OPEN aACCESS Freely available online

Journal of Clinical Trials

ISSN: 2167-0870

Research Article

A Randomized Placebo-controlled Trial to Evaluate the Efficacy,
Immunogenicity and Safety of an Inactivated COVID-19 Vaccine
(CoronaVac®) in Children and Adolescents

Nicolas MS Galvez"?, Qiangian Xin®, Katia Abarca*, Maria ] AlvarezFigueroa®, Sanet Aspinall®, Susan M
Bueno'?, José V Gonzalez-zAramundiz’, Nicole Le Corre*, Weining Meng?, Xing Meng?, Cecilia Perret?, Jorge A
Soto!?, Gang Zeng’, Alexis M Kalergis">™*

"Millennium Institute on Immunology and Immunotherapy, Casa Central, Santiago, Chile; 2Department of Molecular Genetics and Microbiology,
Pontifical Catholic University of Chile, Santiago, Chile; *Sinovac Biotech Ltd., Beijing, China; *Department of Pediatric Infectious Diseases and
Immunology, Division of Pediatrics, School of Medicine, Pontifical Catholic University of Chile, Santiago, Chile; *Department of Pharmacy, Pontifical
Catholic University of Chile, Santiago, Chile; °Ardent Consulting Pvt Ltd., Cape Town, South Africa; "Department of Endocrinology, School of Medicine,
Pontifical Catholic University of Chile, Santiago, Chile

ABSTRACT

Background: The inactivated COVID-19 vaccine developed by Sinovac (CoronaVac®) has been shown to effectively prevent
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infections. Phase /11 clinical trials in healthy adults aged
18-59 and over 60 showed good safety and immunogenicity in China. Phase III clinical trials are currently being carried out
in Brazil, Indonesia, Chile, and Turkey. The WHO approved CoronaVac® for emergency use in adults on June 01, 2021. A
Phase /11 clinical trial in children and teenagers aged 3-17 was performed in China in 2020.

Methods: This is a global multi-center, randomized, double-blinded, and placebo-controlled phase III clinical trial that aims to
assess the safety, efficacy, and immunogenicity of CoronaVac® in the pediatric population. This vaccine will be administered
to infants, children, and adolescents aged 6 months to 17 years and compared to a placebo. Five countries will participate in
this study, South Africa, Malaysia, Kenya, the Philippines and Chile. This report will focus on the study to be performed in
Chile. Volunteers will randomly receive two intramuscular doses of CoronaVac® or the control comparator (placebo), in a 1:1
ratio, with an interval of 28 days between each dose. The study will be finished after the last visit of the last volunteer. Efficacy
assessments include the surveillance of COVID-19-like symptoms, clinical laboratory confirmation of SARS-CoV-2 infection
by RT-PCR, and recording of COVID-19-related hospitalizations. Safety assessment considers monitoring Adverse Events
(AEs) within 30 minutes after administration of each dose and monitoring and collecting of Adverse Events of Special Interest
(AESI) and Serious Adverse Events (SAEs) until 12 months after the first dose. Immunogenicity assessments will focus on
neutralizing and anti-Spike protein antibodies and will be performed in a sub-group of volunteers. Any confirmed COVID-19
case will be followed until resolution. Total RNA of saliva samples will be obtained from confirmed COVID-19 cases for viral
genome sequencing to detect SARS-CoV-2 circulating variants of concern.

