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Background: The WHO declared COVID-19 a pandemic on March 11th, 2020. This serious outbreak and
the precipitously increasing numbers of deaths worldwide necessitated the urgent need to develop an
effective severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine. The development of
COVID-19 vaccines has moved quickly. In this study, we assessed the efficacy, safety, and immunogenic-
ity of an inactivated (SARS-CoV-2) vaccine.
Methods: We conducted a randomized, double-blind, placebo-controlled trial to evaluate the efficacy,
immunogenicity, and safety of an inactivated SARS-CoV-2 vaccine and its lot-to-lot consistency. A total
of 1620 healthy adults aged 18–59 years were randomly assigned to receive 2 injections of the trial vac-
cine or placebo on a day 0 and 14 schedule. This article was based on an interim report completed within
3 months following the last dose of study vaccine. The interim analysis includes safety and immunogenic-
ity data for 540 participants in the immunogenicity subset and an efficacy analysis of the 1620 subjects.
For the safety evaluation, solicited and unsolicited adverse events were collected after the first and sec-
ond vaccination within 14 and 28 days, respectively. Blood samples were collected for an antibody assay
before and 14 days following the second dose.
Results: Most of the adverse reactions were in the solicited category and were mild in severity. Pain at the
injection site was the most frequently reported symptom. Antibody IgG titer determined by enzyme-
linked immunosorbent assay was 97.48% for the seroconversion rate. Using a neutralization assay, the
seroconversion rate was 87.15%. The efficacy in preventing symptomatic confirmed cases of COVID-19
occurring at least 14 days after the second dose of vaccine using an incidence rate was 65.30%.
Conclusions: From the 3-month interim analysis, the vaccine exhibited a 65.30% efficacy at preventing
COVID-19 illness with favorable safety and immunogenicity profiles.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The coronavirus disease 2019 (COVID-19) has inflicted
catastrophic damage to public health, economic, and social stabil-
ity worldwide [1]. In December 2019, a series of pneumonia cases
of unknown origin emerged in Wuhan, Hubei, China, with clinical a
presentation resembling viral pneumonia. The outbreak began in
early November or December and the number of cases quickly
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rose. As of May 2020, >80,000 cases were confirmed in China,
including healthcare workers, which resulted in>4,000 deaths
[2–5]. The virus is airborne, highly transmissible between humans,
and has a long and insidious incubation period. The outbreak
rapidly escalated out of China and throughout the world, pushing
the World Health Organization (WHO) to declare a pandemic on
March 11th, 2020 [6]. As of December 20th, 2020, the number of
COVID-19 cases was>75 million with over 1.6 million deaths
occurring globally [7]. Based on a WHO report, by January 20th,
2021, there were 939,948 confirmed cases of COVID-19
with 26,857 deaths in Indonesia [8].

Currently, there is no effective treatment available for coron-
avirus infection. Vaccination is crucial for blocking the rapid spread
of deadly infectious diseases, such as the highly contagious COVID-
19, especially when effective treatments or cures are not available
[9]. Significant efforts have been focused on the development of
vaccines and therapeutic drugs. Over the past decade, the scientific
community and the vaccine industry have been asked to respond
urgently to epidemics including H1N1 influenza, Ebola, Zika, and
most recently, SARS-CoV-2 [10]. The WHO is currently preparing
a comprehensive analysis of vaccine and therapeutic drug candi-
dates that may be effective against SARS-CoV-2 and will use an
evidence-based framework to transparently select the most
promising therapeutic and vaccine candidates to evaluate in the
clinic [11]. Multiple SARS-CoV-2 vaccines types, such as DNA-
based and RNA-based formulations, recombinant subunit-
containing viral epitopes, adenovirus-based vectors, and purified
inactivated virus are under development. Purified inactivated
viruses have been traditionally used for vaccine development and
have been found to be safe and effective for preventing many viral
diseases including influenza and polio [12–14].

As of January 25th, 2021, there are 64 vaccines in human
clinical trials and 20 have reached the final stages of testing. At
least 173 preclinical vaccines are under active investigation in ani-
mals [15].The preclinical study results of inactivated SARS-CoV-2
Vaccine (Vero Cell), developed by Sinovac Life Sciences Co. Ltd.
indicate that the vaccine provided partial or complete protection
in macaques from severe interstitial pneumonia after a SARS-
CoV-2 challenge without observable antibody dependent enhance-
ment [16]. A phase I/II clinical trial has been conducted in China
since April 2020. The preliminary results indicate a favorable safety
and immunogenicity profile with a two-dose vaccine schedule. No
significant changes in inflammatory factors were observed indicat-
ing a small risk of immunopathology induced by the SARS-CoV-2
vaccine [17].

