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Abstract
The COVID-19 pandemic has endangered world health and the economy. As the number of cases is increasing, different 
companies have started developing potential vaccines using both traditional and nano-based platforms to overcome the 
pandemic. Several countries have approved a few vaccine candidates for emergency use authorization (EUA), showing sig-
nificant effectiveness and inducing a robust immune response. Oxford-AstraZeneca, Pfizer-BioNTech’s BNT162, Moderna’s 
mRNA-1273, Sinovac’s CoronaVac, Johnson & Johnson, Sputnik-V, and Sinopharm’s vaccine candidates are leading the 
race. However, the SARS-CoV-2 is constantly mutating, making the vaccines less effective, possibly by escaping immune 
response for some variants. Besides, some EUA vaccines have been reported to induce rare side effects such as blood clots, 
cardiac injury, anaphylaxis, and some neurological effects. Although the COVID-19 vaccine candidates promise to overcome 
the pandemic, a more significant and clear understanding is needed. In this review, we brief about the clinical trial of some 
leading candidates, their effectiveness, and their neutralizing effect on SARS-CoV-2 variants. Further, we have discussed 
the rare side effects, different traditional and nano-based platforms to understand the scope of future development.
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Introduction

In August 2019, an unknown virus emerged in the city of 
China, Wuhan. Later, the virus was identified as a coronavi-
rus (belongs to Coronaviridae family within order Nidovi-
rales, subfamily, Orthocoronaviridae,) named SARS-CoV-2 
(Weiskopf et al. 2020; Yu et al. 2020). SARS-CoV-2 is a 
betacoronavirus. COVID-19 infected patients generally 
show the symptoms of fever, cough, dyspnea and can trans-
mit the disease (Wu et al. 2020). The severe form of viral 

infection leads to pneumonia, renal failure, severe acute res-
piratory distress (ARDS), and occasional death (Andersen 
et al. 2020). According to a cross-sectional study mainly 
conducted in China, fever is more prevalent in adults than in 
children. There was a report of laboratory findings in which 
elevated lactate dehydrogenase (LDH), elevated C reactive 
protein (CRP), reduced albumin, and lymphocytes were 
observed (Benvenuto et al. 2020). Moreover, the Prothrom-
bin and D-dimer increased level in ICU patients were also 
observed. Patients exhibiting symptoms such as fever, tired-
ness, rhinitis begin to manifest in the following few days. 
However, identifying asymptomatic cases is challenging 
(Wu et al. 2020). Before the outbreak of SARS-CoV-2, two 
more outbreaks of coronaviruses occurred that caused severe 
respiratory illness, SARS-CoV in 2002 and MERS-CoV in 
2012. However, SARS-CoV-2 was declared much earlier as 
a global health emergency by WHO because of its rapid 
infection rate (Lai et al. 2020; Weiskopf et al. 2020). The 
reproduction number of SARS-CoV-2 is 2–2.5, implying 
that 2–3 persons can get the illness from an infected patient 
(Dashraath et al. 2020). In around 75% of SARS-CoV-2 
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infected individuals, computed tomography (CT) was uti-
lized to detect symptoms (Wu et al. 2020).

As of writing this review, 24,00,70,992 confirmed 
cases, 48,89,737 deaths, a total of 6,637,457,407 vaccine 
doses have been administered globally, according to WHO. 
The genome and structural analysis of SARS-CoV-2 were 
made available in record time, leading to rapid vaccine pro-
duction (Andersen et al. 2020; Benvenuto et al. 2020; Wrapp 
et al. 2020; Yan et al. 2020; Yuan et al. 2020). These find-
ings, together with the efficient delivery of bioinformatic 
assessments and epitope mapping, have provided critical 
information for vaccine production beyond live-attenuated 
and inactivated vaccines (Ahmed et al. 2020; Baruah and 
Bose 2020; Grifoni et al. 2020; Hoffmann et al. 2020a, b; Lei 
et al. 2020; Lucchese 2020; Uddin et al. 2020; Walls et al. 
2020a, b; Wang et al. 2020a, b, c). Currently, seven candi-
dates are in phase 4 of the clinical trial, AZD122, mRNA-
1273, CoronaVac, Ad5-nCoV, BNT162, BBIBP-CorV (Vero 
Cell) and Ad26.COV2.S (Refer to Table 1).

Vaccines candidates and different platforms 
used for the development of COVID‑19 
vaccine

Every year, 2–3 million fatalities are prevented due to immu-
nization. Numerous illnesses are prevented, and millions of 
lives are saved due to vaccines every year (https://​www.​who.​
int/​news-​room/​fact-​sheets/​detail/​immun​izati​on-​cover​age). 
Smallpox virus has been completely wiped out and the cases of 
childhood disease, including polio, measles have been remark-
ably reduced around the world (Younger et al. 2016). It takes 
several years of research and studies to successfully develop a 
safe vaccine before deploying it in clinical use. Typically, after 
development, various stages are involved in the trial of the vac-
cine (Shahcheraghi et al. 2021). Phase I is the preclinical phase 
that facilitates testing on cells, animals, and a few people to 
confirm the immune system stimulation (Merante 2020). Phase 
II includes the elderly and children involving hundreds of indi-
viduals to further confirm the response of different groups of 
people (Locht 2020). Finally, Phase III involves thousands of 
volunteers to check the competence of the vaccine, then the 
researchers vaccinate the volunteer and wait to see how many 
vaccinated volunteers get infected (Poland et al. 2020). Vac-
cine efficacy is defined as the percentage by which the rate of 
disease’s extent is reduced in the vaccinated group compared 
to placebo (Singh and Mehta 2016).

According to WHO vaccine landscape data, a total of 320 
vaccine candidates are in clinical and pre-clinical development 
globally. One hundred twenty-six candidates are in the clinical 
phase and 194 candidates are in the pre-clinical phase. Different 
developers use different platforms to manufacture a potential 
and safe vaccine against COVID-19. Among the 126 clinical 

development candidates, 34% (43 candidates) used protein 
subunit, 14% (18 candidates) used a non-replication viral vec-
tor, 11% (14 candidates) used DNA, 14% (17 candidates) used 
Inactivated virus, 17% (21 candidates) used RNA, Replicating 
viral vector used by 2% (2 candidates), 4% (5 candidates) used 
virus-like particles, 2% (2 candidates) used replicating viral 
vector with an antigen-presenting cell (APC), 2% (2 candidates) 
used a live attenuated virus, and 1% (1 candidate) used a non-
replicating viral vector with antigen-presenting cell to develop 
a safe and potential vaccine candidate against SARS-CoV-2. 
Among the clinical phase vaccines, only 8 candidates are in 
phase 4, which means, these vaccines are already in the mar-
ket and available to the general public. 26 vaccine candidates 
are in phase 3 of clinical development (https://​www.​who.​int/​
publi​catio​ns/m/​item/​draft-​lands​cape-​of-​covid-​19-​candi​date-​
vacci​nes). Prior DNA and RNA vaccines were not licensed for 
human use, but these two platforms can be effective in control-
ling the pandemic. As these two platforms do not need any bio-
reactor culture techniques as required in inactivated vaccines, 
DNA and RNA vaccine can be produced rapidly in the labora-
tory based on genetic sequence of the virus and can fast-track 
the process in the pandemic (Conforti et al. 2020).

SARS‑CoV‑2 structural components

The genome structure of SARS-CoV-2 is about 30  kb 
(26–32 kb) which is relatively large. The virus codes for sev-
eral structural, non-structural, and accessory proteins (Li et al. 
2020). Four different structural proteins are encoded by the 
SARS-CoV-2 virus, the spikes (S) (outer spike glycoprotein), 
envelope (E), membrane (M), and the nucleocapsid (N) (Su 
et al. 2020) (Fig. 1). The major transmembrane glycoprotein 
that mediates the binding of receptor and promotes the entrance 
of the virus is S protein (Su et al. 2020). The non-structural 
proteins that are vital for their lifecycle and pathogenesis are 
NSP12, NSP13, NSP3, and NSP5 and the accessory proteins 
are ORF3a, ORF6, ORF8, ORF7, and ORF9 (Li et al. 2020).

ACE2 receptor and SARS‑CoV‑2 host entry

SARS-CoV-2 uses angiotensin-converting enzyme-2 (ACE2 
receptor) to enter the host, analogue to SARS-CoV and other 
coronaviruses (Hoffmann et al. 2020a, b; Lu et al. 2020). 
ACE2 is a membrane-bound peptidase that comprises the 
N-terminal domain in majority of the proteins receptors, and 
an extracellularly catalytic site (Chappell 2016; Chappell 
et al. 2014). SARS-CoV-2 can infect multiple organs, includ-
ing lungs, stomach, colon, ileum, liver, and kidney, due to 
the availability of ACE2 receptors on these human tissues 
(Qi et al. 2020; Zou et al. 2020). In the lungs, alveolar type 
II cells were proposed as the main target of this virus; Zou 

https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
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Table 1   Vaccine candidates currently in phase 4 of clinical development: As per WHO source, 15th October 2021

Phase 4 vaccines for COVID-19

Candidates Platform Developer Dose Schedule Phase

mRNA -1273 RNA based Vaccine Moderna, National Insti-
tute of Allergy and Infec-
tious Diseases (NIAID)

2 Day 0 + 28 Phase 4
NCT04760132
NCT04792567
NCT04885907
EUCTR2021-003388-38-NL
EUCTR2021-002327-90-NL
NCT04952402
EUCTR2021-003618-37-NO
NCT04969250
NCT05030974
NCT05047718

BNT162 (3 LNP-mRNAs)/
Comirnaty

RNA based Vaccine Pfizer/BioNTech, Fosun 
Pharma

2 Day 0 + 21 Phase 4
NCT04760132
ACTRN12621000661875
EUCTR2021-000412-28-BE
EUCTR2021-002327-38-NL
NCT04780659
NCT04775069
EUCTR2021-000893-27-BE
EUCTR2021-000930-32-BE
NCT04852861
NCT04878211
EUCTR2021-003388-90-NL
EUCTR2021-003618-37-NO
NCT04955626
NCT04952766
NCT04969250
NCT05047718
NCT05057169
NCT05057182

ChAdOx1-S (AZD1222) 
(Covishield)

Viral vector (Non-repli-
cating)

AstraZeneca, University of 
Oxford

1–2 Day 0 + 28 Phase 4
NCT04760132
NCT04775069
EUCTR2021-002327-38-NL
NCT04914832
ACTRN12621000661875

Ad5-nCoV Viral vector (Non-repli-
cating)

CanSino Biological Inc./
Beijing Institute of Bio-
technology

1 Day 0 Phase 4
NCT04892459

BBIBP-CorV (Vero Cell) Inactivated virus Sinopharm, China 
National Biotec Group 
Co., Beijing Institute of 
Biological Products

2 Day 0 + 21 Phase 4
NCT04863638

Ad26.COV2.S Viral vector (non-repli-
cating)

Janssen Pharmaceutical 1–2 Day 0 or Day 0 + 56 Phase 4
EUCTR2021-002327-38-NL
NCT05030974
NCT05037266
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et al. reported that these cells express rather a low ACE2 
receptor expression (Zou et al. 2020). The S protein contains 
a binding site that allows it to attach to the ACE2 receptor 
and helps the virus to enter into the cell. S proteins are the 
major interest in creating a possible vaccination candidate. 
S protein has two domains S1 and S2 (Tse et al. 2020). S1 
domain facilitates the attachment as it comprises the RBD 
(receptor binding domain), and the S2 domain aids the 
virus to host cell fusion (Fig. 2). The primary receptor is 
ACE2 to initiate the entry of the virus after binding to the 
RBD, along with another receptor, CD209L with low affin-
ity (Ibrahim et al. 2020). The viral membrane and host cell 
fuse together by pulling, following the fusion, the S protein 
conformational changes from pre-fusion to post-fusion (Gra-
ham 2020). Only 44% of the whole genomic sequence of S 
structural protein is shared by MERS-CoV and SARS-CoV, 
clearly illustrating that S proteins of coronaviruses are quite 
diverse (Tse et al. 2020). The primary difference between 

the S protein is mainly the N terminal domain and the recep-
tor-binding domain. Due to the difference, SARS-CoV and 
MERS-CoV are correlated with different receptors for host 
entry, however, SARS-CoV and SARS-CoV-2 contributes 
similar receptors angiotensin-converting enzyme 2 (ACE2) 
while MERS-CoV enter through dipeptidyl peptidase 4 
(DPP4) (Wrapp et al. 2020). Since SARS-CoV-2 and SARS-
CoV share the same receptor, there should be cross-reactiv-
ity to the SARS-CoV-2 receptor binding domain with the 
monoclonal antibody that is specific to the SARS-CoV RBD. 
Results showed no binding or cross-reactivity between the 
monoclonal antibody and RBD of SARS-CoV-2 despite the 
similarity in the RBD sequence (Wrapp et al. 2020). In terms 
of severity and clinical effects, SARS-CoV was more deadly 
but SARS-CoV-2 spreads more easily and is eminently 
infectious (https://​theco​nvers​ation.​com/​the-​myste​rious-​disap​
peara​nce-​of-​the-​first-​sars-​virus-​and-​why-​we-​need-a-​vacci​
ne-​for-​the-​curre​nt-​one-​but-​didnt-​for-​the-​other-​137583).

