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Safe and effective vaccines against SARS-CoV-2 for children are urgently needed. Here we
aimed to assess the safety and immunogenicity of an inactivated COVID-19 vaccine
candidate, WIBP-CorV, in participants aged 3-17 years. A randomized, double-blind,
placebo-controlled, phase 1/2 clinical trial was conducted in Henan Province, China, in
healthy children aged 3-17 years. 240 participants in phase 1 trial and 576 participants in
phase 2 trial were randomly assigned to vaccine or control with an age de-escalation in
three cohorts (3-5, 6-12 and 13-17 years) and dose-escalation in three groups (2.5, 5.0 and
10.0mg/dose), and received 3 intramuscular injections at day 0, 28, and 56. WIBP-CorV
showed a promising safety profile with approximately 17% adverse reactions within 30 days
after injection and no grade 3 or worse adverse events. Themost common adverse reaction
was injection site pain, followed by fever, which were mild and self-limiting. The geometric
mean titers of neutralizing antibody ranged from 102.2 to 1065.5 in vaccinated participants
at 28 days after the third vaccination, and maintained at a range of 14.3 to 218.2 at day 180
after the third vaccination. WIBP-CorV elicited significantly higher titers of neutralizing
antibody in the cohort aged 3-5 years than the other two cohorts. There were no detectable
antibody responses in all alum-only groups. Taken together, our data demonstrate
that WIBP-CorV is safe and well tolerated at all tested doses in participants aged 3-17
years, and elicited robust humoral responses against SARS-CoV-2 lasted for at least 6
months after the third vaccination. This study is ongoing and is registered with
www.chictr.org.cn, ChiCTR2000031809.
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INTRODUCTION

As of early January 2022, the coronavirus disease 2019 (COVID-
19) pandemic has caused over 289 million confirmed cases of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection and over 5.4 million deaths globally (1). Children are
susceptible to SARS-CoV-2 infection, and the number of
COVID-19 children cases remains exceptionally high in some
countries. As of December 2021, nearly 7.9 million children have
tested positive for SARS-CoV-2 and children represented 17.4%
of total cumulated COVID-19 cases in the United States of
America (2). The incidence of COVID-19 among children
raises the possibility of transmission among family members,
and risk to elderly members who are more vulnerable to disease
(3, 4). Moreover, although SARS-CoV-2 infection in children are
mainly mild or asymptomatic, a number of children, especially
those with underlying health comorbidities, might still be at risk
for severe COVID-19 and serious complications, including
multisystem inflammatory syndrome, myocardial dysfunction,
shock, and respiratory failure requiring intensive care after the
primary infection (5–8). Therefore, testing the effectiveness of
COVID-19 vaccines in children is important for curbing the
COVID-19 pandemic.

We have previously reported that an inactivated vaccine
against COVID-19 WIBP-CorV (Wuhan Institute of Biological
Products, Wuhan, China) is generally safe and has induced
antibody responses in adults 18 years and older in a phase 1/2
trial (9). It has also been shown in a prespecified interim analysis
of a double-blind, randomized, phase 3 trial that WIBP-CorV
could significantly reduce the risk of symptomatic COVID-19 in
adults (10). Thus, in this study, we further report the full safety
set and immunogenicity data for WIBP-CorV in a phase 1/2 trial
among healthy people younger than 18 years in China.
METHODS

Study Design and Participants
This double-blind, randomized, placebo-controlled phase 1 and
2 trial were designed by the Wuhan Institute of Biological
Products Co Ltd and Henan Provincial Center for Disease
Control and Prevention (CDC). The study protocol, available
in Supplement 1, was approved by the institutional review board
of Henan Provincial CDC. Written informed consents were
obtained from the parents of all participants. Participants aged
9–17 years also provided written assents before enrollment. The
ongoing trial is being performed and data collected by the
investigators at the CDC of Wuzhi Country, Henan Province,
beginning on July 28, 2020. An independent data and safety
monitoring board is monitoring the safety data and evaluating
the risks among the participants during the trial.

Healthy children, aged 3 to 17 years, without history of SARS-
CoV-2 infection (via on-site inquiry, serological and nucleic acid
test) were eligible for enrollment in the study, and details of the
inclusion and exclusion criteria are provided in Supplement 2.
Participants were stratified by age (3-5 years, 6-12 years or 13-17
years) and were randomly assigned to receive intramuscular
Frontiers in Immunology | www.frontiersin.org 2
injections of 2.5mg, 5.0mg, 10.0mg dose, or alum control
(1:1:1:1). Within each dose-escalating group of each age cohort
in phase 1 and 2, the participants were sequentially assigned a
computer-generated randomization number, and stratified block
randomization (block size, 8) by subgroups was adopted. Within
each randomization block, the ratio of vaccine vs placebo was
3:1. All vaccines used for inoculation were distributed in identical
packages with serial numbers to ensure masking of participants.
The safety evaluation and group allocation were masked from
participants, investigators, and outcome assessors for the
duration of the study. Four milliliters venous blood from elbow
was collected before and 4 days after each vaccination from
all participants.

Vaccine
WBIBP-CorV was developed by Wuhan Institute of Biological
Products (Wuhan, China), and manufactured as described
previously (9). A SARS-CoV-2 strain (WIV04 strain, National
Genomic Data Center of the Chinese Academy of Science
accession No.SAMC133237, and GenBank accession number
MN996528) was isolated from a patient in the Jinyintan
Hospital, Wuhan. The virus was cultivated in a qualified Vero
cell line for propagation, and the supernatant of the infected cells
was inactivated with b-propiolactone (1:4000 vol/vol at 2 to 8°C
for 48 hours. Following clarification of cell debris and
ultrafiltration, the second b-propiolactone inactivation was
performed in the same conditions as the first inactivation. The
vaccine was adsorbed to 0.5-mg alum and packed into prefilled
syringes in 0.5-mL sterile phosphate-buffered saline without
preservative. The placebo group contained only sterile
phosphate buffered saline and alum adjuvant. All the vaccines
and placebos were approved by the National Institutes for Food
and Drug Control of China.

Outcomes
The primary outcome for safety was the occurrence of adverse
reactions within 7 days after each vaccination. Adverse reactions
within 30 days after whole vaccination procedure across all study
groups were analyzed as secondary safety endpoints. The
outcome for safety was the occurrence of 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
participants were asked to record any injection site specific
adverse reactions (eg, pain, redness, and swelling) and systemic
adverse reactions (eg, fever, headache, and fatigue) on diary cards
within 7 days of each injection, which were summed and
considered as the primary safety outcome in both phases. Any
other unsolicited symptoms were also recorded on the contact
card during a 28-day follow-up period after each injection, and
were considered as the secondary safety outcome. In the phase 1
trial, laboratory safety values (including routine blood tests, liver
enzymes, total bilirubin, creatinine, urea nitrogen, urine protein,
urine sugar, and urinary occult blood) were measured before and
4 days after each injection to assess any toxic effects after
vaccination. The hematologic and biochemical markers were
considered secondary safety measures in the phase 1 trial, and
June 2022 | Volume 13 | Article 898151
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detailed methods for the laboratory measures are described in
Supplement 2. The grading criteria of adverse reactions or
events and the relationship with receiving injections were
decided by the investigators before unblinding according to
the standard guidelines issued by the National Medical
Products Administration of China, and details are shown in
Supplement 2.

