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Safety, tolerability, and immunogenicity of an inactivated
SARS-CoV-2 vaccine (CoronaVac) in healthy children and
adolescents: a double-blind, randomised, controlled,
phase 1/2 clinical trial
Bihua Han*, Yufei Song*, Changgui Li*, Wanqi Yang, Qingxia Ma, Zhiwei Jiang, Minjie Li, Xiaojuan Lian, Wenbin Jiao, Lei Wang, Qun Shu, Zhiwei Wu,
Yuliang Zhao, Qi Li, Qiang Gao

Summary

Background A vaccine against SARS-CoV-2 for children and adolescents will play an important role in curbing the
COVID-19 pandemic. Here we aimed to assess the safety, tolerability, and immunogenicity of a candidate COVID-19
vaccine, CoronaVac, containing inactivated SARS-CoV-2, in children and adolescents aged 3–17 years.
Methods We did a double-blind, randomised, controlled, phase 1/2 clinical trial of CoronaVac in healthy children and
adolescents aged 3–17 years old at Hebei Provincial Center for Disease Control and Prevention in Zanhuang (Hebei,
China). Individuals with SARS-CoV-2 exposure or infection history were excluded. Vaccine (in 0·5 mL aluminum
hydroxide adjuvant) or aluminum hydroxide only (alum only, control) was given by intramuscular injection in two doses
(day 0 and day 28). We did a phase 1 trial in 72 participants with an age de-escalation in three groups and dose-escalation
in two blocks (1·5 μg or 3·0 μg per injection). Within each block, participants were randomly assigned (3:1) by means of
block randomisation to receive CoronaVac or alum only. In phase 2, participants were randomly assigned (2:2:1) by
means of block randomisation to receive either CoronaVac at 1·5 μg or 3·0 μg per dose, or alum only. All participants,
investigators, and laboratory staff were masked to group allocation. The primary safety endpoint was adverse reactions
within 28 days after each injection in all participants who received at least one dose. The primary immunogenicity
endpoint assessed in the per-protocol population was seroconversion rate of neutralising antibody to live SARS-CoV-2 at
28 days after the second injection. This study is ongoing and is registered with ClinicalTrials.gov, NCT04551547.
Findings Between Oct 31, 2020, and Dec 2, 2020, 72 participants were enrolled in phase 1, and between Dec 12, 2020, and
Dec 30, 2020, 480 participants were enrolled in phase 2. 550 participants received at least one dose of vaccine or alum
only (n=71 for phase 1 and n=479 for phase 2; safety population). In the combined safety profile of phase 1 and phase 2,
any adverse reactions within 28 days after injection occurred in 56 (26%) of 219 participants in the 1·5 μg group,
63 (29%) of 217 in the 3·0 μg group, and 27 (24%) of 114 in the alum-only group, without significant difference (p=0·55).
Most adverse reactions were mild and moderate in severity. Injection site pain was the most frequently reported event
(73 [13%] of 550 participants), occurring in 36 (16%) of 219 participants in the 1·5 μg group, 35 (16%) of 217 in the 3·0 μg
group, and two (2%) in the alum-only group. As of June 12, 2021, only one serious adverse event of pneumonia has been
reported in the alum-only group, which was considered unrelated to vaccination. In phase 1, seroconversion of
neutralising antibody after the second dose was observed in 27 of 27 participants (100·0% [95% CI 87·2–100·0]) in the
1·5 μg group and 26 of 26 participants (100·0% [86·8-100·0]) in the 3·0 μg group, with the geometric mean titres
of 55·0 (95% CI 38·9–77·9) and 117·4 (87·8–157·0). In phase 2, seroconversion was seen in 180 of 186 participants
(96·8% [93·1–98·8]) in the 1·5 μg group and 180 of 180 participants (100·0% [98·0–100·0]) in the 3·0 μg group, with the
geometric mean titres of 86·4 (73·9–101·0) and 142·2 (124·7–162·1). There were no detectable antibody responses in
the alum-only groups.
Interpretation CoronaVac was well tolerated and safe and induced humoral responses in children and adolescents aged
3–17 years. Neutralising antibody titres induced by the 3·0 μg dose were higher than those of the 1·5 μg dose. The
results support the use of 3·0 μg dose with a two-immunisation schedule for further studies in children and adolescents.
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Introduction
The ongoing COVID-19 pandemic, caused by SARS-CoV-2,
has led to more than 174·5 million infections and more