Table 1   (continued)

Phase 4 vaccines for COVID-19

Candidates Platform Developer Dose Schedule Phase

CoronaVac Inactivated Virus (IV) Sinovac Research and 
Development Co., Ltd

2 Day 0 + 14 Phase 4
NCT04756830
NCT04747821
NCT04775069
NCT04789356
NCT04754698
NCT04801888
NCT04894227
NCT04892459
NCT04911790
NCT04953325
NCT04962308
NCT04993965
NCT05057169

Fig. 1   Schematic diagram of 
SARS-CoV-2 with compo-
nents, enlarged view of Spike 
and binding of spike protein 
with host receptor with the 
receptor binding domain 
(RBD). (Image created in 
biorender.com)

https://theconversation.com/the-mysterious-disappearance-of-the-first-sars-virus-and-why-we-need-a-vaccine-for-the-current-one-but-didnt-for-the-other-137583
https://theconversation.com/the-mysterious-disappearance-of-the-first-sars-virus-and-why-we-need-a-vaccine-for-the-current-one-but-didnt-for-the-other-137583
https://theconversation.com/the-mysterious-disappearance-of-the-first-sars-virus-and-why-we-need-a-vaccine-for-the-current-one-but-didnt-for-the-other-137583
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COVID‑19 variants and vaccine effectiveness

The year 2020 was challenging, but 2021 is even more dif-
ficult due to the rise of new SARS-CoV-2 strains. The emer-
gence of the novel SARS-CoV-2 strains 501Y.V1 (B.1.1.7) 
in the UK and 501Y.V2 (B.1.351) in South Africa was 
attributed to an unanticipated surge in confirmed COVID-
19 cases in December 2020 (Fontanet et al. 2021). Several 
mutations in S protein have recently been identified in Den-
mark, United States, and Brazil (Kumar et al. 2021). These 
variants increased the transmission between 40% and 70% 
due to the mutation (N501Y) at the receptor-binding domain. 
Two more mutations (E484K and K417N) in the spike pro-
tein confer a possible immunological escape to antibodies 
in the 501Y.V2 variant. Another set of mutations (N501Y, 
E484K, and K417T) in a new P.1 (501Y.V3) lineage has 
been reported in Manaus, Brazil, which is alarming (Fon-
tanet et al. 2021). 501Y.V2 shows higher cross-reactivity 
as it elicits robust neutralizing antibody response against 
both the original and P.1 variants (Refer to Table 2). A vac-
cine formulated on the spike protein of 501Y.V2 variant will 
be promising to elicit cross-reactive neutralizing antibody 
against COVID-19 virus (Moyo-Gwete et al. 2021).

Several events, such as recombination, single point muta-
tion, insertion, and deletion, alter the pathogenesis of SARS-
CoV-2, resulting in diverse variants (Challen et al. 2021). 
The mutation is frequent in the spike protein and receptor 
binding domain; RBD is the most divergent, resulting in 
multiple SARS-CoV-2 variants (Kumar et al. 2021). In a 

natural infection, the neutralizing antibody majorly targets 
the spike glycoprotein, and most of the vaccines express 
the same spike glycoprotein of SARS-CoV-2. Current vac-
cines are based on the original variant of SARS-CoV-2 that 
emerged; however, the critical concern remains whether the 
old version spike glycoprotein may elicit protective effects 
against the new SARS-CoV-2 variants. Lineages B.1.351, 
B.1.1.7, and P1 have been identified as having numerous 
changes in the spike glycoprotein and other proteins from the 
original SARS-CoV-2 variant from Wuhan. These mutations 
influence the interaction with the hACE2 receptor, result-
ing in higher morbidity and mortality (Challen et al. 2021). 
Spike protein mutated variants have the potential to escape 
immune responses. A Netherland-based study on health care 
workers demonstrated that some variants of SARS-CoV-2 
may partially escape humoral immune response induced by 
BTN162b2 or SARS-CoV-2 infection but cannot escape spe-
cific CD4+ T cell response including B.1.1.7 and B.1.351. 
However, two doses of the BTN162b2 vaccine were required 
to reach the high level of expression of neutralizing antibody 
and cell-mediated immune response (Geers et al. 2021).

These mutations are creating a significant impact on vaccine 
development and their efficacy. The leading vaccine candidates 
Novavax and AstraZeneca, show the efficacy of 85.6% and 
74.6% against B.1.1.7, respectively. The B.1.351 variant is of 
more concern because the leading candidates Novavax, Astra-
Zeneca, and Johnson’s & Johnson's vaccines reported very low 
efficacy of 49.4%, < 25%, and 57%, respectively (Kumar et al. 
2021). mRNA-1273 is highly effective against B.1.1.7 (Alpha) 

Fig. 2   Enlarge view of S1 
domain of spike protein and 
binding of spike protein with 
ACE2 receptor to enter the host 
cell. (Image created in bioren-
der.com)
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and B.1.351 (Beta), whether symptomatic or asymptomatic. 
mRNA-1273 is 88.1 percent and 100 percent effective against 
B.1.1.7 infection after a single and second dosage, and 61.3 
percent and 94.6 percent effective against B.1.351 infection 
after a single and second dosage, respectively. Against the wild 
type, it shows 94.1 effectiveness against symptomatic SARS-
CoV-2 infection (Chemaitelly et al. 2021). A two-dose regimen 
of NVX-CoV2373 conferred 89.7% protection against a blend 
of prototype and variant Covid-19, demonstrated high efficacy 
against the B.1.1.7 variant, and had a reassuring safety profile 
(Heath et al. 2021).

The delta variant is another variant of concern, first detected 
in India, characterized by the spike protein mutations T19R, 
Δ157-158, L452R, T478K, D614G, P681R, and D950N (Lopez 
Bernal et al. 2021). Recent reports said that the delta variant 
reduces sensitivity to some monoclonal antibodies, including 
bamlinivimab and polyclonal antibodies. Similarly, the B.1.351 
was also found to escape some monoclonal antibodies (Moyo-
Gwete et al. 2021). The transmissibility is estimated to have 60% 
more than the alpha variant (Planas et al. 2021). BNT162b2 
effectiveness after 2 doses, for alpha variant, 93.7%; and for delta 
variant, 88.0% was reported. ChAdOX ncov-19 effectiveness 
after two doses, for alpha variant, 67.0%; for delta variant, 74.5% 
was observed. There was a modest difference reported after 
two vaccination doses between the alpha and the delta variant. 
However, the absolute difference was observed after single-dose; 
the vaccines were 30.7% and 48.7% effective against delta and 
alpha variants, respectively (Lopez Bernal et al. 2021). Devel-
opment and updates on the leading candidates against B.1.351 
are urgent to generate protection. To generate actionable data, 
create a framework for broader genomic surveillance and timely 
analysis of novel variations (Kumar et al. 2021). Repeated for-
mulation of COVID-19 vaccines may be needed to control the 
SARS-CoV-2 transmission. Surveillance of SARS-CoV-2 vari-
ants and the sharing of variant-specific PCR primers might assist 
in tracking their spread, particularly in resource-limited coun-
tries. For seroneutralisation and cellular immunity functional 
testing against newly found variations, a central library of sera 
and cells from individuals with previous infection or prior vacci-
nation with existing COVID-19 vaccines should be constructed. 
This repository might provide standard recommendations out-
lining a minimal set of epitopes that should be introduced in 
future COVID-19 vaccines. Adaptive and reactive production of 
COVID-19 vaccines is crucial, and vaccines must be affordable 
and accessible on a global scale (Fontanet et al. 2021).

Some of the leading vaccine candidates

ChAdOx1‑S/AZD1222 (Covishield)

The University of Oxford collaborated with AstraZeneca, 
a British pharmaceutical firm, to develop AZD1222, a 

Chimpanzee non-replicating viral vector vaccine (VVnr) 
formerly known as ChAdOx1. Currently, two companies 
are manufacturing AZD1222. The vaccine is manufactured 
by SK Bioscience Co. Ltd, named ChAdOx1-S, and the 
Serum Institute of India produces COVISHIELD, ChAdOx1 
nCoV-19 Coronavirus Vaccine. High antibody response was 
recorded when demonstrated in pig models (Graham et al. 
2020). The journal Lancet reported the result after the com-
pletion of phase 1/2. They recruited 1077 participants in the 
UK between the ages18-55 and conducted a single-blinded 
randomized trial in five trial sites. The participants were 
randomly assigned, in a 1:1 fashion (n = 543 each group), to 
receive a dose of 5 × 1010 viral particles of ChAdOx1 or a 
single intramuscular injection of meningococcal conjugate 
vaccine (MenACWY) as a control (Folegatti et al. 2020). 
A group of 10 participants was cut out for the second dose 
after 28 days following the first dose. To further monitor 
of the adverse effect, the participants were divided based 
on prophylactic paracetamol. From the AZD1222 group, 
fifty-six out of 543 participants and fifty-seven out of 534 
placeboes licensed meningococcal group was administered 
paracetamol. The result showed a low degree of adverse 
events, like pain, tenderness, fatigue, and headache, in the 
prophylactic paracetamol group comparing no prophylaxis 
groups. The same result was observed in the placebo groups. 
Neutropenia observed in the AZD1222 group was ~ 46% (25 
out of 54) and ~ 7% (3 out of 44) in the control MenACWY 
group participants (Folegatti et al. 2020). In South Africa, 
an ongoing trial with 2000 volunteers aged between 18 and 
65 with or without HIV is in process to check for an immune 
response (COVID-19 Vaccine (ChAdOx1 NCoV-19) Trial 
in South African Adults With and Without HIV-Infection—
Full Text View—ClinicalTrials.Gov 2021). A phase IIb/III 
trial included 12,330 healthy volunteers in the UK, includ-
ing 5 year olds. The participants, who are at greater risk, 
are divided into groups based on their age, 5–12 years old 
and above 70 years old, including the cohorts of extreme 
demographics among the volunteers (Investigating a Vac-
cine Against COVID-19—Full Text View—ClinicalTrials.
Gov 2021).