The primary humoral immunogenicity outcomes included
the geometric mean titers (GMTs) and seroconversion of
neutralizing antibody and the specific IgG-binding antibody
titers at 28 days after the second vaccination, and 28, 90 and
180 days after the third vaccination, respectively. The
seroconversion rates of participants were defined as an increase
of at least four-times post-vaccination titer from baseline. The
neutralization capacity induced by vaccine against live SARS-
CoV-2 (BetaCoV/Wuhan/AMMS01/2020 activated) was
analyzed in triplicate by plaque reduction neutralization test
(PRNT), and the PRNT50 values were reported as a measure to
determine the extent to which serum can be diluted and still
reduce SARS-CoV-2 plaque formation by 50%. The total specific
IgG antibody responses were measured with an in-house–
developed enzyme-linked immunosorbent assay kit, which
used the inactivated whole SARS-CoV-2 as coating antigen.
Details of the immunogenicity assays are provided in
Supplement 2. The lower limit of detection was 5 for the
neutralizing antibody test and 10 for the specific IgG antibody
test, and those below the detection limit (eg, all baseline values)
were assigned to 5 or 10, respectively, for further analysis.
Seroconversion rate, as a secondary immunogenicity outcome,
was defined as at least a 4-fold increase of antibody titers over
baseline. Details of the immunogenicity assays are provided in
Supplement 2.

Statistical Analysis
The safety analysis was performed on data from all participants
who received at least 1 dose. The number and proportion of
participants with adverse reactions or events and the detailed
safety profiles were compared across groups. The immunogenicity
Frontiers in Immunology | www.frontiersin.org 3
analysis was performed on data from the full analysis set of
participants who received at least 1 dose and had results of any
blood biomarker measurements before or after injections. The c2
test or Fisher exact test (when data were sparse) was used to
analyze categorical data, and the t test or the Mann-Whitney U
test (for non-normally distributed data) was used to analyze log-
transformed antibody titers between vaccine and alum-only
groups. Differences across groups at different time points were
analyzed by analysis of variance. Analyses were conducted using
SPSS software, version 25.0 (IBM SPSS Inc). Hypothesis testing
was 2-sided with p values of 0.05or less. The detailed statistical
analysis plan is included in Supplement 2.
RESULTS

Study Participants
Between July 28 and August 31, 2020, a total of 1270 participants
were screened, and 240 were included in the phase 1 trial and 576
in the phase 2 trial (Figure 1). In the phase 1 trial, 96 aged 3-5
years, 72 aged 6-12 years and 72 aged 13-17 years were
distributed over four cohorts (2.5mg, 5.0mg, 10.0mg and alum
control cohorts). A total of 576 participants were recruited in
phase 2 trial, including 240 aged 3–5 years, 168 aged 6–11 years,
and 168 aged 12–17 years. All participants, but 2 in the phase 1
trial and 6 in the phase 2 trial, completed immunizations and
scheduled visits within the prescribed time (Figure 1). Detailed
demographic characteristics of the participants are listed
in Table 1.

Safety Outcomes
The safety data of the phase 1 and phase 2 trial were combined
for analysis because the same batches of the vaccine and
aluminum hydroxide adjuvant and the same safety observation
method were used. 139 (17.0%) of 816 participants reported at
least one adverse reaction within 7 days of either vaccination. In
an exploratory analysis by dosage, the number of participants
reporting adverse reactions was 38 (18.6%), 32 (15.7%), 27
A B

FIGURE 1 | Trial profile for phase 1 (A) and phase 2 (B).
June 2022 | Volume 13 | Article 898151
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(13.2%), 42(20.6%) in 2.5mg, 5.0mg, 10.0mg and alum control
cohorts within 7 days of either vaccination, respectively (Table 2,
appendix 24 in Supplement 3). The most common adverse
reaction was mild (grade 1) pain at the injection site, which
was reported within 30 days after all three vaccinations by 10
(4.0%) of 252 participants in the vaccination groups, and 6
(7.1%) of 84 participants in the control group of the 3-5 years
old cohort; 13 (7.2%) of 180 participants in the vaccination
groups, and 7 (11.7%) of 60 participants in the control group of
the 6-12 years old cohort; and 23 (12.8%) of 180 participants in
the vaccination groups, and 12 (20.0%) of 60 participants in the
control group of the 13-17 years old cohort (Table 2, appendix
24 in Supplement 3). A significant difference in the incidence of
local adverse reactions among different dose vaccination groups
and the control group was observed (p=0.021, Table 2). The
second most common reaction was fever (grade 1 or 2), which
was reported by 19 (7.5%) of 252 participants in all three dose
groups, and by five (6.0%) of 84 participants in the control group
of the 3-5 years old cohort; two (1.1%) of 180 participants in all
three dose groups, and one (1·7%) of 60 participants in the
control group of the 6-12 years old cohort; 12 (6.7%) of 180
participants in all three dose groups, and four (6·7%) of 60
participants in the control group of the 13-17 years old cohort.
All adverse reactions were mild (grade 1 or 2), transient, and self-
Frontiers in Immunology | www.frontiersin.org 4
limiting, and did not require any treatment. No adverse reactions
were reported between days 8 and 30 after injection. Unsolicited
adverse events (regardless of relations with the immunization)
are shown in Supplement 2. Two severe adverse events (grade 3)
occurred in the phase 1 trial and eight severe adverse events
(grade 3) occurred in the phase 2 trial during the follow-up but
all were unrelated to the immunization.

Immunogenicity Outcomes
None of the participants had any detectable neutralizing
antibody or specific-IgG binding antibody response against
SARS-CoV-2 at baseline and remained negative throughout the
studies in the control groups. In the cohort aged 3-5 years,
seroconversion rates of neutralizing antibody reached 100% at
day 84 (28 days after the third vaccination) in all three dose
levels. In the cohort aged 6-12 years, 96.7% of participants in the
2.5mg group, and 100% of participants in the 5.0mg group and the
10.0mg group were neutralizing antibody seroconverted at day
84. In the cohort aged 13-17 years, 88.3% of participants in the
2.5mg group, 91.7% of participants in the 5.0mg group and 96.6%
of participants in the 10.0mg group were neutralizing antibody
seroconverted at day 84. In the cohort aged 3-5 years and the
cohort aged 6-12 years, seroconversion rates of neutralizing
antibody maintained at relatively high levels during the long-
TABLE 1 | Baseline characteristics of the study participants.

Table 1.1 Baseline Characteristics of the Study Participants in the Phase 1 Clinical Triala

Characteristic 3–5 years 6-12 years 13-17 years

Low
dose

Medium
dose

High
dose

control P Low
dose

Medium
dose

High
dose

control P Low
dose

Medium
dose

High
dose

control P

(n=24) (n=24) (n=24) (n=24) (n=18) (n=18) (n=18) (n=18) (n=18) (n=18) (n=18) (n=18)

Age, years

M(P25, P75) 4.5

(4.0,5.4)

4.5 (3.8,5.4) 4.6

(4.1,4.9)

4.5

(3.9,5.5)

0.975 10.1

(8.2,11.1)

9.6 (7.4,11.5) 10.1

(9.0,11.2)

9.7

(7.8,10.8)

0.912 14.6

(13.8,15.9)

15.4

(13.7,16.5)

14.6

(13.3,15.8)

14.8

(13.5,15.8)

0.551

X̄(SD) 4.6(0.8) 4.6 (0.8) 4.5(0.7) 4.6(0.9) 9.8 (1.7) 9.4 (2.1) 9.7(1.8) 9.5 (1.9) 14.9 (1.2) 15.4(1.4) 14.7(1.3) 15.0(1.5)

Sex(%)

Male 17 (70.8) 16 (66.7) 13 (54.2) 13 (54.2) 0.524 9 (50.0) 7 (38.9) 5 (27.8) 8 (44.4) 0.568 11(61.1) 11(61.1) 10(55.6) 13(72.2) 0.771

Female 7 (29.2) 8 (33.3) 11 (45.8) 11 (45.8) 9 (50.0) 11 (61.1) 13 (72.2) 10 (55.6) 7(38.9) 7(38.9) 8(44.4) 5(27.8)

aThe low, medium, and high doses represent 2.5, 5.0, and 10.0mg/dose, respectively.

