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ABSTRACT
COVAXIN was granted restricted emergency approval based on safety and immunogenicity studies alone. The approval 
was heavily questioned leading to controversy regarding safety concerns and unethical trial allegations resulting in 
lack of trust and vaccine hesitancy among common people. In this article, we aimed to review the scientific evidence 
regarding the safety and immunogenicity of COVAXIN. Adverse events reported in phase-I/II COVAXIN trials were 
mild to moderate with no serious adverse events. The incidence of adverse events due to COVAXIN was comparable 
to other inactivated severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccines like BBIBP-CorV and 
CoronaVac. COVAXIN has also demonstrated a similar immunogenicity profile and enhanced immune response as 
reported by other inactivated vaccines. COVAXIN has demonstrated an enhanced humoral and cell-mediated immune 
response among vaccine recipients. COVAXIN vaccinated human serum has also shown comparable antibody 
neutralization activity against SARS-CoV-2 variant B.1.1.7, B.1.617, and other heterologous strains. Evidence suggests 
that COVAXIN is a safe, well-tolerated, and immunogenic coronavirus disease 2019 vaccine. Its stated efficacy of 
77.8% significantly exceeds the World Health Organization’s recommendations. However, the COVAXIN phase-III 
clinical trial data need to be peer reviewed for better transparency and building public confidence in indigenously 
developed vaccine and shedding COVAXIN hesitancy among common masses.

INTRODUCTION
Coronavirus disease 2019 (COVID-19) caused by the 

novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has turned into a global health, social, and economic crisis. 
It was first reported and identified in Wuhan, China, in December 
2019 as a cluster of pneumonia cases of unknown etiology (Lu et 
al., 2020). Initially referred to as 2019 novel coronavirus (2019-
nCoV), the disease spread rapidly, causing millions of deaths 
across the world. In January 2020, the World Health Organization 
(WHO) declared the outbreak as a public health emergency of 

international concern (Sohrabi et al., 2020). Subsequently, after 
due research and analysis, this nCoV was named SARS-CoV-2 
and the associated disease was referred to as COVID-19 (WHO, 
2021a). With the global spread and increasing severity of the 
disease, the WHO characterized COVID-19 as a pandemic on 
March 11, 2020, and called it COVID-19/coronavirus pandemic 
(Cucinotta and Vanelli, 2020). As of June 10, 2021, more than 174 
million confirmed cases and 3.7 million deaths have been reported 
worldwide. To this day, the USA is the worst hit country with more 
than 33 million confirmed cases and 0.59 million deaths, followed 
by India with 29.1 million confirmed cases and 0.36 million deaths 
(WHO, 2021b, COVID-19 dashboard).

India started the COVID-19 vaccination program on 
January 16, 2021 and currently three vaccines have been approved 
for emergency public use, including COVAXIN, Covishield, 
and recently approved Sputnik-V. The emergency restricted use 
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approval of COVAXIN was questioned due to lack of proper safety 
and efficacy data leading to lack of confidence and distrust among 
common people for indigenously developed vaccine. Moreover, 
COVAXIN trials also came under heavy scrutiny with unethical 
trial allegations. The approval was highly criticized by media and 
the public. People were hesitant in receiving COVAXIN and some 
Indian states delayed the vaccination drive owing to safety and 
lack of efficient data. In this article, we have made an effort to 
review the safety, immunogenicity, and efficacy of COVAXIN.

COVID-19 VACCINES
Vaccines represent a key weapon in fighting against 

COVID-19 for saving lives and ending this pandemic. Vaccines 
help human bodies to develop immunity against SARS-
CoV-2 through T and B lymphocytes. Being an nCoV, vaccine 
development presented with considerable challenges. However, 
researchers all over the globe have carried out a commendable job 
in developing novel, safe, and effective COVID-19 vaccines in 
a limited timeline with extraordinary international collaborations. 