In this article, we report the efficacy of inactivated SARS-CoV-2
vaccine in preventing COVID-19 including safety and immuno-
genicity data based on the phase III trial collected during a
3-month period after the second injection in 18–59 year-old sub-
jects in Indonesia. This data set and trial results form the basis of
an application for emergency use authorization in Indonesia.
2. Materials and methods

2.1. Study design and population

This study was an observer-blinded, randomized, placebo-
controlled two arm with parallel groups, prospective intervention,
phase III study that began in August 2020 in Bandung, Indonesia to
evaluate the efficacy, immunogenicity, and safety of an inactivated
SARS-CoV-2 vaccine and its lot-to-lot consistency. The main exclu-
sion criteria included evolving mild, moderate, or severe illness,
especially infectious disease or fever (body temperature � 37.5℃)
, patients with serious chronic diseases, positive result from a
nasopharyngeal swab RT-PCR test, reactive IgG and IgM for
6521
SARS-CoV-2, women who are lactating, pregnant or planning to
become pregnant during the study period, serious chronic diseases
(serious cardiovascular disease, uncontrolled hypertension and
diabetes, liver and kidney disease, malignant tumors, or any condi-
tion which according to the investigator may interfere with the
assessment of the trial objectives), uncontrolled coagulopathy or
blood disorders, history of asthma, history of allergy to vaccines
or vaccine ingredients, history of confirmed or suspected immuno-
suppressive or immunodeficient state, or received in the previous
4 weeks a treatment likely to alter the immune response [intra-
venous immunoglobulins, blood-derived products, or long-term
corticosteroid therapy (>2 weeks)], history of uncontrolled epi-
lepsy or other progressive neurological disorders, and having
received any vaccination within 1 month before or after adminis-
tration of the study vaccine.

After being informed about the study and signing an informed
consent form, the medical history of the subjects was evaluated,
and they were provided a physical exam. The blinded investigator
team evaluated the inclusion and exclusion criteria. Eligible
subjects were randomly assigned at a ratio of 1:1 into two
study arms to receive either 3 lg/0.5 mL dose of inactivated
SARS-CoV-2 vaccine or placebo on day 0 and 14. The randomiza-
tion list was generated automatically using the website, www.
sealedenvelope.com, and the vaccinated arms were grouped into
three different batch numbers (batch 1/batch 2/batch 3) of
SARS-CoV-2 vaccine. The subjects were randomized and vacci-
nated per treatment group by an unblinded team. The alphabetical
code remained confidential and maintained by the unblinded team
and was not to be opened until the end of the study.

The study protocol, subject information sheet and consent
forms, and the subject’s diary card was approved by the Research
Ethics Committee of Universitas Padjadjaran (Ethical Approval
No. 669/UN6.KEP/EC/2020) and Indonesian Regulatory Authorities.
This trial was conducted in accordance with ICH Good Clinical
Practice guidelines, the Declaration of Helsinki, and local regula-
tory requirements. The clinical trial was registered at clinicaltrials.-
gov with entry number NCT04508075 and in the Indonesian
Clinical Research Registry (INA-WXFM0YX).

2.2. Study vaccine

The study vaccine, developed by Sinovac Life Sciences Co., Ltd.,
was an inactivated SARS-CoV-2 whole virion vaccine with alu-
minum hydroxide as an adjuvant. The study vaccine was manufac-
tured by inoculating novel coronavirus (CZ02 Strain) into African
green monkey kidney cells (Vero Cell). The virus was successfully
incubated, harvested, inactivated using b-propiolactone, concen-
trated, purified, and adsorbed by aluminum hydroxide. The bulk
vaccine was then formulated with phosphate-buffered saline and
sodium chloride as the inactivated final product. A dosage of
3 lg/0.5 mL was selected for this study. Three batches of study vac-
cine were used (20200308, 20200412, and 20200419). The placebo
contained water for injection packaged in ampoules (0.5 mL/dose)
and manufactured by PT Bio Farma. The study vaccine was admin-
istered intramuscularly into the left deltoid region by an unblinded
investigator. The vaccine was stored at + 2℃ to + 8℃.