than 3·8 million deaths worldwide as of June 11, 2021.1
Children and adolescents infected with SARS-CoV-2 are
mainly mild or asymptomatic compared with adults, but a
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Research in context
Evidence before this study
We searched PubMed on Apr 29, 2021, for published research
articles, with no language or date restrictions, using the search
terms of “SARS-CoV-2”, “COVID-19”, “vaccine”, and “clinical trial”.
We identified several clinical trials of COVID-19 vaccines across
different platforms, including mRNA, viral vector, protein subunit,
and inactivated virus. The results from phase 1–3 studies have
confirmed that different vaccines were safe, effective, and induced
humoral antibody responses in adults. As of April 19, 2020, more
than ten COVID-19 candidate vaccines have been rolled out in
many countries for general population use. Although vaccine
companies have started to assess the safety and efficacy of
COVID-19 vaccines in populations of 6 months to 17 years of age,
there are currently no authorised vaccines for use among children
and adolescents under the age of 16. We previously assessed
CoronaVac, an inactivated vaccine developed by Sinovac Life
Sciences, in adults aged 18–59 years and those aged 60 years and
older, and showed that it was safe and well tolerated.
Seroconversion rates ranged from 92% to 100% after two doses of
CoronaVac (3·0 μg and 6·0 μg) with two immunisation schedules
(on days 0 and 14, or on days 0 and 28) in adults aged
18–59 years. Seroconversion rates were higher than 98% after
two doses of CoronaVac (3 μg and 6 μg) with the 0–28 days
schedule in patients aged 60 years and older.

relatively small number of children and adolescents might
be at risk for severe COVID-19, especially those with
underlying health comorbidities.2–5 Studies have also
found that the SARS-CoV-2 infection can lead to a serious
complication called multisystem inflammatory syndrome
in children, which includes myocardial dysfunction,
shock, and respiratory failure requiring intensive care.3,6,7
Furthermore, children and adolescents can be important
transmitters of SARS-CoV-2 in communities.8,9 Therefore,
testing the effectiveness of COVID-19 vaccines in this
population is important. As of June 11, 2021, a total of
287 candidate vaccines are in clinical or preclinical
development.10 The results from phase 3 trials of multiple
vaccines across three platforms, including mRNA, viral
vector, and inactivated virus, have confirmed that the
vaccines are effective in preventing SARS-CoV-2 infection
in adults,11,12 and more than ten vaccines have been rolled
out in many countries for general population use. No
COVID-19 vaccines are authorised for use among children
under the age of 12 years, but vaccine companies have
been started to assess the safety and efficacy of various
vaccine platforms among the population aged 6 months to
17 years.13,14 The mRNA vaccine developed by Pfizer has
shown 100% efficacy and robust antibody responses in
adolescents aged 12–15 years.15
Purified inactivated viruses have traditionally been
used for vaccine development. CoronaVac is an
inactivated SARS-CoV-2 vaccine developed by Sinovac
Life Sciences (Beijing, China), which provided partial or
2

Added value of this study
This is, we believe, the first report of an inactivated SARS-CoV-2
vaccine, CoronaVac, tested in children and adolescents aged
3–17 years. CoronaVac was found to be well tolerated and safe
in this population. The seroconversion rates of neutralising
antibody with both doses (1·5 μg and 3·0 μg) were over 96%
after two-dose vaccination and the neutralising antibody titres
induced by the 3·0 μg dose were higher than those induced by
the 1.5 μg dose. Taken together, the 3·0 μg dose of CoronaVac
induced higher immune responses compared with 1·5 μg dose.
Implications of all the available evidence
While a small number of children and adolescents with
SARS-CoV-2 infection might be at risk for severe COVID-19 and
complicated illnesses, they usually have mild or asymptomatic
symptoms compared with adults. Nevertheless, children and
adolescents can be important transmitters of SARS-CoV-2 in
communities. Therefore, testing the effectiveness of COVID-19
vaccines in this population is important. CoronaVac was well
tolerated and immunogenic in healthy children and adolescents
aged 3–17 years in this trial, which supports the use of
CoronaVac for further studies in this population.

complete protection in macaques following SARS-CoV-2
challenge, without observable antibody-dependent
enhancement of infection.16 The analyses from phase 1–3
trials have shown that CoronaVac was effective, immuno
genic, and safe in adults aged 18 years and older.12,17–19
Furthermore, another 11 inactivated COVID-19 candidate
vaccines are in clinical evaluation, and several studies
have also shown that the inactivated vaccines can induce
neutralising antibody responses and have good safety
profiles.20–24
The phase 1/2 trial of CoronaVac in children and
adolescents was launched in October, 2020 to assess the
safety, tolerability, and immunogenicity. Here we report
the results of CoronaVac among healthy participants
aged 3–17 years old.

