0 ··

Redness 4 (4·76%) 2 (7·14%) 0·63 0 0 1 3 (3·57%) 1 (3·57%) 1 7 (2·78%) 3 (3·57%) 0·72

Grade 1 3 (3·57%) 2 (7·14%) ·· 0 0 ·· 3 (3·57%) 1 (3·57%) ·· 6 (2·38%) 3 (3·57%) ··

Grade 2 1 (1·19 %) 0 ·· 0 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Itches 1 (1·19%) 0 0·56 1 (1·19%) 0 0·56 0 0 1 2 (0·79%) 0 0·41

Grade 1 1 (1·19%) 0 ·· 1 (1·19%) 0 ·· 0 0 ·· 2 (0·79%) 0 ··

Swelling 0 1 (3·57%) 0·082 0 0 1 0 0 1 0 1 (1·19%) 0·41

Grade 1 0 1 (3·57%) ·· 0 0 ·· 0 0 ·· 0 1 (1·19%) ··

Systemic adverse reactions whole vaccination procedure dose

Any 28 (33·33%) 0 0·0004 17 (20·24%) 1 (3·57%) 0·038 12 (14·29%) 9 (10·71%) 0·036 57 (22·62%) 10 (11·90%) 0·033

Grade 1 24 (28·57%) 0 ·· 17 (20·24%) 1 (3·57%) ·· 9 (10·71%) 8 (28·57%) ·· 50 (19·84%) 9 (10·71%) ··

Grade 2 4 (4·76%) 0 ·· 0 0 ·· 3 (3·57%) 1 (3·57%) ·· 7 (2·78%) 1 (1·19%) ··

Fever 11 (13·10%) 0 0·044 9 (10·71%) 1 (3·57%) 0·25 6 (7·14%) 7 (0·25%) 0·011 26 (10·32%) 8 (9·52%) 0·83

Grade 1 9 (10·71%) 0 ·· 9 (10·71%) 1 (3·57%) ·· 5 (5·95%) 7 (0·25%) ·· 23 (9·13%) 8 (9·52%) ··

Grade 2 2 (2·38%) 0 ·· 0 0 ·· 1 (1·19%) 0 ·· 3 (1·20%) 0 ··

Fatigue 4 (4·76%) 0 0·24 0 0 1 0 0 1 4 (1·59%) 0 0·24

Grade 1 3 (3·57%) 0 ·· 0 0 ·· 0 0 ·· 3 (1·20%) 0 ··

Grade 2 1 (1·19%) 0 ·· 0 0 ·· 0 0 ·· 1 (0·40%) 0 ··

Nausea 2 (2·18%) 0 0·41 0 0 1 2 (2·18%) 0 0·41 4 (1·59%) 0 0·24

Grade 1 2 (2·18%) 0 ·· 0 0 ·· 1 (1·19%) 0 ·· 3 (1·20%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 1 (1·19%) 0 ·· 1 (0·40%) 0 ··

Cough 1 (1·19%) 0 0·56 3 (3·57%) 0 0·31 2 (2·18%) 1 (3·57%) 0·79 6 (2·38%) 1 (1·19%) 0·51

Grade 1 0 0 ·· 3 (3·57%) 0 ·· 1 (1·19%) 1 (3·57%) ·· 4 (1·59%) 1 (1·19%) ··

Grade 2 1 (1·19%) 0 ·· 0 0 ·· 1 (1·19%) 0 ·· 2 (0·79%) 0 ··

Dyspnoea 1 (1·19%) 0 0·56 0 0 1 0 0 1 1 (0·40%) 0 0·56

Grade 1 1 (1·19%) 0 ·· 0 0 ·· 0 0 1 (0·40%) 0 ··

Muscle pain 4 (4·76%) 0 0·24 0 0 1 0 0 1 4 (1·59%) 0 0·41

Grade 1 4 (4·76%) 0 ·· 0 0 ·· 0 0 ·· 4 (1·59%) 0 ··

Vomiting 2 (2·18%) 0 0·41 0 0 1 2 (2·18%) 0 0·41 4 (1·59%) 0 0·41

Grade 1 2 (2·18%) 0 ·· 0 0 ·· 2 (2·18%) 0 ·· 4 (1·59%) 0 ··

Headache 2 (2·18%) 0 0·41 1 (1·19%) 0 0·56 0 1 (3·57%) 0·082 3 (1·20%) 0 0·31

Grade 1 2 (2·18%) 0 ·· 1 (1·19%) 0 ·· 0 1 (3·57%) ·· 3 (1·20%) 1 (1·19%) ··

Dysphagia 1 (1·19%) 0 0·56 0 0 1 0 0 1 1 (0·40%) 0 0·56

Grade 1 1 (1·19%) 0 ·· 0 0 ·· 0 0 ·· 1 (0·40%) 0

Diarrhoea 0 0 1 4 (4·76%) 0 0·24 0 1 (3·57%) 0·082 4 (1·59%) 1 (1·19%) 0·79

Grade 1 0 0 ·· 4 (4·76%) 0 ·· 0 0 ·· 4 (1·59%) 0 ··

Grade 2 0 0 ·· 0 0 ·· 0 1 (3·57%) ·· 0 1 (1·19%) ··

Overall adverse reactions after whole vaccination procedure

Any 38 (45·24%) 4 (14·29%) 0·0034 30 (3·57%) 1 (3·57%) 0·0010 18 (21·43%) 10 (35·71%) 0·13 86 (34·13%) 15 (17·86%) 0·0049

