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Efficacy, immunogenicity and safety of
CoronaVac® in childrenandadolescents aged
6 months to 17 years: a multicenter,
randomized, double-blind, placebo-
controlled phase III clinical trial

Qianqian Xin1,6, Kaiqin Wang2,6, Teck-Hock Toh3, Yue Yuan1, Xing Meng4,
Zhiwei Jiang5, Hengming Zhang4, Jinye Yang1, Huijie Yang2 & Gang Zeng 4

Safe and effective vaccines against COVID-19 for children and adolescents are
needed. This international multicenter, randomized, double-blind, placebo-
controlled, phase III clinical trial assessed the efficacy, immunogenicity, and
safety of CoronaVac® in children and adolescents (NCT04992260). The study
was carried out in Chile, South Africa, Malaysia, and the Philippines. The
enrollment ran from September 10, 2021 to March 25, 2022. For efficacy
assessment, themedian follow-up duration from 14 days after the second dose
was 169 days. A total of 11,349 subjects were enrolled. Two 3-μg injections of
CoronaVac® or placebo were given 28 days apart. The primary endpoint was
the efficacy of the CoronaVac®. The secondary endpoints were the immuno-
genicity and safety. The vaccine efficacy was 21.02% (95% CI: 1.65, 36.67). The
level of neutralizing antibody in the vaccine group was significantly higher
than that in the placebo group (GMT: 390.80 vs. 62.20, P <0.0001). Most
adverse reactions were mild or moderate. All the severe adverse events were
determined to be unrelated to the investigational products. In conclusion, in
the Omicron-dominate period, a two-dose schedule of 3μg CoronaVac® was
found to be safe and immunogenic, and showed potential against sympto-
matic COVID-19 in healthy children and adolescents.

TheCOVID-19 pandemic, causedby severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has led to more than 774 million con-
firmed cases and 7.03 million deaths worldwide up to February 11,
2024. (https://covid19.who.int) Children and adolescents were also at
risk of COVID-19. Worldwide, over 8.8 million children under 14 years
old suffered from SARS-CoV-2 infection from December 30, 2019 to

October 25, 20211. Although infected children and adolescents cases
are mainly mild or asymptomatic compared with adults2, severe dis-
eases, hospitalization, and multisystem inflammatory syndrome in
children (MIS-C) can occur, which may require intensive care3–5. Apart
from the effects on physical health, being infected by SARS-CoV-2 can
interrupt education and have negative impacts on social and
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emotional development and mental health6–8. Besides, adolescents
play an important role in SARS-CoV-2 transmission9,10. Thus, safe and
effective vaccines against COVID-19 for children and adolescents are
needed to help prevent disease and contribute to herd immunity.

However, limited clinical evidence supported the efficacy of
COVID-19 vaccines in persons under 18 years old, and their immuni-
zation schedule remained to be further explored. COVID-19messenger
RNA vaccines, mRNA-1273 (Moderna), showed an efficacy of 36.8% and
50.6% in recipients aged 2–5 years and 6–23 months by a two-dose
injection schedule in phase III clinical trials during the Omicron-
dominant phase11. In the phase II–III trial of recombinant subunit
adjuvanted protein vaccines, NVX-CoV2373 (Novavax), for 2–17 years
in India, the geometric mean titer ratio compared to those in adults
were 1.33 and 1.93 for neutralizing antibodies in adolescents and chil-
dren, respectively12. The vaccine efficacy against the delta variant for
12–17-year-oldswas approximately 80%13. However,more international
multicenter evidence is still needed to support the efficacy of NVX-
CoV2373 in persons under 18, especially those younger than two
years old.

CoronaVac® is an inactivated COVID-19 vaccine developed by
Sinovac Life Sciences Co., Ltd. Three domestic phase I/II clinical trials
proved the immunogenicity and safety of CoronaVac®14–16, and inter-
national phase III trials in adults further supported its efficacy and
safety17,18. Thus, CoronaVac® was approved for conditional marketing
in China on February 5, 2021 (approval number: 2021S00156,
2021S00157) and was approved by the World Health Organization for
emergency use in adults on June01, 202119. Furthermore, results froma
phase I/II study supported the safety and immunogenicity of Cor-
onaVac® administered as two-dose injection (day 0 and day 28) in
healthy persons aged 3–17 years16, and supported the use of 3μg dose
with a two-dose immunization schedule for further studies in children
and adolescents. Based on that, this global multicenter, randomized,
double-blind, phase III clinical trial was launched in September 2021 at
sites in Chile, South Africa, Malaysia, and the Philippines to assess the
efficacy, immunogenicity, and safety of CoronaVac® in healthy chil-
dren and adolescents aged 6 months–17 years. Here, we present the
main findings of this study.

Results
Clinical trial profile
The enrollment ran from September 10, 2021, to March 25, 2022, fol-
lowed for 12 months after the second dose. Due to the outbreak of the
Omicron variant, which started in November 2021, the number of PCR-
confirmed symptomatic COVID-19 cases quickly accumulated to the
statistical requirement (at least 93 cases) in the interim analysis on
March 10, 2022 (Table S1). A total of 11,349 subjects were enrolled in
this study. Among them, 11,343 received the first dose of either the
CoronaVac® vaccine (n = 6071) or placebo (n = 5272), and 11,037
received their second dose. For the efficacy analysis, 9678 subjects
were included in the per-protocol set (E-PPS). For efficacy evaluation,
the median duration of follow-up from 14 days after the second dose
was 169 days (range, 2–310) in the vaccine group and 169 days (range,
3–310) in the placebo group. A total of 1404 subjects randomizedwere
also assigned to the immunogenicity subgroup, of whom 1123 were
included in the per-protocol set for immunogenicity (I-PPS). In addi-
tion, 2941 subjects randomized in either armwere also assigned to the
safety subgroup (Fig. 1).