Discussion: Vaccination of children and teenagers will be a crucial step in controlling the spread of COVID-19 and will also
be fundamental to prevent the emergence of syndromes such as Long-COVID and PIMS-TS.
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BACKGROUND first time in Wuhan, China, in December of 2019 [3]. Since then,
SARS-CoV-2 has caused almost 240 million cases of infection
and nearly 5 million deaths around the world [3]. The urgent and
mandatory development of effective therapies against this virus has

SARS-CoV-2 is responsible for the current pandemic of Coronavirus

Disease 2019 (COVID-19) [1,2]. This disease was described for the
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led to 7 vaccines being approved for emergency use by the WHO
[4]. Most approved SARS-CoV-2 vaccines express or encode either
the Spike (S) protein or the Receptor-Binding Domain (RBD) of
this protein to induce an immune response against it [5,6]. Since
the S protein is responsible for binding to the hACE?2 receptor on
the target cell, neutralizing this viral component with circulating
antibodies should decrease the infection of SARS-CoV-2 [5,6].
However, mutations of this protein by circulating variants of
concern of this virus could impact the neutralizing capacities of
induced antibodies [4,7]. Whole virus inactivated platforms are
among the earliest vaccines ever used to prevent diseases [5]. For
SARS-CoV-2, inactivated vaccines include more antigens than just
the S protein; therefore, they might protect against circulating
variants of concern through recognition of several viral antigens

(5,8].

CoronaVac® is an inactivated COVID-19 vaccine (generated in
Vero cells) developed by Sinovac Life Science Co. Ltd., which
could induce an active immunity to prevent the disease caused
by SARS-CoV-2 [9-12]. Pre-clinical studies show that this vaccine
was safe and induced an immune response against this virus in
mice, rats and rhesus macaques [9]. Phase I/1II clinical trials were
held in the Jiangsu Province, China, in healthy adults aged 18 to
59. Phase 1/1I clinical trials with elderly aged 60 years and over
were held in the Hebei Province, China. Phase 1/1II clinical trials
in children and adolescents aged 3 to 17 were launched in the
Hebei Province, China, on October 31, 2020. These clinical trials
have completed the safety and immunogenicity evaluation. The
results showed good safety and immunogenicity in adults, the
elderly, children, and adolescents [10-12]. Four phase III clinical
trials for this vaccine are being carried out in Brazil (18 years old
and above), Indonesia (18-59 years old), Chile (18-59 and over
60 years old), and Turkey (18-59 years old). These trials used the
same randomized, double-blind, placebo-controlled study design to
evaluate the efficacy of the vaccine [13-19]. The results from Brazil
showed good efficacy and safety for this vaccine. The positive
results led to conditional marketing approval in China on February
5, 2021 (approval number: 2021800156, 2021S00157). The WHO
approved CoronaVac® for emergency use in adults on June 01,
2021 [20]. Accordingly, this vaccine was approved in Chile for
emergency use in adults on January 20® 2021, and in 6-17 years

old children and adolescents on September 6™, 2021 [21].

This protocol was proposed to further evaluate the safety of
CoronaVac® in children and adolescents in populations different
from the Chinese and assess its efficacy in this population. To this
date, only the BNT162b2 vaccine is approved by the U.S. FDA to be
used in the pediatric population younger than 12 years, even though
that population is still vulnerable to COVID-19 [22]. CoronaVac®
has shown promising protective efficacy in the pediatric population
aged from 3 to 17 years. A high vaccination rate in this population
will likely be essential to reach an immunologic barrier that reduces
the morbidity and mortality of COVID-19 [12]. The overall study
aims to evaluate the efficacy and safety of CoronaVac® among
children aged 6 months to 17 years, which also expands the age
range initially approved for this vaccine. This study considers
placebo as a control to compare the frequency and magnitude of
clinical and immunological endpoints changes. Randomization
and blinding of volunteers will be considered to reduce bias in
the assignment of the two groups and during data collection and
evaluation of study endpoints, respectively. Given the potential
risk of disease enhancement reported for pediatric populations

[23], additional surveillance for COVID-19 will be considered
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in this study. Finally, considering the possibility of approval for
emergency use of this vaccine in the pediatric population, the aims
of this study may be modified in the future.

MATERIALS AND METHODS
Objectives of this trial

These objectives may be modified upon approval of emergency use
of this vaccine in the pediatric population in the corresponding
countries.

Primary objectives To evaluate the efficacy of two doses of
CoronaVac® against RT-PCR confirmed symptomatic COVID-19

cases in volunteers aged 6 months to 17 years.