Method

Study design and participants
We have done two phase 1/2 clinical trials of CoronaVac in
participants aged 18–59 years and aged 60 years and
older.17,18 The preliminary immunogenicity and safety
results supported the expansion of the trial to children
and adolescents. We subsequently did a single-centre,
randomised, double-blind, controlled, phase 1/2 trial to
evaluate the safety, tolerability, and immunogenicity of
CoronaVac in children and adolescents aged 3–17 years.
On the basis of the results of previous trials and
considering the low weight of this population, two different
doses—1·5 μg and 3·0 μg—were adopted in this study.
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This trial was run at Hebei Provincial Center for Disease
Control and Prevention in Zanhuang (Hebei, China).
The phase 1 trial was an age de-escalation and
dose-escalation study of 72 participants. Participants in
each age group (3–5 years, 6–11 years, and 12–17 years)
were recruited in order from the low-dose stage (block 1)
to the high-dose stage (block 2). In block 1, participants
were randomly assigned to receive either 1·5 μg vaccine
or aluminum hydroxide adjuvant only (alum only,
control) and participants in block 2 were randomly
assigned to receive either 3·0 μg vaccine or alum only. In
phase 1, 7 days of follow-up for safety were required
before entering the next stage. The phase 2 trial was
initiated only after all the participants in phase 1 had
finished and passed a 7-days safety observation period
after the first dose, as confirmed by the data monitoring
committee. The required safety criteria were: no-life
threatening vaccine-related adverse events (adverse
reactions), no more than 15% of vaccinated participants
reporting severe adverse reactions, and no other safety
concerns in the opinion of the data monitoring
committee. A total of 480 participants were recruited
in phase 2, including 120 aged 3–5 years, 180 aged
6–11 years, and 180 aged 12–17 years.
Eligible participants were healthy children and
adolescents aged 3–17 years. The key exclusion criteria
included high-risk epidemiology history within 14 days
before enrolment (eg, travel or residence history in
communities with case reports, or contact history with
someone infected with SARS-CoV-2), history of severe
acute respiratory syndrome or SARS-CoV-2 infection (as
reported by participants), axillary temperature of more
than 37·0°, and history of allergy to any vaccine
component. A complete list of exclusion criteria is listed
in the protocol, which is available online.
Parents provided written informed consents, and
participants 8–17 years of age also provided written
assents before enrolment. The clinical trial protocol
and informed consent form were approved by the Ethics
Committee of Hebei CDC (IRB2020-005). The study
was done in accordance with the requirements of
Good Clinical Practice of China and the International
Conference on Harmonisation.

Randomisation and masking
In phase 1, participants of block 1 and block 2 were
randomly assigned (3:1) to either vaccine or alum
only, and in phase 2, participants were randomly
assigned (2:2:1) to either 1·5 μg, 3·0 μg of vaccine, or
alum only. The randomisation codes for the phase 1 and
phase 2 were generated by the randomisation statistician
by means of block randomisation using SAS software
(version 9.4). The randomisation code was assigned to
each participant in sequence in the order of enrolment,
and then the participants received the study vaccine
labelled with the same code. The vaccine and alum
only were completely identical in appearance, and all

participants, investigators, and laboratory staff were
masked to group allocation.

Procedures
CoronaVac is an inactivated vaccine candidate against
SARS-CoV-2 infection. To prepare the vaccine,
SARS-CoV-2 (CN02 strain) was propagated in African
green monkey kidney cells (WHO Vero 10-87 Cells). At
the end of the incubation period, the virus was harvested,
inactivated with β-propiolactone, concentrated, purified,
and finally adsorbed onto aluminum hydroxide. The
aluminium hydroxide complex was then diluted in
sodium chloride, phosphate-buffered saline, and water,
before being sterilised and filtered for injection. The
control was aluminum hydroxide adjuvant (alum only)
with no virus. Both the vaccine and alum only were
prepared in the Good Manufacturing Practice-accredited
facility of Sinovac Life Science that was periodically
inspected by the National Medical Products Adminis
tration committee for compliance. The production
process of the vaccine in this trial was a highly auto
mated bioreactor (ReadyToProcess WAVE 25, GE, Umea,
Sweden), which was consistent with the production
process of vaccine used in the phase 2 trial of adults aged
18–59 years and in the phase 1/2 trial of older adults
aged at least 60 years.17,18 Vaccine doses of 1·5 μg, or
3·0 μg in 0·5 mL of aluminium hydroxide diluent per
dose and alum only in ready-to-use syringes were
administered intramuscularly to participants on day 0
and day 28.
Participants were observed in the study site for at
least 30 min after vaccination. For the first 7 days after
each dose, parents or guardians of participants were
required to record any injection-site adverse events
(eg, pain, swelling, erythema), or systemic adverse
events (eg, allergic reaction, cough, fever) on the diary
cards. From day 8 to day 28 after each dose, safety
data were collected by spontaneous report from the
participants combined with the regular visit (which
occurred on day 3, day 8 and day 28 after each dose in
phase 1, and on day 8 and day 28 in phase 2). Solicited
adverse events were recorded for 7 days after each
dose and unsolicited adverse events for 28 days. The
serious adverse events are recorded throughout the
study and follow-up will continue until 12 months after
the second dose. The reported adverse events were
graded according to the China National Medical
Products Administration guidelines.25 The causal
relationship between adverse events and vaccination
was established by the investigators.
In the phase 1 trial, blood and urine samples were
taken on day 3 after each dose and tested to investigate
any abnormal changes of the haematology, biochemistry,
and urine routine indexes. Blood samples were collected
on day 0, 28, and 56 from participants in phase 1, and on
day 0 and 56 in phase 2 to evaluate the neutralising
antibody titres. The neutralising antibody titres to
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Phase 1