Efficacy analysis
The efficacy analysiswas conductedbasedon the E-PPS. A total of 9678
subjects were finally included, with 4841 (50.02%) in the vaccine group
and 4837 (49.98%) in the placebo group. Among them, 51.19% were
male, 53.08% were Asian. The proportion of participants aged
6–35months, 3–5 years, 6–11 years and 12–17 years were 1.97%, 15.01%,
39.13% and 43.88%, respectively. The overall median age was 11.20
years old. There were no significant differences in demographic and
other characteristics between the vaccine and placebo groups at
baseline (Table 1). The demographic and other characteristics at
baseline were similar in each country’s vaccine and placebo groups
(Table S2–Table S5). Among those enrolled, 4737 subjects (48.95%)
had immunological evidence of SARS-CoV-2 infection at baseline
based on the positive result of SARS-CoV-2 antigen or IgG/IgM rapid
test, despite having reported no active infection by history of record.

In the efficacy analysis of COVID-19 cases at least 14 days after the
second dose vaccination, 339 confirmed cases were reported,

Fig. 1 | Trial profile. *Other: Vaccine group participants without corresponding
control population. During the study period, CoronaVac® was approved for EUA
(Emergency Use Authorization) in Chile for a population aged 3–17 years. Hence,
participants aged 3–17 years in Chile (343 aged 6–17 years and 416 aged 3–5 years)
were unblinded and administrated CoronaVac®. The data of these subjects were

excluded from the efficacy analysis#. One participant, who was enrolled in the
placebo group at the beginning of the study, had the first dose of placebo. How-
ever, this participant received CoronaVac® in the second injection. Thus, after the
second dose, this participantwasmoved to the vaccine group in the safety analysis.
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including 152 cases in the vaccine group (6.59/100 person-years) and
187 cases in the placebo group (8.24/100 person-years). The vaccine
efficacy against PCR-confirmed symptomatic COVID-19 cases was
21.02% with 95% confidence interval (95% CI) of 1.65 and 36.67
(Table 2). PCR-confirmed symptomatic COVID-19 cases accrual by
study time was presented in Fig. 2.

The efficacy of vaccine against COVID-19 cases with different
severity, including hospitalization, severe, and death cases, was ana-
lyzed accordingly. Among 9678 subjects, seven hospitalization cases
were reported, including one in the vaccine group (0.04/100 person-
years) and six in the placebo group (0.26/100 person-years). The
estimated efficacy against COVID-19 hospitalization was 84.19% (95%
CI: −30.34, 99.66). No severe case was reported in the vaccine group,
but twowere reported in the placebo group, where the efficacy against
severe COVID-19 was 100% (95% CI: −424.27, 100.00). No death
occurred during the study period. Above all, due to the limited cases,
the results were not powered to prove the efficacy against hospitali-
zation and severe cases.

Table 1 | Demographic and other characteristics at baseline
(E-PPS)

Variables Vaccine
group

Placebo
group

Total Pc

(n = 4841) (n = 4837) (n = 9678)

Age, year

Mean (SD) 10.68 (4.05) 10.69 (4.05) 10.69 (4.05) 0.9353

Median 11.19 11.20 11.20

Age group

6–35 months n (%) 95 (1.96) 96 (1.99) 191 (1.97) 0.9997

3–5 years n (%) 726 (15.00) 727 (15.03) 1453 (15.01)

6–11 years n (%) 1894 (39.12) 1893 (39.14) 3787 (39.13)

12–17 years n (%) 2126 (43.92) 2121 (43.85) 4247 (43.88)

Gender

Male n (%) 2480 (51.23) 2474 (51.15) 4954 (51.19) 0.9359

Female n (%) 2361 (48.77) 2363 (48.85) 4724 (48.81)

Race

Asian n (%) 2570
(53.09)

2567 (53.07) 5137 (53.08) 0.9530

Black or African
American n (%)

1951 (40.30) 1948 (40.27) 3899 (40.29)

Hispanic n (%) 96 (1.98) 105 (2.17) 201 (2.08)

White n (%) 10 (0.21) 8 (0.07) 18 (0.19)

Othersa n (%) 214 (4.42) 209 (4.32) 423 (4.37)

Height, cm
mean (SD)

136.23
(22.00)

136.58
(22.08)

136.40
(22.04)

0.4362

Weight, kg
mean (SD)

35.05 (16.15) 35.06
(15.85)

35.06 (16.00) 0.9657

Baseline status of infectionb

Without immunolo-
gical evidence n (%)

2456 (50.74) 2484 (51.35) 4940 (51.05) 0.5481

With immunological
evidence n (%)

2384 (49.26) 2353 (48.65) 4737 (48.95)

aOther races included Chilean native, Caucasian, etc.
bBaseline infection status was determined with or without immunological evidence of SARS-
CoV-2 infection. A participantwith immunological evidence of SARS-CoV-2 infectionmeans that
the participant had a positive result of SARS-CoV-2 antigen test or IgG/IgM test at baseline but
had no known history of confirmed SARS-CoV-2 infection using PCR or without symptomatic
infection. Aparticipantwithout immunological evidenceofSARS-CoV-2 infectionmeans that the
participant had a negative result of SARS-CoV-2 antigen test and IgG/IgM test at baseline andno
known history of confirmed SARS-CoV-2 infection using PCR or had no symptomatic infection.
cChi-squared test/Fisher exact probability test was used to conduct statistical test on difference
between groups for age group, gender, race, and baseline status of infection. Two-sided group
t-test was performed to evaluate difference of age, height, andweight between groups. P values
of less than 0.05 were considered statistically significant.
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In addition, the vaccine efficacy against PCR-confirmed sympto-
matic COVID-19 cases in the population without immunological evi-
dence of past SARS-CoV-2 infection was 26.72% (95% CI: 5.33, 43.42)
(Table 2).