Currently, a broad range of COVID-19 vaccines are in 
the clinical development process for evaluation of quality, safety, 
and efficacy. As of June 10, a total of 287 vaccines were currently 
in the developmental process, of which 102 vaccine candidates 
are in clinical development and 185 vaccine candidates are in the 
pre-clinical development phase (WHO, 2021c. Draft landscape 
of COVID-19 vaccines). Fifteen COVID-19 vaccine candidates 
have been approved for emergency public use. COVID-19 
vaccines are classified into different platforms including mRNA, 
replicating viral vector, non-replicating viral vector, DNA, 
inactivated virus, live attenuated virus, and other protein subunit 
vaccines. The 16 COVID-19 vaccines authorized for the public 
use includes 7 inactivated vaccines (COVAXIN, BBIBP-CorV, 
WIBP-CorV, CoronaVac, CoviVac, QazVac, and 1 unnamed by 
Minhai Biotechnology Co.), 2 RNA-based vaccines (BNT162b2 
and mRNA-1,273), 4 viral vector vaccines (AZD1222-Covishield, 
Ad26.COV2.S, Sputnik-V, and Ad5-nCoV), and 2 protein subunit 
vaccines (EpiVacCorona and RBD-Dimer) (WHO, 2021c. Draft 
landscape of COVID-19 vaccines).

COVAXIN
Inactivated vaccines are traditional vaccines in which 

the pathogens are killed/modified rendering the pathogen unable 
to replicate but retaining its immunogenicity so that the immune 
system can detect it and produce an immune response against such 
pathogens. The advantages of inactivated vaccines include better 
safety in populations with the compromised immune system, ease 
and low cost of production (Iversen and Bavari, 2021). Bharat 
Biotech in collaboration with the Indian Council of Medical 
Research and National Institute of Virology (NIV) developed India’s 
first indigenous COVID-19 vaccine called COVAXIN (BBV152). 
COVAXIN is a whole-virion β-propiolactone inactivated SARS-
CoV-2 vaccine formulated with an imidazoquinoline molecule 
(Algel-IMDG), which is a toll-like receptor (TLR 7/8) agonist 
(Ella et al., 2021a). 

In public interest, COVAXIN was granted restricted 
emergency approval by the Central Drugs Standard Control 
Organization on January 3, 2021, based on phase-I/II safety and 
immunogenicity clinical trials only (Mohapatra and Mishra, 2021). 

India started one of the world’s largest vaccination programs for 
COVID-19 on January 16, 2021, despite controversy and safety 
concerns (Bagcchi 2021; Bhuyan 2021). COVAXIN is a two-dose 
regimen administered 28 days apart and is supplied as ready to use 
liquid formulation in multi-dose vials stable at 2°C–8°C. Table 
1 provides the list of preclinical and clinical research studies of 
COVAXIN published in various peer-reviewed journals.

The clinical trials were initiated after establishing the 
safety and protective efficacy in preclinical trials conducted in 
hamsters and non-human primates. The results of preclinical studies 
were published in nature communications and iScience–CellPress 
journals. The vaccine candidates successfully induced significant 
titers of SARS-CoV-2-specific IgG and neutralizing antibodies 
(Mohandas et al., 2020; Yadav et al., 2021a). Ganneru et al. (2021) 
also reported Th1 skewed antibody responses with an elevated 
IgG2a/IgG1 ratio and increased levels of SARS-CoV-2-specific 
IFN-γ+ CD4+ T-lymphocyte response induced due to inactivated 
vaccine formulation (Ganneru et al., 2021). The results of pre-
clinical studies confirmed the safety and immunogenic potential of 
the vaccine candidates and supported human clinical trials. 

Phase-I clinical trial
The results of the double-blind, randomized phase-I 

trial for safety and immunogenicity of inactivated SARS-CoV-2 
vaccine, COVAXIN, were published in The Lancet on January 21, 
2021 (Ella et al., 2021b). A total of 375 participants aged 18–55 
years were randomized into four groups, three groups (n = 100 
each) to be administered one of the three test vaccine formulations: 
3 μg with Algel-IMDG, 6 μg with Algel-IMDG, 6 μg with Algel, 
and an Algel only control arm (n = 75). Two intramuscular (deltoid 
muscle) doses (0.5 ml/dose) of COVAXIN were administered 
on day 0 and day 14 to each participant. The primary outcome 
was an assessment of local and systemic reactogenicity events 
and secondary outcome was seroconversion rates. The study 
reported a good safety profile with pain at injection site, headache, 
fatigue, and fever as most common adverse events and no serious 
adverse events were observed. Overall, the incidence of adverse 
events reported was 14%–25%. The observed adverse events 
were mild (69%) and moderate (31%) in nature. Based on the 
micro-neutralization test (MNT50), seroconversion rates of 87.9%, 
91.9%, and 82.8% were reported in 3 μg with Algel-IMDG, 6 
μg with Algel-IMDG, and 6 μg with Algel groups, respectively. 
Based on the plaque-reduction neutralization test (PRNT50), 
seroconversion rates of 93.4%, 86.4% and 86.6% were reported in 
3 μg with Algel-IMDG, 6 μg with Algel-IMDG, 6 μg with Algel 
groups respectively. Algel-IMDG based 3 and 6 μg formulations of 
COVAXIN enhanced the humoral and cellular immune response 
in study participants and both were selected for phase-II clinical 
trial (Ella et al., 2021b).