These objectives will be modified accordingly to the changes in
local vaccination plans and regulations.

Efficacy secondary objectives:

e To evaluate the efficacy of at least one dose of CoronaVac®
against RT-PCR confirmed symptomatic COVID-19 cases.

e To assess the effect of two doses of CoronaVac® against RT-
PCR confirmed symptomatic COVID-19 cases in baseline
SARS-CoV-2 uninfected volunteers.

e To evaluate the efficacy of two doses of CoronaVac® on

hospitalization/death caused by COVID-19.

These objectives will be modified accordingly to the changes in
local vaccination plans and regulations.

Safety secondary objectives:

e To evaluate the safety of CoronaVac® in terms of solicited
local and systemic AEs during seven days after each dose
vaccination and in terms of unsolicited AEs for 28 days
postvaccination (Subgroup).

e To evaluate safety in terms of SAEs.
e To evaluate safety in terms of AESI.

Immunogenicity secondary objective: To evaluate the immune
response induced by CoronaVac® in a subgroup of volunteers
compared to placebo. In Chile, the humoral immune response
will be evaluated to determine circulating antibodies against
different proteins of this virus. The cellular immune response will
be evaluated upon stimulation of Peripheral Blood Mononuclear
Cells (PBMCs) with megapools of peptides derived from the
proteome of SARS-CoV-2.

Trial characteristics

Participants: As seen in Figure 1, 14,000 healthy volunteers
aged 6 months to 17 years of both genders will be enrolled and
randomly assigned into the vaccine or placebo group for the entire
global study. In Chile, 4,000 volunteers aged 3 to 17 years will be
recruited, and volunteers aged 3 to 5 will be randomly assigned
to the vaccine or the placebo group. Pregnancy and breastfeeding
will be exclusion criteria, and confirmed pregnancy during the
study will lead to the discontinuation of the volunteer in the study.
Accordingly, appropriate follow-up visits or medical care will be
arranged with the agreement of the volunteer. Other exclusion
criteria are a history of confirmed infection of SARS-CoV-2 before
randomization, immunosuppression, autoimmune diseases,
bleeding disorders, or any unstable chronic disease. All volunteers
or their guardians will sign a voluntary Informed Consent Form

and undergo a medical screening evaluation to confirm that all the
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Volunteers aged 27 years assent and consent.
Screening is performed

olunteers or Guardians sign informed consent form ‘

Physical examination
Inclusion and exclusion crteria evaluation.

Enrollment

14,000 volunteers recruited and
randomized.

Placeboarm
Aluminium hydroxide in a final volume of 0.5 mL.

Vaccine am
Coronavac® 3 g (600 SU) ofnactivated SARS-CoV-2and
aluminium hydroside as an adwant ina final volume of 0.5
L

Allocation

7,000 volunteers will receive this intervention throughout

7,000 volunteers vill receive this intervention throughott the
the five courtries participatingin tis study.

five countries partcipating in this study.

' i

2,500volunteers will be recruited in Chiefor the vaccine am.

l l

1,500volunleers aged 3105 years:
500volnteers aged6 o 11 years
500voknteers aged 1210 17 years

1,500 volunteers will be recruited in Chile for the placebo arm.

Recruitment
in Chile

1,500 volunteers aged 3105 years:

Age group
distribution

Figure 1: Flow chart showing the study design.

inclusion and exclusion criteria are met.
Intervention and comparator

Experimental intervention: CoronaVac® was manufactured in
Beijing, China, by Sinovac Life Sciences. This vaccine contains 3
pg (600 SU) of inactivated SARS-CoV-2 (strain derived from CNO02
grown in Vero 25 cells) and aluminum hydroxide as an adjuvant in
a final volume of 0.5 mL.

Control comparator: The placebo used in this study consists of
aluminum hydroxide in a final volume of 0.5 mL. The experimental
intervention and placebo schedule will be administrated in two 0.5
mL doses intramuscularly (deltoid) in a four-week interval.

