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Abstract
Presently, immunoinformatics and bioinformatics approaches are contributing actively to COVID-19 vaccine research. The 
first immunoinformatics-based vaccine construct against SARS-CoV-2 was published in February 2020. Following this, 
immunoinformatics and bioinformatics approaches have created a new direction in COVID-19 vaccine research. Several 
researchers have designed the next-generation COVID-19 vaccines using these approaches. Presently, immunoinformatics has 
accelerated immunology research immensely in the area of COVID-19. Hence, we have tried to depict the current scenario 
of immunoinformatics and bioinformatics in COVID-19 vaccine research.

Keywords  Immunoinformatics · Bioinformatics · COVID-19 vaccine research · Vaccinogenomics

The COVID-19 vaccines have rolled out worldwide, and the 
vaccination program has started in different countries. More 
than 13 approved vaccine candidates are being used through-
out the world for the mass vaccination program. Among 
them, Pfizer (BioNTech mRNA vaccine: BNT162b2) and 
ModernaTX mRNA vaccine (mRNA-1273) are the first 
approved vaccines, which have shown excellent efficacy 
(95% and 94.1%, respectively) (Chakraborty et al. 2021a, 
b). These vaccines are capable of reducing COVID-19 infec-
tion. However, DNA-based (Ad5-nCoV) and peptide-based 
(EpiVacCorona) vaccines are also being used for vaccina-
tion (Table S1). Most of the vaccines are based on viral 
S (Spike) protein as the vital vaccine antigen. If we look 

back at the COVID-19 vaccine research scenario, the first 
vaccine research against SARS-CoV-2 was initiated using 
immunoinformatics.

The first vaccine construct of the SARS-CoV-2 was 
reported in the Journal of Medical Virology on 28 Febru-
ary 2020 online (Bhattacharya et al. 2020a). Chakraborty 
and his colleagues are the first group of researchers who 
have developed a next-generation epitope-based peptide 
vaccine construct, and the vaccine construct was gener-
ated through immunoinformatics. Moreover, Chakraborty 
and his colleagues analyzed this vaccine’s stability, safety, 
and efficacy through immunoinformatics, showing that this 
next-generation vaccine candidate is safe and immunogenic 
(Bhattacharya et al. 2020b). Likewise, some vaccine devel-
opment companies have used immunoinformatic techniques 
to search for the most antigenic epitope for the vaccine can-
didate development.

After the beginning of COVID-19 in December 2019 in 
China, WHO declared a health emergency on 30 January 
2020. Since then, researchers have intensified the search 
for therapeutics against SARS-CoV-2 (Baden and Rubin 
2020). Several clinical trials have been performed in this 
direction, where more than 100 countries have participated. 
A report shows that 3754 clinical trials had been completed 
for COVID-19. It has been noted that some of these clini-
cal trial results had not been updated in trial repositories 
(Rodgers et al. 2021). Quite a few therapeutics have given 
better results in clinical trials for severe COVID-19 patients 
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until today. Some therapeutic molecules have proven helpful 
for the treatment of COVID-19, which includes remdesivir 
(an antiviral molecule), baricitinib (an immunosuppressive 
molecule), dexamethasone (an immunosuppressive mol-
ecule), and some monoclonal antibodies (Collins 2021). 
At first, most researchers tried to search for therapeutics by 
repurposing existing drugs. However, selected drugs have 
not provided accurate and successful outcomes. Therefore, 
the only way to stop the pandemic is to vaccinate the people 
to develop immunity against COVID-19 by using approved 
vaccines. Presently new SARS-CoV-2 variant (VOC; vari-
ants of concern and VOI: variants of interest) are a concern 
for the whole world. The vaccine candidate using alterna-
tive multi-epitopes for Wuhan strain and significant variant 
can be a solution (Bhattacharya et al. 2021). Collectively, it 
has been well accepted that the vaccine is the only effective 
option to stop this pandemic situation.

Immunoinformatics and bioinformatics have a signifi-
cant role in COVID-19 vaccine research, especially in anti-
genic epitopes selection and vaccine construct development 
(Fig. 1). Bioinformatics, immunoinformatics, vaccinog-
enomics, structural biology, and molecular dynamics simu-
lations have contributed significantly to COVID-19 vaccine 

research. It was observed that several vaccine constructs 
were developed using immunoinformatics and bioinformat-
ics. We performed PubMed search and found that approxi-
mately 24 vaccine constructs have been developed through 
immunoinformatics and bioinformatics to date (Table 1). 
Simultaneously, several scientists identified T cell epitopes, 
B cell epitopes, and common T and B cell epitopes (Table 2) 
(Chakraborty et al. 2021c). The selected epitopes have sug-
gested that the identified common epitopes can be used for 
vaccine construct development. However, the researchers 
did not further analyze the identified epitopes to develop 
vaccine constructs, having several essential parameters like 
allergenicity and immunogenicity, utilizing immunoinfor-
matics and bioinformatics.  