Phase 2
110 screened

515 screened

38 excluded
37 did not meet eligibility criteria
1 withdrew consent

72 enrolled

36 allocated to block 1

35 excluded
33 did not meet eligibility criteria
2 withdrew consent

480 enrolled and randomly assigned

36 allocated to block 2

192 randomly
assigned to 1·5 μg
group

192 randomly
assigned to 3 μg
group

96 randomly assigned
to alum-only
group

1 withdrew

27 randomly assigned
to 1·5 μg group

9 randomly assigned
to alum-only group

27 randomly assigned
to 3 μg group

9 randomly assigned
to alum-only group

192 received first dose

191 received first dose

96 received first dose

9 received first dose
7 received second dose

187 received second
dose

185 received second
dose

95 received second
dose

1 excluded
from perprotocol
analysis*

5 excluded
from perprotocol
analysis†

1 excluded
from perprotocol
analysis‡

1 withdrew

27 received first and
second dose

9 received first and
second dose

26 received first and
second dose

27 included in perprotocol analysis

9 included in perprotocol analysis

26 included in perprotocol analysis

7 included in perprotocol analysis

186 included in perprotocol analysis

180 included in perprotocol analysis

94 included in perprotocol analysis

27 included in overall
safety analysis

9 included in overall
safety analysis

26 included in overall
safety analysis

9 included in overall
safety analysis

192 included in overall
safety analysis

191 included in overall
safety analysis

96 included in overall
safety analysis

Figure 1: Trial profile
*One participant in the 1·5 μg group was excluded from the per-protocol analysis because he received tetanus immunoglobulin at day 14 after the second dose. †One participant in the 3 μg group was
excluded from the per-protocol analysis because blood collection after vaccination was outside of the specified time window, and four did not have a blood sample taken 28 days after the second dose.
‡One participant in the alum only group was excluded from the per-protocol analysis because he did not have a blood sample taken 28 days after the second dose.

See Online for appendix
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live SARS-CoV-2 (virus strain: SARS-CoV-2/human/
CHN/CN1/2020, genebank number MT407649.1) was
quantified by means of the microcytopathogenic effect
assay.26 Serum samples were inactivated at 56° for 30 min
and serially diluted with cell culture medium in two-fold
steps. The diluted serum samples were incubated with
equal volume (50 μL) of the live SARS-CoV-2 virus
suspension, with a 50% cell culture infective dose
of 100 for 2 h at 37·0°. Vero cells (1·0–2·0 × 10⁵ cells
per mL) were then added to the serum–virus suspensions
in microplates in duplicate and incubated at 36·5° for
5 days. Cytopathic effects were recorded under
microscopes and the neutralising antibody titre was
calculated by the dilution number of 50% protective
condition. Detection was done by the National Institute

for Food and Drug Control. Further information on the
method has been provided in the appendix (p 1).

Outcomes
The primary safety endpoint was any vaccine-related
adverse events (adverse reactions) within 28 days after the
administration of each dose of the study vaccine or alum
only. Secondary safety endpoints were serious adverse
events and any abnormal changes in laboratory measure
ments at day 3 after each dose. Laboratory index tests were
prespecified only in the phase 1 trial. The primary
immunogenic endpoint was the seroconversion rate of
neutralising antibodies to live SARS-CoV-2 at day 28 after
the second dose. Secondary immunogenic endpoints were
geometric mean titre (GMT) of neutralising antibodies to
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live SARS-CoV-2, as well as seropositive rates and
geometric mean increase. Seroconversion was defined as a
change from seronegative at baseline to seropositive or a
four-fold titre increase if the participant was seropositive at
baseline. The positive cutoff of the titre for neutralising
antibodies to live SARS-CoV-2 was 1/8.

Statistical analysis
We assessed the safety endpoints in the safety population,
which included all participants who had received at
least one dose of vaccine or alum only. We assessed
the immunogenicity endpoints in the per-protocol
population, which included all participants who had
randomly received two doses of vaccine or alum only,
had antibody results available, and did not violate the
trial protocol.
We did not determine the sample sizes on the basis
of a statistical power calculation, but followed the
requirements of the China National Medical Products
Administration and Chinese Technical Guidelines for
Clinical Trials of Vaccines—ie, recruitment of at least
20–30 participants in phase 1 and 300 participants in
phase 2 trial.
We used the Pearson χ² test or Fisher’s exact test for
the analysis of categorical outcomes. We calculated
the 95% CIs for all categorical outcomes using the
Clopper-Pearson method. We calculated GMTs and
corresponding 95% CIs on the basis of the standard
normal distribution of the log-transformation antibody
titre. We used the ANOVA method to compare the
log-transformed antibody titres. When the comparison
among all groups showed significant difference, we
then did pairwise comparisons. Hypothesis testing
was two-sided and we considered a p value of less
than 0·05 to be significant.
An independent data monitoring committee con
sisting of one independent statistician, one clinician,
and one epidemiologist was established before com
mencement of the study. Safety data were assessed and
reviewed by the committee to ensure further proceeding
of the study. We used SAS (version 9.4) for all analyses.
This trial is registered with ClinicalTrials.gov,
NCT04551547.