AstraZeneca released an update on the efficacy of 
AZD1222 on 25 March 2021. The analysis included 32,449 
trial participants, in which a total of 190 symptomatic cases 
was included for primary efficacy analysis. Participants were 
randomly divided into 2:1 fashion between AZD1222 group 
and placebo MenACWY groups. The US phase III primary 
analysis showed that AZD1222 has 76% efficacy against 
the symptomatic COVID-19 cases, 100% efficacy for criti-
cally ill and hospitalized patients, and 85% efficacy against 
symptomatic in participants aged between 65 years and up 
(AZD1222 US Phase III Primary Analysis Confirms Safety 
and Efficacy 2021).
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mRNA‑1273

Moderna is an American-based company in Cambridge, 
Massachusetts, that developed an mRNA-based vaccine, 
mRNA-1273, collaborating with the National Institute of 
Allergy and Infectious Diseases (NIAID). mRNA-1273 
is a lipid-nanoparticle (LNP) encapsulated mRNA that 
expresses the prefusion stabilized spike glycoprotein (Cor-
bett et al. 2020a, b). In the early stage of human testing, 
the mRNA-1273 vaccine encouraged safety and immuno-
genicity and demonstrated protection in early animal-chal-
lenge experiments (Corbett et al. 2020a, b; Jackson et al. 
2020). Employing the mRNA that codes for the spike pro-
tein of the virus, they mark the spike protein for destruc-
tion in the immune cells once the vaccine is administered 
into the host body (Triggle et al. 2020). To accelerate the 
vaccine production Moderna's mRNA-1273 vaccine is 
included in the Operation Warp initiative. Currently, it 
is in Phase 4. BNT162b2 is another mRNA vaccine that 
recently demonstrated vaccine efficacy and safety (Sharma 
et al. 2020). The results of the mRNA-1273 vaccination 
against SARS-CoV-2 in non-human primates were pub-
lished in the New England Journal of Medicine. Using 
mRNA-1273 produced influential SARS-CoV-2 neutral-
izing activity. The lungs were healthy and protected in 
the lower and upper airways. The non-human primates 
were administered with 10 μg or 100 μg of mRNA-1273 or 
no vaccine. mRNA-1273 vaccination activates the type 1 
helper T-cells responses biasing the CD4+T cell responses, 
and there was an inadequate response of Th2 or CD8+ 
T-cell (Corbett et al. 2020a, b) . Nature published the 
preclinical trial data. They immunize the mice model by 
administering intramuscularly with either 0.01 μg, 0.1, or 
1 μg dose of vaccine. It was shown in the result that, with 
the 1 μg dose, there was a high pseudo-virus-neutralizing 
antibody response (NAb) (Sharma et al. 2020). Phase 1 
trial was performed on 45 healthy adults aged 18–55. 
These participants received two doses of mRNA-1273 
after 28 days following the first dose. All the participants 
formed three groups (n = 15) according to the administra-
tion doses, 25 μg, 100 μg, or 250 μg (Jackson et al. 2020). 
After administering the first dose of vaccination, higher 
antibody responses were reported. Five participants (33%) 
in the 25 μg group, 10 participants (67%) in the 100 μg 
group, and 8 participants (53%) in the 250 μg group were 
reported with adverse events with mild or moderate in 
severity. After the second dose, solicited systemic adverse 
events were reported more common, 7 out of 13 (54%) par-
ticipants in the 25 μg group, 15 of 15 (100%) participants 
in the 100 μg group, and 14 in the 250 μg group. Three 
participants from the 250 μg groups were reported with 
one or more severe adverse events. In the case of fever, no 
participants had fever after the first dose. In the 2nd dose 

of vaccination, no participants in the 25 μg group, 6 par-
ticipants (60%) in the 100 μg, and 8 participants (57%) in 
the 250 μg group were reported fever (Jackson et al. 2020).

A phase 1 trial was conducted on 40 older adults aged 
between 56 and 70 years or 71 years or more, stratified in 
this way. All the participants received two doses of either 
25 μg or 100 μg of mRNA-1273 which was administered 
after 28 days following the first dose. The result showed 
that mild or moderate adverse events were associated with 
mRNA-1273. The study also supported the use of 100 μg 
doses in the phase III vaccine trial as the 100 μg dose 
group showed higher binding and neutralizing antibody 
titers than the 25 μg group (Anderson et al. 2020). A ran-
dom phase 3 trial was conducted, during which thirty-
thousand volunteers received two intramuscular injections 
of mRNA-1273 or placebo at ninety-nine U.S. locations. 
The injections of 100 μg of mRNA-1273 or placebo were 
administered 28 days apart. 2.2% had serological, virologi-
cal, or both evidence of SARS-CoV-2, so more than 96% 
of total participants were administered with both injec-
tions. The result showed 94.1% vaccine efficacy at pre-
venting COVID-19, including the severe condition (Baden 
et al. 2021).

CoronaVac

Sinovac Biotech Ltd is a China-based pharmaceutical com-
pany developing an inactivated vaccine adjuvanted with alu-
minum. Mice were administered with 1.5 μg or 3 μg or 6 μg 
doses of the CoronaVac along with an Aluminium adjuvant 
or a saline placebo. The animal models confirmed sufficient 
neutralizing antibody titer levels and specific IgG response 
in the pre-clinical data. In the macaque monkey, no ADE 
(Antibody-dependent enhancement) was noted. Unlike the 
controlled group, when macaques were challenged with the 
SARS-CoV-2 virus, they noted that macaques are protected 
from SARS-CoV-2 with decreased viral load. In the 6 μg 
dose, there was also no side effect, no appetite change, or 
mental status changes noted in the macaque monkey, and 
ensuring the safety in the case of inactivated vaccine is 
important (Gao et al. 2020).

A press release for their phase-1 study showed that 143 
healthy participants were recruited. All the participants were 
between the age group of 18–59 for a randomized trial. No 
results regarding the phase-1 study were made available 
(Sinovac Says Its Covid-19 Vaccine Generated Immune 
Responses—STAT 2021). The phase-2 trial recruited 600 
participants who were between the ages group of 18–59. It 
was also a randomized, double-blinded trial. Participants 
were split into two dual-dose programs. One of the programs 
had a 0 and 14 day schedule, and the other had a 0 and 
28 day schedule. In each schedule, 120 participants were 
given the 3 µg, 120 participants were given the 6 µg, and 60 
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participants were given a placebo. Pain and swelling were 
the local adverse effects in mild and somewhat moderate 
amounts in both the programs. The pain was mostly reported 
effect in both schedules (Zhang et al. 2020a, b). Out of 300 
participants, 61 participants (20.3%) (0 to 14-day schedule) 
and 31 participants (10.3%) (0 to 28-day schedule) com-
plained of pain at the injection site. However, these effects 
were resolved within 3 days, and severe grade-3 adverse 
effects were not reported. For both 3 µg and 6 µg, neutral-
izing antibody (NAb) responses were high in both sched-
ules. Twenty-eight days after the second dose, participants 
in 0 and 14 day schedules had stable NAb levels, and in 
0 and 28 days, participants had increased NAb levels. For 
specific antibodies, a similar pattern was also observed. In 
older adults, it was observed that NAb levels diminished 
with an increase in age, requiring high doses (Zhang et al. 
2020a, b). In this report, global race for Covid-19 vaccines 
T-cell immunity was not analyzed. An in-depth study of 

the immune response generated by the CoronaVac vaccine 
is required. To rule out the risk of Antibody-dependent 
enhancement, information about the T-cell response of the 
vaccine is necessary because it is related to the use of inac-
tivated vaccines. The pre-clinical trials showed no immuno-
pathological findings, and in human trials, it is yet to be seen 
if a similar pattern is observed or not. For trials in Indonesia 
and Brazil, Sinovac is planning to get the 3 µg dose in the 
0, 14 day and 0, 28 day schedules on a large scale (Indone-
sia Testing Location for China’s Sinovac Phase 3 Clinical 
Trial 2021; Zhang et al. 2020a, b). In Brazil, Sinovac plans 
to recruit 8874 health care workers over age 18 years and 
assess the vaccine over 0 and 14 day schedules. It will be 
interesting to see the results of these large-scale efficacy tri-
als in older people over 60 years (Clinical Trial of Efficacy 
and Safety of Sinovac’s Adsorbed COVID-19 (Inactivated) 
Vaccine in Healthcare Professionals—Full Text View—
ClinicalTrials.Gov 2021).

Fig. 3   Both conventional and 
nano based vaccine moves 
to the antigen presenting cell 
where major histone compatibil-
ity factors (MHC I and MHC II) 
presents the antigen to induce 
humoral and cell mediated 
immune response
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Fig. 4   Diagrammatic representation of preparation and administration of different vaccine to induce immune response
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BNT162 (3 LNP‑mRNAs), also known as Comirnaty

Another mRNA-based vaccine was developed by a Ger-
man-based company named BioNTech, an American 
company named Pfizer, and a pharmaceutical company 
Fosun. The mRNA-based vaccine encodes the SARS-
CoV-2 RBD domain. This vaccine is named BNT162, and 
it works by incorporating modified mRNA and including 
the T4 fibrin-derived trimerization domain, enhancing the 
immune response. In the USA, for their 1/2 phase trials, they 
recruited 45 healthy volunteers between 18 and 55 years. 
They were split into groups of 12 for doses 10, 30, and 
100 µg, and another group of 9 volunteers received a pla-
cebo. The two doses of 10 μg and 30 μg were given 20 days 
apart intramuscularly. The second dose was never given to 
the 100 μg group.

Based on the data collected, elevated levels of IgG were 
seen in the volunteers. The IgG level heightened in the par-
ticipants after 7 days of second dose administration (28 day 
mark), and it stayed elevated until 14 days after the sec-
ond dose administration (35 day mark). Participants who 
were administered the 100 μg dose showed an increase in 
IgG level after 21 days of taking the first dose, but it did 
not increase after that (Mulligan et al. 2020a). Elevation 
in IgG level was observed in NAb titers 21 days after the 
first dose and 7 days after administering the second dose 
(28 day mark). No observable data was there for the 100 μg 
administered group because they did not receive the second 
dose. However, some results showed no significant changes 
in 30 μg and 100 μg administered groups after the first dose. 
The data collected showed that 10 μg and 30 μg doses were 
suitable candidates, and they proceeded for future trials 
(Mulligan et al. 2020b). For the BNT162 vaccine, dose-
dependent Grade 1 to Grade 2 local or systemic reactions 
were observed. Mild or moderate pain at the injection site 
were frequent events, but for 100 μg doses, one severe event 
was noted. The common after-effects observed were head-
aches, chills, fatigue, muscle, and joint aches. These effects 
increased depending on the dose. Some severe effects after 
the second dose were resolved within a day. Fever was 
reported in a few patients post administration of first and 
second doses but was also resolved in a day. Some patients 
saw grade 3 effects like sleep disturbance and pyrexia, but 
no Grade 4 adverse effects were observed. Few patients had 
decreased lymphocyte and neutrophil count, which became 
normal after 6–8 days of vaccination, and other laboratory 
values did not change much (Mulligan et al. 2020b). A 
phase 2/3 trial was conducted on healthy adults between 18 
and 55 years and 65–85 years. The trial was a randomized, 
observer-blinded dose-escalation, placebo-controlled study 
to administer two doses at 21 days intervals. Participants 
can receive a placebo or two lipids nanoparticle formulated; 
nucleoside modified RNA vaccine candidates, BNT162b1 

or BNT162b2. BNT162b1 candidate encodes the recep-
tor-binding domain of the SARS-CoV-2, and BNT162b2 
encodes a full-length spike of SARS-CoV-2 that is a per-
fused stabilized membrane-anchored to the virus. All the 
participants were split into 13 groups of 15 participants. In 
each group, 12 participants received vaccine doses, and 3 
received placebo. BNT162b1 and BNT162b2 brought out 
similar doses that neutralized SARS-CoV-2 geometric mean 
titers (GMTs) in both younger and older adults. In older 
adults, BNT162b2 was related to lower systemic reacto-
genicity. The conclusion of the safety and efficacy evalua-
tion of BNT162 is currently underway (Walsh et al. 2020).