Table 1.2 Baseline Characteristics of the Study Participants in the Phase 2 Clinical Triala

Characteristic 3–5 years 6-12 years 13-17 years

Low

dose

Medium

dose

High

dose

control P Low

dose

Medium

dose

High

dose

control P Low dose Medium

dose

High

dose

control P

(n=60) (n=60) (n=60) (n=60) (n=42) (n=42) (n=42) (n=42) (n=42) (n=42) (n=42) (n=42)

Age, years

M(P25, P75) 4.7

(3.8,5.4)

4.4 (3.8,4.9) 4.7

(3.9,5.2)

4.7

(3.7,5.4)

0.303 9.8

(8.6,11.0)

10.0

(8.5,11.6)

8.8

(7.7,9.8)

8.8

(7.3,10.7)

0.028 14.1

(13.5,15.4)

15.1

(14.1,16.3)

15.0

(14.1,15.7)

14.7

(13.7,15.8)

0.095

X̄(SD) 4.6 (0.9) 4.3(0.7) 4.6(0.8) 4.6(0.9) 9.8(1.7) 9.8(1.8) 9.0(1.6) 9.0 (1.8) 14.6 (1.3) 15.2 (1.2) 15.1(1.1) 14.8 (1.2)

Sex(%)

Male 26

(43.3%)

25 (41.7%) 30

(50.0%)

30

(50.0%)

0.708 22

(52.4%)

27 (64.3%) 24

(57.1%)

22

(52.4%)

0.654 26 (61.9%) 15 (35.7%) 21(50.0%) 29 (69.0%) 0.013

Female 34

(56.7%)

35 (58.3%) 30

(50.0%)

30

(50.0%)

20

(47.6%)

15(35.7%) 18

(42.9%)

20

(47.6%)

16 (38.1%) 27 (64.3%) 21(50.0%) 13 (31.0%)
J
une 2022 | V
olume 13
 | Article 89
aThe low, medium, and high doses represent 2.5, 5.0, and 10.0mg/dose, respectively.
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term follow-up. At day 236 (180 days after the third vaccination),
the seroconversion rates of neutralizing antibody in the 2.5mg,
5.0mg and 10.0mg groups of the cohort aged 3-5 years were
95.2%, 91.5% and 89.3%, and in the cohort aged 6-12 years were
66.1%, 88.3% and 84.7%, respectively. In contrast, the
seroconversion rates of neutralizing antibody in the cohort
aged 13-17 years declined to 45%, 59.3% and 72.4% at day 236
(Figure 2A, Table 3). All participants but three in the 5.0mg
group of the cohort aged 13-17 years were specific-IgG binding
antibody seroconverted at day 56 (28 days after the second
vaccination). All participants but one in the 5.0mg group of the
cohort aged 6-12 years were specific-IgG binding antibody
seroconverted at day 84. Seroconversion rates reached 100% at
day 146, in all three dose levels of all three age cohorts, and were
Frontiers in Immunology | www.frontiersin.org 5
maintained at 100% at day 236, with the exception of one
participant in the 5.0mg group of the cohort aged 13-17 years
(Figure 2B, Table 3, appendix 77 in Supplement 3).

The GMTs of neutralizing antibody and specific-IgG binding
antibody elicited by WIBP-CorV at day 56, 84, 146 and 236 are
listed in Table 3. The GMTs of neutralizing antibody detected at
day 84 were approximately 2- to 3-fold higher than those at day
56 across all three dose levels of all three age cohorts, suggesting a
third dose of vaccination could strongly boost the established
neutralizing antibody response. During the long-term follow-up,
the titers of neutralizing antibody started to decline in all three
dose levels of all three age cohorts. The decline of GMTs of
neutralizing antibody between day 84 and 146 was
approximately 2- to 3-fold, and between day 84 and 236 was
TABLE 2 | Adverse reactions after 3 doses in the phase 1/2 triala.

Adverse reaction Phase 1 clinical trial Phase 2 clinical trial Combination with phase 1 and phase 2 clinical trial

Low
dose

Medium
dose

High
dose

control P Low
dose

Medium
dose

High
dose

control P Low
dose

Medium
dose

High
dose

control P

(n=60) (n=60) (n=60) (n=60) (n=144) (n=144) (n=144) (n=144) (n=204) (n=204) (n=204) (n=204)

0-7d

Total adverse

reactions

19

(31.7)

14 (23.3) 10 (16.7) 18 (30) 0.216 19 (13.2) 18 (12.5) 17 (11.8) 24 (16.7) 0.632 38 (18.6) 32 (15.7) 27 (13.2) 42 (20.6) 0.209

Systemic adverse

reactions

7 (11.7) 8 (13.3) 8 (13.3) 6 (10) 0.934 9 (6.3) 9 (6.3) 10 (6.9) 12 (8.3) 0.886 16 (7.8) 17 (8.3) 18 (8.8) 18 (8.8) 0.982

Hypersensitivity 0 0 0 1 (1.7) >0.999 0 0 0 0 NA 0 0 0 1 (0.5) >0.999

Fever 4 (6.7) 5 (8.3) 6 (10) 2 (3.3) 0.529 7 (4.9) 3 (2.1) 8 (5.6) 8 (5.6) 0.434 11 (5.4) 8 (3.9) 14 (6.9) 10 (4.9) 0.606

Diarrhea 1 (1.7) 0 0 0 >0.999 0 1 (0.7) 0 2 (1.4) 0.623 1 (0.5) 1 (0.5) 0 2 (1) 0.57

Joint pain 0 0 1 (1.7) 0 >0.999 0 0 0 0 NA 0 0 1 (0.5) 0 >0.999

Myalgia 0 0 0 0 NA 0 1 (0.7) 0 0 >0.999 0 1 (0.5) 0 0 >0.999

Coughing 2 (3.3) 4 (6.7) 2 (3.3) 2 (3.3) 0.741 2 (1.4) 4 (2.8) 1 (0.7) 3 (2.1) 0.565 4 (2) 8 (3.9) 3 (1.5) 5 (2.5) 0.412

Vomiting 0 0 1 (1.7) 0 >0.999 0 0 0 0 NA 0 0 1 (0.5) 0 >0.999

Loss of appetite 0 0 1 (1.7) 0 >0.999 0 0 1 (0.7) 0 >0.999 0 0 2 (1) 0 0.249

Headache 0 0 0 1 (1.7) >0.999 0 0 1 (0.7) 0 >0.999 0 0 1 (0.5) 1 (0.5) >0.999

Local adverse

reactions

13

(21.7)

6 (10) 3 (5) 14 (23.3) 0.01 11 (7.6) 10 (6.9) 9 (6.3) 15 (10.4) 0.572 24 (11.8) 16 (7.8) 12 (5.9) 29 (14.2) 0.021

Erythema 1 (1.7) 2 (3.3) 0 3 (5) 0.331 1 (0.7) 3 (2.1) 0 2 (1.4) 0.338 2 (1) 5 (2.5) 0 5 (2.5) 0.107