Phase 1
1·5 μg group
(n=27)
Age, years
3–5

Phase 2
3 μg group
(n=26)

Aluminium
hydroxide only
group (n=18)

8·4 (4·2)

8·2 (4·0)

8·3 (4·0)

9 (33%)

9 (35%)

6 (33%)

1·5 μg group
(n=192)

3·0 μg group
(n=191)

Aluminium
hydroxide only
group (n=96)

9·3 (3·9)

9·2 (3·8)

9·1 (4·0)

48 (25%)

47 (25%)

24 (25%)

6–11

9 (33%)

9 (35%)

6 (33%)

72 (38%)

72 (38%)

36 (38%)

12–17

9 (33%)

8 (31%)

6 (33%)

72 (38%)

72 (38%)

36 (38%)
54 (56%)

Sex
Male

10 (37%)

12 (46%)

8 (44%)

105 (55%)

108 (57%)

Female

17 (63%)

14 (54%)

10 (56%)

87 (45%)

83 (43%)

42 (44%)

27 (100%)

26 (100%)

18 (100%)

192 (100%)

191 (100%)

96 (100%)

1·3 (0·3)

1·3 (0·3)

1·4 (0·2)

1·4 (0·2)

Han ethnicity
Height, m

1·3 (0·2)

Weight, kg

34·3 (15·7)

1·4 (0·2)

35·0 (14·9) 34·9 (17·7)

40·4 (19·0)

37·9 (16·9) 39·2 (18·9)

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

Table 1: Baseline characteristics

1·5 μg group
(n=219)

3·0 μg group
(n=217)

Aluminium
hydroxide only
group (n=114)

Total
(n=550)

p value*

Solicited adverse reactions within 0–7 days
Any

51 (23%)

59 (27%)

22 (19%)

132 (24%)

0·28

Grade 1

39 (18%)

51 (24%)

15 (13%)

105 (19%)

0·065

Grade 2

16 (7%)

19 (9%)

9 (8%)

44 (8%)

0·82

Grade 3

2 (1%)

0

0

2 (<1%)

0·36

Injection site adverse reactions
Pain

36 (16%)

35 (16%)

2 (2%)

73 (13%)

<0·0001

Grade 1

34 (16%)

35 (16%)

2 (2%)

71 (13%)

<0·0001

Grade 2

2 (1%)

0

0

2 (<1%)

0·36

3 (1%)

6 (3%)

1 (1%)

Grade 1

0

4 (2%)

Grade 2

3 (1%)

Induration

Swelling

10 (2%)

0·50

0

4 (1%)

0·053

3 (1%)

1 (1%)

7 (1%)

1·0

0

2 (1%)

0

2 (<1%)

0·20

Grade 1

0

2 (1%)

0

2 (<1%)

0·20

Erythema

0

1 (<1%)

0

1 (<1%)

0·60

Grade 1

0

1 (<1%)

0

1 (<1%)

0·60

3 (1%)

2 (1%)

0

5 (1 %)

0·64

3 (1%)

2 (1%)

0

5 (1%)

0·64

Pruritus
Grade 1

Systematic adverse reactions
9 (4%)

11 (5%)

5 (4%)

25 (5%)

0·93

Grade 1

3 (1%)

2 (1%)

2 (2%)

7 (1%)

0·89

Role of the funding source

Grade 2

4 (2%)

10 (5%)

3 (3%)

17 (3%)

0·22

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. Employees of Sinovac Life Sciences
and Sinovac Biotech, listed as the authors, contributed
to the study design, data interpretation, clinical trial
monitoring, writing or revising the manuscript.

Grade 3

2 (1%)

0

0

5 (2%)

8 (4%)

5 (4%)

Grade 1

1(<1%)

4 (2%)

Grade 2

4 (2%)

4 (2%)

Headache

6 (3%)

4 (2%)

Grade 1

3 (1%)

Grade 2

4 (2%)

Anorexia

Results
Between Oct 31, 2020, and Dec 2, 2020, 110 individuals
were screened and 72 were enrolled in phase 1. Between
Dec 12 and Dec 30, 2020, 515 individuals were screened
and 480 were enrolled in phase 2. 550 (>99%) of

Fever

Cough

2 (<1%)

0·36

18 (3%)

0·47

3 (3%)

8 (1%)

0·19

2 (2%)

10 (2%)

1·0

3 (3%)

13 (2%)

0·82

3 (1%)

1 (1%)

7 (1%)

1·0

1 (<1%)

2 (2%)

7 (1%)

0·39

3 (1%)

4 (2%)

2 (2%)