Vero cell

Sinopharm is working on two inactivated vaccines in coop-
eration with the Wuhan Institute of Biological Products and 
the Beijing Institute of Biological Products. Both of them 
are in phase-3 trials. JAMA Wuhan Institute of Biological 
Products released its test results for phase-1 and phase-2 
randomized, double-blinded clinical trials in the journal. 
Ninety-six participants were recruited for the Phase-1 trial. 
They were between 18 and 59 and were assigned equally in 
one of three dose groups: 2.5 μg, 5 μg, 10 μg for Global Race 
for COVID-19 vaccine, or an aluminum adjuvant placebo 
group. Three intramuscular shots at days 0, 28 and 56 were 
given to the participants (Xia et al. 2020). Adverse effects 
were reported by 20.8% of participants (5 out of 24) in the 
low dose for 7 days. For the medium-dose group, 16.7% of 
participants (4 out of 24) and the high dose group, 25% of 
participants (6 out of 24) reported adverse effects. Mild and 
self-resolving issues like pain at injection sites and fever 
were commonly reported. High NAb response, after 14 days 
of third vaccination (day 70), was recorded with seroconver-
sion being observed in the low and high-dose participant 
groups. In the medium-dose group, 95.8% of participants 
(23 out of 24) showed high NAb responses (Xia et al. 2020). 
Specific antibody response at high level was generated in 
the phase-1 trial, and all the participants' seroconversion 
were observed. For the phase-2 trial, 224 participants were 
recruited. They were between 18 and 59 years and were 
equally assigned into two double dose programs 0 days and 
14 days or 0 days and 21 days. In both the schedules, 84 
participants were administered the medium dose of 5 μg, 
and 28 participants were administered the aluminum adju-
vant placebo group. For the immunogenicity component of 
phase-2 trials, only half of the participants were analyzed in 
both groups. For example, 42 participants in the 5 μg group 
and 14 participants in the placebo group were considered 
for the 0 and 14 day schedule. However, in safety analy-
sis, 84 participants in the 5 μg group and 28 participants 
in the placebo group were analyzed. Adverse effects were 
observed for 0 and 14 days scheduled in both the groups. In 
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the 5 μg group, 6% of participants (5 out of 84) and 14.3% 
of participants (4 out of 28) experienced adverse effects for 
placebo. In the 0 and 28 days schedules, for the 5 μg group, 
19% of participants (16 out of 84) and the placebo group, 
17.9% of participants (5 out of 28) showed adverse effects 
(Xia et al. 2020). Mild, self-resolving effects like fever and 
pain at the injection site were commonly reported, just like 
trial 1. In both the schedules, the high-level reutilizing anti-
body response was observed with a 97.6% (41 out of 42) 
seroconversion for both. The specific antibody response was 
substantially higher for the 0 and 21day schedules than for 
the 0 and 14-day schedules. Seroconversion was low in the 
case of 0-and 14-day schedules which were 85.7% (36 out 
of 42), but for 0 and 21 day schedules, it was 100%. This 
result showed a correlation between the gap of the vaccine 
taken and showed a higher immune response for the vaccine 
when taken in a large gap. The response from T cells was 
not tested in any trial, so it was not concluded if the vac-
cine can cause vaccine-associated enhanced respiratory dis-
ease (VAERD) (Xia et al. 2020). The problem needed to be 
resolved in large-scale efficacy trials to check both humoral 

and cellular immune responses. The phase-2 trial report did 
not analyze all the participants for the immunogenicity com-
ponent, which could have created a false sense of security 
while interpreting the result of an elevated humoral immune 
response. Results were released for the pre-clinical trials 
by the Beijing Institute of Biological Products. In different 
animal species like rats, mice, macaques, and cynomolgus 
monkeys, the NAb response was high at all three doses (2 μg 
or 4 μg or 8 μg) along with the aluminum adjuvant (Wang 
et al. 2020a, b, c). Two doses of 2 μg were sufficient to 
elicit a high immune response. The ADE in macaques was 
also reported negative (Wang et al. 2020a, b, c). The com-
pany recruited 1120 healthy participants in the age range of 
18–59 years and conducted a randomized, double-blinded 
parallel phase 1/2 trial. There were groups according to dose 
and age dependency, which included all the participants, 
and they had to receive the inactivated vaccine or a placebo. 
Humoral and cellular responses and some adverse effects 
were observed (Chinese Clinical Trial Register (ChiCTR)—
The World Health Organization International Clinical Trials 
Registered Organization Registered Platform 2021). High 

Table 2   COVID-19 variants: Showing different names and their documentation

SARS-CoV-2 variants Designated as Earliest documented sample Designation date

Pango lineage GISAID clade WHO label

B.1.1.7 GRY​ Alpha VOC United Kingdom September 2020 18 December 2020
B.1.351 GH/501Y.V2 Beta VOC South Africa

May 2020
18 December 2020

P.1 GR/501Y.V3 Gamma VOC Brazil
November 2020

11 January 2021

B.1.617.2§ G/478 K.V1 Delta VOC India October 2020 VOI- 4 April 2021
VOC- 11 May 2021

C.37 GR/452Q.V1 Lambda VOI Peru December 2020 14 June 2021
B.1.621 GH Mu VOI Colombia January 2021 30 August 2021
B.1.427
B.1.429

GH/452R.V1 Epsilon VUM United states of America
March-2020

6 July 2021

R.1 GR VUM Multiple countries
January 2021

7 April 2021

B.1.466.2 GH VUM Indonesia November 20,202 28 April 2021
B.1.1.318 GR VUM Multiple countries

January 2021
2 June 2021

B.1.1.519 GR VUM Multiple countries
November 2020

2 June 2021

C.36.3 GR VUM Multiple countries
January 2021

16 June 2021

B.1.214.2 G VUM Multiple countries
November 2020

30 June 2021

B.1.1.523 GR VUM Multiple countries
May 2020

14 July 2021

B.1.619 G VUM Multiple countries
May 2020

14 July 2021

B.1.620 G VUM Multiple countries
November 2020

14 July 2021
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antibody response was also noticed without any significant 
adverse effect, according to the press release. After that, no 
further data was published (Covid-19 Latest News: Sinop-
harm Virus Vaccine Safe in Testing—Bloomberg 2021). 
Because of few active cases in China, the phase-3 trials are 
supposed to be conducted in the United Arab Emirates by 
Sinopharm on about 15,000 participants (Chinese COVID-
19 Vaccine Candidate the First to Start Phase 3 Clinical Tri-
als Worldwide—Global Times 2021).

Ad5‑nCoV [recombinant novel coronavirus vaccine 
(adenovirus type 5 vector)]

The People’s Republic of China military has been granted 
permission to use an Adenovirus vaccine developed by 
CanSino Biologics Inc. after clinical trials established that 
it is safe and effective (NCT04341389). Ad5-nCoV is a virus 
that produces the S protein via a replication-defective human 
Ad5 vector. This vector was used to create the Ebola vaccine 
(Ad5-EBO). CanSino Biologics Inc. developed a vaccine 
(Ad5-nCoV) and conducted clinical trials to demonstrate its 
safety and efficacy (NCT04341389). Neutralizing antibodies 
against RBD and S proteins and specific T cell responses 
increased fourfold in phase I clinical studies (Alturki et al. 
2020; Belete 2021; Zhu et al. 2020).

Johnson & Johnson

Janssen Pharmaceuticals Johnson & Johnson developed a 
non-replicating viral vector vaccine, Ad26.CoV2. S. This is 
in phase-4 of clinical trials. (WHO Vaccine landscape) The 
phase I-IIa clinical trial results showed the efficiency of the 
vaccine against the B.1.351 variant. Induction of humoral 
and cellular responses against SARS-CoV-2 original strain 
WA1/2020, B.1.1.7, CAL.20C, P.1, and B.1.351 was seen in 
twenty vaccinated participants. After 71 days of vaccination, 
median pseudo virus neutralizing antibody titres against P.1 
and B.1.351 strains were five fold and 3.3-fold lower than 
the WA1/2020 strain. The median binding antibody titers 
were lower against B.1.351 and P.1 variants than WA1/2020 
(Alter et al. 2021). For emergency use, the Food and Drug 
Administration (FDA) and WHO have approved the use of 
this vaccine. The recommended duration between the 1st and 
2nd doses is at least 47 days for people over 18 years old. The 
efficacy was seen to be 66.0% in phase-3 trials (Sheikh et al. 
2021). The phase-3 trial was randomized, double-blind, pla-
cebo-controlled, and conducted on adult participants in a 1:1 
ratio. Participants were administered a single dose (5 × 1010 
viral particles) of Ad26.CoV2.S or placebo. The efficacy and 
safety were assessed in patients having moderate to severe-
critical symptoms and negative for SARS-CoV-2 14 days 
and 28 days after Ad26.CoV2. S administration in the per-
protocol population. 19,630 negatively tested participants 

and 19,691 placebo administered participants were in the 
per-protocol population who received Ad26.CoV2.S. 464 
participants were in moderate to a severe-critical condi-
tion in 468 confirmed symptomatic cases where symptoms 
began at least 14 days after administration. The vaccine 
efficacy was observed as 66.9%. The onset of symptoms 
in 66 cases who had moderate to severe critical infections 
and 193 placebo-administered cases after at least 28 days 
of administration were observed. The efficacy was seen to 
be 66.1%. In severe-critical cases, efficacy was seen to be 
76.7% and 85.4% in cases where onset occurred at least after 
14 days of administration and 28 days of the administration, 
respectively—reactogenicity with Ad26.CoV2 S adminis-
tered cases were higher than placebo administered cases. 
Ad26.CoV2. S administered cases showed mild to moder-
ate and transient reactogenicity. Severe adverse effects were 
balanced in these two groups. The number of deaths was 3 
in the vaccine group, which were not related to COVID-19, 
and 16 in the placebo group, among which 5 cases were 
COVID-19 related. The result showed that Ad26.CoV2. S 
is effective and safe against SARS-CoV-2 (NCT04505722) 
(Sadoff et al. 2021; Stephenson et al. 2021).

Neutralization antibody and SARS‑CoV‑2 
variants

The neutralizing antibody targets the spike (S trimer) pro-
tein. The S trimer consists of 3 copies of the S1 and S2 
subunit each. The RBD of SARS-CoV-2 and other corona-
viruses at the S1 domains bind to the ACE2 receptor only 
when it is in ‘up’ confirmation. When the RBD is in ‘down’ 
confirmation, it is closed. A subset of neutralizing antibodies 
that blocks the viral entry by blocking the ACE2 receptor 
and RBD binding is isolated from the convalescent donors. 
These blocking NAbs are composed of different  heavy 
chains encoded by VH3-55, VH3-66, VH3-30, and other 
variety of heavy chains (Barnes et al. 2020; Wang et al. 
2020a, b, c; Wang et al. 2021). The neutralizing antibodies 
are essential keys in immune responses for protection and 
treatment against any viral disease. Besides, it also plays a 
significant role in virus clearance. The NAbs specific to the 
pathogen can block viral infection, can be induced through 
viral infection or vaccination (Wu et al. 2021). Many pro-
teins, including Structural and non-structural proteins of 
SARS-CoV-2, can be targeted by neutralizing antibodies. 
The two main structural proteins for targeting are nucleo-
protein and spike protein. The nucleoprotein is surrounded 
by a viral cellular membrane, making it less preferable in 
serosurvey than spike protein. The robustness of antibodies 
with better functionality and longevity remains unanswered 
(Wajnberg et al. 2020).
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In a longitudinal assessment of SARS-CoV-2 infec-
tion,  the multifaceted immune response  was found for 
3 months—individuals with mild covid-19 induced SARS-
CoV-2  specific IgG, IgG + RBD specific neutralizing 
antibodies. The memory  CD4 + immune response  was 
maintained throughout the study. Increased in NAbs, 
IgG + classical memory B cells with B cell receptors that 
formed NAbs, Th1 cytokine-producing CXCR5 + circulat-
ing T follicular helper cells and CXCR5- non-T follicular 
helper cells, proliferating CXCR3 + CD4 + memory cells, 
and IFN-gamma-producing CD8 + T cells were found in the 
recovered individuals (Rodda et al. 2021).

A preliminary study (lentiviral pseudotype assay): A 
study on the dynamics of neutralizing antibodies was con-
ducted on 30 SARS-CoV-2 infected patients coincident 
with the IgG antibody and proinflammatory cytokines dur-
ing the acute and convalescent phases to provide critical 
information to help with the COVID-19 vaccine develop-
ment. The experiment found out that there was a parallel 
correlation between the NAbs and IgG antibody levels; the 
NAbs titer increased as the IgG level increased. The NAbs 
specific to SARS-CoV-2 were low after the symptom onset 
for 7–10 days. After 3–7 weeks passed, NAb titer was shown 
to increase and reached its maiden peak on day 33. However, 
there was a decline in the NAb titer after 3 months, from 
93.3% of patients. Furthermore, a strong positive correlation 
between NAb titer and levels of plasma proinflammatory 
cytokines, including stem cell factor, TNF-related apoptosis-
inducing ligand, and macrophage colony-stimulating factor, 
was found (Wang et al. 2021).