Respiratory tract specimens of PCR-confirmed symptomatic
COVID-19 cases were sequenced to detect the variants of the circu-
lating virus. In the E-PPS (interim analysis), a total of 87 respiratory
tract specimens were sequenced, all of which were the Omicron var-
iant, including 33 BA.1 subvariant, 50 BA.2 subvariant, and four
unspecified. The vaccine efficacy against Omicron BA.1 and BA.2 was
50.40% (95%CI: −6.72, 78.28) and 22.20% (95% CI: −41.00, 57.58),
respectively (Table S6).

Immunogenicity analysis
A total of 1123 participants were included in the I-PPS. The level of
neutralizing antibody against the SARS-CoV-2 ancestral strain were
measured and analyzed. Results showed that 749 (66.70%) partici-
pants were seropositive before the vaccination. Twenty-eight days
after the second dose of vaccination, the seroconversion rates,
geometric mean titers (GMT), and geometric mean fold increase
(GMI) in the vaccine group were significantly higher than those in the
placebo group (P < 0.0001), with the seroconversion rates being
70.10% (95% CI: 66.30, 73.70) vs. 23.29% (95% CI: 19.69, 27.20), GMT:
390.80 (95% CI: 353.90, 431.54) vs. 62.20 (95% CI: 51.11, 75.69), GMI:
11.22 (95% CI: 9.43, 13.35) vs. 1.34 (95% CI: 1.18, 1.52). Participants with
seropositive neutralizing antibodies at baseline had a higher level of
GMT than those with seronegative. The neutralizing antibody GMTof
participants aged 6–35 months was 757.79 (95% CI: 582.20, 986.33)
after two vaccination doses, while that in participants aged 3–17
years was 348.63 (95% CI: 314.11, 386.95) (Table 3). The overview of
neutralizing antibodies between the vaccine and placebo groups in
3–17 years in each country was shown in Table S7. Participants in
Chile were unblinded and administrated CoronaVac® because of
national policy changes (CoronaVac® was approved for EUA). Satis-
factory immunogenicity of the vaccine was observed in the other
three countries. Twenty-eight days after the second dose of vacci-
nation, seroconversion rates, GMT, and GMI in the vaccine group

were significantly higher than those in the placebo group
(all P < 0.01).

Immunogenicity analysis stratified by baseline immunological
evidence of infection were shown in Table S8. Twenty-eight days after
the seconddoseof vaccination, seroconversion rates,GMT, andGMI in
the vaccine group were significantly higher than those in the placebo
group (all P < 0.01). Participants with immunological evidence before
vaccination had a higher level of GMT. These findings were consistent
with the results of stratified analysis based on baseline neutralizing
antibody levels.

Safety evaluation
In the safety subgroup, the onset formost adverse reactions (ARs) was
0–7 days. The ARs were mainly in Grade 1, with an incidence rate of
32.35% (582/1799) and 21.14% (241/1140) in the vaccine group and the
placebo group, respectively. The incidence rate of solicited ARs in the
vaccine group was significantly higher than that in the placebo group
(P < 0.0001), especially the local ones, including vaccination site pain
(P < 0.0001), vaccination site erythema (P <0.0001), and vaccination
site induration (P =0.0016). For the participants aged 6–35 months,
the overall incidence rate of ARs within 28 days after vaccination was
31.68% (64/202). The most common ARs within 28 days after each
vaccination dose were fever, diarrhea, and vaccination site pain
(Table 4). For the participants aged 3–17 years, the overall incidence
rate of ARswithin 28days after vaccinationwas 30.91% (846/2737). The
most common AR within 28 days after each vaccination dose was
vaccination site pain (Table 4).

Safety evaluation amongall participantswere alsoperformed. The
results among all participants and the safety subgroup were compar-
able. Among all age groups (6–35 months, 3–5 years, 6–11 years, 12–17
years), the onset of most ARs was 0–7 days. Most ARs were in Grade 1,
with an incidence rate of <30% in the vaccine group and <20% in the
placebo group. (Table S9)

As for severe adverse events (SAEs), a total of 182 events were
reported among 151 children and adolescents aged 6months–17 years
(74 SAEs in the vaccine group and77 SAEs in theplacebogroup). All the
SAEs were determined to be unrelated to the investigational products.

Fig. 2 | Cases accrualby study time.PCR-confirmed symptomatic COVID-19 cases accrual by study timewaspresented. The inset shows the samedata on anenlarged axis.
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Discussion
Toour knowledge, this is thefirst internationalmulticenter clinical trial
of inactivated COVID-19 vaccine among healthy children aged
6months–17 years.Our results indicated that twodosesofCoronaVac®
administered in a 28-day apart schedule were safe and immunogenic,
and showed potential efficacy against symptomatic COVID-19 in heal-
thy children and adolescents aged 6 months–17 years during a period
when Omicron was the predominant variant.

