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Introduction The lingering Severe Acute Respiratory System-
Coronavirus-2 (SARS-CoV-2) pandemic worldwide has called 
scientists to accelerate vaccine production and reduce the 
spread of the virus. The inactivated virus vaccine has been 
administered widely due to its potency. Following its recent 
public use, we aim to summarize the efficacy and safety of the 
inactivated vaccine, especially following Indonesia’s 
settlement on the SinoVac vaccine. 

Materials and Methods A systematic review was performed, 
searching for randomized controlled trials, according to the 
PRISMA statement throughout four online databases with 
studies published up to 2 February 2021. Critical appraisal was 
further conducted utilizing the Cochrane Risk of Bias Tool 2.0. 

Results and Discussions The search yielded six phase ½ 
clinical trials with a total of 3251 subjects. The outcome was 
obtained in seroconversion rates (%) after two doses of 
vaccine. Four studies administered the CoronaVac 
inactivated vaccine and resulted in a high seroconversion 
rate, ranging from 89—90%. The other two studies 
administered the BBV152 and BBIBP-CorV inactivated 
vaccine and showed similar results. Furthermore, a dose-
dependent relation is shown with higher doses showing 
higher seroconversion rates. The safety analysis reported 
injection site pain as an insignificant but most prevalent local 
adverse reaction, with other adverse reactions being mild to 
moderate respiratory tract infections. 

Conclusion The inactivated vaccine’s efficacy has been 
proven to stimulate antibody response regardless of dosage, 
period of administration, and age, with insignificant adverse 
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   effects. Further phase 3 clinical trials and widespread 
administration with the help of non-governmental and 
medical student organizations are recommended. 

Keywords COVID-19, SARS-CoV-2, viral vaccine 
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Introduction 

As of February 16th, 2021, the Severe Acute 
Respiratory System-Coronavirus-2 (SARS-
CoV-2) virus that started in Wuhan, China, 
has caused 2,396,408 deaths and 
108,579,352 confirmed cases worldwide.1 
The race to fight off the pandemic has 
resulted in the acceleration of vaccine 
development worldwide. World Health 
Organization (WHO) has reported a total of 
66 vaccine candidates on clinical trials and 
176 vaccine candidates on pre-clinical 
trials, with 10 being inactivated virus 
vaccine on clinical trials by 12th of February 
2021.2 Despite the current state of an 
ongoing clinical trials, the effort to slow 
down the spread of the virus remains an 
urgent priority. The vaccination effort was 
first conducted on the 8th of December, 
2020.3 Since then, the administration of 
vaccine worldwide has accelerated, with 
an estimation of 20 million people being 
fully vaccinated against coronavirus 
disease-2019 (COVID-19) by the 14th of 
February 2021.4 

Inactivated viral vaccine has been used for 
centuries, with examples including the 
inactivated poliovirus vaccine (IPV), 
pertussis vaccine, rabies vaccine, hepatitis 
A vaccine, and most influenza vaccines.5,6 
Nonetheless, the certainty of efficacy and 
safety of inactivated COVID-19 vaccine has 
not yet been universally proven because of 
the novelty of the vaccine. The adverse 
events following the administration of the 
vaccine must also be included in the 
consideration of the vaccine’s safety. 
Following Indonesia’s choice of SinoVac 
which is an inactivated vaccine, in this 
review, we aim to summarize the efficacy 

(in the form of seroconversion rates) of 
inactivated virus vaccine to fight off the 
SARS-CoV-2 through previously 
conducted clinical trials. Furthermore, 
safety is discussed using the adverse 
effects of the vaccine administration in a 
variety of ages, ranging from 18 years to 60 
years and above. We also correlate the 
impact of COVID-19 vaccine to support the 
Sustainable Development Goals (SDG) in 
the aspects of good health and wellbeing 
(SDG Number 3) and poverty (SDG 
Number 1), especially in Indonesia, with the 
hopes to repair the indirect impact the 
pandemic has caused to the nation. 