9 (2%)

0·92

Grade 1

1 (<1%)

3 (1%)

2 (2%)

6 (1%)

0·52

Grade 2

3 (1%)

1 (<1%)

0

4 (1%)

0·54
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1·5 μg group
(n=219)

3·0 μg group
(n=217)

Total
(n=550)

Aluminium
hydroxide only
group (n=114)

p value*

(Continued from previous page)
Diarrhoea

2 (1%)

2 (1%)

4 (4%)

8 (1%)

0·16

Grade 1

2 (1%)

2 (1%)

4 (4%)

8 (1%)

0·16

3 (1%)

2 (1%)

2 (2%)

7 (1%)

0·89

3 (1%)

2 (1%)

2 (2%)

7 (1%)

0·89

2 (1%)

2 (1%)

1 (1%)

5 (1%)

1·0

Grade 1

1 (<1%)

1 (<1%)

0

2 (<1%)

1·0

Grade 2

1 (<1%)

1 (<1%)

1 (1%)

3 (1%)

1·0

3 (1%)

1 (<1%)

1 (1%)

5 (1%)

0·85

Nausea
Grade 1
Mucocutaneous
eruption

Vomiting
Grade 1

3 (1%)

1 (<1%)

1 (1%)

5 (1%)

0·85

Muscle pain

4 (2%)

0

0

4 (1%)

0·078

Grade 1

2 (1%)

0

0

2 (<1%)

0·36

Grade 2

2 (1%)

0

0

2 (<1%)

0·36

1 (<1%)

1 (<1%)

1 (1%)

3 (1%)

1·0

Grade 1

1 (<1%)

1 (<1%)

1 (1%)

3 (1%)

1·0

Grade 2

1 (<1%)

0

0

1 (<1%)

1·0

0

0

1 (1%)

1 (<1%)

0·21

0

0

1 (1%)

1 (<1%)

0·21

Fatigue

Hypersensitivity
Grade 1

Unsolicited adverse reactions within 0–28 days
Any

11 (5%)

15 (7%)

9 (8%)

35 (6%)

0·52

Grade 1

2 (1%)

3 (1%)

3 (3%)

8 (1%)

0·43

Grade 2

10 (5%)

12 (6%)

7 (6%)

29 (5%)

0·75

Overall adverse reactions within 0–28 days
56 (26%)

63 (29%)

27 (24%)

146 (27%)

0·55

Grade 1

40 (18%)

52 (24%)

18 (16%)

110 (20%)

0·16

Grade 2

22 (10%)

24 (11%)

15 (13%)

61 (11%)

0·67

Grade 3

2 (1%)

2 (<1%)

0·36

Any

0

0

Data are n (%), representing the total number of participants who had adverse reactions (ie, adverse events related to
vaccination). Results are broken down by dose and age group in the appendix (pp 2–10). *For differences across all
groups.

Table 2: Adverse reactions reported within 28 days after the first and the second dose of vaccine or alum
only in phase 1 and phase 2

552 enrolled participants received the first dose of vaccine
or alum only (71 in phase 1 and 479 in phase 2) and were
included in the safety population (figure 1). 69 (96%)
participants in phase 1 received the second dose and all
were eligible for the immunogenic evaluation at day 28
after the second dose (per-protocol population; figure 1). In
phase 2, 467 (97%) participants received the second dose
and 460 (96%) were included in the per-protocol population
(figure 1). Seven participants were excluded because
one received tetanus immunoglobulin at day 14 after the
second dose, five did not have a blood sample taken at
28 days after the second dose, and one took a blood sample
outside of the specified time window. The demographic
characteristics of the participants were similar in terms of
sex, mean age, height, weight, and ethnicity among
groups. The mean age of study participants was 8·3 years
(SD 4·0) in phase 1, including 24 (34%) of 71 participants
aged 3–5 years, 24 (34%) aged 6–11 years, and 23 (32%)
aged 12–17 years. The mean age of study participants was
9·2 years (3·9) in phase 2, including 119 (25%) of
479 participants aged 3–5 years, 180 (38%) aged 6–11 years,
and 180 (38%) aged 12–17 years (table 1).
The safety data of the phase 1 and phase 2 trial were
combined for analysis because the same batches of the
vaccine and alum only and the same safety observation
method were used. 146 (27%) of 550 participants reported
at least one adverse reaction within 28 days of either
vaccination, and the proportions of participants with
any adverse reactions were similar across groups. Most
adverse reactions were mild (grade 1) and moderate
(grade 2) in severity. Only two (<1%) of 550 had grade 3
adverse reactions. Most adverse reactions occurred
within 7 days after vaccination and participants recovered
within 48 h. The most common reactions were injection
site pain (73 [13%] participants) and fever (25 [5%]).
Except for a higher prevalence of injection site pain in
two vaccine groups than that in alum-only group, there