In this study, the efficacy of two-dose CoronaVac® in children and
adolescents against PCR-confirmed symptomatic COVID-19 was only
21.02%. The efficacy was lower than those observed in previous Cor-
onaVac® trials involving older age cohorts17,20,21, most likely due to the
prevalence of the Omicron variant. Same findings were mentioned in
the systematic reviews that primary immunization with COVID-19
vaccines would provide limited efficacy against the Omicron
variant22,23. A limited efficacy of the COVID-19 vaccine was also

observed in trials using other vaccines for children or adolescents
during the emergenceof theOmicron variant. For example, themRNA-
1273 vaccine efficacy against COVID-19 was 36.8% among 2–5 year-old
and 50.5% among 6–23 month-old11. This phenomenon was highly
related to the immune evasion of the Omicron variant22. In addition,
our results showed that the vaccine efficacy varied in different Omi-
cron subvariants (BA.1 and BA.2). A higher efficacy against Omicron
BA.1 (50.40%) than against Omicron BA.2 (22.20%) was observed,
suggesting relatively better cross-protection between our prototype
and Omicron BA.1. Besides, previously exposed participants showed a
lower level of efficacy (−0.85% vs. 26.72%) in this study. About 50% of
the participants in our study had been previously exposed, thus the
efficacy of CoronaVac® might be slightly underestimated.

Limited numbers of hospitalizations and severe cases, and no
deaths were observed in our study because of the characteristics of
Omicron infection24,25. Only seven hospitalization cases were reported

Table 3 | Overview of neutralizing antibodies between vaccine and placebo groups (I-PPS)

Indicators 6–35 months 3–17 years Total

Vaccine
group (n = 90)

Placebo
group (n = 87)

Pc Vaccine
group (n = 522)

Placebo
group (n = 424)

Pc Vaccine
group (n = 612)

Placebo
group (n = 511)

Pc

Before vaccination

Seropositivity rate,
n (%)

66 (73.33) 51 (58.62) 0.0387 328 (62.84) 304 (71.70) 0.0040 394 (64.38) 355 (69.47) 0.0714

(95% CI)b 62.97, 82.11 47.55, 69.08 58.53, 66.99 67.15, 75.94 60.44, 68.18 65.28, 73.44

GMTa 60.32 22.91 0.0040 31.68 53.68 0.0009 34.83 46.43 0.0462

(95% CI)a 37.86, 96.10 14.36, 36.55 25.73, 39.01 42.57, 67.69 28.78, 42.14 37.66, 57.26

28 days after the second dose

Seropositivity rate,
n (%)

90 (100.00) 60 (68.97) <0.0001 522 (100.00) 328 (77.36) <0.0001 612 (100.00) 388 (75.93) <0.0001

(95% CI)b 95.98, 100.00 58.14, 78.45 99.30, 100.00 73.07, 81.26 99.40, 100.00 71.98, 79.57

Seroconversion rate,
n (%)

72 (80.00) 22 (25.29) <0.0001 357 (68.39) 97 (22.88) <0.0001 429 (70.10) 119 (23.29) <0.0001

(95% CI)b 70.25, 87.69 16.58, 35.75 64.21, 72.36 18.96, 27.18 66.30, 73.70 19.69, 27.20

GMTa 757.79 43.45 <0.0001 348.63 66.94 <0.0001 390.80 62.20 <0.0001

(95% CI)a 582.20, 986.33 26.88, 70.23 314.11, 386.95 53.98, 83.03 353.90, 431.54 51.11, 75.69

GMI 12.56 1.90 <0.0001 11.00 1.25 <0.0001 11.22 1.34 <0.0001

(95% CI) 8.69, 18.16 1.45, 2.48 9.06, 13.37 1.08, 1.44 9.43, 13.35 1.18, 1.52

28 days after the second dose with seronegative results before vaccination

no. of participants 24 36 194 120 218 156

Seroconversion rate,
n (%)

24 (100.00) 12 (33.33) <0.0001 194 (100.00) 26 (21.67) <0.0001 218 (100.00) 38 (24.36) <0.0001

(95% CI)b 85.75, 100.00 18.56, 50.97 98.12, 100.00 14.67, 30.11 98.32, 100.00 17.85, 31.87

GMTa 234.38 5.38 <0.0001 200.79 3.39 <0.0001 204.23 3.77 <0.0001

(95% CI)a 138.70, 396.06 3.61, 8.03 169.93, 237.25 2.84, 4.05 174.39, 239.19 3.19, 4.45

GMI 101.43 2.49 <0.0001 97.85 1.56 <0.0001 98.24 1.74 <0.0001

(95% CI) 58.55, 175.72 1.69, 3.68 82.66, 115.83 1.33, 1.84 83.69, 115.32 1.49, 2.03

28 days after the second dose with seropositive results before vaccination

no. of participants 66 51 328 304 394 355

Seroconversion rate,
n (%)

48 (72.73) 10 (19.61) <0.0001 163 (49.70) 71 (23.36) <0.0001 211 (53.55) 81 (22.82) <0.0001

(95% CI)b 60.36, 82.97 9.82, 33.12 44.16, 55.24 18.72, 28.52 48.49, 58.56 18.55, 27.54

GMTa 1161.10 189.75 <0.0001 483.17 217.32 <0.0001 559.61 213.13 <0.0001

(95% CI)a 916.14, 1471.55 122.73, 293.36 428.20, 545.19 186.77, 252.87 500.07, 626.23 184.68, 245.96

GMI 5.88 1.56 <0.0001 3.02 1.14 <0.0001 3.38 1.19 <0.0001

(95% CI) 4.37, 7.90 1.08, 2.26 2.52, 3.62 0.94, 1.38 2.88, 3.97 1.01, 1.42
aGeometric mean titers (GMTs) and two-sided 95% confidence intervals were calculated.
bClopper-Pearson method was used to calculate the 95% confidence interval (CI) for the seropositivity rate and seroconversion rate.
cThe logarithmic converted group Student’s t-test was used to statistically test the difference of GMTs/GMIs between the vaccine group and the placebo group, while Chi-squared test/Fisher exact
probability test was adopted to statistically test the difference of seropositivity/seroconversion rate. Two-sided P values of less than 0.05 were considered statistically significant.
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Table 4 | Adverse reactions occurrence within 28 days after vaccination (Day 0–56, safety subgroup)