Materials and Methods 

Search strategy 
In this study, literature search was 
conducted based on the Preferred 
Reporting Items for Systematic Review 
and Meta-analysis (PRISMA). In obtaining 
the relevant studies, we used the following 
keywords: “COVID-19 OR SARS-CoV-2” 
AND “Inactivated vaccine” AND 
“Immunogenicity OR Safety OR 
Tolerability”, altogether with known 
synonyms and applying the use of Mesh 
Terms where appropriate. The search 
strategy was carried out in 4 databases 
namely PubMed/MEDLINE, Science Direct, 
CENTRAL/Cochrane, and Wiley Online 
Library for peer-reviewed studies that were 
published up to 2 February 2021.  

Inclusion and exclusion criteria 
Throughout the creation of this review, we 
applied inclusion criteria as follows: (1) 
phase 1/2 clinical trials; (2) using inactivated 
virus vaccine for immunization; (3) 
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outcome in seroconversion rates and 
adverse effects; (4) population being 
healthy adults 18-59 years and ≥60 years of 
age. The exclusion criteria applied were: (1) 
studies with irretrievable full text; (2) 
articles such as reviews, commentaries, 
letters, conference abstracts; (3) 
incomplete RCTs with unpublished results; 
(4) studies in languages other than Bahasa 
Indonesia or English. 

Data extraction and study outcomes 
Three independent reviewers performed 
data extraction, with discrepancies 
adjudicated by consensus with the fourth 
investigator. The details extracted from the 
reviewed articles include: (1) authors and 
year of publication; (2) subject 
characteristics: sample size & mean age; (3) 
study characteristics: study design and 
country of origin. (3) vaccine 
characteristics which include type, dose, 
and cohort. The main outcomes observed 
in this review include indicators for safety 
and immunogenicity of the various 
inactivated COVID-19 vaccine, which are (1) 
incidence of adverse events for safety; (2) 
seroconversion rates for indicators of 
immunogenicity. 

Risk of bias assessment 
Risk of bias (ROB) assessment was carried 
out using the Cochrane risk-of-bias tool for 
randomized controlled studies 2.0 to 
evaluate methodological quality.7 The ROB 
tool consists of 5 main domains, which 
addressed bias arising from: the 
randomization process, deviations from 
intended, missing outcome data, 
measurement of outcome, and selection 
of the reported results. Response options 

of the individual domains include: Yes, 
Probably Yes, Probably No, No, and Not 
Included which were used to evaluate 
each domain to show low, some, or high 
risk of bias according to Agency for 
Healthcare Research and Quality (AHRQ). 
The assessment was performed by four 
independent investigators, with 
discrepancies being resolved in mutual 
agreement and accordance. 

Results and Discussions 

Search results 
Search from the four international 
databases using the set keywords yielded 
426 studies and additionally one study was 
included for separate individual searches. 
The 427 studies were then screened 
according to their title and abstract 
relevancy, resulting in 27 studies and 21 
studies after duplicates were excluded. 
Full-text screening were then conducted 
resulting in 15 studies being excluded with 
10 studies having irretrievable full-text and 
5 studies having an incompatible study 
design. The visual comprehensive 
selection process is shown as Figure 1. 

Characteristics of included studies 
Rigorous screening according to the 
inclusion and exclusion criteria yielded 6 
double-blinded RCTs with 1 study only 
conducting phase 1, 1 study only 
conducting phase 2, and 4 studies 
conducting both phase 1 and phase 2 
clinical trials all in 2020. In total, 3251 
subjects were tested (879 in phase 1 and 
2372 in phase 2) with 4 studies evaluating 
healthy adults 18-59 years, 1 study 
evaluating ≥60 years, and 1 study 
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evaluating both in separate cohorts. 4 
studies used CoronaVac (SinoVac) as its 
vaccine of choice, while the other 2 used a 
variation of BBV152 and BBIBP-CorV 
vaccines. However, both types were 
administered in 0/14- or 0/28-days cohort 
and outcome was procured in 
seroconversion rates (%) and adverse 
effects (%) reported. The included studies 
were reviewed using the Cochrane risk-of-
bias tool 2, with all studies reflecting good 
quality. The full summary table of included 

studies is shown as Table 1. while summary 
of risk-of-bias assessment and the full 
justification are attached as Table 2. and 
Appendix 1. respectively.8-13 