2.3. Surveillance for COVID-19 and efficacy assessment

The primary outcome of the study was to assess the efficacy of
two doses of the inactivated SARS-CoV-2 vaccine in preventing
COVID-19 cases compared with placebo. The primary efficacy end-
point was incidence of laboratory confirmed-symptomatic
COVID-19 cases starting at 14 days following the second dose.
COVID-19 case defined according to the case definition of the
national guidelines for the diagnosis and treatment of COVID-19
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in Indonesia [18]. Subjects were surveilled for COVID-19 disease
after the first dose of vaccine by a combination of active and pas-
sive surveillance. The surveillance team performed monthly con-
tact (by phone or text message) to actively collect information
from subjects whether they have any symptoms suggesting
COVID-19 disease or admitted to hospital for any reason. Any sub-
ject who has at least one specific symptoms (cough, taste or smell
disorders, or dyspnea) or has two or more non-specific symptoms
(fever, chills, sore throat, fatigue, nasal congestion or runny nose,
body pain, muscle pain, headache, nausea, vomiting, or diarrhea)
for at least two consecutive days was scheduled to have nasopha-
ryngeal swab sample taken for SARS-CoV-2 rRT-PCR test. Subjects
were also regularly reminded to report if they have any of the
above symptoms.

The rRT-PCR was performed by the Central Laboratory of
Universitas Padjadjaran. Nasopharyngeal samples were processed
in a dedicated BSL-2 laboratory with BSL-3 practices under a certi-
fied Class II Biological Safety Cabinet. Once a clinical sample was
treated with lysis buffer for RNA extraction, the samples then
moved to a less restrictive environment to complete the RNA
extraction and real-time RT-PCR. A 140 ll aliquot of the specimen
was added to 560 ll of lysis buffer (Qiagen Viral Mini kit). RNA
extraction was done based on the manufacturer’s protocol and
immediately processed for RT-PCR. The remaining nucleic acid
was stored at –80℃ for sequence analysis.

The real-time reverse transcriptase-PCR (rRT-PCR) reagent kit
from ABT (Beijing Applied Bioscience Technology) and the Multiple
Real-Time PCR Kit for Detection of 2019-nCoV were used. The
results were analyzed by software provided by the manufacturer
of the Light Cycler (Roche). Comparative viral load was calculated
using the CT (Cycle Threshold) values of consecutive specimens.
The incidence of suspected COVID-19 cases within 14 days to
6 months after the second dose of immunization was analyzed to
determine efficacy.

2.4. Immunogenicity assessment

To assess the immune response, 4 mL blood samples were col-
lected from 540 subjects before the first injection (Day 0) and
14 days after the second injection. The ability of the antibodies pre-
sent in the blood sample to bind to the receptor binding domain
(RBD) of SARS-CoV-2 was assessed blindly using an enzyme-
linked immunosorbent assay (ELISA) at the Clinical Trial Labora-
tory of Bio Farma. The ELISA titers were determined by end point
dilution and calculated using GraphPad Prism version 8.4.3 soft-
ware [19–21]. The antibody increment and GMT 14 days post-
last immunization were evaluated. ELISA seropositive antibody
IgG titer was defined as titer > 200 and seroconversion was defined
as a four-fold increase of anti-RBD antibody IgG titer (ELISA) at
14 days after two doses of vaccine compared with the baseline.
The neutralization of antibody (NAb) assay was also conducted at
the National Intitute of Health Reasearch & Development. A four-
fold increase in antibody titer compared with the baseline value
was considered as the measure of seroconversion. Seropositivity
was defined as detected antibody � 1:4. The immunogenicity data
were analyzed in the per protocol population using SPSS software.
Pre-vaccination titer levels for subjects with zero titer were
assigned a value of 200 for ELISA and 2 to enable GMT and titer
increment calculations.

2.5. Safety assessment

Subjects were given diary cards to record solicited adverse
events (local pain, redness, swelling, induration, fever, myalgia,
and malaise) and unsolicited adverse events occurring within
30 min, 7 days, and 8–28 days following each dose. Pain was
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graded as mild (pain at injection site when touched), moderate
(pain with movements), and severe (significant pain at rest). Red-
ness, induration, and swelling intensity were measured using a
plastic bangle and categorized as mild (<5 cm), moderate (5–
10 cm), and severe (>10 cm). Fever was graded as mild (38.0–
38.4�C), moderate (38.5–38.9�C), and severe (�39.0�C). Fatigue,
myalgia, and unsolicited events were graded as mild (no interfer-
ence with activity), moderate (some interference with activity
not requiring medical intervention), and severe (prevents daily
activity, requires medical intervention).