Pain 12 (20) 6 (10) 3 (5) 12 (20) 0.036 9 (6.3) 8 (5.6) 8 (5.6) 13 (9) 0.59 21 (10.3) 14 (6.9) 11 (5.4) 25 (12.3) 0.056

Swelling 0 0 0 1 (1.7) >0.999 1 (0.7) 1 (0.7) 1 (0.7) 1 (0.7) >0.999 1 (0.5) 1 (0.5) 1 (0.5) 2 (1) 0.896

Other adverse

reactions

2 (3.3) 0 0 0 0.247 1 (0.7) 0 0 0 >0.999 3 (1.5) 0 0 0 0.062

Abdominal pain 0 0 0 0 NA 1 (0.7) 0 0 0 >0.999 1 (0.5) 0 0 0 >0.999

Laryngeal pain 1 (1.7) 0 0 0 >0.999 0 0 0 0 NA 1 (0.5) 0 0 0 >0.999

Oral mucosal

blister

1 (1.7) 0 0 0 >0.999 0 0 0 0 NA 1 (0.5) 0 0 0 >0.999

Runny nose 1 (1.7) 0 0 0 >0.999 0 0 0 0 NA 1 (0.5) 0 0 0 >0.999

Pharyngeal

swelling

1 (1.7) 0 0 0 >0.999 0 0 0 0 NA 1 (0.5) 0 0 0 >0.999

0-30d

Total adverse

reactions

19

(31.7)

14 (23.3) 10 (16.7) 18 (30) 0.216 19 (13.2) 18 (12.5) 17 (11.8) 24 (16.7) 0.632 38 (18.6) 32 (15.7) 27 (13.2) 42 (20.6) 0.209
Jun
e 2022 | Vo
lume 13
 | Article 8
NA, not applicable. aThe safety set included all participants who received at least 1 dose. The low, medium, and high doses represent 2.5, 5.0, and 10.0mg/dose, respectively. Data are
shown as No. of participants with event (%).A participant was only counted once in the specific reaction category even though a participant could have more than 1 adverse reaction. For
example, a participant who had the same symptom (eg, injection site pain) after each dose was counted once in the symptom category. Similarly, if a participant had more than 1 symptom
in the reaction class (total, systemic, and local), they were only counted once in that adverse reaction class.
98151

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Xia et al. Trail of WIBP-CorV in Children
approximately 5- to 7-fold (Figure 2A, Table 3). Similar
dynamics was also observed for specific-IgG binding antibody
in all three dose levels of all three age cohorts (Figure 2B,
Table 3).

Dose-level dependent immunogenicity was observed in all
three age cohorts at different time points after the second or third
vaccination. In the cohort aged 3-5 years, the neutralizing
antibody GMTs of the 10.0mg group were significantly higher
than that of the 2.5mg group at day 56 (p=0.0399). In the cohort
aged 6-12 years, the GMTs of the 5.0mg group were significantly
higher than that of the 2.5mg group at day 56 (p=0.0003), and day
146 (p<0.0001). The GMTs of the 10.0mg group were
significantly higher than that of the 2.5mg group at day 56
(p=0.0002), day 86 (p=0.0203) and day 146 (p=0.0006). In the
cohort aged 13-17 years, the GMTs of the 10.0mg group were
significantly higher than that of the 2.5mg group (p=0.028) and
the 5.0mg group (p=0.0278) at day 146 (Figures 2A, B).

Interestingly, different immunogenicity of WIBP-CorV was also
observed among the three age cohorts. At all analyzed time points,
the 3-5 years old cohort showed significant higher neutralizing
antibody GMTs than the 13-17 years old cohort in all three dose
groups (day 56: 2.5mg, p=0.0001; 5.0mg, p<0.0001; 10.0mg, p<0.0001;
day 84: 2.5mg, p=0.0004; 5.0mg, p<0.0001; 10.0mg, p=0.0123; day
146: 2.5mg, p<0.0001; 5.0mg, p<0.0001; 10.0mg, p=0.0001; day 236:
2.5mg, p<0.0001; 5.0mg, p<0.0001; 10.0mg, p<0.0001). The 3-5 years
old cohort also showed significant higher GMTs than the 6-12 years
old cohort in the 2.5mg group at all analyzed time points (day 56:
p=0.0042; day 84: p=0.014; day 146: p=0.0051; day 236: p=0.0051),
and in the 5.0mg group at day 84 (p=0.0012). The 6-12 years old
cohort showed significant higher GMTs than the 13-17 years old
cohort in the 5.0mg group at day 56 (p=0.0017), day 146 (p<0.0001)
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and day 236 (p=0.0161), and in the 10.0mg group at day 56
(p=0.0113) and day 146 (p=0.0063) (Figure 2C).

Previous studies have demonstrated that SARS-CoV-2
vaccines could induce more robust SARS-CoV-2-specific
humoral responses in females than males in adults (11) (12,
13). Therefore, we next analyzed whether gender has an impact
on WIBP-CorV-induced antibody responses in children. In the
cohort aged 3-5 years, the neutralizing antibody GMTs of the
2.5mg group were significantly higher in males than females at
day 146 (p=0.038) and day 236 (p=0.029). However, this
difference in neutralizing antibody titers between males and
females was not observed in any other dose groups or in any
other age cohorts (Appendix 79 in Supplement 3).
DISCUSSION

In this interim report of the phase 1/2 clinical trial, we
investigated the safety and immunogenicity of the WIBP-CorV
inactivated vaccine in participants aged 3-17 years. Our data
showed that the three-dose regimen of WIBP-CorV had an
acceptable safety profile, and was able to elicit robust humoral
response against SARS-CoV-2 in children. Local and systemic
adverse reactions were mostly mild to moderate in severity. Fever
and injection-site pain were the most reported systemic and local
adverse reactions and were transient. None of the serious adverse
events reported during the trial was related to vaccination. These
results were similar to our observation in adults (9). The
incidence of systemic adverse reactions in different dose groups
was similar, but significant differences in the incidences of local
and other adverse events were observed. The higher injection-site
A

B

C

FIGURE 2 | Antibody responses at different time points among different age cohorts in the phase 1/2 trial. (A) Seroconversion rates and geometric mean titers (GMTs)
of neutralizing antibody to SARS-CoV-2 at different time points among different groups. (B) Seroconversion rates and GMTs of specific-IgG binding antibody to SARS-
CoV-2 at different time points among different groups. (C) Titers of neutralizing antibody to SARS-CoV-2 were compared among different age cohorts at different time
points after vaccination. Circles show the individual antibody titers and bars represent the geometric mean titers of antibodies. Error bars refer to the 95% CI.
Seroconversion was defined as an increase of at least four-times post-vaccination titer from baseline. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001.
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TABLE 3 | Antibody responses in the phase 1/2 triala.