Current State of COVID-19 and the 
Urgency of Vaccines 
The ongoing progression of the COVID-19 
pandemic has been a worrisome burden 
for multiple stakeholders worldwide.14 
Various interventions and policies have 
been implemented which are pivotal in 
flattening the curve.14,15 However, their 
sustainability is questionable. Restricting 
public movement led to the stagnation of 
global economic growth with developing 
countries such as Indonesia being the 

most affected with economic growth 
projected to decline severely from 5% 
initially to 1% in 2020.16,17 Hence, with an 
increasing global interest in preventing 

Figure 1 PRISMA Flow Chart of Search Strategies 
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other multi-sectoral damages, the 
adoption of living a ‘new normal’ is 
currently preferred.14,17,18 

Entering the new normal era, the 
increasing contact rate yields the 
possibility of a second wave of COVID-19 
spike - deterring the initial efforts in 
pressing the curve.18 During the course of 
the pandemic, vaccine development has 
remained within the periphery until phase 
2 clinical trials started.8 Firstly initiated by 
the United Kingdom, vaccine 
administration has sporadically 
accelerated with countries even opting for 
a premature vaccination plan for workers 
in healthcare.19-21 In response to the 
loosening restrictions, the urgency for a 
wide scale preventive health measure has 
peaked in importance. This rationale is 
further exacerbated by the elusive nature 
of COVID-19 infections with 45% of COVID-
19 carriers being asymptomatic.19 
Moreover, the Center of Disease Control 
(CDC) reported that only 28% IgG 
seroconversion was achieved following a 
mild infection of COVID-19, leading to the 
possibility of reinfection.19,21,22 

Mechanism of Inactivated Vaccines 
An inactivated vaccine is produced by 
exposing the virus to physical (e.g. pH & 
temperature) or chemical agents (e.g. 
formaldehyde & glutaraldehyde), to 
eliminate its infective capabilities whilst 
retaining immunogenicity.23,24 Several 
rational lie in using this vaccine design 
instead of live-attenuated ones, which are 
generally known to elicit stronger immune 
responses, such as the case in influenza 
vaccines, where live-attenuated version 

actually produce a broader and longer-
lasting cellular & humoral response.25 With 
particular interest to the current COVID-19 
pandemic, the rapid development of an 
efficacious vaccine is needed, which is 
usually demonstrated by an inactivated 
vaccine, e.g. BBIBP-CorV, which places it as 
a promising COVID-19 vaccine 
development strategy. Furthermore, 
BBIBP-CorV immunized macaques 
demonstrated protection towards 
intratracheal challenge with SARS-CoV-2, 
by showing significantly lower viral load in 
throat swabs and lungs pathology, when 
compared to the placebo group.26 The 
need for large amounts of antigen to elicit 
adequate immune response from 
inactivated vaccines is a major 
disadvantage when compared to live-
attenuated vaccines.23 However, this 
problem could be solved through 
incorporating “booster” doses within the 
primary vaccination course.23,25 This theory 
is further supported by study results on 
immunization schedules from a phase 2 
study of BBIBP-CorV by Xia et al., where 
participants who receive two doses on 
either day 0 & 14, 0 & 21 or 0 & 28 elicited 
greater reciprocal neutralizing antibody 
(NAb) titre than those who receive a single 
dose.11 The promising results on BBIBP-
CorV illustrated beforehand, is further 
supported looking back at previous 
experiences in managing viral outbreaks 
with the use of inactivated vaccines, as 
summarized by Stuurman et al on the 
benefits of mass vaccination program 
using a monovalent inactivated vaccine 
against hepatitis A. The review 
summarized multiple studies that 
illustrated the importance of achieving 
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herd immunity to consequently produce a 
marked decline in incidence, in both 
vaccinated and non-vaccinated groups, 
with the decline occurring post-outbreaks 
being unable to be attributed to other 
factors, e.g., improvement in water 
sanitation infrastructure.27 Other instances 
which we can learn from is the use of killed 
Oral Cholera Vaccine (OCV). Islam et al had 
illustrated the intermediate efficacy of 
OCV from various studies.28 Nonetheless, 
Islam et al and Lopez et al had also pressed 
the urgency of utilizing the short-term 
protection conferred from such vaccines 
as a strategy to contain outbreaks, further 
boosting the confidence in the mass use of 
inactivated COVID vaccines as a principal 
strategy to manage the ongoing 
pandemic.28,29 