Grade 1 33 (39·29%) 4 (14·29%) ·· 30 (3·57%) 1 (3·57%) ·· 15 (17·86%) 9 (32·14%) ·· 78 (30·95%) 14 (16·67%) ··

Grade 2 5 (5·95%) 0 ·· 0 0 ·· 3 (3·57%) 1 (3·57%) ·· 8 (3·17%) 1 (1·19%) ··

Data are n (%). Any refers to all the participants with any grade adverse reactions or reactions. Adverse reactions and reactions were graded according to the scale issued by the China State Food and Drug 
Administration. Grade 1 is mild, grade 2 is moderate, and grade 3 is severe.

Table 5: Adverse reactions within 30 days after whole vaccination procedure for group aged 13–17 years
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Dose-level dependent immunogenicity was observed 
on day 56 (28 days after the second vaccination) in all 
three age cohorts. The 4 μg and 8 μg groups showed 
significantly higher antibody response compared with 
the 2 μg group (appendix pp 16, 20, 24).

In the cohort aged 3–5 years, the neutralising antibody of 
all three dose levels were detectable on day 28, at a GMT 
of 14·5 (95% CI 11·2–18·7) in the 2 μg group, 
20·2 (16·3–25·0) in the 4 μg group, and 21·3 (17·5–26·0) 
in the 8 μg group. By day 28, there were no significant 
differences in neutralising antibody GMT among the 2 μg 
(p=0·50), 4 μg (p=0·80), and 8 μg (p=0·85) groups. By 
day 56 (28 days after the second vaccination), the 
neutralising antibody GMT increased to 105·3 (95% CI 
95·4–116·2) in the 2 μg group, 180·2 (163·4–198·8) in the 
4 μg group, and 170·8 (202·2–249·1) in the 8 μg group. 
The 2 μg group neutralising antibody GMT was 
significantly lower than that of the 4 μg (p<0·001) and 8 μg 
(p<0·001) groups, while no significant difference in 
neutralising antibody GMTs between the 4 μg group and 
8 μg group was observed (p=0·71). By day 84 (28 days after 

the third vaccination), the 2 μg group neutralising anti-
body GMT was significantly lower than that of the 4 μg 
(p=0·0018) and 8 μg (p=0·0013) groups, and no significant 
difference in neutralising antibody GMT was detected 
between the 4 μg and 8 μg groups (p=0·85; figure 2; 
appendix 2 pp 14–17).

Unlike the 3–5 years cohort, the neutralising antibody 
GMT of the 2 μg group in both the 6–12 years (30·0, 95% CI 
25·0–35·9) and 13–17 years (48·0, 42·5–54·3) cohorts 
significantly differed to that of the 4 μg groups (6–12 years 
54·1, 45·6–64·1 [p<0·001]; 13–17 years 61·4, 52·1–72·3 
[p=0·0053]) and 8 μg groups (6–12 years 55·8, 45·3–68·7 
[p<0·001]; 13–17 years 80·2, 69·3–92·9 [p<0·001]) within 
same age cohort on day 28. Neutralising antibody GMTs of 
the 4 μg and 8 μg groups in the cohorts aged 6–12 years 
(p=0·80) and 13–17 years (p=0·53) were comparable at 
day 56 (figure 2; appendix 2 pp 18–24).

All dose levels across all age cohorts showed comparable 
neutralising antibody GMTs compared with HCS (198·0, 
95% CI 250·2–156·7) on day 84, except the 2 μg group in 
the 6–12 years cohort, which showed significantly lower 

Figure 2: Immunogenicity of BBIBP-CorV in participants aged 3–17 years
(A) Titres in the different study groups measured by infectious SARS-CoV-2 neutralising assay. Circles show the individual neutralisation titres. Bars represent the 
geometric mean titres of neutralisation antibody. Error bars refer to the 95% CI. The negative in neutralisation antibody detection is represented as GMT=2. 
The seroconversion rates of participants aged 3–5 years (B), 6–12 years (C), and 13–17 years (D) were defined as an increase of at least four-times post-vaccination 
titre from baseline. The black dotted line shows the lower limit of the assay (values beyond the lower limit were set to 2). The blue and red dashed lines indicate the 
average GMT in 18–59 years and 60 years or older cohorts on day 42 (14th day post the second vaccination). HCS=human convalescent serum. *Days of vaccination.
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neutralising antibody GMT (127·0, 95% CI 144·2–111·8; 
p=0·02) compared with HCS on day 84.