Category 6–35 months 3–17 years Total

Vaccine
group
(n = 101)

Placebo
group
(n = 101)

Pa Vaccine
group
(n = 1698)

Placebo
group
(n = 1039)

Pa Vaccine
group
(n = 1799)

Placebo
group
(n = 1140)

Pa

no. of sub-
jects (%)

no. of sub-
jects (%)

no. of sub-
jects (%)

no. of sub-
jects (%)

no. of sub-
jects (%)

no. of sub-
jects (%)

Total ARs 35 (34.65) 29 (28.71) 0.4497 596 (35.10) 250 (24.06) <0.0001 631 (35.08) 279 (24.47) <0.0001

Grade 1 29 (28.71) 19 (18.81) 0.1363 553 (32.57) 222 (21.37) <0.0001 582 (32.35) 241 (21.14) <0.0001

Grade 2 14 (13.86) 18 (17.82) 0.5637 151 (8.89) 58 (5.58) 0.0014 165 (9.17) 76 (6.67) 0.0158

Grade 3 1 (0.99) 1 (0.99) 1.0000 10 (0.59) 4 (0.38) 0.5870 11 (0.61) 5 (0.44) 0.6153

Solicited ARs 35 (34.65) 29 (28.71) 0.4497 581 (34.22) 241 (23.20) <0.0001 616 (34.24) 270 (23.68) <0.0001

Unsolicited ARs 1 (0.99) 2 (1.98) 1.0000 68 (4.00) 38 (3.66) 0.6840 69 (3.84) 40 (3.51) 0.6894

General disorders and
administration site
conditions

21 (20.79) 25 (24.75) 0.6150 508 (29.92) 200 (19.25) <0.0001 529 (29.41) 225 (19.74) <0.0001

Grade 1 14 (13.86) 13 (12.87) 1.0000 459 (27.03) 171 (16.46) <0.0001 473 (26.29) 184 (16.14) <0.0001

Grade 2 9 (8.91) 14 (13.86) 0.3760 94 (5.54) 39 (3.75) 0.0354 103 (5.73) 53 (4.65) 0.2371

Fever 14 (13.86) 16 (15.84) 0.8435 88 (5.18) 54 (5.20) 1.0000 102 (5.67) 70 (6.14) 0.6287

Grade 1 7 (6.93) 2 (1.98) 0.1698 32 (1.88) 20 (1.92) 1.0000 39 (2.17) 22 (1.93) 0.6927

Grade 2 8 (7.92) 14 (13.86) 0.2585 50 (2.94) 30 (2.89) 1.0000 58 (3.22) 44 (3.86) 0.3544

Fatigue 1 (0.99) 2 (1.98) 1.0000 71 (4.18) 37 (3.56) 0.4790 72 (4.00) 39 (3.42) 0.4871

Grade 1 1 (0.99) 2 (1.98) 1.0000 58 (3.42) 34 (3.27) 0. 9131 59 (3.28) 36 (3.16) 0.9150

Vaccination site pain 8 (7.92) 9 (8.91) 1.0000 334 (19.67) 118 (11.36) <0.0001 342 (19.01) 127 (11.14) <0.0001

Grade 1 6 (5.94) 8 (7.92) 0.7829 324 (19.08) 116 (11.16) <0.0001 330 (18.34) 124 (10.88) <0.0001

Grade 2 2 (1.98) 1 (0.99) 1.0000 19 (1.12) 2 (0.19) 0.0059 21 (1.17) 3 (0.26) 0.0099

Vaccination site swelling 2 (1.98) 4 (3.96) 0.6828 54 (3.18) 24 (2.31) 0.1949 56 (3.11) 28 (2.46) 0.3094

Grade 1 2 (1.98) 4 (3.96) 0.6828 51 (3.00) 23 (2.21) 0.2273 53 (2.95) 27 (2.37) 0.4156

Vaccination site erythema 2 (1.98) 2 (1.98) 1.0000 152 (8.95) 49 (4.72) <0.0001 154 (8.56) 51 (4.47) <0.0001

Grade 1 1 (0.99) 2 (1.98) 1.0000 149 (8.78) 45 (4.33) <0.0001 150 (8.34) 47 (4.12) <0.0001

Vaccination site induration 2 (1.98) 1 (0.99) 1.0000 83 (4.89) 27 (2.60) 0.0034 85 (4.72) 28 (2.46) 0.0016

Grade 1 2 (1.98) 1 (0.99) 1.0000 79 (4.65) 25 (2.41) 0.0027 81 (4.50) 26 (2.28) 0.0016

Gastrointestinal disorders 16 (15.84) 14 (13.86) 0.8435 98 (5.77) 46 (4.43) 0.1342 114 (6.34) 60 (5.26) 0.2614

Grade 1 15 (14.85) 11 (10.89) 0.5292 93 (5.48) 39 (3.75) 0.0432 108 (6.00) 50 (4.39) 0.0647

Diarrhea 13 (12.87) 10 (9.90) 0.6586 55 (3.24) 24 (2.31) 0.1953 68 (3.78) 34 (2.98) 0.2576

Grade 1 12 (11.88) 7 (6.93) 0.3353 55 (3.24) 19 (1.83) 0.0287 67 (3.72) 26 (2.28) 0.0305