Immunogenicity of Inactivated Vaccines 
for COVID-19 
The primary immunological outcome of 
the six included studies were in the form of 
Neutralizing Antibodies (Nab) response 
against the virus.8 All the studies required 
the participants having no NAb response 
beforehand against SARS-CoV-2 to ensure 
seroconversion rates could be calculated 
with minimal error.11,12 NAb is defined as an 
antibody that protects the host from an 
infectious particle (SARS-CoV-2) via a 
neutralising mechanism, rendering it to be 
non-infectious or non-pathogenic.30 The 
number of NAb induced by the inactivated 
vaccine is represented in geometric mean 
titre (GMT) with seroconversion rates (%) 
being stated as the primary outcome.30 
Seroconversion rates were mostly tested 
on the 14th or 28th day following the 
second or last dose of the vaccine 

depending on the vaccination cohort and 
immunization procedure. 

Studies conducted by Xia et al, Zhang et al, 
Wu et al, and Che et al administered 
CoronaVac inactivated vaccines with 
mostly showing above 90% seroconversion 
rates following the second 
immunization.8,9,12,13 There are no 
significant outcome differences between 
phase 1 and phase 2 clinical trials with a few 
exceptions, specifically in Zhang et al’s 
study.9 The study administered low dose 
CoronaVac at 3 μg and medium dose at 6 
μg with a 0/14-days vaccination cohort for 
its phase 1 clinical trials.9 Despite both 
showing subpar results (45.8% for 3 μg and 
50.0% for 6 μg), the outcome is not 
significant (p=0.77) and further deterred by 
phase 2 results of the same study which 
yielded above 90% seroconversion rate 
(p=0.03) and Che et al’s study which 
yielded 89% seroconversion rate 
(p<0.001).2,6 Other than CoronaVac, studies 
conducted by Xia et al and Ella et al used 
BBV152 and BBIBP-CorV inactivated 
vaccines.10,11 Both studies showed 
impressive seroconversion rates following 
the second dose and showed a dose-
dependent relation similar to Coronavac.8-

13 Moreover, better seroconversion rates 
was achieved with a higher vaccination 
dose and 0/28-days vaccination cohort, 
supported in Zhang et al, Wu et al, and Che 
at al.9,12,13 Additionally, this is further 
supported by the meta-analysis (Preprint) 
conducted by Yuan et al on the 
immunogenicity of COVID-19 vaccines in 
general, with vaccines administered 0/28 
days being more significant (p<0.00001) 
than 0/14 days (p=0.0004).3
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Table 1. Summary of Study Characteristics 
 

Author 
 Year 

Study 
location 

Study Design Study population 

Vaccine type [dose] 
Vaccin
ation 

cohort 

Immunogenicity Adverse effect 

Blinding, 
control 

Phas
e 

Sampl
e size 

Characteristi
cs of study 
population 

Mean 
age, 

years 
(SD) 

Value 
(95% CI) p Value p 

Xia; 
20208 

Wuhan 
Institute of 
Biological 

Products Co 
Ltd and 
Henan 

Provincial 
CDC & CDC 

of Wuzhi 
Country, 
Henan 

Province 

Randomized
, double-

blind, 
placebo-

controlled 

1 96 

Healthy 
adults aged 
18-59 years 

41.2 
(9.6) 

years 

LD vaccine [2.5 μg antigen 
protein content per dose] 

(n=24) 

0, 28, 
and 56 

days 

24/24 (100%; 60-100) for 
2.5 μg 

NA 

5/24 (20.8%) for 2.5 μg 

NA 

MD vaccine [5 μg antigen 
protein content per dose] 

(n=24) 

23/24 (95.8%; 56.7-100) for 
5 μg 

4/24 (16.7%) for 5 μg 

HD vaccine [10 μg antigen 
protein content per dose] 

(n=24) 

24/24 (100%; 60-100) for 10 
μg 

6/24 (25%) for 10 μg 

Control [aluminum hydrox- 
ide (alum) adjuvant only] 

(n=24) 
0/0 (0%; 0-0) for alum 3/24 (12.5%) for alum 

2 224 
43.5 
(9.1) 

years 

MD vaccine [5 μg antigen 
protein content per dose] 

(n=168), Control [aluminum 
hydrox- ide (alum) adjuvant 

only] (n=56) 