Humoral immune responses are generally characterized 
by primary IgM antibody responses, followed by secondary 
IgG, IgA, and IgE antibody responses, linked with immuno-
logical memory. IgG, IgA, and IgE specific to SARS-CoV-2 
elicited, but IgA dominates SARS-CoV-2 neutralization 
compared to primary immune response, IgG antibody (Ster-
lin et al. 2021).

A New York-based study suggests that more than 90% 
of participants seroconvert and showed robust IgG antibod-
ies in mild to moderate SARS-CoV-2 infection. The study 
also found the stability of antibody titer for 3 months and a 
modest decline in 5 months (Wajnberg et al. 2020).

Another preliminary study (lentiviral pseudotype 
assay): NAb specific to SARS-CoV-2 are detected on days 
10–15 after the commencement of the infection and remain 
subsequently. Spike binding antibody and plasma NAbs titer 
was higher in the elderly and middle-aged patients than in 
younger patients. There was a varied titer level of NAbs in 
patients, with some having a high titer level and some hav-
ing an undetectable titer level. The study also found that the 
NAbs were positively correlated with plasma CRP levels. An 
association between the humoral and cell-mediated immu-
nity was observed as the NAbs were negatively correlated 

with the lymphocytes counts in the infected patients at the 
time of admission during the study (Wu et al. 2021). Refer 
to Fig. 3 for the activation and correlation between humoral, 
cell mediated and neutralizing antibody. 

It has been seen that patients with severe coronavirus 
disease have more functional SARS-CoV-2 specific neu-
tralizing antibodies than non-severe patients. The mean 
neutralizing antibody titer was about five-fold and seven 
folds higher in severe patients against SARS-CoV-2 pseu-
dovirus and live virus, respectively. These studies have 
significant implications for individuals involved in plasma 
therapy, the isolation of neutralizing  monoclonal anti-
bodies, and immune determinants (Wang et al. 2020a, b, 
c). Two specific monoclonal antibodies, CB6 and CA1, 
were isolated from SASRS-CoV-2 convalescent patients. 
These antibodies demonstrated robust neutralizing activity 
in vitro against the pseudo-SARS-CoV-2 virus. However, 
CB6 has better neutralizing activity than CA1. Both MAbs 
inhibit pseudovirus transduction into Huh7, Calu-3, and 
HEK293T cells (Shi et al. 2020). Currently, for COVID-19 
treatment, three monoclonal antibody products have been 
approved by FDA. These products are Bamlinivimab plus 
etesevimab, Casirivimab plus imdevimab, and Sortovimab. 
Bamlinivimab plus etesevimab distribution was first paused 
due to susceptibility concern for P.1 and B.1.1.7 variants but 
later resumed the distribution (Anti-SARS-CoV-2 Mono-
clonal Antibodies|COVID-19 Treatment Guidelines 2021). 
(https://​www.​covid​19tre​atmen​tguid​elines.​nih.​gov/​thera​pies/​
anti-​sars-​cov-2-​antib​ody-​produ​cts/​anti-​sars-​cov-2-​monoc​
lonal-​antib​odies/).

Traditional vaccine platform uses 
in COVID‑19 vaccine development

Live attenuated vaccines

Live attenuated vaccines (LAV) are the most immunogenic 
vaccines without any adjuvant due to their effectiveness 
to provoke the immune system or immunity to mimic the 
natural infection (Minor 2015). Live attenuated viruses 
contain viable viruses with low virulence properties, live 
attenuated viruses are weak enough not to cause any dis-
eases in a typical immune system. The virulence property of 
the virus is reduced or eliminated typically by site-directed 
mutagenesis or using chemicals to suppress the disease-
causing gene without losing the genome and antigenicity 
of the virus (Graham et al. 2013). They reproduce slowly 
in the body, hence providing a long-term immunity against 
the pathogen as it remains a continuous antigen source. Live 
attenuated vaccines reduce the need for booster doses with 
single immunization (Minor 2015). Protection through live 
attenuated vaccine can be lifelong because LAV elicits both 

https://www.covid19treatmentguidelines.nih.gov/therapies/anti-sars-cov-2-antibody-products/anti-sars-cov-2-monoclonal-antibodies/
https://www.covid19treatmentguidelines.nih.gov/therapies/anti-sars-cov-2-antibody-products/anti-sars-cov-2-monoclonal-antibodies/
https://www.covid19treatmentguidelines.nih.gov/therapies/anti-sars-cov-2-antibody-products/anti-sars-cov-2-monoclonal-antibodies/
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innate and adaptive immune systems; additionally, the pro-
duction is economically feasible (Vignuzzi et al. 2008). Live 
attenuated vaccines are not suitable for the elderly, children 
due to the reversion of the weakened virus to virulent strain 
again; however, this is not general for every virus (Bull 
2015). Live attenuated vaccine is mature and emerged as 
the front runner in the vaccine development for the SARS-
CoV-2 (Shin et al. 2020). New technologies like genetic 
code expansion are being used to create a high reproductive 
with a genetically stable live attenuated vaccine (Si et al. 
2016). Synthetic genomics is the most recent approach to 
synthesizing recombinant SARS-CoV-2 viruses from viral 
DNA fragments (Thao et al. 2020; Xie et al. 2020). Reverse 
genetic techniques are being used in live, weakened vaccines 
to effectively inactivate a non-structural peptide protein (nsp 
14) and remove the envelope E protein in the pathogenic 
virus (Graham et al. 2013). BCG, Bacilli Calmette-Guerin 
vaccine is a live vaccine extensively being used since 1921 
to prevent tuberculosis and leprosy (Fatima et al. 2020). 
In a phase 3 trial of the BCG vaccine (NCT04327206) in 
Western Australian hospitals, the scientist concluded that 
the BCG vaccine effectively minimized the incidence of 
SARS-CoV-2 in different hospitals of children as the vac-
cine improved the immune system and lowered the infection 
rate of SARS-CoV-2. Another study from Radboud Univer-
sity of Netherlands (NCT04328441) is going on to see the 
effectiveness of BCG on the health workers who took part 
in COVID-19 patient care. By 2022 these two studies will 
publish their results (Bhagavathula et al. 2020). Several vac-
cine development companies are working to find a suitable 
and effective vaccine worldwide. Serum Institute of India is 
now developing the Covi-Vac vaccine, which is currently in 
phase 1 of the clinical trial. Table 3 gives a brief overview 
of the live attenuated vaccine candidates.

Viral vector vaccines

Vaccines based on viral vectors use a vector which is a modi-
fied version of another harmless virus, not SARS-CoV-2, to 
deliver information and instruction to the host cells. This 
viral vector uses our cell's machinery to manufacture a non-
harmful piece of SARS-CoV-2; generally, a spike protein, 
to trigger the immune system (Understanding Viral Vector 

COVID-19 Vaccines|CDC 2021). Viruses from mammals 
have been repurposed and engineered for a variety of vac-
cine applications. For COVID-19, several non-replicating 
adenoviral vector vaccine options are being developed. The 
leading adenovirus type 5 vector (Ad5-nCoV) and chimpan-
zee adenovirus vaccine vector (ChAdOx1) are the leading 
adenoviral vectors in SARS-CoV-2 clinical trials as of 16 
March 2020 and 31 March 2020, respectively. Adenoviral 
vectors' broad tissue tropism, natural adjuvant properties, 
and scalability are all advantages. Pre-existing immunity of 
the pre-adenoviral vectored vaccine in humans is a problem 
and disadvantage for adenoviral vector platforms, as it may 
reduce the adenoviral vector efficacy (Xiang et al. 2002). 
Although pre-existing immunity to Ad5 is widespread, its 
clinical use continues, and alternatives like ChAdOx1 with 
low human seroprevalence are being established (Dicks et al. 
2012; Fausther-Bovendo and Kobinger 2014). Table 4 gives 
a brief overview of the viral vector vaccine candidates.

Gam-COVID-Vac, commonly called Sputnik-V, is a 
non-replicating adenovirus-based vaccine developed by the 
Gamaleya National Centre of Epidemiology and Microbiol-
ogy, Russia. Sputnik-V was developed using two different 
viral vectors, rAd type 26 (rAd26) and rAd type 5 (rAd5). 
Phase-I and II results showed no severe adverse effects. 
A stable humoral and cellular immune response was seen 
in almost every participant. The vaccine is in Phase-3 of 
a clinical trial. The interim clinical efficacy result showed 
the effectiveness of this vaccine in 21,862 participants in 
Moscow, Russia. The randomized, double-blind placebo-
controlled phase-3 trial showed an efficacy of 91.6% against 
SARS-CoV-2. The Ministry of Health of the Russian Feder-
ation has approved the use of the Sputnik-V vaccine. Over 50 
Countries like India, Serbia, and Belarus, ordered Sputnik-V 
from Russia (Logunov et al. 2021). The duration recom-
mended between 1st dose and the second dose is 21 days 
(Sheikh et al. 2021).

Inactivated vaccines

Vaccines that induce immunity utilizing inactivated patho-
gens have a long history in pandemic response. Although 
this type of vaccination has traditionally been the most suc-
cessful, its long processing time has disadvantaged it in the 

Table 3   Live attenuate Vaccine 
candidates in development for 
SARS-CoV-2 virus

Live Attenuated Vaccine candidates (Source: WHO as per 15th October 2021)

Candidate Dose Schedule Route of 
Administra-
tion

Phase Developer

COVI-VAC 1–2 Day 0 or
Day 0 + 28

Intranasal Phase 1
NCT04619628

Codagenix/Serum 
Institute of India

MV-014–212, expresses 
the spike (S) protein

1 Day 0 Intranasal Phase 1
NCT04798001

Meissa Vaccines, Inc
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current COVID-19 pandemic. The phase 3 clinical trial for 
the most promising SARS-CoV-2 vaccine candidates is in 
progress(Izda et al. 2021). SARS-CoV-2 viral subtypes are 
propagated using Vero (African Green Monkey) cell lines in 
this vaccine. Beta-propiolactone is used to inactivate the virus 
after it is extracted, and the viral particle is then adsorbed 
onto an adjuvant (aluminum hydroxide). Antiviral immunity 
development is being investigated at 14 and 28 days after vac-
cination, with differences in booster vaccine timing and dos-
age and an assessment of two booster doses. These inactivated 
viral vaccines tend to have fewer side effects as compared to 
other vaccine groups. The majority of systemic side effects 
were mild, with no serious ones reported, although redness 
and pain at the injection site were normal. All adverse reac-
tions were gone 72 h after the vaccine was given (Xia et al. 
2020; Zhang et al. 2020a, b). Table 5 gives a brief overview 
of the inactivated vaccine candidates.

Nano‑based vaccines in the development 
of a potential COVID‑19 vaccine

Viruses are nanoscale structures and, therefore, can be 
considered naturally produced nanomaterials; LAVs, IVs, 
and viral vectors can be examples of nanotechnologies. 

Nanoparticles and viruses have similar length scales, which 
is why nanotechnology applications to vaccine produc-
tion and immune engineering are so efficient (Shin et al. 
2020).The use of nanomaterials as a carrier of antigenic 
components is a new approach in vaccine design technol-
ogy (Fig. 4). The fundamental three interactions that are 
associated with antigen and nanoparticles are adsorption, 
entrapment, and conjugation. Nanomaterials such as nano 
polymers, liposomes, inorganic nanoparticles, carbon-based 
nanomaterials, and quantum dots are conventional vehicles 
for nucleic acid and subunit vaccines. These nanomaterials 
are already being utilized to develop vaccines for illnesses 
such as HIV, malaria, Ebola, toxoplasmosis, and influenza. 
The cellular toxicity of nanomaterials and the requirement 
for an adjuvant are the two significant limitations of nano-
based vaccines (Kato et al. 2019; Raghuwanshi et al. 2012).