Phase-II clinical trial
The results of the double-blind, randomized phase-II 

trial evaluating safety and immunogenicity of COVAXIN were 
published on March 8, 2021, in The Lancet along with 3-month 
follow-up of phase-I trial (Ella et al., 2021a). In this study, a total 
of 380 participants aged 12–65 years were randomly assigned into 
two groups of 3 μg with Algel-IMDG (n = 190) and 6 μg with 
Algel-IMDG (n = 190). Two intramuscular (deltoid muscle) doses 
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(0.5 ml/dose) of COVAXIN were administered to each participant 
on day 0 and day 28. Both vaccine formulations were well tolerated 
and showed similar safety profiles with no serious adverse events. 
The primary outcome of the phase-II immunogenicity study 
was Anti-IgG responses against spike protein (S1) glycoprotein, 
receptor-binding domain, and nucleocapsid protein of SARS-
CoV-2 expressed as geometric mean titers (GMTs). MNT50 and 
PRNT50 were used to assess neutralizing antibody titers in serum 
samples (Ella et al., 2021a).

The researchers reported a seroconversion rate of 92.9% 
in 3 μg with Algel-IMDG group and 98.3% in 6 μg with Algel-
IMDG group based on PRNT50. Based on MNT50, a seroconversion 
rate of 88.0% and 96.6% was reported in 3 μg with Algel-IMDG 
group and 98.3% in 6 μg with Algel-IMDG group, respectively. 
GMTs (PRNT50 and MNT50) were significantly higher in 6 μg with 
Algel-IMDG group than 3 μg with Algel-IMDG group. Both the 
study groups elicited T-cell response biased to Th1 phenotype. 
Three-month post-second dose follow-up results reported by Ella 
et al. (2021) showed that GMTs (MNT50) were 39.9, 69.5, and 53.3 
in 3 μg with Algel-IMDG, 6 μg with Algel-IMDG, and 6 μg with 
Algel groups, respectively. Based on the interim results of phase-
II clinical trial, researchers selected COVAXIN 6 μg with Algel-
IMDG formulation for phase-III efficacy trial (Ella et al., 2021a).

Both phase-I and phase-II clinical trials of inactivated 
SARS-CoV-2 vaccine demonstrate that COVAXIN is safe and 
well tolerated with no serious adverse effects and significant 
neutralizing antibody response. The phase-I/II trials reported no 
association between the dose of vaccine and observed adverse 
events (Ella et al., 2021a, 2021b). However, evaluation of long-

term safety outcomes needs phase-III trials. The phase-II trial 
reported better reactogenicity and more enhanced humoral and 
cell-mediated immune responses as compared to phase-I trial. The 
3-month post-second dose follow-up showed that neutralizing 
antibody responses persisted and T-cell memory responses were 
more pronounced in 6 μg with Algel-IMDG group (Ella et al., 
2021a). Phase-I trial also established that COVAXIN induced 
T-cell memory responses (antigen recall memory) as demonstrated 
by increased antigen-specific CD4+ T cells supporting the results 
of phase-I trial.

The phase-I/II safety and immunogenicity clinical trials 
of COVAXIN vaccine were based on NIV-2020-770 homologous 
and two heterologous strains. However, Sapkal et. al. (2021b) 
demonstrated a comparable neutralization activity of COVAXIN 
vaccinated human serum against SARS-CoV-2 variant B.1.1.7 
(UK-variant) and other heterologous strains (Bharat Biotech, 
2021).