0 and 
14 

days 41/42 (97.6%; 67.7-100) for 
5 μg, and 0/0 (0%; 0-0) for 

alum 

5/84 (6%) for 5 μg, 4/28 
(14.3%) for alum 

0 and 
21 days 

16/84 (19%) for 5 μg, 5/28 
(17.9%) for alum 

Zhang; 
20219 

Suining 
County of 
Jiangsu 

province, 
China 

double-
blind, 

placebo 
controlled 

1 144 
healthy 

adults aged 
18–59 years 

42.6 
(9.4) 
for 

Day 0 
and 14, 

42.1 
(9.7) 
for 

Day 0 
and 28 

LD CoronaVac [3 μg per 0·5 
mL of aluminium hydroxide 
diluent per dose] (n=48), HD 
CoronaVac [6 μg per 0·5 mL 

of aluminium hydroxide 
diluent per dose] (n=48), 

placebo (n=47) 

0 and 
14 

days 

11/24 (45·8%; 25·6–67·2) for 
3 μg, 12/24 (50·0%; 29·1–

70·9) for 6 μg, 0/24 (0·0%; 
0·0–14·3) for placebo 

0.77 
7/24 (29%) for 3 μg, 9/24 
(35%) for 6 μg, 2/24 (8%) 

for placebo 
NA 

0 and 
28 

days 

20/24 (83·3%; 62·6–95·3) 
for 3 μg, 19/24 (79·2%; 

57·9–92·9) for 6 μg, 1/23 
(4·4%; 0·1–22·0) for 

placebo 

<0.00
01 

3/24(13%) for 3 μg, 4/24 
(17%) for 6 μg, 3/23 (13%) 

for placebo 
NA 
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2 600 

LD CoronaVac [3 μg per 0·5 
mL of aluminium hydroxide 

diluent per dose] (n=240), HD 
CoronaVac [6 μg per 0·5 mL 

of aluminium hydroxide 
diluent per dose] (n=240), 

placebo (n=120) 

0 and 
14 

days 

109/118 (92·4%; 86·0–96·5) 
for 3 μg 

117/119 (98·3%; 94·1–99·8) 
for 6 μg 

2/60 (3·3%; 0·4–11·5) for 
placebo 

0.03 
40/120 (33%) for 3 μg, 
42/120 (35%) for 6 μg, 

13/60 (22%) for placebo 

site 
sympt
oms 

(p=0.0
2) and 
-site 
pain 

(p=0.0
4) 

0 and 
28 

days 

114/118 (97·4%; 92·7–99·5) 
for 3 μg 

118/118 (100%; 96·9–100) for 
6 μg 

0/59 (0·0%; 0·0–6·1) for 
placebo 

0.12 
23/120 (19%) for 3 μg, 

23/120 (19%) for 6 μg, 11/60 
(18%) for placebo 

Ella; 
202110 

Multiple 
Institutes in 

India 

Randomized
, double-

blind, 
multicentre, 

Placebo-
controlled 

1 375 
Healthy 

adults aged 
18-55 years 

N/A 

LD BBV152 vaccine [ 3 μg 
with Algel-IMDG] (n=100) 

0 and 
14 

days 

87.9% (95% CI 79.8-94.3) 
for MNT50, 93.4% (83.7-

97.8) for PRNT50 

NA 

5/99 (5%; 1.9 - 11.8) for 
solicited local reaction, 

5/99 (5%; 1.9 - 11.8) for 
solicited systemic 

reaction, 

NA 

HD BBV152 vaccine [ 6 μg 
with Algel-IMDG] (n=100) 

91.9% (84.6-96.0) for 
MNT50, 86.4% (75.1-93.2) 

for PRNT50 

5/99 (5%; 1.9-11.8) for 
solicited local reaction, 
14/99 (14%; 8.1-22.7) for 

solicited systemic 
reaction 

HD BBV152 vaccine [ 6 μg 
with Algel only] (n=100) 

82.8% (73.7-89.2) for 
MNT50, 86.6% (74.3-93.6) 

for PRNT50 

1/93 (1%; 0.05-6.2) for 
solicited local reaction, 

8/93 (8%; 3.8-15.6) for 
solicited systemic 

reaction 

Control group [Algel only] 
(n=75) 