1·5 μg group

3·0 μg group

Aluminium hydroxide only
group

p value

Rate

Rate

% (95%) CI

Rate

% (95%) CI

Three
groups

1·5-μg vs
3·0-μg group

% (95%) CI

Phase 1
Total

27/27

100·0% (87·2–100·0)

26/26

100·0% (86·8–100·0)

0/16

0·0% (0·0–20·6)

<0·0001

1·0

3–5 years

9/9

100·0% (66·4–100·0)

9/9

100·0% (66·4–100·0)

0/5

0·0% (0·0–52·2)

<0·0001

1·0

6–11 years

9/9

100·0% (66·4–100·0)

9/9

100·0% (66·4–100·0)

0/6

0·0% (0·0–45·9)

<0·0001

1·0

12–17 years

9/9

100·0% (66·4–100·0)

8/8

100·0% (63·1–100·0)

0/5

0·0% (0·0–52·2)

<0·0001

1·0

Phase 2
Total

180/186

96·8% (93·1–98·8)

180/180

100·0% (98·0–100·0)

0/94

0·0% (0·0–3·9)

<0·0001

0·030

3–5 years

46/46

100·0% (92·3–100·0)

45/45

100·0% (92·1–100·0)

0/24

0·0% (0·0–14·2)

<0·0001

1·0

6–11 years

68/69

98·6% (92·2–100·0)

68/68

100·0% (94·7–100·0)

0/35

0·0% (0·0–10·0)

<0·0001

1·0

12–17 years

66/71

93·0% (84·3–97·7)

67/67

100·0% (94·6–100·0)

0/35

0·0% (0·0–10·0)

<0·0001

0·059

Data are n/N (% [95% CI]).

Table 3: Seroconversion rates of neutralising antibody responses to live SARS-CoV-2 28 days after the second dose
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Figure 2: Antibody titres of neutralising antibodies to live SARS-CoV-2
induced after two doses of CoronaVac or aluminium hydroxide diluent
only in phase 1 and phase 2 trials
GMT=geometric mean titre.The error bars indicate the 95% CI of the GMT and
the spots indicate the individual antibody titres, with the number above the
spots showing the GMT estimate. Only p values between 1·5 μg and
3·0 μg groups after the second vaccination are shown in the figure. All p values
for all data are in the appendix (pp 12–13)

Discussion
To our knowledge, this is the first report of immuno
genicity and safety of COVID-19 candidate vaccine
among children as low as 3 years old. We found that two
A

B

Phase 1, 3–17 years old

Phase 2, 3–17 years old
p<0·0001

p=0·0012
Reciprocal neutralising antibody titres

1024
512
256

1·5 μg group
55·0 117·4
3 μg group
Aluminium hydroxide
only group

86·4 142·2

128
64
32
16
8
4
2

C

D

Phase 1, 3–5 years old

Phase 2, 3–5 years old

p=0·0063
Reciprocal neutralising antibody titres

1024

p=0·024

71·9 212·6

512

94·1 140·5

256
128
64
32
16
8
4
2

E

F

Phase 1, 6–11 years old

Phase 2, 6–11 years old
p=0·0050

Reciprocal neutralising antibody titres

1024

p=0·030

512

90·3 139·7

50·5 101·6

256
128
64
32
16
8
4
2

G

H

Phase 1, 12–17 years old

Phase 2, 12–17 years old
p=0·0022

p=0·33

1024
Reciprocal neutralising antibody titres

were no significant differences in the prevalence of other
solicited or unsolicited reactions among the three groups
(table 2). In an exploratory analysis by age, the prevalence
of adverse reactions was highest in participants aged
12–17 years (72 [35%] of 203 participants) followed by
3–5 years (37 [26%] of 143 participants) and 6–11 years
(37 [18%] of 204 participants; appendix pp 8–10). As of
June 12, 2021, only one participant in the alumonly group has reported one serious adverse event
(pneumonia; appendix p 15), which was considered to be
unrelated to vaccination. Additionally, only two (3%) of
71 participants at day 3 after the first dose and two (3%) of
69 participants after the second dose in phase 1 had a
significant increase of laboratory indicator (appendix p 11).
In phase 1, none of the participants had any detectable
neutralising antibody response against live SARS-CoV-2
at baseline (appendix p 12). The seroconversion rates
at day 28 after the second dose were 27 (100%) of
27 participants in the 1·5 μg group (GMT 55·0 [95% CI
38·9–77·9]) and 26 (100%) of 26 in the 3·0 μg group
(117·4 [87·8–157·0]). The GMT of the 3·0 μg group
was significantly higher than that of the 1·5 μg
group (p=0·0012; table 3, figure 2, appendix p 12).
Testing for neutralising antibodies in all alum-only
recipients was negative after vaccination (appendix p 12).
In an exploratory analysis by age, seroconversion rates
at day 28 after the second dose of 1·5 μg or 3·0 μg
vaccine were all 100% in participants aged 3–5 years,
6–11 years, and 12–17 years, with the GMTs ranging
from 45·9 to 212·6 (figure 2, appendix p 14).
In phase 2, none of the participants had any detectable
neutralising antibody response at baseline (appendix p 13).
After the second dose of vaccination, the seroconversion
rates were 180 (95% CI 96·8% [93·1–98·8]) of 186 parti
cipants in the 1·5 μg group (GMT 86·4 [73·9–101·0]) and
180 (100·0% [98·0–100·0]) of 180 participants in the 3·0 μg
group (142·2 [124·7–162·1]). The seroconversion rate and
GMT of the 3·0 μg group were higher than those of the
1·5 μg group (p=0·030 and p<0·0001; table 3, figure 2,
appendix p 13). Neutralising antibodies in all alum-only
recipients were negative after vaccination (appendix p 13).
In an exploratory analysis by age, the seroconversion rates at
day 28 after the second dose were higher than 93% in the
1·5 μg and 3·0 μg groups for participants aged 3–5 years,
6–11 years, and 12–17 years, with the GMTs ranging from
78·3 to 146·0 (figure 2, appendix p 14).