Vomiting 6 (5.94) 6 (5.94) 1.0000 34 (2.00) 20 (1.92) 1.0000 40 (2.22) 26 (2.28) 0.8992

Grade 1 6 (5.94) 5 (4.95) 1.0000 29 (1.71) 18 (1.73) 1.0000 35 (1.95) 23 (2.02) 0.8925

Respiratory, thoracic, and
mediastinal disorders

14 (13.86) 8 (7.92) 0.2585 87 (5.12) 46 (4.43) 0.4639 101 (5.61) 54 (4.74) 0.3108

Grade 1 13 (12.87) 5 (4.95) 0.0815 69 (4.06) 36 (3.46) 0.4735 82 (4.56) 41 (3.60) 0.2199

Grade 2 3 (2.97) 3 (2.97) 1.0000 24 (1.41) 11 (1.06) 0.4861 27 (1.50) 14 (1.23) 0.6294

Cough 14 (13.86) 8 (7.92) 0.2585 68 (4.00) 41 (3.95) 1.0000 82 (4.56) 49 (4.30) 0.7836

Grade 1 13 (12.87) 5 (4.95) 0.0815 52 (3.06) 34 (3.27) 0.8215 65 (3.61) 39 (3.42) 0.8380

Nervous system disorders 7 (6.93) 1 (0.99) 0.0649 113 (6.65) 58 (5.58) 0.2902 120 (6.67) 59 (5.18) 0.1132

Grade 1 5 (4.95) 0 (0.00) 0.0594 88 (5.18) 50 (4.81) 0.7191 93 (5.17) 50 (4.39) 0.3791

Grade 2 2 (1.98) 1 (0.99) 1.0000 28 (1.65) 10 (0.96) 0.1775 30 (1.67) 11 (0.96) 0.1456

Headache 7 (6.93) 1 (0.99) 0.0649 110 (6.48) 53 (5.10) 0.1571 117 (6.50) 54 (4.74) 0.0521

Grade 1 5 (4.95) 0 (0.00) 0.0594 85 (5.01) 46 (4.43) 0.5195 90 (5.00) 46 (4.04) 0.2420

Musculoskeletal and con-
nective tissue disorders

4 (3.96) 3 (2.97) 1.0000 67 (3.95) 32 (3.08) 0.2481 71 (3.95) 35 (3.07) 0.2247

Grade 1 4 (3.96) 1 (0.99) 0.3687 59 (3.47) 31 (2.98) 0.5096 63 (3.50) 32 (2.81) 0.3359

Myalgia 4 (3.96) 3 (2.97) 1.0000 65 (3.83) 30 (2.89) 0.1988 69 (3.84) 33 (2.89) 0.1806

Grade 1 4 (3.96) 1 (0.99) 0.3687 58 (3.42) 29 (2.79) 0.4321 62 (3.45) 30 (2.63) 0.2331
aThe two-sided P value was calculated using Fisher’s exact probability method. P values of less than 0.05 were considered statistically significant.
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(one in the vaccine group and six in the placebo group), while two
severe cases were reported in the placebo group (none for the vaccine
group). Thus, this trial was not powered to prove the efficacy against
hospitalization and severe cases. In this study, CoronaVac® showed a
trend to protect against hospitalization and severe cases, though
without statistical significance. Nevertheless, real-world studies in
Chile and Brazil during the Omicron-dominant period provided evi-
dence for the effectiveness of CoronaVac® against hospitalization and
severe cases26,27. A real-world study in children aged 3–5 years in Chile
also showed that the effectiveness of CoronaVac® against hospitali-
zation and intensive care unit admission was 64.6% and 69.0%,
respectively26. On the other hand, a real-world study in children aged
6–11 years in Brazil showed that the effectiveness of CoronaVac®
against hospitalization was 59.2%27. Those above real-world evidence
indirectly verified our findings in this study that the CoronaVac® vac-
cine appears potential efficacious and effective against severe disease
and hospitalization against COVID-19 in children and teenagers amidst
the mild presentation of the Omicron variant. However, it still needs
further evaluation in larger sample size and longer period to draw a
precise conclusion.

Among all the age groups, participants with seronegative or ser-
opositive neutralizing antibodies at baseline elicited a high antibody
level after receiving two doses of CoronaVac®. This suggested that
CoronaVac® had good immunogenicity in eliciting priming and ana-
mnestic immune responses. Participantswith seropositive neutralizing
antibodies at baseline had a higher level of GMT than those with ser-
onegative, which reflected the effect of a booster dose, the necessity of
which has been increasingly recognized and explored in other
studies23,28. Generally, vaccination with CoronaVac® for children and
adolescents could achieve good immunogenicity. This study also
proved the safety of CoronaVac® in children and adolescents, espe-
cially those aged 6–35 months.

There were several limitations. Firstly, due to a lack of enough
prediction of the variants of the SARS-CoV-2 virus, we only considered
about primary immunization without boosters when we designed this
trial. The study coincided with the emergence of the Omicron variant;
limited efficacy of vaccination against symptomatic infection was
observed because of immune evasion of the Omicron variant. Further
studies should be carried out to evaluate the efficacy of booster doses
of CoronaVac®. Secondly, we designed the study such that the parti-
cipants in the placebo or vaccine group at a ratio of 1:1. However,
because of national policy changes in Chile during recruitment, the
actual number of participants in the vaccine group exceeded that in
the placebo group. These subjects were excluded from the efficacy
analysis. Thirdly, even though all samples of PCR-confirmed sympto-
matic COVID-19 cases were sent to perform the whole viral genome
sequencing, some samples did not accomplish the test after interim
analysis. However, basedon the epidemiological data29, webelieve that
the results of our study demonstrated efficacy against the Omicron
variant in children and adolescents.