13-17 years 3-17 years

Medium
dose

High dose control Low dose Medium
dose

High dose control

(n=60) (n=60) (n=60) (n=204) (n=204) (n=204) (n=204)

　

78.7

(61.6~100.5)

112.7

(88.1~144.1)

5

(3.9~6.4)

132.8

(116.4~151.5)

176.9

(155~201.9)

234

(204.7~267.5)

5

(4.4~5.7)

136.5

(102.2~182.2)

216.3

(161.6~289.5)

5

(3.7~6.7)

372.4

(320.9~432.3)

431.6

(371.6~501.3)

493.4

(423.8~574.4)

5

(4.3~5.8)

62.7

(46.1~85.4)

105.5

(77.3~144.0)

5

(3.7~6.8)

128.7

(106.3~155.7)

177.2

(147~213.6)

207.6

(175.3~246)

5

(5.0~5.0)

28.0

(20.0~39.3)

43.9

(31.3~61.8)

5

(3.6~7.0)

62.5

(49.3~79.1)

87.4

(70.1~109.0)

98.3

(79.6~121.4)

5

(5.0~5.0)

　

90.0

(79.5~96.2)

94.9

(85.9~98.9)

0 94.1

(90.0~96.9)

96.1

(92.4~98.3)

98.5

(95.6~99.7)

0

91.7

(81.6~97.2)

96.6

(88.3~99.6)

0 95.6

(91.8~98.0)

97.5

(94.3~99.2)

99.0

(96.4~99.9)

0

80

(67.7~89.2)

86.4 (75~94) 0 90.2

(86.1~94.3)

92.1

(88.4~95.9)

94.0

(90.7~97.3)

0

59.3

(45.7~71.9)

72.4

(59.1~83.3)

0 72.1

(65.8~78.3)

72.1

(65.8~78.3)

83.2

(78.0~88.5)

0

　

133

(114.5~154.4)

160

(137.6~186)

10

(8.6~11.6)

205.7

(188.4~224.7)

213.9

(195.8~233.7)

259.4

(237.2~283.7)

10

(9.1~10.9)

259.9

(224~301.6)

298.2

(256.7~346.5)

10

(8.6~11.6)

497.7

(445.1~556.5)

478.1

(427.4~534.8)

571.5

(510~640.5)

10

(8.9~11.2)

213.6

(185.1~246.4)

253.0

(219.0~292.2)

10

(8.6~11.7)

359.2

(322.6~400.0)

356.9

(320.1~398.1)

412.1

(369.9~459.1)

10

(10~10)

129.5

(112.7~148.8)

160.0

(139.0~184.1)

10

(8.7~11.5)

215.0

(194.6~237.7)

213.9

(191.8~238.4)

244.9

(222.0~270.1)

10

(10~10)

　

95.0

(86.1~99.0)

100 0 100 98.5

(95.7~99.7)

100 0

100 100 0 100 99.5

(97.3~100.0)

100 0

100 100 0 100 100 100 0

98.3

(90.9~100)

100 0 100 99.0

(97.6~100.4)

100 0

ed at least 1 dose injection with nonmissing immunogenicity data before or after injections. b95%
at least a 4-fold increase in postinjection titer from baseline. The baseline values were imputed by
y measurement.
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Timepoints

(days)

3-5 years 6-12 years

Low dose Medium
dose

High dose control Low dose Medium
dose

High dose control Low dose

(n=84) (n=84) (n=84) (n=84) (n=60) (n=60) (n=60) (n=60) (n=60)

GMT of neutralizing antibodies to Live SARS-CoV-2, (95% CI)b

56 237.8

(200.3~282.5)

268.4

(225.7~319)

383.4

(321.5~457.3)

5 (4.2~6) 108.7

(88.7~133.2)

223.6

(182.4~274)

248.6

(202.5~305.3)

5

(4.1~6.1)

71.8

(56.2~91.6)

84 794.3

(672.4~938.4)

901

(761.9~1065.5)

825.1

(694~980.9)

5

(4.2~5.9)

325.2

(264.8~399.3)

494.1

(401.7~607.8)

570.3

(463.7~701.6)

5

(4.1~6.1)

147.7

(110.7~197.2)

146 266.6

(223.6~317.9)

292.4

(245.0~349.1)

294.0

(244.6~353.3)

5

(4.2~6.0)

109.3

(83.3~143.5)

250.2

(191.1~327.7)

256.0

(195.1~336.0)

5

(3.8~6.5)

53.5

(39.3~72.9)

236 171.7

(135.1~218.2)

170.4

(133.7~217.3)

167.7

(130.1~216.2)

5

(3.9~6.4)

46.6

(33.3~65.3)

110.2

(78.9~153.9)

104.6

(74.7~146.5)

5

(3.6~7.0)

19.9

(14.3~27.9)

Seroconversion rate of neutralizing antibodies to Live SARS-CoV-2, % (95% CI)b

56 97.6

(91.7~99.7)

97.6

(91.6~99.7)

100 0 95.0

(86.1~99.0)

100 100 0 88.3

(77.4~95.2)

84 100 100 100 0 96.7

(88.5~99.6)

100 100 0 88.3

(77.4~95.2)

146 98.8

(93.5~100)

100 97.4

(90.9~99.7)

0 91.5

(81.3~97.2)

93.3

(83.8~98.2)

96.6

(88.3~99.6)

0 76.7

(64~86.6)

236 95.2

(88.3~98.7)

91.5

(83.2~96.5)

89.3

(80.1~95.3)

0 66.1

(52.6~77.9)

88.3

(77.4~95.2)

84.7

(73.0~92.8)

0 45.0

(32.1~58.4)

GMT of specific IgG binding responses to SARS-CoV-2, (95% CI)b

56 282.7

(248.9~321.2)

289.5

(254.6~329.1)

331.3

(290.7~377.5)

10

(8.8~11.4)

211.1

(183.4~243.1)

226.3

(196.5~260.5)

301.7

(261.8~347.8)

10

(8.7~11.5)

128.5

(110.6~149.2)

84 754.8

(632.2~901.3)

731.5

(612~874.4)

1015.9

(845.2~1221.2)

10

(8.3~12)

463.1

(389.8~550.3)

488.5

(410.5~581.2)

512

(430.2~609.2)

10

(8.4~11.9)

298.6

(257.3~346.5)

146 452.5

(391.0~523.7)

462.1

(398.9~535.2)

622.9

(534.8~725.6)

10

(8.7~11.5)

395.4

(340.1~459.5)

417.4

(359.5~484.5)

400.0

(344.2~465.0)

10

(8.6~11.6)

239.7

(207.8~276.6)

236 285.1

(250.1~325)

268.0

(234.7~306)

335.1

(291.7~385)

10

(8.7~11.5)

224.9

(194.0~260.9)

266.0

(229.6~308.1)

250.0

(215.6~290)

10

(8.6~11.6)

139.3

(121.3~159.9)

Seroconversion rate of specific IgG binding responses to SARS-CoV-2, % (95% CI)b

56 100 100 100 0 100 100 100 0 100

84 100 100 100 0 100 98.3

(90.9~100)

100 0 100

146 100 100 100 0 100 100 100 0 100

236 100 100 100 0 100 100 100 0 100

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.aImmunogenicity population is defined as randomized participants who receiv
CI=95% confidence interval. The low, medium, and high doses represent 2.5, 5.0, and 10mg/dose, respectively. Seroconversion was defined b
the lower limit of detection of the assays, which was 5 for the neutralizing antibody measurement and 10 for the specific-IgG binding antibo
y
d
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pain reported was the main reason for the higher incidence of
local adverse reactions in the 2.5mg group compared with the
other two dose groups.