8% (3.6-17.2) for MNT50 

3/73 (3%; 1.04-12.03) for 
solicited local reaction, 
7/73 (7%; 1.04-12.03) for 

solicited systemic 
reaction 
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Xia; 
202011 

Shangqiu 
City 

Liangyuan 
District CDC 

in Henan 
Province, 

China 

randomized, 
double-

blind, 
placebo-

controlled 

1 

96 

Healthy 
adults aged 
18-59 years 
reactions 

53.7 
(15.6) 

LD BBIBP-CorV [2 μg per 0·5 
mL of aluminium hydroxide 
adjuvant per dose] (n=24), 

medium dose BBIBP-CorV [4 
μg per 0·5 mL of aluminium 

hydroxide adjuvant per dose] 
(n=24), HD BBIBP-CorV [8 μg 

per 0.5 ml of aluminium 
hydroxide adjuvant per dose] 

(n=24), placebo (n=24), for 
both 18-59 years age group 

and ≥60 years age group 

days 0 
& 28 

Seroconversion at day 14 
9/24 (79%) for 2µg group 
21/24 (87%) for 4µg group 
23/24 (96% for 8µg group 

 
Seroconversion at day 28 

24/24 (100%) for 2µg 
group 

24/24 (100%) for 4µg 
group 

24/24 (100% for 8µg 
group 

N/A 

11/24 (46%) for 2 µg , 3/8 
(38%) in placebo group 
8/24 (33%) for 4 µg 2/8 
(25%) in placebo group 

11/24 (46%) for 8 µg 
1/8 (13%) for placebo 

group 

p>0.99 
in 2 µg 

and 
4µg 

cohort 
p = 0.2 
in 8 µg 
cohort 

96 
Healthy 

adults aged 
≥60 years 

 

Seroconversion at day 14 
8/23 (4%) for 2µg group 

11/24 (46%) for 4µg group 
11/24 (96% for 8µg group 

 
Seroconversion at day 28 
21/23 (91%) for 2µg group 

22/24 (92%) for 4µg group 
22/23 (96% for 8µg group 

1/24 (4%) for 2µg, 1/8(13%) 
in placebo group 

6/24 (25%) for 4µg, 0/8 in 
placebo group 

5/24 (21%) for 8 µg, 1/8 
(13%) in placebo group 

p=0.44 
in 2 µg 
p=0.3 in 

4µg 
cohort 
p >0.99 
in 8 µg 
cohort 

2 448 
Healthy 

adults aged 
18-59 years 

41.7 
(9.9) 

HD BBIBP-CorV [8 μg per 0.5 
ml of aluminium hydroxide 

adjuvant per dose] n=84, 
placebo (n=28) 

day 0 
(n=112) 

Reciprocal neutralising 
antibody titre 
14.7 (11.6-18.8) 

N/A 

Injection site adverse 
reaction 

(pain) 
53/336(16%) for vaccine 

group 
4/112 (4%) for placebo 

group 

p = 
0.008 

MD BBIBP-CorV [4 μg per 0.5 
ml of aluminium hydroxide 
adjuvant per dose], placebo 

(n=84) 

days 0 
& 14 

(n=112) 

Reciprocal neutralising 
antibody titre 

169.5 (132.2-217.1) 

days 0 
& 21 

(n=112) 

Reciprocal neutralising 
antibody titre 

282.7 (221.2-361.4) 88/97 (90.7% [78.1-99]) for 
1.5 μg, 96/98 (98% [92.8-

99.8]) for 3 μg, 97/98 (99% 
[94.5-100] for 6 μg 

N/A 

days 
0& 28 
(n=112) 

Reciprocal neutralising 
antibody titre 

218.0 (181.8 - 261.3) 



 Asyura et al: Immunogenicity and Safety Analysis of Inactivated Virus 
Vaccine against SARS-CoV-2: A Systematic Review of Phase 1/2 Clinical Trials 

179 

 
 

www.jamsa.amsa-international.org 
 

Wu; 
202112 

Renqiu 
(Hebei, 
China) 

double-
blind, 

placebo-
controlled 

1 72 

healthy 
adults aged 

60 years 

65.8 
(4.8) 

LD CoronaVac [3 μg per 0·5 
mL of aluminium hydroxide] 
(n=24), HD Coronavac [6 μg 

per 0·5 mL of aluminium 
hydroxide] (n=24), placebo 

[aluminium hydroxide only] 
(n=24) 