In conclusion, in the Omicron-dominate period, a two-dose
schedule of 3μg CoronaVac® was immunogenic and safe in healthy
children and adolescents aged from 6 months–17 years, and showed
potential efficacy against symptomaticCOVID-19disease. According to
this study, children and adolescents, with or without immunological
evidence of SARS-CoV-2 infection, might benefit from the CoronaVac®
vaccination without severe adverse reactions. Thus, we provided a
potential strategy for vaccinating this young population using Cor-
onaVac®. In the meantime, developing vaccines for different variants
should be considered to provide targeted protection.

Methods
The trial was conducted following the principles of the Declaration of
Helsinki and the International Conference on Harmonization (ICH)
tripartite guidelines for good clinical practice. The study protocol was

approved by the national regulatory authorities of each site in all
participating countries before it started (see Supplementary Note 6).
This trial is registered with ClinicalTrials.gov (NCT04992260).

Study design and participants
This multicenter, randomized, double-blind, placebo-controlled,
phase III clinical trial evaluated the efficacy, immunogenicity, and
safety of two doses (day 0 and day 28) of CoronaVac® in healthy
children and adolescents aged from 6months to 17 years. Participants
were enrolled from Chile, South Africa, Malaysia, and the Philippines,
with 37 sites. The enrollment ran from September 10, 2021, to March
25, 2022.

Eligible participants were healthy children and adolescents aged
from 6 months to 17 years (participants aged 6–35 months were only
recruited from South Africa), without a history of confirmed SARS-
CoV-2 infection onPCR test, hadnoprevious receipt of otherCOVID-19
vaccines, had no unstable or severe underlying medical conditions,
had no allergy to vaccines or vaccine/placebo ingredients. The guar-
dians must agree and sign the informed consent voluntarily. In addi-
tion, children and teenagers above seven years of age also needed to
provide written assent to participate in the study. A complete list of
inclusion/exclusion criteria was shown in the supplements (Supple-
mentary Note 1).

Randomization and blinding
Central randomization was implemented for this study. The partici-
pants were randomly assigned to the vaccine or placebo groups
according to a 1:1 ratio. The randomization was balanced by using
randomly permuted blocks and stratified by country and age groups.
Each site first selected the subjects in immunogenicity and safety
subgroups according to participants’ willingness until the assigned
number was reached. SAS software (version 9.4) was used to generate
a random list, which was imported into the Interactive Web Response
System (IWRS). Investigators entered the key information of the par-
ticipants to obtain the random numbers when they were enrolled.
Participants were assigned a treatment identification number to
ensure adequate blinding. Before each vaccination, an authorized
pharmacist logged into the IWRS and obtained the vaccine number.
Participants and study staff remained blinded throughout the study.

Vaccine
CoronaVac®was derived from the novel coronavirus (strain CZ02) and
then cultured in African greenmonkey kidney cell cultures (Vero Cell),
followed by harvest, inactivation, concentration, purification, and
aluminumhydroxide adsorption. The dosewas 3μg/0.5ml. Aluminum
hydroxide packaged in a pre-filled syringe was used as a placebo
control. CoronaVac® andplacebowere prepared and testedby Sinovac
Life Sciences Co., Ltd. according to the requirements ofManufacturing
and Quality Control Requirements of SARS-CoV-2 Vaccine (Vero Cell),
Inactivated, then reviewed and retested by the National Institutes for
Food and Drug Control (NIFDC), China.

Procedures
After determining eligibility and obtaining written informed consent
and assent, if necessary, on day 0, respiratory tract samples were
collected (nasopharyngeal swab, throat swab, or saliva) at baseline for
rapid SARS-CoV-2 antigen and fingertip blood was collected for SARS-
CoV-2 IgG/IgM rapid test (Assayswere listed in Supplementary Note 7).
Participants with a positive result of rapid antigen tests and/or SARS-
CoV-2 IgG/IgM test (just positive result of IgG/IgM test in some sites)
but no known history of symptomatic or confirmed SARS-CoV-2
infection using PCR were considered as having immunological evi-
dence of SARS-CoV-2 infection. The latter could be included in the
study. With or without immunological evidence of SARS-CoV-2 infec-
tion were used for stratified analysis. Two doses of CoronaVac® or
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placebo were administered to each participant in the deltoid of the
upper arm via intramuscular according to a day 0 and 28 schedules.

Participants were contacted weekly by phone or text message for
eight weeks as of the first dose and then at least every two weeks by
phone or text messages until the end of the study to inquire whether
they experienced any signs or symptoms that were consistent with
COVID-19. The presence of any signs or symptoms of suspected
COVID-19, including fever or chills, cough, nasal congestion or runny
nose, muscle pain, etc. (see Supplementary Note 2), triggered the
laboratory test by RT-PCR to confirm SARS-CoV-2 infection. For the
PCR-confirmed symptomatic cases, the diagnosis date was defined as
the date of the first qualifying symptom(s). To clarify the variants
involved, whole viral genome sequencing was performed among the
PCR-confirmed symptomatic COVID-19 cases in the qualified local
laboratory. All COVID-19 cases were followed up until recovery.