Phase-III clinical trial
COVAXIN is currently undergoing randomized, double-

blind, and placebo controlled phase-III clinical trial. Bharat 
Biotech announced the first interim analysis of phase-III results. 
According to the report posted on Bharat Biotech’s official 
website, the phase-III trial involved 25,800 participants aged 
18–98 years (including 2,433 above the age of 60 and 4,500 with 
comorbidities). The report states that COVAXIN has demonstrated 
an efficacy of 77.8% against symptomatic COVID-19 disease 
and 93.4% effective against severe COVID-19 disease (Bharat 
Biotech, 2021).

Table 1. Published clinical and pre-clinical research studies of COVAXIN. 

S.no Authors Study title Published on Journal Reference/DOI

1 Ella R, Vadrevu 
KM, Jogdand H, 

et al.

Safety and immunogenicity of an inactivated 
SARS-CoV-2 vaccine, BBV152: a double-blind, 

randomized, phase 1 trial.

January 21, 
2021

The Lancet 
Infectious Diseases

(Ella et al., 2021b) https://doi.
org/10.1016/S1473-3099(20)30942-7

2 Ella R, Reddy S, 
Jogdand H, et al.

Safety and immunogenicity of an inactivated 
SARS-CoV-2 vaccine, BBV152: interim results 
from a double-blind, randomized, multicenter, 

phase 2 trial, and 3-month follow-up of a double-
blind, randomized phase 1 trial.

March 08, 2021 The Lancet 
Infectious Diseases

(Ella et al., 2021a) https://doi.
org/10.1016/S1473-3099(21)00070-0

3 Sapkal GN, Yadav 
PD, Ella R, et al.

Inactivated COVID-19 vaccine BBV152/
COVAXIN effectively neutralizes recently 
emerged B.1.1.7 variant of SARS-CoV-2.

March 27, 2021 Journal of Travel 
Medicine

(Sapkal et al., 2021b) https://doi.
org/10.1093/jtm/taab051

4 Yadav PD, Sapkal 
GN, Abraham P, 

et al.

Neutralization of variant under investigation 
B.1.617 with sera of BBV152 vaccinees.

May 07, 2021 Clinical Infectious 
Diseases

(Yadav et al., 2021b) https://doi.
org/10.1093/cid/ciab411

5 Sapkal G, Yadav 
PD, Ella R, et al.

Neutralization of B.1.1.28 P2 variant with sera of 
natural SARS-CoV-2 infection and recipients of 

inactivated COVID-19 vaccine COVAXIN.

May 17, 2021 Journal of Travel 
Medicine

(Sapkal et al., 2021a) https://doi.
org/10.1093/jtm/taab077

6 Ganneru B, 
Jogdand H, Daram 

VK, et al.

Th1 Skewed immune response of whole virion 
inactivated SARS-CoV-2 vaccine and its safety 

evaluation.

March 09, 2021 iScience (Ganneru et al., 2021) https://doi.
org/10.1016/j.isci.2021.102298

7 Yadav PD, Ella R, 
Kumar S, et al.

Immunogenicity and protective efficacy of 
inactivated SARS-CoV-2 vaccine candidate, 

BBV152 in rhesus macaques.

March 02, 2021 Nature 
Communications

(Yadav et al., 2021a) https://doi.
org/10.1038/s41467-021-21639-w

8 Mohandas S, 
Yadav PD, Shete-

Aich A, et al.

Immunogenicity and protective efficacy of 
BBV152, whole virion inactivated SARS-CoV-2 
vaccine candidates in the Syrian hamster model.

January 08, 
2021

iScience (Mohandas et al., 2021) https://doi.
org/10.1016/j.isci.2021.102054
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Table 2. Description of the results from published phase-I/II safety and immunogenicity studies of inactivated COVID-19 vaccines.

Study Methodology Adverse events (safety) Immunogenicity

Ella R, Vadrevu KM, 
Jogdand H, et al. Safety 

and immunogenicity of an 
inactivated SARS-CoV-2 

vaccine, BBV152: a 
double-blind, randomized, 

phase 1 trial. Lancet 
Infect Dis 2021; published 

online Jan 21. https://
doi.org/10.1016/S1473-

3099(20)30942-7

COVAXIN (BBV152)

Double-blind randomized phase-I clinical trial

No. of participants (age group): 375 (18–55 
years)

Participants were randomly assigned to 
receive:

3 μg with Algel-IMDG (n = 100),

6 μg with Algel-IMDG (n = 100),

6 μg with Algel (n = 100), or

Algel only control arm (n = 75).