Several clinical trials of vaccine candidates on different
platforms (inactivated (14, 15), mRNA (16, 17), and vector
based (18)) have been performed to investigate their safety and
immunogenicity against SARS-CoV-2 in children. Two mRNA
COVID-19 vaccines, BNT162b2 (tozinameran; Pfizer-
BioNTech) and mRNA-1273 (Moderna, Cambridge, MA,
USA), had only been characterized in participants aged 5-15
years and 12-17 years, respectively. Both mRNA vaccines were
reported to be tolerated and highly effective against COVID-19
after the second dose in participants (16) (17). The safety and
immunogenicity of two inactivated vaccines, CoronaVac
(Sinovac, Beijing, China) and BBIBP-CorV (Beijing Institute of
Biological Products, Beijing, China), are being tested in phase 1/2
clinical trials in recipients including younger populations under
12 years. These two inactivated vaccines also demonstrated
favorable safety profiles and elicited robust humoral responses
against SARS-CoV-2 infection in children (14, 15). A two-dose
vaccination regimen was utilized in the phase 2 trial of
CoronaVac in participants aged 3-17 years, and the GMTs of
neutralizing antibody elicited by CoronaVac 28 days after the
second vaccination ranged from 78.3 to 146 (14). In comparison,
the GMTs of neutralizing antibody elicited by WIBP-CorV 28
days after the second vaccination ranged from 118.3 to 266.7,
which were about 1.5-fold higher than those elicited by
CoronaVac. The vaccination regimen of BBIBP-CorV in phase
1/2 trial was identical to the current study (15). By 28 days after
the third vaccination, the GMTs of neutralizing antibody elicited
by BBIBP-CorV ranged from 143.5 to 224.4 in the cohort aged 3-
5 years, 127 to 184.8 in the cohort aged 6-12 years, and 150.7 to
199 in the cohort aged 13-17 years. In comparison, the GMTs of
neutralizing antibody elicited by WIBP-CorV ranged from 672.4
to 1065.5 in the cohort aged 3-5 years, 264.8 to 701.6 in the
cohort aged 6-12 years, and 102.2 to 289.5 in the cohort aged 13-
17 years, which were also significantly higher than those elicited
by BBIBP-CorV, especially in the cohort aged 3-5 years and 6-12
years. Moreover, the GMTs of neutralizing antibody elicited by
WIBP-CorV with the three-dose regimen in children were also
significantly higher than those in adult participants aged 18-59
years, which ranged from 123 to 457 as we previously noted in
the phase 1 trial (9). Thus, our current study documented a
significant age-related difference in immunogenicity of WIBP-
CorV, and suggests that WIBP-CorV may possess an advantage
in eliciting SARS-CoV-2-specific humoral responses in young
children. Age is well known as an important factor that
influences vaccine responses. Actually, it has been documented
that some other SARS-CoV-2 vaccines, including Corona Vac,
BNT162b2 and an adenovirus-vectored COVID-19 vaccine,
induced higher antibody titers in children and adolescents than
in adults and the elderly (14, 16, 18, 19). Moreover, the
association of age with SARS-CoV-2 antibody responses was
also observed in nature SARS-CoV-2 infection. SARS-CoV-2
IgG and total antibody levels, neutralizing activity, and avidity
was found negatively correlated with age in patients aged 1 to 24
Frontiers in Immunology | www.frontiersin.org 8
years (4). Another community-based study of household clusters
of mild COVID-19 found that children aged <6 years, and, in
particular, those aged <3 years, developed higher long-lasting
levels of NAbs compared with older siblings and/or adults (20).
Consistently, a very recent study reported that young children
aged 0–4 years generally develop significantly higher titers of
neutralizing antibody than adults. This study also documented a
stepwise downward progression in binding-to-neutralizing (B/
N) antibody titer ratio with age: children aged 0–4 years had the
highest ratio of B/N antibody, children aged 5–17 years had an
intermediate level, and adults had the lowest (21). So far, the
exact mechanisms underlying the different SARS-CoV-2
antibody responses based on age remain unclear. A few
possibilities have been suggested. First, it has been proposed
that children have strong innate immune response due to trained
immunity by other vaccines, in particular by live-attenuated
vaccines such as measles, mumps, and rubella (22), which
may thus confer a better immune environment for developing
anti-SARS-CoV-2 humoral immune responses. Second, it has
been shown that only one-third of the dose of BNT162b2 vaccine
given to adults is needed for children aged 5–11 years to develop
comparable SARS-CoV-2 antibody responses to adults (23),
suggesting the effect of inducing higher antibody levels in
children with younger age by same dose of COVID-19
vaccines could be similar to a dose dependent effect of
vaccination. Third, the phenomenon could be due to the onset
of cross-reactivity among the different beta coronaviruses. This
cross-immunity given that multiple putative epitopes for B and T
cells, which are conserved among SARS-CoV-2 and the human
coronavirus 0C43 and HKU1 (4, 24). Future studies are needed
to further characterize the potential mechanisms.

In this study, the antibody responses elicited by WIBP-CorV
were characterized up to 180 days after full vaccination. To our
knowledge, this is the first report of long-term immunogenicity of
COVID-19 candidate vaccine among children as low as 3 years
old. Our data demonstrate that the titers of neutralizing antibody
to SARS-CoV-2 peak at one month after three doses of vaccination
and start to decline within the next two months to less than 50% of
the peak titers, and further decline to about 20% of the peak titers 6
months after full vaccination. Our result suggests that there may
be a need for booster vaccinations in children long-term post
inoculating COVID-19 inactivated vaccines.

There are several limitations of our study. Firstly, cellular
immunity elicited by WIBP-CorV, which was also important
for controlling SARS-CoV-2 infection (25), was not evaluated.
Secondly, participants in this study had limited racial and
ethnic diversity as compared with the general population.
Lastly, whether the neutralizing antibody elicited by WIBP-
CorV could inhibit currently dominant SARS-CoV-2 variant
Omicron was not characterized. Actually, the cross-
neutralizing immunity against Omicron variant induced by
inactivated COVID-19 vaccines were intensively characterized
recently (26–31). These studies consistently demonstrated
sharp reductions in virus neutralizing activity in the serum of
individuals who received only two-dose inactivated COVID-19
vaccines. However, a third dose of homologous or heterologous
June 2022 | Volume 13 | Article 898151
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booster vaccination could significantly increase the positive
neutralization activity against Omicron, albeit the titers of
neutralizing antibody to Omicron were still significantly
lower than those to SARS-CoV-2 prototype (28–30). These
data suggest the necessity of a third dose boost vaccination in
children to elicit neutralizing immunity that helps reduce the
Omicron variant escape and improve the protection.

Taken together, we found that the inactivated COVID-19
vaccine WIBP-CorV is tolerable and immunogenic in
individuals aged 3-17 years. Our results 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. Our current trial, along with other clinical
trials of different COVID-19 vaccines, will further address
the feasibility of safe and efficacious vaccines in preventing
SARS-CoV-2 in children.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Henan Provincial Center for Disease Control and
Prevention. Written informed consent to participate in this study
was provided by the participants’ legal guardian/next of kin.
AUTHOR CONTRIBUTIONS

XMY and SX had full access to all of the data in the study and
take responsibility for the integrity of the data and the accuracy
Frontiers in Immunology | www.frontiersin.org 9
of the data analysis. SX, KD and YZ, and XZ contributed
equally and are joint first authors. SS and ZY and WG are
joint last authors. Concept and design: SX, SS, WG, KD, ZY,
YZ, XL, YY, WC, CW, XMY. Acquisition, analysis, or
interpretation of data: SX, DZ, HZ, XZ, ZX, CP, WZha, XG,
WY, XWW, ZW, ZS, YW, XQY, LH, QW, JLu, YLY, JG,
WZhou, XW, WW, SH, JD, QL, XZ, XN, TD, JLi. Drafting of
the manuscript: SX, XZ, SH, JD, XN, TD, JLi. Critical revision
of the manuscript for important intellectual content: SX, SS,
WG, KD, ZY, YZ, DZ, HZ, ZX, XL, CP, WZha, YKY, WC, XG,
WY, XWW, ZW, ZS, YW, XQY, QL, LH, QW, JLu, YLY, JG,
WZhou, XW, CW, WW, XMY. Statistical analysis: XZ, ZW,
YLY, JLi. Obtained funding: SX, SS, WG, KD, ZY, YZ, XWW,
ZW, JLi, XMY. Administrative, technical, or material support:
SX, HZ, YKY, WC, ZW. Supervision: SS, WG, KD, ZY, YZ,
XMY. All authors contributed to the article and approved the
submitted version.
FUNDING