Immunogenicity was assessed by neutralizing antibody levels
against ancestral SARS-CoV-2. Each time, a 3mL blood sample was
collected from each participant in the immunogenicity subgroup at
day 0 (pre-vaccination) and day 56 (28 days after the second dose), as
well as six months and one year after the second vaccination. All the
serum samples were sent to China and analyzed by the central
laboratory of NIFDC using the micro-cytopathic test to measure the
level of neutralizing antibody. Serum samples were inactivated and
serially diluted with cell culturemedium in two-fold steps. The diluted
serum samples were incubated with equal volume of the live SARS-
CoV-2 virus (GenBank: MT407649.1) suspension, with a 50% cell cul-
ture infective dose of 100 (100 CCID50) for 2 h at 36.5 °C. Vero cells
(1.0–2.0 × 105 cells/mL) were then added to the serum-virus suspen-
sions in microplates in duplicate and incubated at 36.5 °C for 5 days.
Cytopathic effects were assessed under microscopes and the neu-
tralizing antibody titer was calculated by the highest dilution that can
protect 50% cells from 100 CCID50. The positive cutoff of the antibody
titer was 1:8, the value < 1:8 was assigned to 1:4. According to WHO
guideline (TRS No.927)30, seroconversion of antibody was defined as a
change from seronegative at baseline to seropositive or a four-fold
titer increase if the participant was seropositive at baseline in this
study. More details about the method have been provided in the
supplements (Supplementary Note 3).

For safety evaluation, all participants were observed in the study
site for at least 30min for immediate reactions after each vaccination.
Local and systemic solicited adverse events (AEs) within seven days
and unsolicited AEs within 28 days weremonitored after each dose for
participants in the safety subgroup by using Diary card. Safety infor-
mation was also collected from participants that not in the safety
subgroup via their active report or weekly/bi-weekly monitoring.
Solicited local AEs (at the injection site) included pain, induration,
swelling, erythema, rash, and pruritus; solicited systemic AEs included
acute allergic reaction, skin and mucosa abnormality, diarrhea, anor-
exia, vomiting, nausea, muscle pain (non-injection site), headache,
cough, fatigue, and fever. The reported AEs were graded according to
the China National Medical Products Administration guideline31. The
relationship between AEs and vaccination was established by the
investigators. In addition, serious adverse events (SAEs) in all partici-
pants were monitored up to 12 months after complete vaccination.

Outcomes
In this clinical trial, the primary endpoint of efficacy was the incidence
of symptomatic COVID-19 cases confirmed by RT-PCR 14 days after the
seconddose of vaccination. The secondary efficacy objectiveswere: (1)
to evaluate the efficacy in preventing hospitalization, severe cases, or
death caused by COVID-19 as of 14 days after the second dose; (2) to
evaluate the efficacy in preventing symptomatic, RT-PCR-confirmed
COVID-19 beginning 14 days after the second dose in participants
without immunological evidence at baseline. Severe COVID-19 cases

were defined according to the Chinese Diagnosis and Treatment Plan
for COVID-19 (trial version 8), with one ormore of high fever (>39.5 °C)
that lasted for three days, tachypneic by age reference, poor saturation
below 93%, and/or having assisted breathing, drowsiness, convulsion,
poor feeding or feeding difficulties with dehydration32. Definitions
related to COVID-19 are presented in Supplementary Note 2.

Immunogenicity objectives evaluated in participants in the
immunogenicity subgroup included seropositivity rate, seroconver-
sion rate, GMT, and GMI of neutralizing antibodies 28 days after the
second dose of vaccination. For safety analysis, AEs and SAEs were
collected.

Statistical analysis
Based on the incidence rate of COVID-19 in children and adolescents,
to detect 50% vaccine efficacy, using a two-sided, type I error rate of
5%, a total of 93 PCR-confirmed symptomatic COVID-19 cases were
required. Considering a 10% drop-out rate, approximately 14,000
participants would be needed and with 7000 participants in each arm
(details of sample size calculation are displayed in Supplementary
Note 4). In addition, 12% and 20% of all participants were enrolled in
the immunogenicity and safety subgroups, respectively.

Efficacy evaluation was run on the per-protocol set (E-PPS)
population, including the randomized eligible participants who com-
pleted the two-dose vaccination and had been followed up for case
surveillance 14 days after the second vaccination dose. The partici-
pants who met any of the following conditions were excluded from E-
PPS: (1) major protocol deviations or violations; (2) any conditions
which may affect the evaluation of vaccine efficacy. The incidence
density of confirmed COVID-19 cases in each group was calculated
from (the number of confirmed COVID-19 cases/person-years at
risk) × 100%. Stratification factors were disease severity and baseline
status of infection (with or without immunological evidence of SARS-
CoV-2 infection). The Poisson regression model was applied to esti-
mate the vaccine efficacy and 95% confidence interval.

Immunogenicity was analyzed from the per-protocol set for
immunogenicity (I-PPS), which included the randomized eligible par-
ticipants who completed two doses of vaccination and had both valid
immunogenicity data of pre-vaccination and 28 days after the second
dose. Stratification factors were age, country, and baseline status of
infection. The safety set (SS) included participants who received at
least one dose of vaccine or placebo. Evaluation for solicited and
unsolicited AEs was analyzed in the safety subgroup, stratified by age
group. Safety evaluation for SAEs was run for all participants. The chi-
square or Fisher exact tests were used for binary variables, and the
Student’s t-test or ANOVA was used for continuous variables. The 95%
CIs were derived from the Clopper-Pearson method for seropositivity
and seroconversion rates. GMTs and 95% CIs were calculated based on
a standard normal distribution of log-transformed GMT.

Details of the analysis sets above are displayed in the supplements
(Supplementary Note 5). Statistical analysis was performed using SAS
software (version 9.4). P values of less than 0.05 were considered
statistically significant.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The data for this study are provided in the article or Supplementary
Information. The original data are available under controlled condi-
tions due to privacy laws pertaining to patient consent for data usage.
Request for the original data in a de-identified format and solely for
research purposes and the original study protocol can be directed to
the corresponding authors.
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