Any serious adverse events were reported up to 6 months after
the second dose. Diary card was reviewed by the blinded investiga-
tor at 14 days following the first injection, 14, and 28 days after the
second injection. The safety data were reviewed by a Data Safety
Monitoring Board (DSMB) and analyzed in the intention-to-treat
population using SPSS software.
2.6. Sample size determination and statistical analysis

The study was powered for efficacy analysis. Sample size was
determined based on 95% confidence interval and 80% power.
Assuming that 2% of the population would develop COVID-19
infection in the placebo arm, a minimum of 810 subjects in each
vaccinated and placebo group would provide 80% power to reject
the null hypothesis of no difference if the true efficacy was 60%
with a 5% dropout rate. In this study, the total cohort was 1620
subjects with 810 subjects in the vaccinated group and 810 sub-
jects in the placebo group.

Vaccine efficacy (VE) will be estimated by (1 - RR) � 100, where
RR (relative risk) is calculated as the incidence in the vaccinated
group divided by the incidence in the placebo group per person-
years.

To analyze the immunogenicity, GMTs comparation between
vaccine and placebo group was calculated after logarithmic trans-
formation using t-test or ANOVA (F-test). Serum immune response
proportions (seropositive rate, seroconversion) and vaccine lot-to-
lot comparison was calculated using Chi-square test. The incidence
rates of solicited and unsolicited adverse events between both
groups were analyzed using Chi-square test. A p-value of<0.05
was considered to be significant.
3. Results

3.1. Study population

Between August 11, 2020, and October 21, 2020, a total of 1819
participants were screened and 199 subjects were excluded due to
not meeting the inclusion criteria or meeting one of the exclusion
criteria. From 1620 subjects randomized in the study, there were
17 subjects that withdrawn from the study prior to the second
dose [Fig. 1]. The first 540 participants were included in the
immunogenicity subset group.

There were 1046 male participants (64.57%) and 574 female
participants (35.43%). The participants were come from various
age distribution from 18 to 59 years with average 35.5 ± 11.2 years
old. Among the subset immunogenicity subjects, there were 314
male participants (58.15%) and 226 female participants (41.85%)
with an average age of 35.82 years ± 11.4 years old. The details
of the demographic data are provided in Table 1.

All study vaccines were administered according to the random-
ization list. Treatment compliance was defined as receiving both
doses of vaccine/placebo within the specified time period. For the
540 participants in the immunogenicity subset, 10 subjects with-
drew prior to the second dose vaccination and not included in
the immunogenicity analysis. Meanwhile, 1 subject withdrew after



Fig. 1. Participant Disposition.

Table 1
Demographic Data.

Parameter Vaccine
(N = 811)

Placebo
(N = 809)

Total
(N = 1620)

Mean age [years] (SD) 35.6 (11.3) 35.4 (11.0) 35.5 (11.2)
Mean height [m] (SD) 1.63 (0.09) 1.63 (0.09) 1.63 (0.09)
Mean weight [kg] (SD) 65.6 (13.5) 64.8 (13.6) 65.2 (13.5)
BMI (kg/m2) 24.8 (4.4) 24.5 (4.5) 24.6 (4.5)
Sex n(%)
Male 505 (62.3) 541 (66.8) 1046 (64.57)
Female 305 (37.7) 269 (33.2) 574 (35.43)

Demographic Data in the Immunogenicity Subset Group

Parameter Vaccine
(N = 405)

Placebo
(N = 135)

Total
(N = 540)

Mean age [years] (SD) 36.0 (11.5) 35.3 (10.9) 35.82 (11.4)
Mean height [m] (SD) 161.8 (8.9) 161.7 (9.8) 161.8 (9.2)
Mean weight [kg] (SD) 64.6 (13.2) 65.9 (13.6) 64.9 (13.3)
BMI (kg/m2) 24.6 (4.3) 25.2 (4.7) 24.75 (4.4)
Sex n(%)
Male 229 (56.5) 85 (63.0) 314 (58.15)

Female 176 (43.5) 50 (37.0) 226 (41.85)

Abbreviations: N = number of participants, SD = Standard deviation.

Table 2
Treatment Compliance in Immunogenicity Subset Group.