Subunit vaccine

Subunit vaccines contain the antigen, typically a pathogen-
driven protein with immunogenicity that can activate the 
host immune system. Adjuvants are required for subunit 
vaccinations to boost the immune response that is safe and 
can be easily manufactured by using the technique of DNA 
recombination. Many manufactures started developing 

Table 4   Viral vector vaccine candidates for COVID-19

Viral Vector-Non -replicating (Phase 3 and above) Vaccine candidates (Source: WHO as per 15th October 2021)

Candidate Dose Schedule Route of Administration Phase Developer

ChAdOx1-S—(AZD1222) 
(Covishield)

1–2 Day 0 + 28 Intramuscular Phase 4
NCT04760132
NCT04775069
EUCTR2021-002327-

38-NL
NCT04914832
ACTRN12621000661875
NCT05057897

AstraZeneca, University of 
Oxford

Recombinant novel corona-
virus vaccine (Adenovirus 
type 5 vector)

1 Day 0 Intramuscular Phase 4
NCT04892459

CanSino Biological Inc./
Beijing Institute of Biotech-
nology

Gam-COVID-Vac Adeno-
based (rAd26-S + rAd5-S)

2 Day 0 + 21 Intramuscular Phase 3
NCT04530396
NCT04564716
NCT04642339
NCT04656613
NCT04741061

Gamaleya Research Institute; 
Health Ministry of the Rus-
sian Federation

DelNS1-2019-nCoV-RBD-
OPT1

2 Day 0 + 28 Intranasal Phase-3
ChiCTR2100051391

University of Hong Kong, 
Xiamen university and 
Beijing Wantai Biological 
pharmacy

Ad26.COV2.S 1–2 Day 0 or Day 0 + 56 Intramuscular Phase 4
EUCTR2021-002327-

38-NL
NCT05030974
NCT05037266

Janssen Pharmaceutical
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subunit vaccines using spike S spike glycoprotein and its 
fragments, including S1, S2 domain, and receptor-binding 
domain (RBD) (Uddin et al. 2020). In an experiment on 
monkeys utilizing the recombinant receptor-binding domain 
(RBD) as an antigen, viral loads were shown to be lower 
in the lungs and oropharynx, and it was beneficial in pre-
venting pneumonia in MERS-CoV (Zhang et al. 2020a, b). 
S protein N terminal domains (NTD), E, N, M, and NSPs 
similar to receptor binding domain of the S protein showed 
receptor-binding activity to carbohydrates. For instance, 
binding properties to the carbohydrate of IBV M41 strain 
is related to the N-terminal domain of the S protein; hence 
this domain can be the vaccine candidate as antigen for the 
development of a vaccine (Lan et al. 2015). Clover Biop-
harmaceuticals has constructed an S-Trimer, SARS-CoV-2 
S protein trimer vaccine utilizing its proprietary Trimer-tag 
(Uddin et al. 2020).

Moreover, Novavax Inc has developed a recombinant 
nanoparticle constructed on full-length spike glycoprotein 
of wild-type SARS-CoV-2. A robust CD4 + and CD8 + T 
cell immune response with the dominant CD4 + biased 
Th1 response phenotype was reported (Keech et al. 2020). 
Nanoparticles can be employed to target multiepitope 
formulation of a subunit vaccine. A study demonstrates 
that a nanoparticle immunogen displaying 60 RBD of 
SARS-CoV-2 with the ability to self-assemble increases 
the neutralizing antibody titer ~ 10 folds higher than the 
prefusion-stabilized spike. Further, the study stated that 
this process could be highly scalable due to the self-assem-
bly property of the immunogens, and the multiple distinct 
epitopes employed in the nanoparticle may defy the immu-
nogenic scape of the SARS-CoV-2 variants (Walls et al. 
2020a, b). Adjuvating the nanoparticle-based subunit vac-
cines can stimulate durable neutralizing antibodies against 

Table 5   Phase 3 and above Inactivated virus vaccine candidates for COVID-19

Inactivated Virus Vaccine Candidates Phase 3 and above (Source: WHO as per 15th October 2021)

Candidate Dose Schedule Route of Administration Phase Developer

BBIBP-CorV (Vero Cell) 2 Day 0 + 21 Intramuscular Phase 4
NCT04863638

Sinopharm, China National Biotec 
Group Co, Beijing Institute of Bio-
logical Products

CoronaVac 2 Day 0 + 14 Intramuscular Phase 4
NCT04756830
NCT04747821
NCT04775069
NCT04789356
NCT04754698
NCT04801888
NCT04894227
NCT04892459
NCT04911790
NCT04953325
NCT04962308
NCT04993365
NCT05057169

Sinovac Research and Development 
Co., Ltd

Vero cell 2 Day 0 + 21 Intramuscular Phase 3
ChiCTR2000034780
ChiCTR2000039000
NCT04510207
NCT04612972

Sinopharm and China National Biotec 
Group Co and Wuhan Institute of 
Biological Products

SARS-CoV-2 vaccine (vero cells) 2 Day 0 + 28 Intramuscular Phase 3
NCT04659239

Institute of Medical Biology and Chi-
nese Academy of Medical Sciences

QazCovid-in® 2 Day 0 + 21 Intramuscular Phase 3
NCT04691908

Research Institute for Biological 
Safety Problems, Rep of Kazakhstan

BBV152 2 Day 0 + 14 Intramuscular Phase 3
NCT04641481
CTRI/2020/11/028976

Bharat Biotech International Limited

VLA2001 2 Day 0 + 21 Intramuscular Phase-3
NCT04864561

Valneva, National Institute for Health 
research, United Kingdom

ERUCOV-VAC 2 Day 0 + 21 Intramuscular Phase-3
NCT04942405

Erciyes University, Turkey

Inactivated vaccine (Vero cell) 2 Day 0 + 28 Intramuscular Phase-3
NCT04852705

Shenzhen Kangtai Biological products 
Co., Ltd
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SARS-CoV-2 infection (Arunachalam et al. 2021). In ani-
mal experiments, it has been seen that several nanocarri-
ers such as ferritin, polymersomes, Heptad repeats, and 
mesoporous silica nanoparticles can elicit potent humoral 
and cell-mediated immune responses against SARS-CoV-2 
(Lam et al. 2021; Ma et al. 2020; Powell et al. 2021; Qiao 
et al. 2021). Table 6 gives a brief overview of the protein 
subunit vaccine candidates.

DNA vaccines

DNA vaccines (DVs) contain a plasmid incorporating a 
particular gene that encodes the antigens classified from 
the pathogenic microorganism. Pathogenic microorganism 
activates typically the immune system stimulated by the 
antigenic protein. However, the desired gene is now carried 
by the bacterial plasmid that delivers the antigenic encod-
ing desired gene into the host cell and translates to activate 

Table 6   Protein subunit vaccine candidates that are currently in phase 3 of clinical development

Candidate Dose Schedule Route of Administration Phase Developer

SARS-CoV-2 rS/Matrix 
M1-Adjuvant

2 Day 0 + 21 Intramuscular Phase 3
NCT04611802
EUCTR2020-004123-

16-GB
NCT04583995

Novavax

CHO Cell 2–3 Day 0 + 28 or Day 
0 + 28 + 56

Intramuscular Phase 3
NCT04646590

Anhui Zhifei Longcom 
Biopharmaceutical and 
Institute of Microbiol-
ogy, Chinese Academy 
of Sciences

VAT00002 2 Day 0 + 21 Intramuscular Phase 3
PACTR202011523101903
NCT04904549

Sanofi Pasteur + GSK

FINLAY-FR-2 anti-
SARS-CoV-2 Vaccine

2 Day 0 + 28 Intramuscular Phase 3
RPCEC00000354

Instituto Finlay de Vacunas

EpiVacCorona 2 Day 0 + 21 Intramuscular Phase 3
NCT04780035

Federal Budgetary 
Research Institution 
State Research Center of 
Virology and Biotechnol-
ogy “Vector”

CIGB-66 3 Day 0 + 14 + 28 or Day 
0 + 28 + 56

Intramuscular Phase 3
RPCEC00000359

Center for Genetic Engi-
neering and Biotechnol-
ogy (CIGB)

SCB-2019 + AS03 2 Day 0 + 21 Intramuscular Phase-3
NCT05012787

Clover Biopharmaceuticals 
Inc./GSK/Dynavax

COVAX-19 2 Day 0 + 21 Intramuscular Phase-3
IRCT20150303021315N24

Vaxine Pty Ltd./CinnaGen 
CO

MVC-COV1901 2 Day 0 + 28 Intramuscular Phase-3
NCT05011526

Medigen Vaccine Biolog-
ics + Dynavax + National 
Institute of Allergy and 
Infectious Diseases 
(NIAID)

Recombinant SARS-
Cov-2 vaccine

2 Day 0 + 28 Intramuscular Phase-3
NCT04887207
NCT04904471

West China hospi-
tal + Sichuan University

WestVac Biopharma Co., 
Ltd

BECOV2 2 Day 0 + 28 Intramuscular Phase-3
CTRI/2021/08/036074

Biological E. Ltd

Nanocovax 2 Day 0 + 21 Intramuscular Phase-3
NCT04922788

Nanogen Pharmaceutical 
Biotechnology

GBP510 2 Day 0 + 28 Intramuscular Phase-3
NCT05007951

SK Bioscience Co., Ltd 
and CEPI

Razi Cov Pars 3 Day 0 + 21 + 51 IM and IN Phase-3
IRCT20210206050259N3

Razi vaccine and Serum 
research institute
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the immune system. The DNA vaccine elicits both humoral 
and cell-mediated immunity and induces long-term immu-
nity that protects from the disease effectively in the future 
(Hobernik and Bros 2018).

Nanotechnology promises to deliver next-generation 
vaccines and fight against COVID-19 (Mufamadi 2020). 
Nanoparticle provides an alternative yet safe and poten-
tial approach in vaccine delivery systems (Theobald 
2020). Nanocarriers protect and shield the DNA vaccine 
from degradation by DNases and other enzymes (Cai 
et al. 2018). Liposomes or lipid nanoparticles, polymers, 
chitosan-based, functionalized silica nanoparticles can be 
employed in DNA vaccine delivery systems, as revealed 
in various animal experiments (Mucker et al. 2020; Tatlow 
et al. 2020; Theobald 2020; Zhao et al. 2013; Zhao et al. 
2021). The alternative ways to increase the efficiency of 
DNA vaccine delivery could be the addition of adjuvants 
and applying a transcutaneous microneedle delivery sys-
tem. In melanoma studies, microneedle applied transcuta-
neously showed a higher fold of IgG antibody and excess 
CD8 + T cell response to inhibit the melanoma. A preclinical 
study on H1N1 examined that DNA vaccine incorporated 
in liposomes can be delivered orally, resulting in higher 
IgG titer and activity of T cell response (Park et al. 2021). 
A new concept arises in COVID-19 development through 
inhalation of DNA vaccine directly by using nebulizer or 
metered-dose inhaler. If a naked DNA vaccine is delivered, 
it demonstrates lower immunogenicity. As DNA persists 
in a negative charge, it faces repulsion from the negatively 
charged lipid layer of the cell. So, a cationic nanoparticle, 
chitosan, can be a preferred delivery system to pass the 
genetic material through the mucosal surface. Chitosan has 
the advantage of mucoadhesion, non-immunogenicity, and 
high solubility (Tatlow et al. 2020). DNA vaccines can be 
administered to the host body through different routes such 
as Intramuscularly, intradermally, and subcutaneously. These 
routes primarily address the monocytes and keratinocytes 
and antigen-presenting cells near the injection site (Hengge 

et al. 1995; Marino et al. 2011; Porgador et al. 1998). DNA 
vaccines are more economically feasible, easy to manufac-
ture, and safe handling (Prazeres and Monteiro 2014). More 
than ten vaccine candidates for COVID-19 are in clinical 
trials. There were two parts to the Phase 1/2 clinical studies, 
Part A and B. Inovio recruited 40 healthy adults for part A, 
aged 19–50, to test the safety and immunological response 
of the vaccination in South Korea (Phase II/III Study of 
COVID-19 DNA Vaccine (AG0302-COVID19)—Full Text 
View—ClinicalTrials.Gov 2021). There were two parts to 
the Phase 1/2 clinical studies, Part A and B. Inovio recruited 
40 healthy adults for part A, aged 19–50, to test the safety 
and immunological response of the vaccination in South 
Korea (Phase I/II Study of Intracutaneous Inoculation of 
COVID-19 DNA Vaccine (AG0302-COVID19) 2021). In 
the various field of therapeutics, including therapy of can-
cer (Fioretti et al. 2014), infectious disease (Maslow 2017), 
allergies (Scheiblhofer et al. 2018), and autoimmune dis-
eases (Zhang and Nandakumar 2018), DNA vaccines can 
be applied. FDA and USDA have authorized vaccinations 
against canine melanoma and West Nile Virus in horses for 
veterinary use only; there are currently no fully approved 
DNA vaccines for human use (Atherton et al. 2016; Dauphin 
and Zientara 2007). However, India has recently approved 
a three-dose DNA-based vaccine (ZyCoV-D) developed by 
Zydus Cadila under emergency use authorization against 
COVID-19, the first DNA vaccine to administer in humans. 
ZyCoV-D reported 67% protection against symptomatic 
SARS-CoV-2 infection (Mallapaty 2021). Previously DNA 
vaccine clinical trial was performed against HIV to evalu-
ate the prophylactic and therapeutic effect, which was an 
early human clinical trial with DNA vaccine, there was no 
significant immune response, but potential immunogenicity 
was observed. Another clinical trial targeting the Hepatitis 
B virus showed that the humoral response was induced in 
patients who typically did not respond to the conventional 
vaccine (Rottinghaus et al. 2003). Table 7 gives a brief over-
view of the DNA vaccine candidates.