78·3 146·0

45·9 70·8

512
256
128
64
32
16
8
4
2

Baseline

56 days

Time since post dose 1 (days)
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56 days
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doses of the CoronaVac were safe and well tolerated at
doses of 1·5 μg and 3·0 μg among children and
adolescents aged 3–17 years old. The prevalence of
adverse reactions in different dose groups was similar,
indicating that there was no dose-related concern on
safety. Most reactions were mild to moderate in severity
and transient. Injection-site pain was the most reported
symptom. The results were similar to our study of adults
and elderly.17,18 Furthermore, the higher grade 1 injection
site pain reported by adolescents aged 12–17 years was
the main reason for the higher prevalence of adverse
reactions in this population compared with children aged
3–5 years and 6–11 years. None of the serious adverse
events reported during the trial was related to vaccination.
CoronaVac was immunogenic in children and ado
lescents aged 3–17 years. The seroconversion rates of
neutralising antibody in children and adolescents with
both doses were over 96% after the two-dose vaccination.
The GMTs of 142·2 in the 3·0 μg groups were higher
than that of 86·4 in the 1·5 μg group in phase 2; however,
even the GMT of 86·4 induced better immunogenicity
compared with adults aged 18–59 years (44·1) and those
aged 60 years and older (42·2) who received a 3·0 μg
dose of vaccine with the same immunisation schedule.17,18
Age plays an important role in antibody response to
vaccine.27 Decreasing responses to vaccination with
increasing age have been shown in other vaccines, such
as hepatitis B vaccine, seasonal influenza, pneumococcal
disease, tetanus, pertussis, and diphtheria.27,28 The
results implied that a lower dose of vaccine could induce
higher immune response in children and adolescents.
In an exploratory analysis stratified by age, we did not
observe significant differences in neutralising antibody
responses between age groups (3–5 years, 6–11 years,
and 12–17 years) after the second vaccination
(appendix p 14). GMTs in phase 1 decreased with age in
recipients of the same vaccine, whereas they were
similar in phase 2. Small sample size might account for
the change trends of GMT in phase 1. In each age group,
there were significant differences in GMTs between the
1·5 μg and 3·0 μg groups after the second dose, except in
the group aged 12–17 years old in phase 1. Taken together,
the 3·0 μg dose of CoronaVac induced higher immune
responses in all age groups compared with the 1·5 μg
dose.
Evidence from various studies supports the important
role of T-cell responses to SARS-CoV-2 infection,29 and
such responses have been found with use of different
vaccine platforms, including mRNA, viral vectors, and
recombinant proteins.30 In this study, T cell responses
were not assessed, which was a limitation of the study
design. However, a study in Chile found a significant
induction of a T-cell response characterised by the
secretion of interferon-gamma following vaccination of
CoronaVac in a population aged 18 years and older,19,
which was different from the lower response observed in
our phase 1 trial among adults aged 18–59 years.17
8

Another inactivated SARS-CoV-2 vaccine, BBV152, has
also been reported to induced a Th1-biased response.21,24
Future studies are needed to assess the responses of
type 1 and type 2 T-helper cells by inactivated vaccines.
This study has some further limitations. First, the
sample size of this study is relatively small per age group
and all study populations were of Han ethnicity. Further
studies will be done in different regions and multiethnic
populations to collect more data to provide scientific
evidence for immune strategy. Second, at the time of the
report, long-term immunogenicity and safety could not
be available, although the participants will be followed
up for at least 1 year. Finally, the calculated p values
cannot support any powerful statistical conclusions in
this study, which are only for reference and should be
interpreted with caution.
In conclusion, CoronaVac was well tolerated and
safe, and induced humoral responses in children and
adolescents aged 3–17 years. Among the two doses
evaluated, the neutralising antibody titres induced by a
3·0 μg dose were higher than those of the 1·5 μg dose.
The results support the use of 3·0 μg dose with a
two-immunisation schedule for further studies in
children and adolescents.
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