This study was supported by the National Program on Key
Research Project of China (2020YFC0842100), Major Science
and Technology Project of the National New Drug Development
of China (2018ZX09734-004) and the National Natural Science
Foundation of China (92169105, 82172256, 81861138044,
and 91742114).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2022.898151/
full#supplementary-material
REFERENCES

1. Available at: https://www.who.int/emergencies/diseases/novel-coronavirus-
2019/situation-reports.

2. Available at: https://www.aap.org/en/pages/2019-novel-coronavirus-covid-
19-infections/children-and-covid-19-state-level-data-report/.

3. Kao CM, Orenstein WA, Anderson EJ. The Importance of Advancing Severe
Acute Respiratory Syndrome Coronavirus 2 Vaccines in Children. Clin Infect
Dis (2021) 72(3):515–8. doi: 10.1093/cid/ciaa712

4. Yang HS, Costa V, Racine-Brzostek SE, Acker KP, Yee J, Chen Z, et al.
Association of Age With SARS-CoV-2 Antibody Response. JAMA Netw Open
(2021) 4(3):e214302. doi: 10.1001/jamanetworkopen.2021.4302

5. Snape MD, Viner RM. COVID-19 in Children and Young People. Science.
(2020) 370(6514):286–8. doi: 10.1126/science.abd6165

6. Zimmermann P, Curtis N. Coronavirus Infections in Children Including
COVID-19: An Overview of the Epidemiology, Clinical Features, Diagnosis,
Treatment and Prevention Options in Children. Pediatr Infect Dis J (2020) 39
(5):355–68. doi: 10.1097/INF.0000000000002660

7. Maltezou HC, Magaziotou I, Dedoukou X, Eleftheriou E, Raftopoulos V,
Michos A, et al. Children and Adolescents With SARS-CoV-2 Infection:
Epidemiology, Clinical Course and Viral Loads. Pediatr Infect Dis J (2020) 39
(12):e388–e92. doi: 10.1097/INF.0000000000002899

8. Ebina-Shibuya R, Namkoong H, Shibuya Y, Horita N. Multisystem
Inflammatory Syndrome in Children (MIS-C) With COVID-19: Insights
From Simultaneous Familial Kawasaki Disease Cases. Int J Infect Dis (2020)
97:371–3. doi: 10.1016/j.ijid.2020.06.014

9. Xia S, Duan K, Zhang Y, Zhao D, Zhang H, Xie Z, et al. Effect of an Inactivated
Vaccine Against SARS-CoV-2 on Safety and Immunogenicity Outcomes:
Interim Analysis of 2 Randomized Clinical Trials. Jama. (2020) 324(10):951–
60. doi: 10.1001/jama.2020.15543

10. Al Kaabi N, Zhang Y, Xia S, Yang Y, Al Qahtani MM, Abdulrazzaq N, et al.
Effect of 2 Inactivated SARS-CoV-2 Vaccines on Symptomatic COVID-19
Infection in Adults: A Randomized Clinical Trial. Jama. (2021) 326(1):35–45.
doi: 10.1001/jama.2021.8565

11. Li Z, Xiang T, Liang B, Deng H, Wang H, Feng X, et al. Characterization of
SARS-CoV-2-Specific Humoral and Cellular Immune Responses Induced by
Inactivated COVID-19 Vaccines in a Real-World Setting. Front Immunol
(2021) 12:802858. doi: 10.3389/fimmu.2021.802858

12. Lustig Y, Sapir E, Regev-Yochay G, Cohen C, Fluss R, Olmer L, et al.
BNT162b2 COVID-19 Vaccine and Correlates of Humoral Immune
June 2022 | Volume 13 | Article 898151

https://www.frontiersin.org/articles/10.3389/fimmu.2022.898151/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.898151/full#supplementary-material
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://doi.org/10.1093/cid/ciaa712
https://doi.org/10.1001/jamanetworkopen.2021.4302
https://doi.org/10.1126/science.abd6165
https://doi.org/10.1097/INF.0000000000002660
https://doi.org/10.1097/INF.0000000000002899
https://doi.org/10.1016/j.ijid.2020.06.014
https://doi.org/10.1001/jama.2020.15543
https://doi.org/10.1001/jama.2021.8565
https://doi.org/10.3389/fimmu.2021.802858
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Xia et al. Trail of WIBP-CorV in Children
Responses and Dynamics: A Prospective, Single-Centre, Longitudinal Cohort
Study in Health-Care Workers. Lancet Respir Med (2021) 9(9):999–1009.

13. Terpos E, Trougakos IP, Apostolakou F, Charitaki I, Sklirou AD, Mavrianou
N, et al. Age-Dependent and Gender-Dependent Antibody Responses Against
SARS-CoV-2 in Health Workers and Octogenarians After Vaccination With
the BNT162b2 mRNA Vaccine. Am J Hematol (2021) 96(7):E257–E9. doi:
10.1002/ajh.26185

14. Han B, Song Y, Li C, Yang W, Ma Q, Jiang Z, et al. 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. Lancet Infect Dis (2021) 21(12):1645–53.

15. Xia S, Zhang Y, Wang Y, Wang H, Yang Y, Gao GF, et al. 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. Lancet Infect Dis (2021) 22(2):196–208.

16. Frenck RWJr., Klein NP, Kitchin N, Gurtman A, Absalon J, Lockhart S, et al.
Safety, Immunogenicity, and Efficacy of the BNT162b2 Covid-19 Vaccine in
Adolescents. N Engl J Med (2021) 385(3):239–50. doi: 10.1056/
NEJMoa2107456

17. Ali K, Berman G, Zhou H, Deng W, Faughnan V, Coronado-Voges M, et al.
Evaluation of mRNA-1273 SARS-CoV-2 Vaccine in Adolescents. New Engl J
Med (2021) 385(24):2241–51. doi: 10.1056/NEJMoa2109522

18. Zhu F, Jin P, Zhu T, Wang W, Ye H, Pan H, et al. Safety and Immunogenicity
of a Recombinant Adenovirus Type-5-Vectored COVID-19 Vaccine With a
Homologous Prime-Boost Regimen in Healthy Participants Aged 6 Years and
Above: A Randomised, Double-Blind, Placebo-Controlled, Phase 2b Trial.
Clin Infect Dis (2021) ciab845.