Vaccine
n (%)

Placebo
n (%)

Total
N
(%)

Subjects screened for RT-PCR test 405 135 540
Subjects screened for IgM/IgG test 405 135 540
Subjects enrolled 405 135 540
First vaccination completed 405 135 540
Second vaccination completed 397 133 530
Intention-to-treat population (for safety and

efficacy analysis)
405 135 540

Per-protocol population (for immunogenicity
analysis 14 days after last injection)

397 133 530
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the second dose of the study vaccine. These dropout subjects
included 9 from the vaccinated group and 2 from the placebo
group. The details for treatment compliance in the subset immuno-
genicity group are presented in Table 2. Early withdrawal resulted
from consent withdrawal by the subject or the subject met the
contraindication criteria for the second vaccination (not in healthy
condition during the second vaccination schedule). The study
results presented in this article are based on a preliminary
immunogenicity and safety data analysis of 540 subjects in the
6523
immunogenicity subset group, whereas the efficacy results are
based on preliminary efficacy data from 1620 subjects with
median � 2.5 months of surveillance period.
3.2. Efficacy

During the surveillance period, 320 COVID-19 suspect cases and
49 laboratory confirmed COVID-19 cases were collected. From
these 49 confirmed COVID-19 cases, 25 cases (7 cases in the vac-
cine group and 18 cases in the placebo group) were symptomatic
and occurred from 14 days following the second dose up to
3 months. There were no severe, critical, or deaths of laboratory
confirmed COVID-19 cases observed [Table 3].

Vaccine efficacy was defined as percentage reduction in relative
risk using the ratio of incidence rate in the vaccine group and pla-
cebo group. Incidence rate was calculated by the number of sub-
jects with laboratory-confirmed COVID-19 divided by the total



Table 3
Summary of Primary Efficacy Endpoint.

Vaccine Placebo

Endpoint No. of
cases

Mean follow-
up days

Incidence rate
(per 100
person years)

No. of
cases

Mean follow-
up days

Incidence rate
(per
100person
years)

Vaccine
Efficacy (%)

Symptomatic confirmed laboratory cases COVID-19 starting
14 days after second injection

7 80.78

3.904

18 72.08

11.25

65.30%

Severe 0 0 0 0
–Critical 0 0 0 0

Death 0 0 0 0
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number of subjects at risk adjusted by time (person years). The
vaccine showed 65.3% efficacy in preventing symptomatic
COVID-19.

3.3. Immunogenicity

3.3.1. Antibody IgG titer by ELISA
The seropositive rate of SARS-CoV-2 IgG antibody in the vaccine

group at 14 days after the second injection was 99.74%. The
seropositive rate in the vaccine group increased significantly com-
pared with the placebo group. The seroconversion rate at 14 days
after the second injection in the vaccine group was 97.48% which
was significantly different compared with a 0.75% seroconversion
rate in the placebo group. There was a 23.5-fold increase of IgG
antibody GMT at 14 days after the second injection in the vaccine
group, whereas there was no significant increase of GMT in the pla-
cebo group. The results of the IgG analysis using ELISA are pre-
sented in Table 4.

3.3.2. Neutralization antibody
Neutralization antibody seropositive was defined as a

titer � 1:4 and seroconversion was defined as a change from a
Table 4
Antibody Titer between the Vaccine and Placebo Groups.

Antibody Titer Time Point Parameter

IgG (ELISA) V1 Seropositive rate n(%)
(95% CI)
GMT*)

(95% CI) Median

V3 Seropositive rate n(%)
(95 %CI)
Seroconversion n(%)
(95% CI)
GMT*) (95% CI) Median

Neutralization Antibody V1 Seropositive rate n(%) (95% CI
GMT*) (95% CI) Median

V3 Seropositive rate n(%)
(95% CI)
Seroconversion n (%) (95% CI)
GMT*) (95% CI)
Median

*) The comparison results after logarithmic transformation. **) Chi-square test; ***) t-te
V1 = before injection;
V3 = 14 days after second injection;
IgG seropositive = titer > 200; seroconversion = four-fold increasing anti-RBD antibody
Antibody neutralization seropositive = titer � 1:4; seroconversion = a change from seron
titers if titer at baseline � 1:8.
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titer < 1:8 to a titer � 1:8; or a 4-fold increase from baseline if
the titer at baseline � 1:8. After the full schedule of vaccine admin-
istration, the seropositive rate of SARS-CoV-2 antibody using the
neutralization assay in the vaccine group at 14 days was signifi-
cantly different compared with that of the placebo group. The sero-
conversion rate 14 days after the second injection in the vaccine
group was 87.15% with no seroconversion in the placebo group.
There was a 7.88-fold increase of antibody neutralization GMT at
14 days after the second injection. The neutralization antibody
results are presented in Table 4.
3.3.3. Lot-to-lot consistency
Another objective of the study was to evaluate the consistency