Vaccine administration: day 0 and day 14

Incidence of local and systemic adverse 
reactions

17% in 3 μg with Algel-IMDG

21% in 6 μg with Algel-IMDG

14% in 6 μg with Algel

13% in Algel only

Common adverse drug reactions: pain at 
injection site, headache, fatigue, fever, nausea, 

and vomiting

Seroconversion rates (MNT50)

87.9% in 3 μg with Algel-
IMDG

91.9% in 6 μg with Algel-
IMDG

82.8% in 6 μg with Algel

Seroconversion rates (PRNT50)

93.4% in 3 μg with Algel-
IMDG

86.4% in 6 μg with Algel-
IMDG

86.6% in 6 μg with Algel

Ella R, Reddy S, Jogdand 
H, et al. Safety and 

immunogenicity of an 
inactivated SARS-CoV-2 
vaccine, BBV152: interim 

results from a double-
blind, randomized, 

multicenter, phase 2 trial, 
and 3-month follow-up of 

a double-blind, randomized 
phase 1 trial. Lancet 

Infect Dis 2021; published 
online March 21. https://
doi.org/10.1016/S1473-

3099(21)00070-0

COVAXIN (BBV152)

Double-blind randomized phase-II clinical trial

No. of participants (age group): 380 (12–65 
years)

Participants were randomly assigned to 
receive: 3 μg with Algel-IMDG (n = 190)

6 μg with Algel-IMDG (n = 190)

Vaccine administration: day 0 and day 14

Incidence of local and systemic adverse 
reactions

20% in 3 μg with Algel-IMDG

21.1% in 6 μg with Algel-IMDG

No serious adverse reactions were reported.

Seroconversion rates (PRNT50)

92.9% in 3 μg with Algel-
IMDG

98.3% in 6 μg with Algel-
IMDG

Seroconversion rates (MNT50)

88.0% in 3 μg with Algel-
IMDG

96.6% in 6 μg with Algel-
IMDG

Xia S, Zhang Y, Wang 
Y, et al. Safety and 

immunogenicity of an 
inactivated SARS-CoV-2 
vaccine, BBIBP-CorV: a 

randomized, double-blind, 
placebo-controlled, phase 
1/2 trial. Lancet Infect Dis 
2021; 21(1):39-51.  https://

doi.org/10.1016/s1473-
3099(20)30831-8

(BBIBP-CorV)

Double-blind randomized phase-I clinical trial

No. of participants (age group): 192 (18–80 
years)

Participants were separated into two age 
groups:

18–59 years (n = 96)

≥60 years (n = 96)

Participants in each age group were 
randomized to:

2 μg group (n = 24) or placebo group (n = 8),

4 μg group (n = 24) or placebo group (n = 8),

8 μg group (n = 24), or placebo group (n = 8)

Vaccine administration: day 0 and day 28

Incidence of adverse reactions in 18–59 age 
group

46% in 2 μg group versus 38% in placebo group

33% in 4 μg group versus 25% in placebo group

46% in 8 μg group versus 13% in placebo group

Incidence of adverse reactions in ≥60 years age 
group

4% in 2 μg group versus 13% in placebo group

25% in 4 μg group versus 0% in placebo group

21% in 8 μg group versus 13% in placebo group

Common adverse events were fever and pain at 
injection site

No serious adverse events were reported

Seroconversion rates

(Both 18–59 years and ≥60 
years age groups)

100% 2 μg group

100% 4 μg group

100% 8 μg group

Neutralizing antibodies in 
placebo groups were negative

Double-blind randomized phase-II clinical trial

No. of participants (age group): 448 (18–59 
years)

Participants were randomly assigned to:

8 μg group on day 0 (n = 84) versus placebo 
(n = 28),

4 μg group on days 0 and 14 (n = 84) versus 
placebo (n = 28),

4 μg group on days 0 and 21 (n = 84) versus 
placebo (n = 28), and

4 μg group on days 0 and 28 (n = 84) versus 
placebo (n = 28)