Main outcomes

The primary endpoint is the incidence of RT-PCR confirmed
symptomatic COVID-19 cases with onset at least 14 days after the
second dose. Secondary efficacy endpoints are the incidence of RT-
PCR confirmed symptomatic COVID-19 cases with onset at least
14 days after the first dose, the incidence of RT-PCR confirmed,
symptomatic COVID-19, with onset at least 14 days after the second
dose in SARS-CoV-2 uninfected volunteers, and the incidence of
hospitalization/death caused by COVID-19 with onset at least 14
days after the second dose. Of note, any COVID-19 confirmed case
will be monitored until resolution.

Whole viral genome sequencing will be performed in all confirmed
samples to evaluate outstanding mutations related to circulating
variants of concern in local laboratories for each country. Secondary
safety endpoints are the occurrence, intensity, duration, and
relationship of solicited local and systemic AEs during seven days
following each dose vaccination and of unsolicited AEs for 28 days
postvaccination, the occurrence and relationship of SAEs (from
the first dose to 12 months after the last dose), and the occurrence
and relationship of AESI (from the first dose to 12 months after the
last dose). Secondary immunogenicity endpoints are the analysis
of SARS-CoV-2 neutralizing antibody titers by micro-cytopathic
method and the analysis of anti-Spike SARS-CoV-2 antibodies by

electrochemiluminescence immunoassay.

Exploratory immunogenicity endpoints consider the following:
Analysis of cytokine secreting SARS-CoV-2 specific T cells by
ELISPOT; Analysis of activated and memory SARS-CoV-2 specific
T cells by flow cytometry; Analysis of circulating IgG specific
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to SARS-CoV-2 proteins other than the S protein; Analysis of
circulating IgG specific against the S protein of SARS-CoV-2 in
saliva.

Randomization and blinding (masking)

This study will be implemented with central randomization.
Volunteers will be randomly assigned to the vaccine or placebo arm
in a 1:1 ratio. In Chile, volunteers aged 6 years and over will not
receive a placebo. Randomization will be balanced using randomly
permuted blocks and stratified by site and age groups. The
randomization statisticians will use the SAS software to generate a
random list imported into the IWRS system.

At enrollment, researchers will log in to this system and enter the
information of the volunteers to obtain random numbers. Before
each dose, an authorized pharmacist will log in to the [IWRS system
and get the vaccine number. In case of an emergency, the leading
investigators will determine if unblinding of volunteers is required.
If the investigators decide that unblinding is needed, they should
contact the sponsor first. The date and reason indicating why the
blinding was broken must be recorded in the source documentation
and the Case Report Form. Remarkably, key personnel of the
sponsor will be unblinded at the time of immunogenicity analysis,
interim analysis, and primary analysis. Sites and volunteers will
remain blinded until all volunteers have completed the study.

Number of volunteers to be randomized (samples size)

The expected rate of infection with SARS-CoV-2 in children
and adolescents is 1% in the placebo arm. An interim analysis
is planned if 47 confirmed COVID-19 cases are observed. To
evaluate 50% vaccine efficacy, a total of 93 confirmed COVID-19
cases and at least 12,593 volunteers are required to achieve 95%
power with a two-sided significance level of 5%. Considering a
10% loss of follow-up, approximately 14,000 volunteers will be
needed to recruit in total and 7,000 volunteers for each arm in all
participating countries. If required, recruitment of volunteers may
be modified if the Data Safety Monitoring Committee found it
fitting upon publishing the interim unblinded analysis.

Samples acquisition

Blood and saliva samples will be obtained at times indicated in
Table 1 and will only be used for scientific research. Each sample
will be labeled with a code to ensure blinding. The sponsor may
store the remaining samples after performing assays outlined in the
protocol. Unless local regulations or ethical requirements indicate
a time limitation, the samples will be stored for up to 5 years after
the end of the study and then destroyed.