of 3 batches of inactivated SARS-CoV-2 vaccine. The IgG antibody
seropositive rate for the three batches of vaccine (batch numbers
20200308, 20200412, and 20200419) were 100%, 99.25%, and
100%, respectively, whereas the seroconversion rates were
96.18%, 97.76%, and 98.48%, respectively for the 14 day time point
after the second vaccination. The GMT of the three batches was
5093.78, 5421.63, and 5032.34, respectively, for the 14 day time
point after the second injection.
Group p-value

Vaccine (N = 397) Placebo (N = 133)

44 (11.08)
(8.36–14.55)

14 (10.53)
(6.37–16.89)

0.859**)

220.27
(212.87–227.93)
200.00

220.37
(206.45–235.24)
200.00

0.990***)

396 (99.74)
(99.26–100)
387 (97.48)
(95.43–98.63) 5181.19
(4746.13–5656.14)
5333.35

7 (5.29)
(1.47–9.06)
1 (0.75)
(0.13–4.14)
223.61
(209.08–239.47)
200.00

<0.001**)

< 0.001**)

< 0.001***)

) 0 (0–0.96)
2.00 (�)
–

0 (0–2.81)
2.00 (�)
–

–

–
380 (95.72)
(93.25–97.31)
346 (87.15)
(83.50–90.09)
15.76
(14.57–17.04)
16

1 (0.75)
(0.13–4.14)
0 (0.00)
(0–2.81)
2.02
(1.98–2.05)
2

<0.001**)

< 0.001**)

< 0.001***)

st.

IgG titer compare to baseline 14 days after the second dose.
egative (titer < 1:8) to seropositive (titer � 1:8); or a 4-fold increase from baseline
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We compared the proportion of participants with seropositive
and seroconversion between the 3 batches of SARS-CoV-2 vaccine.
The results indicated that there was no significantly different pro-
portion between the 3 vaccine batches as shown in Table 5.

After the full schedule of vaccine, the seropositive rate of SARS-
CoV-2 antibody as determined by the neutralization assay for
batch numbers 20200308, 20200412, and 20,200,419 at 14 days
after the second injection was above 94%. The seroconversion rate
for each vaccine batch at 14 days after the second injection was
90.08%, 88.81%, and 82.58%, respectively. There was an increase
of 7 to 8-fold for neutralization antibody GMT in all batches at
14 days following the second injection.

3.4. Safety

Within the immunogenicity subset group (n = 540), the major-
ity of the reported local reactions was local pain, whereas the most
common systemic event was myalgia. In the vaccine group, local
pain was reported by 33.5% and 30.5% of the subjects after the first
and second injection, respectively [Fig. 2]. In the placebo group,
local pain was reported by 23.7% and 30.1% of the subjects after
the first and second injection, respectively. In the vaccine group,
myalgia was reported by 25.6% and 19.9% of the subjects after
the first and second injection, respectively. In the placebo group,
myalgia was reported by 12.6% and 9.0% of the subjects after the
first and second injection, respectively. Based on the system organ
class, majority of the unsolicited adverse event was categorized in
the nervous system diseases category, specifically headache
[Table S1].

The intensity of the adverse events was mostly mild in the vac-
cine and placebo groups. After the first injection, the percentage of
Table 5
Comparison of Antibody Titer in Different Vaccine Batches.

Antibody Time Point Parameter

Batch

Batch
20200
(n = 1

IgG (ELISA) V1 Seropositive rate n(%)
(95% CI)

14 (10
(6.47–

GMT*)

(95% CI)
Median

215.16
(205.7
200.00

V3 Seropositive rate n (%)
(95% CI)
Seroconversion n (%)
(95% CI)
GMT*)

(95% CI)
Median

131 (1
(97.15
126 (9
(92.38
5093.7
(4369
5105.0

Neutralization Antibody V1 Seropositive rate n(%)
(95% CI)

0
(0–2.8

GMT*)

(95% CI)
Median

2.00
–
–

V3 Seropositive rate n (%)
(95% CI)
Seroconversion n (%)
(95% CI)
GMT*)