Table 7   DNA based COVID-19 vaccine candidates in phase 2 and above

DNA based Vaccine candidates currently in Phase 2/3 and above (Source: WHO as per 15th October 2021)

Candidate Dose Schedule Route of Administration Phase Developer

nCov vaccine 3 Day 0 + 28 + 56 Intradermal Phase 3
CTRI/2020/07/026352

Zydus Cadila

AG0301-COVID19 2 Day 0 + 14 Intramuscular Phase 2/3
NCT04655625

AnGes and Takara Bio and Osaka 
University

INO-4800 + electroporation 2 Day 0 + 28 Intradermal Phase 2/3
NCT04642638

Inovio Pharmaceuticals and Inter-
national Vaccine Institute and 
Advaccine (Suzhou) Biopharma-
ceutical Co., Ltd

GX-19 N 2 Day 0 + 28 Intramuscular Phase-2/3
NCT05067946

Genexine consortium
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RNA vaccine

mRNA vaccines resemble the natural infection caused by 
the virus by retaining a short synthetic viral mRNA that 
encodes only the specific required antigen (Pardi et al. 
2018). mRNA carries the information from the DNA that 
encodes the protein to the ribosome that translates the pro-
tein. Two platforms are mainly present for mRNA vaccine 
development: non-replicating mRNA and self-amplifying 
mRNA (saRNA). The self-amplifying mRNA encodes the 
specific required antigen and the whole machinery of the 
viral replication. In 1989, as therapeutics, mRNA was ini-
tially promoted as an invitro broadly applicable transfec-
tion technique (Malone et al. 1989). In recent years several 
mRNA vaccine platforms have become more advanced, 
validating the studies of immunogenicity safety and effi-
cacy like modified mRNA vaccine in Zika virus (Pardi 
et al. 2017), against Influenza A virus (Petsch et al. 2012), 
and non-viral delivery of self-amplifying RNA vaccine 
(Geall et al. 2012). Plasmids from Trinidad donkey Ven-
ezuelan equine encephalitis virus strains (VEEV) are used 
to make saRNA vaccines. The VEEV structural coding 
regions are then substituted with SARS-CoV-2 pre-fusion 
Spike protein, while the VEEV alphavirus self-amplifying 
coding region is preserved. saRNA vaccines show oppor-
tunities to make a possible vaccination as they can induce a 
more robust immune response than non-replicating mRNA 
vaccines. The spike protein and replicon contain a lengthy 
RNA sequence which is one significant drawback for 
saRNA vaccines. Arcturus/DUKE-NS, Imperial College 
in London, and the University of Washington are study-
ing the saRNA vaccine to develop a potential candidate 
against SARS-CoV-2. saRNa constructs with adjuvants 
and is embedded in different forms of nanoparticles (de 
Alwis et al. 2020; Erasmus et al. 2020; McKay et al. 2020). 
Table 8 gives a brief overview of the RNA-based vaccine 
candidates.

BNT16b2 and mRNA-1273 mRNA vaccines are among 
the most outstanding achievements in next-generation vac-
cine development that showed a significant role in filling 
the need for global vaccine demand. Both the vaccines 
are composed of lipid nanoparticles that show an efficacy 
of ~ 95% (Khurana et al. 2021). Lipid nanoparticles have 
various advantages that make them suitable as a vehicle to 
deliver mRNAs, such as the biocompatibility to human use, 
stability during the passage, efficient encapsulation of the 
informant, and increased cellular uptake in vivo (Khurana 
et al. 2021; Park et al. 2021). The 5′ and 3′ untranslated 
regions of mRNA sequences can be engineered systemati-
cally to the nanoparticle to ensure efficient delivery (Zeng 
et al. 2020).

Efficacy of the vaccines

With vaccine production and clinical trials ongoing, the 
issue about how much efficacy is required for a vaccina-
tion to be immunogenic arises. While further research is 
needed, initial research studies indicate that while an effi-
cacy of greater than or equal to 70% is required to eradicate 
the illness, a prophylactic shot with a 70% efficacy would 
still have a significant considerable influence and could lead 
to the virus’s elimination if sufficient means of social dis-
tancing are implemented (Makhoul et al. 2020). A D614G 
mutation in the spike S protein, G to A base shift from the 
original Wuhan strain, has been identified predominantly 
in Europe and has been linked to increased transmissibility 
and viral load, but further research is required to assess its 
effect on clinical outcomes (Korber et al. 2020). The D614G 
mutation is identified on the spike S protein but not in the 
RBD; instead, it is present between the individual spike 
protomers that can provide stability by hydrogen bonding, 
implies that, while it may influence the virus's infectivity, 
it should not have a significant impact on the efficacy of 
vaccines and, as a result, NAbs released against the RBD 
(Grubaugh et al. 2020). Several vaccine candidates gave 
opportunistic results toward the efficacy of hospitalized 
patients. More than a hundred and fifty vaccine candidates 
are in pre-clinical trials, which might have better efficacy 
than the current vaccine.

Rare adverse effects of COVID‑19 vaccines 
(Refer to Table 9)

Myocarditis/perimyocarditis

The mRNA vaccine (BNT162b2 and mRNA-1273) has 
shown excellent reliability to reach the global vaccine 
demand against COVID-19. However, few myocarditis/
perimayocarditis  have been reported in  young children 
adults from different countries such as the United States, 
Israel, and the European Economic area. Smallpox, Influ-
enza, Hepatitis B vaccine, Varicella vaccine are also associ-
ated with myocarditis. Israel was the first country to mass 
vaccinate all age groups, allowing a temporal correlation 
between the vaccine and potential issues to be described. 
Israel reported at least 60 first cases in April, then the US 
Ministry of Defence tracked 14 at the same time, followed by 
European Medical Agency in May with 107 cases of myo-
carditis within young males. From 19 December 2020 to 11 
June 2021, 1226 cases of myocarditis were reported to Vac-
cine Adverse Event Reporting System. The cases are mild 
and temporarily  exist but can cause severe effects on 
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adolescents. Pleuritic chest pain, dyspnoea, or palpitations 
are the symptoms that can be noticed especially in younger 
children with myocarditis besides, epigastric pain, profuse 
sweating, tachycardia, hypotension can also be observed in 
some cases (Albert et al. 2021; Hasnie et al. 2021; Maron 
et al. 2021; McLean and Johnson 2021; Patrignani et al. 
2021; Snapiri et al. 2021; Vogel 2021). According to multi-
ple case reports, most of the symptoms for myocarditis arise 
within 1–4 days after the first or second dose vaccination of 
BNT162b2 or mRNA-1273. Younger males, 12–29 years, 
are predominantly affected; however, a 56-year-old case 
was also reported with previously SARS-CoV-2 infection but 
was healthy at the time of vaccination (Maron et al. 2021; 
McLean and Johnson 2021; Patrignani et al. 2021; Snapiri 
et al. 2021). Cardiac magnetic resonance imaging was an 
effective tool for the diagnosis of myocarditis. Elevated 
troponin level was reported in almost every case; in some 

cases, creative protein and creatine kinase, CK-MB, and 
B-type natriuretic peptide levels were also reported higher 
(Albert et al. 2021; Hasnie et al. 2021; Maron et al. 2021; 
McLean and Johnson 2021; Patrignani et al. 2021; Snapiri 
et al. 2021). Different drugs were introduced to treat and 
elevate the symptoms of myocarditis. Aspirin, colchicine, 
ibuprofen, beta-blockers, steroids or corticosteroids, intrave-
nous anti-inflammatory drugs were used for the recovery of 
patients (Albert et al. 2021; Hasnie et al. 2021; Maron et al. 
2021; McLean and Johnson 2021; Patrignani et al. 2021; 
Vogel 2021).

Thrombosis with thrombocytopenia syndrome (TTS)

Thrombosis with thrombocytopenia syndrome (TTS) 
involving acute arterial and venous thrombosis is a rare 
side effect reported in few vaccine candidates. On 13th 

Table 8   RNA based vaccine currently in phase 3 or above in clinical development for COVID-19

RNA based Vaccine candidates currently in Phase 3 and above (Source: WHO as per 15th October 2021)

Candidate Dose Schedule Route of Administration Phase Developer

mRNA -1273 2 Day 0 + 28 Intramuscular Phase 4
NCT04760132
NCT04792567
NCT04885907
EUCTR2021-002327-38-NL
EUCTR2021-003388-90-NL
NCT04952402
EUCTR2021-003618-37-NO
NCT04969250
NCT05030974
NCT05047718

Moderna, National Institute of 
Allergy and Infectious Dis-
eases (NIAID)

BNT162 (3 LNP-
mRNAs) /Comir-
naty

2 Day 0 + 21 Intramuscular Phase 4
NCT04760132
ACTRN12621000661875
EUCTR2021-000412-28-BE
EUCTR2021-002327-38-NL
NCT04780659
NCT04775069
EUCTR2021-000893-27-BE
EUCTR2021-000930-32-BE
NCT04852861**
NCT04878211
EUCTR2021-003388-90-NL
EUCTR2021-003618-37-NO
NCT04955626
NCT04952766
NCT04969250
NCT05047718
NCT05057169
NCT05057182

Pfizer/BioNTech, Fosun Pharma
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April 2021, the FDA and CDC paused the vaccine use 
because of associated risk factors, mainly in women 
aged < 50. AstraZeneca and Janssen are adenoviral 

vector-based vaccines that showed similar cases of TTS in 
Europe and the U.S., respectively. Out of 15 TTS patients, 
12 had cerebral venous sinus thrombosis (CVST) after 

Table 9   List of common and rare side effects post COVID-19 vaccination

Vaccine candidates Common side effects Rare side effects

AstraZeneca Pain in arms
Influenza like symptoms
Nausea

Thrombosis with thrombocytopenia syndrome (TTS)

Pfizer (BNT162) Allergy
Pain, redness, swelling at injection site
Fever
Fatigue
Headache
Nausea
Vomiting
Itching
Chills
Joint pain

Anaphylactic shock (rare)
Myocarditis (Rare)

Moderna (mRNA-1273) Allergy
Pain, redness, swelling at injection site
Fever
Fatigue
Headache
Nausea
Vomiting
Itching
Chills
Joint pain

Anaphylactic shock
Myocarditis

Johnson & Johnson Pain, redness, swelling at injection site
Fever
Fatigue
Headache
Muscle pain
Chills
Joint pain
Nausea
Vomiting

Thrombosis with thrombocytopenia syndrome (TTS)
Guillain–Barre syndrome(GBS)

CoronaVac
(Sinovac Biotech)

Injection site pain
Fatigue
Muscle pain
Diarrhea

Bell’s palsy

Vero cell (Sinopharm) Injection site pain
Fatigue
Headache
Lethargy
Tenderness
Backpain
Nausea
Abdominal pain

Abdominal discomfort
Loss of smell
Facial swelling
Tinnitus

Ad5-nCoV (CanSino) Injection site pain
Fever
Fatigue
Headache
Muscle pain

No serious adverse effect has been reported

Sputnik V Flu-like illness
Injection site pain
Headache
Asthenia

No serious adverse effect found post vaccination
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Janssen vaccine administration. Among 15 patients, 13 
TTS-affected women were 18–49 years old, and two were 
of age > 50. Some had a medical history of obesity, hyper-
tension, hypothyroidism, and oral contraceptive use (Mac-
Neil et al. 2021). The European Medicines Agency (EMA) 
claims that blood clotting because of low platelet count 
is a “very rare” (D’agostino et al. 2021; Mahase 2021) 
and possible side effects of COVID-19 vaccination. EMA 
reported 8 cases in the U.S due to the Janssen vaccine, 287 
cases in Europe because of AstraZeneca vaccine, 25 cases 
for Pfizer, and 5 cases for Moderna vaccine since 4th April 
(Mahase 2021; Mohseni Afshar et al. 2021).