Volunteers may request their samples, if still identifiable, to be
destroyed at any time; however, any data already collected from
those samples will still be used for this research.

RESULTS AND DISCUSSION

The current COVID-19 pandemic has profoundly impacted our
lives, changing how we interact with each other and our mobility
[24,25]. SARS-CoV-2, the etiological agent of this disease, is
responsible to this date of almost 5 million deaths worldwide,
placing this virus among the worst pandemics of modern history
[3,26]. Several studies have shown that the disease caused by this
virus is more severe in adults and the elderly compared to the
pediatric population [27]. Because the symptoms of the acute illness
caused by SARS-CoV-2 are less severe in children and teenagers,
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Table 1: Schedule of activities for the PedCoronaVacO3CL study in Chile.
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Date (Day or month relative to vaccine administration)

Procedure D-28 to Do DS D28 D36 D56 mogtiss:?- 30 mo?li}sl: (13 30
DO (£#3) (£10) (£3) (£10) - -
days) days)
Screening, preliminary notification, and volunteer X
enrolment®
Informed consent and assent” X
Demographic information X
Physical examination® X
Pregnancy examination (post-menarche girls or by the
X X
local standard of care)?
Inclusion/exclusion criteria screening X X
Evaluation of SARS-CoV-2 infection (IgG/IgM rapid test, X
rapid antigen test)
Vaccination X X
Efficacy assessments
Active
Weekly telephone/ text contacts for 8 weeks, and then and 2 2 2 2 2 202.2) 222.2)
every 2 weeks for monitoring of COVID-19 p':lssive (22.2) (22.2) (22.2) (22.2) (22.2) ’ ’
Immunogenicity assessments (Sub-group)
Blood collecgon for hurrilo‘ral and cellular X X X X
immunogenicity®
Saliva collection for humoral immunogenicity"® X X X X X
Safety assessments
Participant self—@cordmg of the safety observation on X X X X X
diary cards (Sub-group)
Monitoring of AESI/SAE, information of concomitant X X X X X X X

use of drug/vaccine

Note: *: The screening will be performed within 28 days before the study vaccination or on the day of immunization. Screening must be completed, and

all eligibility criteria must be fulfilled before randomization and vaccination; b Performed before any study-related procedure.

< Recheck clinical status before study vaccination. Physical examination, including medical history, height, and weight, vital signs, pulse, temperature,

etc. Vital signs may be measured at the discretion of the investigator. Under exceptional circumstances such as high altitude, the investigator should

assess baseline respiratory rate and other vital signs, as appropriate. Body temperature will be measured preferably via oral or axillary temperature or

following the local standard of care; ¢: For participants of childbearing potential only; ©: 3.0 mL of blood samples are collected for humoral immunity.
8.0 to 20 mL of blood samples are collected for cellular immunity; : At least 2.0 mL of saliva samples are collected for humoral immunity; % Saliva
samples will also be collected on D42 (+ 10), D120 (= 30), D300 (+ 30) at the home of the volunteers, without a visit to the study center.

the transmission of this virus can reach exponential rates, as it can
be confused with other flu-like diseases [27,28].

Therefore, the characterization of the safety and immunogenicity
of the currently approved COVID-19 vaccines in the pediatric
population is urgent and mandatory to start immunization of this
population.

During October and December of 2020, 552 volunteers of the
pediatric population were enrolled in phase I/II studies with
CoronaVac® [12]. These volunteers were immunized with either
two doses of CoronaVac® (300 or 600 SU), each separated by 4
four weeks or two doses of placebo [12]. No statistical differences
were found in the incidence of adverse events reported between
the two doses evaluated and the placebo group [12]. Accordingly,
most adverse events were mild or moderate, with pain in the
vaccination site being the most frequently reported one [12]. The
seroconversion of circulating neutralizing antibodies reported for
both phase I/1I studies was 100% with the 600 SU dose, and no
neutralizing antibodies could be detected in the placebo group.
Therefore, CoronaVac® was well-tolerated and safe and induced
humoral responses in children and adolescents aged 3-17 years.