(95% CI)
Median

126 (9
(91.38
118 (9
(83.76
15.97
(14.03
16.00

*) The comparison results after logarithmic transformation. **) Chi-square test; ***) ANO
V1 = before injection.
V3 = 14 days after second injection.
IgG seropositive = titer > 200; seroconversion = four-fold increasing anti-RBD antibody
Antibody neutralization seropositive = titer � 1:4; seroconversion = a change from titer <
the second dose.
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mild adverse events in the vaccine and placebo groups was 54.3%
and 46.7%, respectively. After the second injection, the percentage
of mild adverse events in the vaccine and placebo groups were
47.9% and 42.9%, respectively. There was a significant difference
in the distribution of severe adverse reactions after the second
dose between the vaccine and placebo groups, with a higher pro-
portion in the placebo group. Moderate adverse reactions after
the first dose in the vaccine groups were significantly higher than
the placebo group.

Of the 1620 subjects enrolled to the study, there were nine seri-
ous adverse events (SAE) that occurred in all subjects with a clas-
sification not related to vaccine products (five SAEs). One SAE was
very unlikely and three SAEs were reported as less likely to be
related to the vaccine product as assessed by the DSMB.
4. Discussion

The efficacy of 2 doses of SARS-CoV-2 vaccine at preventing
COVID-19 was evaluated up to 6 months after the second dose of
injection. However, this interim report consisted of an efficacy
analysis of 1620 participants within 3 months following the final
dose of study vaccine. The efficacy analysis was performed based
on the primary endpoint for all enrolled subjects with a data cut-
off date of January 9th, 2021. The efficacy in preventing symp-
tomatic confirmed cases of COVID-19 occurring at least 14 days
after the second dose of vaccine was 65.30% (person years) with
7 COVID-19 cases occurring in the vaccine group and 18 COVID-
19 cases occurring in the placebo group. There were no severe, crit-
ical, or incidents of death from laboratory confirmed COVID-19
infection.
p-value**
308
31)

Batch
20200412
(n = 134)

Batch
20200419
(n = 132)

.70)
17.14)

16 (11.94)
(7.48–18.52)

14 (10.61)
(6.42–17.02)

0.927**)

0–225.05)
223.40
(208.36–239.52)
200.00

222.26
(209.08–236.27)
200.00

0.384***)

00)
–100)
6.18)
–98.36)
8
.78–5937.59)
5

133 (99.25)
(95.89–99.87)
131 (97.76)
(93.62–99.24)
5421.63
(4656.29–6312.77)
5787.62

132 (100)
(97.17–100)
130 (98.48)
(94.64–99.58)
5032.34
(4314.30–5869.76)
5302.40

0.374**)

0.476**)

0.898***)

5)
0
(0–2.94)

0
(0–2.91)

–

2.00
–
–

2.00
–
–

–

6.18)
–98.36)
0.08)
–94.11)

–18.18)

127 (94.78)
(89.61–97.45)
119 (88.81)
(82.35–93.10)
16.59
(14.47–19.02)
16.00

127 (96.21)
(91.44–98.37)
109 (82.58)
(75.21–88.10)
14.75
(12.78–17.02)
16.00

0.803**)

0.150**)

0.470***)

VA (F-test).

IgG titer compare to baseline 14 days after the second dose.
1:8 to titer � 1:8; or a 4-fold increase from baseline titers if titer � 1:8 14 days after



Fig. 2. Adverse Events occurring after the First and Second Vaccine Injection.
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A phase III study for the study vaccine was also conducted in
Brazil, Turkey, and Chile. Each country has a specific study design
depending on its pandemic situation, but the main design is simi-
lar. Efficacy data from other countries may support the registration
in each country. Based on the interim result, vaccine efficacy in
Brazil and Turkey was 50.65% and 83.5%, respectively [22,23]. Vac-
cine effectiveness study was conducted in Chile with result of
65.9% [24]. The variability of efficacy result between the countries
may reflect variance in study characteristics such as population,
testing rate/capture of milder case, and force of infection [22].

The efficacy results in this study were higher compared with
that of the same study in Brazil. The Brazilian study showed that
after 14 days following vaccination with 2 doses of vaccine using
a 0 and 14 day schedule, the efficacy rate against COVID-19 was
50.65% for all cases, 83.70% for cases requiring medical treatment,
and 100.00% for hospitalized, severe, and fatal cases. This may be
the result of Brazil having a high-risk population, particularly
health care workers, thus leading to a higher COVID-19 infection
rate. In contrast, the Indonesian study used the general population
with a smaller occupational exposure to COVID-19 infection
[22,25].