Incidence of adverse reactions

39% in 8 μg (day 0) group versus 11% in 
placebo group

21% in 4 μg (days 0 and 14) group versus 18% 
in placebo group

18% in 4 μg (days 0 and 21) group versus 18% 
in placebo group

12% in 4 μg (days 0 and 28) group versus 21% 
in placebo group

Common adverse reactions were pain at 
injection site and fever

No serious adverse events were reported

Neutralizing antibody GMTs

14.7% in 8 μg (day 0) group

169.5% in 4 μg (days 0 and 
14) group

282.7% in 4 μg (days 0 and 
21) group

218% in 4 μg (days 0 and 28) 
group

Continued
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Study Methodology Adverse events (safety) Immunogenicity

Zhang Y, Zeng G, Pan H, 
et al. Safety, tolerability, 
and immunogenicity of 
an inactivated SARS-

CoV-2 vaccine in healthy 
adults aged 18-59 years: 
a randomized, double-

blind, placebo-controlled, 
phase 1/2 clinical trial. 
Lancet Infect Dis 2021; 
21(2):181-192. https://
doi.org/10.1016/S1473-

3099(20)30843-4 

(CoronaVac)

Double-blind randomized phase-I clinical trial

No. of participants (age group): 144 (18–59 
years)

Participants were assigned to:

Days 0 and 14 cohort (n = 72)

Days 0 and 28 cohort (n = 72)

Participants in each cohort were randomized 
to:

3 μg group (n = 24) or placebo (n = 12) and

6 μg group (n = 24) or placebo (n = 12)

Incidence of adverse reactions

29% in 3 μg (days 0 and 14) group

38% in 6 μg (days 0 and 14) group

8% in placebo group

13% in 3 μg (days 0 and 28) group

17% in 6 μg (days 0 and 28) group

13% in placebo group

Seroconversion rates in 
phase-I trial

46% in 3 μg (days 0 and 14) 
group

50% in 6 μg (days 0 and 14) 
group

0% in placebo group

83% in 3 μg (days 0 and 28) 
group

79% in 6 μg (days 0 and 28) 
group

4% in placebo group

Double-blind randomized phase-II clinical trial

No. of participants (age group): 600 (18–59 
years)

Participants were assigned to:

Days 0 and 14 cohort (n = 300)

Days 0 and 28 cohort (n = 300)

Participants in each cohort were randomized 
to:

3 μg group (n = 120)

6 μg group (n = 120)

Placebo group (n = 60)

Incidence of adverse reactions

33% in 3 μg (days 0 and 14) group

35% in 6 μg (days 0 and 14) group

22% in placebo group

19% in 3 μg (days 0 and 28) group

19% in 6 μg (days 0 and 28) group

18% in placebo group

Common adverse event was pain at injection 
site

Most of the adverse events were mild with no 
serious events

Seroconversion rates in phase-
II trial

92% in 3 μg (days 0 and 14) 
group

98% in 6 μg (days 0 and 14) 
group

3.0% in placebo group

97% in 3 μg (days 0 and 28) 
group

100% in 6 μg (days 0 and 28) 
group

0.0% in placebo group

Wu Z, Hu Y, Xu M, et al. 
Safety, tolerability, and 
immunogenicity of an 

inactivated SARS-CoV-2 
vaccine (CoronaVac) 
in healthy adults aged 
60 years and older: a 
randomized, double-

blind, placebo-controlled, 
phase 1/2 clinical trial. 
Lancet Infect Dis 2021; 
published online Feb 3.                    
https: //doi.org/10.1016/
S1473-3099(20)30987-7

(CoronaVac)

Double-blind randomized phase-I clinical trial

No. of participants (age group): 72 (≥60 years)

Participants were allocated to two blocks:

Block-1: 3 μg group (n = 24) or placebo (n = 
12)

Block-2: 6 μg group (n = 24) or placebo (n = 
12)

Vaccine administration: day-0 and day-28

Double-blind randomized phase-II clinical trial

No. of participants (age group): 350 (≥60 
years)

Participants were randomized into four groups:

1.5 μg group (n = 100),

3 μg group (n = 100),

6 μg group (n = 100),

Placebo group (n = 50)

Vaccine administration: day 0 and day 28

Incidence of adverse reactions in both phase-I/
II trials

20% in 1.5 μg group

20% in 3 μg group

22% in 6 μg group

21% in placebo group

All the adverse events were mild or moderate 
in nature.