It was observed that only a few groups of scientists 
developed the vaccine construct against SARS-CoV-2 
and performed docking with the Toll-like Receptor (TLR) 
group of molecules to understand the TLR based down-
stream regulation of the protective/adaptive immunity. 
Simultaneously, quite a few scientists have analyzed the 
complex stability with molecular dynamics simulation. 
Furthermore, we have found that a small number of scien-
tist groups evaluated the vaccine construct’s allergenicity 

Fig. 1   Schematic representation showing a flowchart of next-generation COVID-19 vaccine development through immunoinformatics. We have 
highlighted different tools, databases and servers which are using by the researchers for the vaccine development through immunoinformatics
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and immunogenicity. Even few researchers have performed 
normal mode analysis (NMA) analyses, in-silico cloning 
of vaccine candidates, and analyzed the physicochemical 
properties using immunoinformatics and bioinformatics. 
Analysis of the physicochemical properties is necessary 
to understand the solubility, molecular weight, theoreti-
cal isoelectric point (pI), estimated half-life, instability 
index, aliphatic index, and grand average of hydropathic-
ity (GRAVY) of the vaccine candidate. All these steps are 
very crucial for evaluating a successful vaccine construct 
while utilizing bioinformatics and immunoinformatics.

On 10 January 2020, the Chinese research group was the 
first to sequence the SARS-CoV-2 genome. Zhang and his 
colleagues sequenced the genome at Fudan University and 
made it publicly available in GenBank (Fan et al. 2020; 
Triggle et al. 2020). After the availability of the genome 
sequence in GenBank, several researchers started to iden-
tify the antigenic epitopes using the sequence through 
immunoinformatics and bioinformatics. Immunoinfor-
matics approaches for COVID-19 vaccine research were 
triggered because of two reasons. Firstly, this approach 
can design the vaccine rapidly (Fig. 2). Secondly, there 
was an urgency for the COVID-19 vaccine throughout the 
globe. Most researchers targeted viral spike (S)-protein in 
their vaccine design analysis to identify the epitopes as it 
was found from the previous studies that S-protein has the 
maximum antigenic epitope regions (Dai and Gao 2020). 
In addition, the previous studies have also shown that S 
glycoprotein in the other coronaviruses (SARS-CoV-1, 
MERS-CoV-2) has the highest antigenic epitopes. So, this 
knowledge of the prior research helped the researchers to 
develop the COVID-19 vaccine candidates quickly. Alter-
natively, several researchers also tried to identify epitopic 
areas from other structural proteins (M protein, E protein, 
N protein)/ proteome along with S-protein.

We have performed a comprehensive, advanced search 
on PubMed with the keywords "immunoinformatics" and 
"COVID-19" and found that 88 articles have been pub-
lished so far on this topic (Fig. 3). Most of the article 
deals with the immunoinformatics-based vaccine develop-
ment, the safety and efficacy analysis of vaccine construct, 
and different immunological component analyses related 
to SARS-CoV-2. The immunoinformatics approach has 
also been applied to find out different vaccine constructs 
for other coronaviruses (SARS-CoV-1, MERS-CoV-2). 
Few of them even have tried to develop a trivalent subu-
nit vaccine construct for three emerging coronaviruses 
using immunoinformatics approaches. Several immuno-
informatic databases have been developed to illustrate 
the immunogenicity and virulence of glycoproteins of 
coronaviruses and others. One such example of a data-
base is DBCOVP which provides the information about 
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conserved B cell, and T cell epitopes predicted from the 
protein (Sahoo et al. 2021).

Epitope-based COVID-19 vaccines are the next-gener-
ation COVID-19 vaccines, posing a highly antigenic part 
and an adjuvant. The antigenic component is also selected 
through the common epitopes (B and T cell) selection 
procedure. It can be more effective in generating adaptive 
immunity. Also, the vaccine can trigger innate immunity 
and stimulate the secretion of protective cytokines through 
interaction with TLRs. However, these vaccines have shown 
some limitations. One such limitation observed was blood 
clot formation after using the COVID-19 vaccine made by 
AstraZeneca (Wolf et al. 2021). Other types of vaccines (live 
attenuated COVID-19 vaccine) also have some limitations. 
For example, live attenuated vaccines may suffer secondary 
mutation, which can revive virulence from the attenuated 
microorganism and lead to the occurrence of disease.

Immunoinformatics is now at the forefront of the 
development of the next-generation COVID-19 vaccine. 
Recently, Ishack and Lipner have published a significant 
commentary that described the immense role of immu-
noinformatics and bioinformatics on COVID-19 vaccine 
development (Ishack and Lipner 2021). However, there are 
several challenges ahead for immunoinformatics in vaccine 
research that need to address instantly. Firstly, advance-
ment in the development of algorithms for immunoinfor-
matics and bioinformatics. These algorithms will help to 
perform a more accurate and faster calculation without 
any computational errors. Secondly, some algorithms are 
available to illustrate the adaptive and innate immunity 
scenario after vaccination; however, more research data 
(in vitro and in vivo) is required to validate their claim. 
Thirdly, consideration of several factors associated with 
effective multi-epitope vaccine construct activity, such 
as the combination of epitopes and peptide linkers. One 
such example is that the stability of the vaccine candidate 
depends on the linker peptide. Fourthly, no epitope-based 
vaccine has thrived against some diseases until today (e.g., 
HIV, malaria). For these diseases, the causative organ-
ism possesses several antigenic proteins. In these cases, 
epitopes of these proteins are not adequately mapped, and 
the highly potent antigenic protein is difficult to identify. 
Therefore more extensive researches are required in this 
direction. However, soon, immunoinformatics will address 
all the challenges for COVID-19 vaccine research and help 
to design next-generation vaccines for all the infectious 
diseases and neglected diseases in coming times.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10989-​021-​10254-4.

Fig. 2   Some important milestone of immunoinformatics and bioinformatics studies that stimulated the next-generation vaccine research against 
SARS-CoV-2

Fig. 3   PubMed search using keywords “immunoinformatics” and 
“COVID-19” which illustrated the number of publications of immu-
noinformatics based COVID-19 research in the year of 2020 and 
2021 (up to June)
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