19. Walsh EE, Frenck RWJr., Falsey AR, Kitchin N, Absalon J, Gurtman A, et al.
Safety and Immunogenicity of Two RNA-Based Covid-19 Vaccine Candidates.
N Engl J Med (2020) 383(25):2439–50. doi: 10.1056/NEJMoa2027906

20. Bonfante F, Costenaro P, Cantarutti A, Di Chiara C, Bortolami A, Petrara MR,
et al. Mild SARS-CoV-2 Infections and Neutralizing Antibody Titers.
Pediatrics (2021) 148(3):e2021052173. doi: 10.1542/peds.2021-052173

21. Karron RA, Garcia Quesada M, Schappell EA, Schmidt SD, Deloria Knoll M,
Hetrich MK, et al. Binding and Neutralizing Antibody Responses to SARS-
CoV-2 in Very Young Children Exceed Those in Adults. JCI Insight (2022) 7
(8):e157963. doi: 10.1172/jci.insight.157963

22. Fidel PL Jr, Noverr MC. Could an Unrelated Live Attenuated Vaccine Serve as
a Preventive Measure To Dampen Septic Inflammation Associated With
COVID-19 Infection? mBio (2020) 11(3):e00907–20. doi: 10.1128/
mBio.00907-20

23. Walter EB, Talaat KR, Sabharwal C, Gurtman A, Lockhart S, Paulsen GC, et al.
Evaluation of the BNT162b2 Covid-19 Vaccine in Children 5 to 11 Years of
Age. N Engl J Med (2022) 386(1):35–46. doi: 10.1056/NEJMoa2116298

24. Piccaluga PP, Malerba G, Navari M, Diani E, Concia E, Gibellini D. Cross-
Immunization Against Respiratory Coronaviruses May Protect Children
From SARS-CoV2: More Than a Simple Hypothesis? Front Pediatrics
(2020) 8:595539. doi: 10.3389/fped.2020.595539

25. Liu J, Yang X, Wang H, Li Z, Deng H, Liu J, et al. Analysis of the Long-Term
Impact on Cellular Immunity in COVID-19-Recovered Individuals Reveals a
Profound NKT Cell Impairment. mBio (2021) 12(2):e00085-21. doi: 10.1128/
mBio.00085-21

26. Ai J, Zhang H, Zhang Y, Lin K, Zhang Y, Wu J, et al. Omicron Variant Showed
Lower Neutralizing Sensitivity Than Other SARS-CoV-2 Variants to Immune
Sera Elicited by Vaccines After Boost. Emerg Microbes Infect (2022) 11
(1):337–43. doi: 10.1080/22221751.2021.2022440

27. Deshpande GR, Yadav PD, Abraham P, Nyayanit DA, Sapkal GN, Shete AM,
et al. Booster Dose of the Inactivated COVID-19 Vaccine BBV152 (Covaxin)
Enhances the Neutralizing Antibody Response Against Alpha, Beta, Delta and
Omicron Variants of Concern. J Travel Med (2022) taac039. doi: 10.1093/jtm/
taac039
Frontiers in Immunology | www.frontiersin.org 10
28. Costa Clemens SA, Weckx L, Clemens R, Almeida Mendes AV, Ramos Souza
A, Silveira MBV, et al. Heterologous Versus Homologous COVID-19 Booster
Vaccination in Previous Recipients of Two Doses of CoronaVac COVID-19
Vaccine in Brazil (RHH-001): A Phase 4, non-Inferiority, Single Blind,
Randomised Study. Lancet (2022) 399(10324):521–9. doi: 10.1016/S0140-
6736(22)00094-0

29. Wang X, Zhao X, Song J, Wu J, Zhu Y, Li M, et al. Homologous or
Heterologous Booster of Inactivated Vaccine Reduces SARS-CoV-2
Omicron Variant Escape From Neutralizing Antibodies. Emerg Microbes
Infect (2022) 11(1):477–81. doi: 10.1080/22221751.2022.2030200

30. Xie T, Lu S, He Z, Liu H, Wang J, Tang C, et al. Three Doses of Prototypic
SARS-CoV-2 Inactivated Vaccine Induce Cross-Protection Against its
Variants of Concern. Signal Transduct Target Ther (2022) 7(1):61. doi:
10.1038/s41392-022-00920-4

31. Yu X, Qi X, Cao Y, Li P, Lu L, Wang P, et al. Three Doses of an Inactivation-
Based COVID-19 Vaccine Induces Cross-Neutralizing Immunity Against the
SARS CoV-2 Omicron Variant. Emerg Microbes Infect (2022) 11(1):749–52.
doi: 10.1080/22221751.2022.2044271

Conflict of Interest: SX, WG, and KD, YZ, XWW, ZW, ZY, SS, and XMY
reported receiving grants from the Ministry of Science and Technology of the
People’s Republic of China during the conduct of the study. YZ, YKY, XWW,
XQY, QW, and XMY reported being employees of the China National Biotec
Group Co Ltd. KD, XL, ZW, JLu, JG, WZhou, XW, CW,WW, SH and SS; WC and
QL reported being employees of the Wuhan Institute of Biological Products Co
Ltd. JD, XN, TD reported being a student of the Wuhan Institute of Biological
Products Co Ltd. YLY reported receiving personal fees from Wuhan Institute of
Biological Products Co Ltd during the conduct of the study.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

The China National Biotec Group Co Ltd and the Wuhan Institute of Biological
Products Co Ltd were the study sponsors and designed the trial, provided the
study product, and oversaw all trial operations. The sponsors used contract clinical
research organizations to coordinate interactions with regulatory authorities and
oversee clinical site operations. Data were collected by the clinical site research
staff, managed by a blinded contract research organization data management
team, monitored by a contract research organization, and overseen by the sponsor
and an independent data and safety monitoring board. The interim analysis was
performed by an independent statistician who was not involved in the trial after
the data were collected, checked, and locked for the specific groups before
unblinding. Manuscript preparation was performed by the study authors and
the decision to submit the manuscript for publication was made by the study
authors.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Xia, Duan, Zhang, Zeng, Zhao, Zhang, Xie, Li, Peng, Zhang, Yang,
Chen, Gao, You, Wang, Wang, Shi, Wang, Yang, Li, Huang, Wang, Lu, Yang, Guo,
Zhou, Wan, Wu, Wang, Huang, Du, Nian, Deng, Yuan, Shen, Guo, Liu and Yang.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
June 2022 | Volume 13 | Article 898151

https://doi.org/10.1002/ajh.26185
https://doi.org/10.1056/NEJMoa2107456
https://doi.org/10.1056/NEJMoa2107456
https://doi.org/10.1056/NEJMoa2109522
https://doi.org/10.1056/NEJMoa2027906
https://doi.org/10.1542/peds.2021-052173
https://doi.org/10.1172/jci.insight.157963
https://doi.org/10.1128/mBio.00907-20
https://doi.org/10.1128/mBio.00907-20
https://doi.org/10.1056/NEJMoa2116298
https://doi.org/10.3389/fped.2020.595539
https://doi.org/10.1128/mBio.00085-21
https://doi.org/10.1128/mBio.00085-21
https://doi.org/10.1080/22221751.2021.2022440
https://doi.org/10.1093/jtm/taac039
https://doi.org/10.1093/jtm/taac039
https://doi.org/10.1016/S0140-6736(22)00094-0
https://doi.org/10.1016/S0140-6736(22)00094-0
https://doi.org/10.1080/22221751.2022.2030200
https://doi.org/10.1038/s41392-022-00920-4
https://doi.org/10.1080/22221751.2022.2044271
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Safety and Immunogenicity of an Inactivated COVID-19 Vaccine, WIBP-CorV, in Healthy Children: Interim Analysis of a Randomized, Double-Blind, Controlled, Phase 1/2 Trial
	Introduction
	Methods
	Study Design and Participants
	Vaccine
	Outcomes
	Statistical Analysis

	Results
	Study Participants
	Safety Outcomes
	Immunogenicity Outcomes

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