The safety, effectiveness, and immunogenicity of other vaccines
approved by the WHO for emergency use are also being evaluated
in pediatric populations [29-31]. A phase II/III trial is being held
for the mRNA-1273 vaccine (Moderna Tx, Inc.-lipid nanoparticle
mRNA), which is recruiting a total of 13,275 children aged
between 6 months and 12 years [29]. This placebo-controlled
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study will be divided into two parts, considering dose-escalation
and age de-escalation, along with randomization and observer-
blinding [29]. The estimated completion date for this study is June
122023 [29]. The BNT162b2 vaccine (Pfizer-BioNTech SE-ipid
nanoparticle mRNA) is also being evaluated in Phase I/11/I11
trials, with 7,922 volunteers aged between 6 months and 16 years
being recruited [30]. This trial will also be placebo-controlled and
observer-blinded, but no randomization will be considered [30].
The expected completion date for this trial is June 18th, 2024 [30].
A phase I trial with the Ad26.COV2.S vaccine (Janssen Vaccines
and Prevention B.V. - recombinant adenovirus) recruited teenagers
between 12 and 17 years to evaluate its safety and immunogenicity
[31]. This study is placebo-controlled, randomized, and double-
blind [31]. Recruitment for this study is finished, and the estimated
completion date is March 28" 2022 [31]. The number of studies
being held to evaluate the safety and the immune response elicited
by these vaccines demonstrate the relevance of the immunization of
pediatric populations. It is important to note that the aims of these
studies, like the one reported in this article, are being modified as
approval for emergency use of these vaccines is fulfilled in different
countries [32-37].

CONCLUSION

The administration of COVID-19 vaccines to children is relevant
as it will help to limit the spread of the virus and, due to the
long-term consequences described after this infection, control
the impact this disease has on developing immune systems long-
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COVID is the term used to refer to different symptoms described
by some people that do not achieve a full recovery from this
disease. The symptoms of this syndrome vary among reports, but
they usually consider neurological ones such as headache, cognitive
difficulties, anxiety, and depression, and respiratory and muscular
ones, such as shortness of breath, chest pain, myalgia, and fatigue.
Although most cases related to longCOVID are reported in
adults, recent analyses suggest that children may also suffer from
this syndrome. The terms PIMS-TS (pediatric inflaimmatory
multisystem syndrome temporally associated with SARS-CoV-2)
and Multisystem Inflammatory Syndrome in Children (MIS-C)
were first used early in 2020 after several reports described a series
of severe cases of exacerbated systemic inflammatory responses
in children, following COVID-19 resolution. This inflammatory
syndrome led to intensive care unit admission of children suffering
it. The symptoms are usually fever, rash, and conjunctivitis, as seen
in other inflaimmatory syndromes such as staphylococcal toxic
shock or sepsis. Besides these, more severe symptoms have been
described, such as myocarditis, aneurysm, hypotension, and shock.
Considering the severity of PIMS-TS and probable Long-COVID,
vaccination of children and teenagers is urgent to prevent these
and other possible side effects not reported yet due to SARS-CoV-2
infection.

TRIAL REGISTRATION

This study was registered in Clinicaltrials.gov on August 5%, 2021.
The trial identifier is NCT04992260.

FULL PROTOCOL

The current complete protocol of this trial is available as a Supplementary
File, including other relevant information such as other statistical analyses,
information on Data Monitoring, other details on ethics and protocol
amendments, and thorough inclusion and exclusion criteria.

TRAIL STATUS

Recruitment started in Chile on September 10", 2021. Recruitment is
expected to end by January 2022. The current Chilean Annex to Master
protocol version 3.0 was approved on September 23, 2021.

SUPPLEMENTARY FILES

The Complete Study Protocol can be found as a supplementary file.
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