0 and 
28 

days 

24/24 (100% [85.8-100]) for 
3 μg, 22/23 (95,7% [78.1-

99.9]) for 6 μg 
0.558 

mild to moderate 
20/200 (20%) for 1.5 μg, 

25/125 (25%) for 3 μg, 
27/123 (22%) for 6 μg, 15/73 

(9%) for placebo 
 

severe adverse events 
unrelated to vaccine adm 
4/100 (4%) for 1.5 μg, 1/125 
(1%) for 3 μg, 2/123 (2%) for 

6 μg 
 

0.981 

2 350 
66.6 
(4.7) 

LD CoronaVac [1.5 μg per 0·5 
mL of aluminium hydroxide] 
(n=100), MD Coronavac [3 μg 

per 0·5 mL of aluminium 
hydroxide] (n=100), HD 

Coronavac [6 μg per 0·5 mL 
of aluminium hydroxide] 

(n=99), placebo [aluminium 
hydroxide only] (n=50) 

0 and 
28 

days 

88/97 (90.7% [78.1-99]) for 
1.5 μg,  

96/98 (98% [92.8-99.8]) for 
3 μg 

97/98 (99% [94.5-100] for 6 
μg 

0.489 

Che Y; 
202113 

Gejiu and 
Mile County, 

China 

double 
blinded, 
placebo-

controlled 

2 750 
Healthy 

adults aged 
18-59 years 

41.4 
(10.84) 

MD, 
40.3 

(10.55) 
HD, 41.8 
(9.75) P 
for Day 
0 and 

14 
37.3 

(9.82) 
MD, 
37.8 

(9.58) 
HD, 
36.9 

(9.63) 
placeb

o for 
Day 0 

and 28 

HD [100-150 EU inactivated 
viral agent in alumunium 

hydroxide] (n=300), MD 
(n=300), placebo [alumunium 

hydroxide only] (n=150) 

0 and 
14 

days 

Seroconversion at day 14 
89% for MD group  
96% for HD group 

 
Seroconversion at day 28 

92% for MD group  
96% for HD group 

<0.00
1 

Adverse reactions 
24% for MD group  

27.3% for HD group 
17.3% for placebo 

 
Systemic adverse 

reactions 
10% for MD group  
13% for HD group 
14.7% for placebo 

N/A 

0 and 
28 

days 

Seroconversion at day 28 
95% for MD group  
95% for HD group 

<0.00
1 

Adverse reactions 
26.7% for MD group  
19.3% for HD group 

12% for placebo 
 

Systemic adverse  
13.3% for MD group  

8% for HD group  
9.3% for placebo 

N/A 

Legend 
CDC; Center of Disease Control and Prevention, LD; Low Dose, MD; Medium Dose, HD; High Dose, MNT50; Microneutralisation assay, PRNT50; Plaque-

reduction neutralisation assay, Algel-IMDG; Aluminium hydroxide (Algel) Imidazoquinoline molecule chemisorbed to Algel 
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Table 2. Cochrane Risk of Bias 
Assessment 2.0 Summary 
 

Xia et al, 20208 

      

Zhang et al, 20219 

      

Ella et al, 202110 

      

Xia et al, 202011 

      

Wu et al, 202112 

      

Che et al, 202113 
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Some 
concerns 

 

High risk of 
bias 

Safety Analysis Based on Adverse 
Reactions Reported 
The studies reviewed within this paper 
considers the occurrence of injection site 
adverse events as well as systemic adverse 
reactions after a said period of time as the 
primary safety outcome that is analysed. 
For the two studies carried out by Xia, et.al 
2020 in Wuzhi County8 and Shangqiu City 
Liangyuan District Center for Disease 
Control and Prevention11, the occurrence of 
adverse reactions was recorded within 7 
days post-vaccination, and for studies 
carried out by Ella et al, Zhang et al, and 
Wu et al, the said reactions were recorded 
after 28 days post vaccination schedule. 
Assessment of the 5 different primary 
safety outcomes revealed injection site 
pain as the most prevalent local adverse 
reaction.8-12 Study results from Ella et al and 
Xia et al on the safety of BBV152 and 