Efficacy is one of the key indices to evaluate a vaccine. It mea-
sures the effect of vaccination by calculating the proportionate
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reduction in cases among vaccinated subjects in a double-blind
placebo-controlled randomized clinical trial. VE is measured by
calculating the risk of disease among vaccinated and unvaccinated
subjects and determining the percent reduction in risk of disease
relative to the unvaccinated group. The greater the percent reduc-
tion of illness in the vaccinated group, the higher the VE [26–28].

In this study, the most common adverse events were pain at the
site of injection and myalgia which were reported in vaccine and
placebo recipients and with a significantly higher proportion of
participants in the vaccinated group compared with the placebo
group. Most adverse events were mild or moderate in severity. In
the vaccine group, fever was reported in 2.5% of the participants
after the first dose and 1.8% after the second dose of vaccine. No
significant differences in proportion between the vaccine and pla-
cebo group were observed. Overall, reactogenicity events were
mild and resolved within a couple of days after onset. These results
indicate that the vaccine was well-tolerated. The occurrence of
fever following vaccination with SARS-CoV-2 inactivated vaccine
was lower compared with other COVID-19 vaccine candidates,
such as the novel chimpanzee adenovirus vector vaccine, ChAdOx1
nCoV-19 viral-vector vaccines (18% in participants without parac-
etamol), or RNA vaccines (16% in younger vaccine recipients and by
11% of older recipients reported after the second dose) [29,30].
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The immune response based on the seropositive and
seroconversion rate of SARS-CoV-2 antibody IgG titer using ELISA
at 14 days after the second injection were 99.74% and 97.48%,
respectively. The IgG antibody GMT before injection and 14 days
after the second injection were 220.27 and 5181.19, respectively.
The seroconversion rate of RBD-specific IgG in this study were sim-
ilar to that of the phase II study which was 97% [GMT 1094.3 (95%
CI 936.7–1278.4)] at 14 days following the second dose [17].

The immune response based on the seropositive and serocon-
version rate of SARS-CoV-2 neutralizing antibody using the neu-
tralization assay in the vaccine group at 14 days after the second
injection were 95.72% and 87.15%, respectively. The neutralization
antibody GMT was 15.76 at 14 days after the second injection. The
study vaccine phase I/II clinical trials conducted in China in April
2020 to evaluate the safety and immunogenicity of 2 doses of vac-
cine at intervals of 0 and 14 days (emergency schedule) and 0–
28 days (routine schedule). In the phase I/II trials, it was found that
immune responses induced by the day 0 and 28 vaccination sched-
ule were larger than those induced from the day 0 and 14 vaccina-
tion schedule. In the phase 2 trial, the seroconversion rate of
neutralizing antibodies to live SARS-CoV-2 for the same dosage
used in this study were 92% with a GMT of 27.6 (95% CI 22.7–
33.50) at 14 days after the second dose and 94% with a GMT of
23.8 (95% CI 20.5–27.7) at 28 days after the second dose in the
day 0 and 14 vaccination cohort. Meanwhile, the seroconversion
rate was 97% with a GMT of 44.1 (95% CI 37.2–52.2) at 28 days after
the second dose in the day 0 and 28 vaccination cohort. However,
based on the phase I/II clinical trial results, this study used the
emergency vaccination schedule (day 0 and 14) which may be suit-
able for emergency use during the COVID-19 pandemic since anti-
body responses may be induced within a relatively short period of
time [17].

Comparing the three different batches of vaccine (batch number
20200308, 20200412, and 20200419), we observed no significant
differences in the proportion of participants with seropositive
and seroconversion rates based on ELISA and neutralization assay,
which demonstrated good consistency between each batch of the
SARS-CoV-2 vaccine. The results of this interim report show the
efficacy above the value required by the WHO [31].

Currently this study is still on-going to evaluate antibody per-
sistence and efficacy up to 6 months after the second dose of vac-
cine. One limitation of our study is that it only assesses the efficacy
of healthy adults aged 18–59 years with a limited number of sub-
jects. Therefore, it still requires further research to obtain vaccine
efficacy, safety, and immunogenicity data in the population aged
60 years of age and over, with or without comorbidities.
5. Conclusion

Based on the interim analysis, the vaccine showed a 65.30% effi-
cacy at preventing COVID-19 illness with a good safety and
immunogenicity profile.
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