The blood clots were observed in unusual body parts like 
the brain and abdomen. EMA reported 86 people with blood 
clots in the abdomen and brain after 2 weeks of AstraZen-
eca vaccine administration. Some of them were not even 
administered heparin but showed heparin-induced throm-
bocytopenia (HIT) (Ledford 2021). The treatment method 
for Vaccine-induced thrombotic thrombocytopenia (VITT) 
is almost similar to the HIT. Any administration of Heparin 
or platelet transfusion should be stopped. Possible treatment 
methods are high doses of intravenous immunoglobulins 
(IVIG), non-heparin-based anticoagulants, corticosteroid 
administration, and plasma exchange. After clinical stabi-
lization, oral anticoagulants such as apixaban, rivaroxaban 
can be given (Iba et al. 2021; Mohseni Afshar et al. 2021; 
Siegler et al. 2021).

Neurological effects

Post COVID-19 vaccination, rare neurological effects have 
been reported in a few patients. A 61-year-old man and an 
82-year-old woman developed the Guillain–Barre Syndrome 
(GBS) post-vaccination with Pfizer (Waheed et al. 2021) and 
Moderna (Matarneh et al. 2021) vaccines, respectively. GBS 
is an inflammatory polyradiculoneuropathy disease affect-
ing peripheral nerves and nerve roots, associated with viral 
infections. In both cases, symptoms like difficulty in walk-
ing, weakness in extremities and muscles were common. 
In the 82-year-old lady, symptoms like body ache started 
after the first week of administration and worsened during 
the second week. Lumbar puncture and cerebrospinal fluid 
analysis confirmed the development of GBS. Intravenous 
immunoglobulin (IVIG) was given for treatment for up 
to 5 days, and after 3 days, improvement was observed in 
her (Waheed et al. 2021). In the 61-year-old male, symp-
toms like weakness in proximal and upper extremities were 
reported 4 days after receiving the second dose of Moderna 
vaccine. His cerebrospinal fluid analysis and electrodiag-
nostic tests showed an acute demyelinating polyneuropa-
thy. After 5 days of IVIG administration, his condition also 
improved (Matarneh et al. 2021).

Severe allergic reactions/anaphylaxis

The mRNA vaccines Moderna and Pfizer/BioNTech have 
been reported to cause life-threatening allergic reaction ana-
phylaxis in different countries, including the United States, 
the United Kingdom, and Singapore (Garvey and Nasser 
2021; Lim et al. 2021; Shimabukuro 2021a). In the United 
States, VAERS reported 108 cases and 175 cases of severe 
allergic reaction post-vaccination (in some cases first dose or 
second dose) of Moderna and Pfizer, respectively. 10 (from 
108 cases) and 21 (from 175 cases) patients were determined 
as anaphylaxis from these cases. In the United States, it is 
determined that the rate of anaphylaxis for Pfizer and Mod-
erna is 2.7 and 11.1 cases per million doses, respectively 
(Shimabukuro 2021a, b). The mRNA vaccines are carried 
by lipid nanoparticles that contain an excipient called PEG-
2000 and polysorbate. There are some structural similarities 
between Polysorbate and PEG molecules. The cause of these 
rare adverse effects is unclear, but it has been postulated 
that the polyethylene glycol (PEG) in BNT62b2 and poly-
sorbate-80 in mRNA-1273 could be the culprit (Garvey and 
Nasser 2021; Pegs and Interestingly 2021; Sellaturay et al. 
2021). Several reports indicate that people with a history of 
an allergic reaction, PEG allergic, asthma, rhinitis, and urti-
caria are more prone to develop severe allergic reactions (Do 
et al. 2021; Lim et al. 2021; Sellaturay et al. 2021; Shima-
bukuro 2021a, b). From the 108 and 175 cases, 10 cases 
(9 with previous allergic history) and 21 (17 with previous 
allergic history) cases of anaphylaxis were found, respec-
tively (Shimabukuro 2021a, b). Symptoms such as edema, 
globus sensation, rash, wheezing, flushing, breathlessness, 
throat closure, and swelling, and generalized urticaria 
were reported through various case studies (Do et al. 2021; 
Garvey and Nasser 2021; Lim et al. 2021; Sellaturay et al. 
2021; Shimabukuro 2021a). The onset of symptoms var-
ies from minutes to hours; however, the median onset time 
post-vaccination was recorded about 7.5 min (actual range is 
1–45 min) in Moderna and 13 min (actual range 2–150 min) 
in the Pfizer vaccine (Shimabukuro 2021a, b). The reported 
patients were administered with intramuscular injection of 
epinephrine as a treatment due to the life-threatening nature 
of anaphylaxis (Shimabukuro 2021b).

Orofacial effects

The two main mRNA vaccines for COVID-19, BNT162b2 
(Pfizer-BioNTech) and mRNA-1273 (Moderna) have shown 
orofacial side effects in a few people. Data collected from 
the United States, Canada, the European Union, and the 
United Kingdom showed common side effects such as swell-
ing of lips, face, throat, and tongue. A rare side effect like 
temporary one-sided facial drooping, otherwise called Bell’s 
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palsy, in people who previously used cosmetic injections 
on their faces was reported by healthcare providers (Cirillo 
2021; Sofi-Mahmudi 2021).

Rare side effects in cancer patients

In a few cancer patients and non-cancer patients with or 
without any family history of cancer, side effects like axil-
lary lymphadenopathy at the ipsilateral injection site were 
reported after BNT162b2 (Pfizer-BioNTech) and mRNA-
1273 (Moderna) administration. A clinical test report of 
five patients with unilateral axillary lymphadenopathy 
showed that they were administered the COVID-19 vaccine 
(Özütemiz et al. 2021). The PET/CT, MRI, US, Mammo-
gram, and histopathological tests of affected patients aged 
32–59 showed benign lymph node reactivation. The thick-
ness and diameter after administration of the vaccine were 
different from before. According to the Center for Disease 
Control and Prevention (CDC), axillary adenopathy at the 
injection site/arm was reported as a typical local reaction 
after Moderna vaccine administration. In the 18–64 age 
group, the adenopathy was seen after the first dose and sec-
ond dose administration in 11.6% and 16% of people, respec-
tively. People administered with Pfizer vaccine reported 
adenopathy after 2–4 days of vaccination which made clear 
relation between lymphadenopathy and vaccines (Hiller 
et al. 2021; Mehta et al. 2021; Özütemiz et al. 2021).

Shingles

After administration of COVID-19 Vaccine, a 68-year-
old male, having a past medical history of hypertension, 
anxiety, and dysrhythmia, reported varicella-zoster virus 
(VZV) reactivation. His symptoms were stinging sensation, 
and pain emerged from right chest to back. Few pinheaded 
vesicular lesions were observed in his right mammary area 
and back, which started 5 days after his second dose vaccina-
tion. Treatment started with the administration of valaciclo-
vir, paracetamol for pain, and a cream for the lesions (Aksu 
and Öztürk 2021). A study of ninety-one patients suffering 
from shingles or varicella-zoster virus (VZV) reactivation 
post-COVID-19 vaccination was done. The results showed 
that sixteen had hypertension, twelve had autoimmune dis-
orders, and nine were on immunosuppressants among all 
the participants. All of them developed symptoms of VZV 
reactivation after 5.8 days of vaccination. Valacyclovir oral 
administration was used for treatment (Triantafyllidis et al. 
2021).

ANCA‑Associated Vasculitis and Glomerulonephritis:

After administration of the COVID-19 vaccine, the onset 
of Antineutrophil cytoplasmic antibody ANCA-Associated 

Vasculitis (AAV) has been observed in a few people. AAV 
is a small vessel vasculitis that occurs by the presence of 
antibodies in cytoplasmic granules of neutrophils. After 
the first dose of Pfizer-BioNTech vaccine administration in 
a 78-year-old woman, renal-limited anti-myeloperoxidase 
(MPO) was onset. The woman had a past medical history 
of type-2 diabetes, hypertension, and paroxysmal atrial 
fibrillation—symptoms like nausea, vomiting, and diarrhea 
post-vaccination in early February 2021. Sixteen days post-
vaccination and a few weeks post-vaccination showed an 
improvement in her urinalysis and serum creatinine level. 
However, after the second dose administration, she observed 
nausea, vomiting, diarrhea, and a new symptom-lethargy. 
Her abdomen and pelvis tomography result was normal, but 
the manual urine microscopy confirmed that her anti-MPO 
antibody titer was elevated. For 3 days, she was adminis-
tered intravenous methylprednisolone and prednisone 1 mg/
kg after that, daily. The kidney biopsy and light microscopy 
confirmed that she had crescentic necrotizing glomerulone-
phritis and moderate interstitial inflammation. The immuno-
fluorescence showed that she had pauci-immune glomerulo-
nephritis and was diagnosed with renal-limited MPO-AAV. 
After administration of rituximab, her serum creatinine level 
improved to 2.25 mg/dL during discharge, and after a month 
of follow-up, it fell to 1.75 mg/dL (Shakoor et al. 2021). 
A similar case of ANCA-glomerulonephritis was observed 
in a 52-year man 2 weeks post vaccination with Moderna 
mRNA vaccine. On April 15, 2021, the person reported a 
headache that started the day after his vaccination. He had 
hypertension in the past. Serological tests, Kidney biopsy, 
and immunofluorescence confirmed the person had pauci-
immune necrotizing and crescentic glomerulonephritis. 
Rituximab and continuous dialysis were used for treatment 
(Sekar et al. 2021). In another study conducted on thirteen 
people (age between 19 and 83), eight people showed onset 
of Glomerulonephritis, and five people had relapsed after 
being vaccinated with mRNA COVID-19 vaccine candidates 
like Moderna and Pfizer. mRNA vaccines are effective in 
inducing immune response immediately. However, the onset 
of such rare side effects in a few people has been creating 
hesitancy, and in the future, more experimentation is needed 
to solve these side effects (Klomjit et al. 2021).

Conclusion

A vaccine is required to halt the worldwide spread of the 
SARS-CoV-2 virus. Any consistent, reliable vaccine, safe, 
long-lasting, and widely available is a suitable candidate. 
However, viral particles can evolve and mutate, making vac-
cines ineffective; consequently, creating an effective and 
safe vaccine in advance of potential SARS-CoV-2 variant 
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outbreaks is necessary. A vaccination with higher safety and 
fewer side effects is required, and a single vaccine that is 
effective to all age groups, including hospitalized patients, is 
essential. Despite substantial progress and favorable outcomes 
from vaccine candidate trials, many problems remain, along 
with logistical challenges of mass manufacturing and distribu-
tion of millions or billions of doses to the global population, 
which will undoubtedly be the biggest bottleneck in the pipe-
line. However, both conventional and next-generation vac-
cines gave an opportunistic approach to whether the nanotech-
nology-based vaccine needs more research and collaborations 
for future vaccine development against infectious disease.
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