BBIBP-CorV respectively, identified fever 
as the most common systemic adverse 
reaction. However, these 2 studies, as well 
as studies by Wu et al and the phase 2 
stage of CoronaVac study on adults aged 
18-59 years old had stated that these 
adverse reactions are not significant in 
comparison to the placebo group.9-12 To 
further illustrate, the phase 2 study carried 
out by Zhang et al concluded injection site 
symptoms & pain as statistically 
insignificant (p=0.02 and p=0.04 
respectively).9 Statistically insignificant 
mild to moderate adverse event is also 
reported in the study by Wu et al.12 
Interestingly, the phase 2 study on BBIBP-
CorV by Xia et al noted the appearance of 
injection site adverse reaction as 
statistically significant. (p=0.008) However, 
further investigation consisting of 
respiratory symptoms monitoring and 
laboratory measurements revealed 
neither upper respiratory tract infection 
nor clinically significant abnormal changes 
respectively.11 Furthermore, Xia et al and 
Ella et al noted how the incidence of 
adverse events in inactivated vaccines was 
lower when compared to vaccine 
candidates of different types, suggesting a 
better safety profile for inactivated 
vaccines.8,10 Wu et al highlighted the 
absence of dose-related aggravation of 
adverse events in healthy adults aged 
more than 60 years old.12 The findings 
within the studies that we reviewed are in 
line to the findings summarized by Yuan et 
al, that reported the findings of mild to 
moderate adverse event are mainly 
contributed by local, non-harmful adverse 
events, supporting inactivated vaccines as 
safe candidates for clinical use.31 
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Strength and Limitations 
The strengths of this systematic review 
include the following: Firstly, the studies 
reviewed were all RCTs, often referred to as 
the gold standard for evidence-based 
medicine. The studies are further 
strengthened through double blinding 
eliminating the risk of selection, 
observational, as well as participant bias.3 
The large sample sizes encompass a broad 
range of ages (18-59 years; 60 years or 
older), allowing researchers to observe the 
humoral response of the vaccine elicited in 
different age groups. Finally, the 
longitudinal nature of the studies, 
involving periodical scheduled visits 
accompanied with few participant 
withdrawals helps establish the difference 
in seroconversion rate and geometric 
mean titre between single and double 
dose vaccination.8-12 

The systematic review has several 
limitations. Although the sample size was 
large, a much bigger one is needed for the 
results to be globally representative. The 
locations of the studies reviewed do not 
vary.31 Out of the 5 studies reviewed, 4 (Xia 
et al, Zhang et al, Wu et al, and Xia et al) 
were conducted in China, while 1 (Ella et al) 
in India, rendering the results hard to 
generalize. Furthermore, few or completed 
phase 3 clinical trials have been found, 
with a majority being phase 1/2 clinical 
trials.8-12 

Conclusion and Recommendation 

In summary, the use of inactivated 
vaccines from the studies have proven to 
elicit an antibody response within 

participants regardless of dosage, period 
of administration, and age, with 
insignificant adverse effects. However, 
there are several limitations that should be 
considered. Firstly, due to the limited data 
from RCTs, little is known on whether the 
double dose vaccine can evoke long term 
immunity. Second, from an economical 
perspective, the distribution and 
administration of vaccines may be costly 
and time-consuming. Lastly, Indonesia's 
vaccination program administers vaccine 
based on priority groups, thus only a small 
percentage of the population has been 
vaccinated to date, which are mostly 
primary health workers. Thus, it is difficult 
to determine the effectiveness of the 
vaccine given the rate of vaccination and 
the uncertainty of compliance from the 
public due to multiple dosage 
administration. 

For future studies, we recommend 
conducting phase 3 clinical trials to 
examine the effectiveness of the 
inactivated virus vaccine on participants or 
pilot clinical trials on patients with 
significantly mutated strains of SARS-CoV-
2. Furthermore, upcoming RCTs should 
explore a wider demographic to examine 
the vaccines effects on children, 
populations of different ethnicities, and 
adverse effects that arise from both study 
populations, allowing for a more globally 
generalized data. Lastly, we suggest that 
the Indonesian government collaborate 
with NGOs and medical student 
organizations to increase the outreach, 
distribution, and vaccination attempts. 
Hopefully, these recommendations could 
help in further lowering COVID-19 
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transmission thus fulfilling our 
contribution towards the SDG 2030. 
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