Most common adverse event was pain at 
injection site.

Seroconversion rates in 
phase-I trial

100·0% in 3 μg group

95·7% in 6 μg group

0% in placebo group

Seroconversion rates in phase-
II trial

90·7% in 1·5μg group

98.0% in 3 μg group

99·0% in 6 μg group

0% in placebo group

Continued
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DISCUSSION
COVAXIN, a whole virion inactivated SARS-CoV-2 

vaccine was granted restricted emergency approval based on safety 
and immunogenicity studies only without phase-III clinical trial 
and evidence on efficacy of the vaccine. The incomplete evidence-
based regulatory approval was criticized, leading to controversy 
regarding safety concerns for the indigenously developed vaccine. 
The WHO has recommended that a minimum criterion for any 
acceptable COVID-19 vaccine should be a clear demonstration of 
efficacy (on a population basis) ideally with ~50% point estimate 
and the efficacy can be assessed against the “disease, severe 
disease, shedding or transmission” endpoints (WHO, 2021d. 
Target product profiles for COVID-19 vaccines).

The safety profile and incidence of adverse events due to 
COVAXIN were similar to other inactivated SARS-CoV-2 vaccines 
like BBIBP-CorV and CoronaVac (Xia et al., 2021; Zhang et al., 
2021). However, the local and systemic adverse events due to 
COVAXIN are lower when compared to other vaccine platforms 
like mRNA and viral-vector-based vaccines. COVAXIN has also 
demonstrated a similar immunogenicity profile and enhanced 
immune response as reported by other inactivated vaccines (Wu et 
al., 2021; Xia et al., 2020; Xia et al., 2021; Zhang et al., 2021). The 
detailed description of safety and immunogenicity of inactivated 
COVID-19 vaccine candidates reported in published studies from 
phase-I/II clinical trials is presented in Table 2.

One of the significant results reported from the phase-I/
II trials was demonstration of enhanced humoral as well as cell-
mediated immune response among COVAXIN recipients (Ella et 
al., 2021a; Ella et al., 2021b). Although CD4+ and CD8+ T-cell 
responses were reported in a subset of participants only in phase-I 
trial but phase-II trial reported much enhanced cell-mediated 
immune response (Ella et al., 2021b). COVAXIN enhanced 
the T-cell memory response as indicated by increased CD4+, 
CD45RO+, and CD27+ T-cell population confirming the antigen 
recall memory response (Ella et al., 2021b). Again the 3-month 
follow-up results of phase-I trial reported that the COVAXIN-

induced neutralizing antibody response persisted in all study 
participants after the 3-month follow-up period (Ella et al., 2021a). 
Other inactivated COVID-19 vaccines have not reported any 
cell-mediated immunity development in their phase-I/II clinical 
trials. Moreover COVAXIN vaccinated human serum has shown 
comparable antibody neutralization activity against SARS-CoV-2 
variant B.1.1.7, B.1.617, and other heterologous strain (Sapkal et 
al., 2021a; Sapkal et al., 2021b; Yadav et al., 2021b).

While traditional inactivated vaccines are formulated 
with alum as an adjuvant, COVAXIN is formulated with a toll-
like- receptor (TLR 7/8) agonist adjuvant molecule (Ella et al., 
2021b). The alum-based inactivated vaccines typically develop 
Th2 biased responses leading to safety concerns. Th2 cell-mediated 
response is implicated in the development of eosinophilic lung 
immunopathology (Bessa and Bachmann, 2010). However, the 
TLR 7/8 agonist adjuvant in COVAXIN primarily produces Th1 
biased response with minimal Th2 response providing protection 
against vaccine-induced lung pathology (Ella et al., 2021a; Ella 
et al., 2021b). Moreover, TLR 7/8 agonist also induces IgA 
production, thereby contributing to the immunogenicity of the 
vaccine (Meiler et al., 2008; Bessa and Bachmann, 2010).