Discussion
In this phase 1/2 clinical trial of participants younger than 
18 years, the three-dose regimen of 2 μg, 4 μg, and 8 μg of 
BBIBP-CorV inactivated vaccine had an acceptable safety 
profile, and was able to elicit robust humoral response 
against SARS-CoV-2.

Local and systemic adverse reactions were mostly mild 
to moderate in severity. Adverse reactions occurred pre-
dominantly after the first dose and showed similar 
frequency after the first vaccination in participants aged 
3–17 years and participants aged 18–59 years or 60 years or 
older.5 The most common adverse reactions were pain and 
fever, which were transient or resolved in few days. There 
were three grade 3 white blood cell count abnormal changes 
in the vaccination group, but all were clinically insignificant.

One unsolicited adverse event was reported in the 2 μg 
group in the cohort aged 6–12 years during phase 2 study. 
This participant was later diagnosed as being allergic to 
various food allergens, but considering this adverse event 
occurred on the second day after the second vaccination 
dose, we recorded it as an adverse event possibly related 
to the vaccine. Therefore, in future studies, more 
attention should be paid to vaccinees with a history of 
allergy, and more safety data for large-scale clinical or 
post-marketing application are needed.

The BBIBP-CorV inactivated vaccine was immunogenic 
and induced robust humoral responses, with the sero-
conversion ratio of 100% in all vaccination groups. By 
day 56 (28 days after the second vaccination), the 
neutralising antibody elicited by BBIBP-CorV ranged 
from 105·3 to 180·2 in the cohort aged 3–5 years, 84·1 to 
168·6 in the cohort aged 6–12 years, and 88·0 to 155·7 in 
the cohort aged 13–17 years, which were similar to the 
BBIBP-CorV-elicited antibody level in adult participants 
(figure 2).4 We found a lower seroconversion rate and 
lower neutralising antibody titre on day 28 in the cohort 
aged 3–5 years than that of other age cohorts. Lower 
antibody response after the first vaccination was also 
observed in the cohort aged 60 years and older in 
our previous study.4 We reason the lower neutralising 
antibody responses might be caused by undertrained or 
atrophy of the immune system of younger children 
(3–5 years) or older individuals (≥60 years).19

A report of a phase 1/2/3 study of BNT162b2 has 
shown its safety and 100% efficacy in individuals 
aged 12–25 years.9,13 Another mRNA vaccine candidate, 
mRNA-1273, is reported to be tolerated and to have 
efficacy against COVID-19 of 100%, starting 14 days after 
the second dose, in children aged 12–17 years.14 Efforts are 
also being made to further evaluate safety, immuno -
genicity, and efficacy of mRNA vaccines (NCT04816643, 
NCT04649151, and NCT04796896) or an inactivated 
vaccine in s population younger than 12 years.15 These 
clinical trials, along with ours, will further address the 

feasibility of safe and efficacious vaccines in preventing 
disease in children and adolescents.

There are several limitations of our clinical trial, 
including: a short duration of follow-up (84 days), safety 
profile, and need for a longer follow-up period to evaluate 
antibody persistence; participants had limited racial and 
ethnic diversity as compared with the general population; 
cellular immunity elicited by BBIBP-CorV, especially 
T-cell response, was not evaluated (planned for follow-up 
studies); an absence of data for cross-protection efficacy 
of neutralising antibody elicited in the cohort aged 
3–17 years against newly emerged variants (eg, B.1.1.720 
and B.1.61721); and the neutralising antibody elicited by 
BBIBP-CorV could inhibit SARS-CoV-2 infection in cell 
culture, but the protection efficacy in people younger 
than 18 years is unknown. Although phase 3 studies 
of two inactivated SARS-CoV-2 vaccine candidates 
(BBIBP-CorV and CoronaVac) have demonstrated their 
efficacies in a general population of adults,22–24 an efficacy 
study of BBIBP-CorV in people younger than 18 years is 
necessary. An immune-bridging phase 3 study is planned 
for populations aged 3–17 years and 18 years and older 
using the 4 μg dose, with a two-shot regimen 21 days 
apart for additional safety data, immunogenicity, and 
efficacy; the trial will be done in the UAE. Additionally, 
although we included HCS as internal positive control in 
every assay, there was still no standardised HCS 
authorised by WHO with a universal distribution of 
donor characteristics (eg, disease severity and collection 
timing).

In conclusion, we found that the inactivated COVID-19 
vaccine BBIBP-CorV is tolerable and immunogenic in 
individuals aged 3–17 years. Humoral responses against 
SARS-CoV-2 were elicited after the first inoculation of 
the vaccine and 100% seroconversion was achieved in 
all participants by day 56. These findings support the 
evaluation of this vaccine candidate in phase 3 trials with 
populations aged 3–17 years to further ascertain its safety 
and protection efficacy against SARS-CoV-2.
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collaborators on the basis of scientific merit. To gain access, data 
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