Bharat Biotech’s report states that COVAXIN has 
demonstrated high clinical efficacy of 78% in preventing 
COVID-19 among individuals without prior infection after two 
dose regimen (Bharat Biotech, 2021). The Sinopharm inactivated 
vaccine (BBIBP-CorV) has reportedly shown an efficacy of 86% in 
efficacy trials conducted in UAE and Bahrain, but the efficacy data 
have not been published yet (Cyranoski, 2020). The stated efficacy 
of CoronaVac developed by Sinovac has reported varying efficacy 
results. Researchers in Brazil reported that CoronaVac showed 
an efficacy of 78% which was later revised to 50.4% efficacy 
in preventing severe and mild COVID-19 in trials conducted in 
Brazil, which is significantly lower than the reported efficacy of 
other inactivated vaccines. However, the CoronaVac Turkish trials 
have reported an efficacy of 91.25% which was again revised to 
83.5% in final analysis (Mallapaty, 2020). The efficacy data on 

Study Methodology Adverse events (safety) Immunogenicity

Xia S, Duan K, Zhang 
Y, et al. Effect of an 

Inactivated Vaccine against 
SARS-CoV-2 on Safety 

and Immunogenicity 
Outcomes: Interim 

Analysis of 2 Randomized 
Clinical Trials. JAMA 

2020; 324(10):951-960. 

https://doi.org/10.1001/
jama.2020.15543

(No Name announced)

Double-blind randomized phase-I clinical trial

No. of participants (age group): 96 (18–59 
years)

Participants were assigned into three groups:

2.5 μg group (n = 24),

5 μg group (n = 24),

10 μg group (n = 24),

Placebo group (n = 24)

Vaccine administration: days 0, 28, and 56

Incidence of adverse reactions in phase-I trial

12.5% in 2.5 μg group

20.8% in 5 μg group

16.7% in 10 μg group

25.0% in placebo group

Seroconversion rates in 
phase-I trial

100% in 2.5 μg group

100% in 5 μg group

100% in 10 μg group

0% in placebo group

Double-blind randomized phase-II clinical trial

No. of participants (age group): 224 (18–59 
years)

Participants were randomized to either:

5 μg on days 0 and 14 (n = 84) versus placebo 
(n = 28) or

5 μg on days 0 and 21 (n = 84) versus placebo 
(n = 28)

Incidence of adverse reactions in phase-II trial

6% in 5 μg (days 0 and 14) group versus 14.3% 
in placebo

19% in 5 μg (days 0 and 21) group versus 
17.9% in placebo

Common adverse events were injection site pain 
and fever

No serious adverse events were reported

Seroconversion rates in phase-
II trial

85.7% in 5 μg (days 0 and 14) 
group

100% in 5 μg (days 0 and 21) 
group

0% in placebo group
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all inactivated vaccines including COVAXIN has not been made 
public yet and the data needs to be peer-reviewed. 

Based on the preliminary results of phase-III trial results, 
COVAXIN has a lower efficacy (78%) than other types of COVID-19 
vaccines mRNA-1,273 (Baden et al., 2021) which is mRNA-based 
COVID-19 vaccine developed by Moderna showing 95% efficacy 
and Comirnaty (BNT162b2) (Polack et al., 2020) which is also an 
mRNA-based vaccine developed by Pfizer and BioNTech showing 
95% vaccine efficacy in two dose regimen in protection against 
COVID-19 in phase-III safety efficacy trials. However, the stated 
efficacy of COVAXIN is higher than Covishield (AZD1222) an 
adenovirus vaccine developed by AstraZeneca and Oxford vaccine 
group reporting an overall vaccine efficacy of 70.4% after two doses 
and 64.1% after a single dose (Voysey et al., 2021). The safety and 
efficacy data from Moderna (mRNA-1,273), Comirnaty (BNT162b2), 
and Covishield (AZD1222) have been published in peer-reviewed 
journals (Baden et al., 2021; Polack et al., 2020; Voysey et al., 2021).

CONCLUSION
Evidence suggests that COVAXIN is a safe, well-tolerated 

and immunogenic vaccine. COVAXIN has also demonstrated 
comparable effectiveness against mutant SARS-CoV-2 strains 
as well. The safety and immunogenicity of COVAXIN has been 
demonstrated in adolescents, adults, and elderly people. The 
preliminary efficacy significantly exceeds the WHO and FDA 
recommended minimum acceptable criteria for COVID-19 vaccine 
approval. However, the COVAXIN phase-III clinical trial data 
needs to be made public and peer reviewed for better transparency 
and building confidence in indigenously developed vaccine and 
shedding COVAXIN hesitancy among common masses.
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