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Introduction
Applications of bioinformatics pipelines are indispensable in 
enabling predictions of potential biomolecules that aid the 
mechanism of action, treatment, and prevention of infectious 
diseases. The use of bioinformatics tools and techniques to ana-
lyze biological data generated from genomics, transcriptomics, 
proteomics, and structural omics is gaining tremendous momen-
tum and providing solutions to urgent biological problem.1

With the increasing number of databases and various 
curated online repositories, bioinformatics has become a verita-
ble platform for data obtained from epidemiological studies to 
be analyzed. Through this means, pathogen identification, 
molecular pathogenesis, and emerging diagnostic methods are 
highly feasible. In recent times, bioinformatics is used in con-
cert with next generation sequencing techniques in the diagno-
sis of infectious bacterial and viral diseases.2-4

These omics tools have revolutionized the methods in vac-
cinology and drug repurposing. Proteomics and transcriptom-
ics can be used as complementary approaches to genomics, for 
instance, to identify surface proteins during host-pathogen 
interactions.5

In the past, traditional screening for lead compounds in vac-
cine and drug production took years to attain. Several compu-
tational pipelines were used to predict vaccine candidates 

before further validation for clinical trials. To improve on the 
process, new approaches were developed to reduce the duration 
and cost involved in drug production, particularly with the aid 
of sophisticated computational pipelines. For vaccines, predict-
ing antigenic peptide components, selecting immunogenic car-
riers amid arrays of immuno-adjuvants that speed up 
immunogenic response could be achieved using these compu-
tational pipelines.6

In December 2019, an unprecedented pneumonia disease 
outbreak was reported in Wuhan, China.7 There was a global 
rapid spread of the disease from the epicenter to the rest of the 
world, with thousands of infected persons and several reported 
death cases, elevating the disease to a pandemic.7 By December 
31, 2019, the disease outbreak was traced to a novel strain of 
coronavirus,7 which was later termed SARS-CoV-2 (severe 
acute respiratory syndrome coronavirus 2) and the disease 
COVID-19 by the World Health Organization (WHO).7

SARS-CoV-2 has since been identified as a new strain from 
group 2B Coronaviruses, with approximately 70% genetic 
homology to SARS-CoV from the 2003 outbreak.8 Because 
the virus has a 96% similarity to a bat coronavirus, it is widely 
suspected to originate from bats.9,10 The pandemic resulted in 
unprecedented nationwide and international travel restrictions 
for several countries, alongside grievous economic upheavals.7 
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In the search for solutions, developing a universally available 
therapeutic vaccine and drug is critical.

Coronaviruses are responsible for respiratory tract infec-
tions that range from mild cases of the common cold and low 
fever, to more severe cases of SARS (severe acute respiratory 
syndrome), MERS (Middle East respiratory syndrome), and 
COVID-19.8 In the face of the current COVID-19 pandemic, 
the comprehensive application of bioinformatics techniques on 
relevant genome sequences deposited in online repositories 
could tremendously aid the search for a potent vaccine and 
drug that will combat the spread of the virus. The objective of 
this study therefore is to assess the different computational 
tools employed, alongside their suitability in the development 
of vaccine candidates and therapeutic targets required to effec-
tively combat the menace of the current pandemic.

In this review, we will categorically discuss the applications 
of computational pipelines and algorithmic intricacies that 
have tremendously facilitated in the quest for the development 
of vaccines and drugs for COVID-19 infection. We will also 
summarize and make reference to few works that contributed 
in providing much insights of the applications of bioinformat-
ics in providing solutions to COVID-19 biological questions.

Applications of Bioinformatics in Vaccine Design for 
COVID-19 Treatment
Since the advent of the COVID-19 pandemic, research has 
been accelerated to develop a potent vaccine candidate against 
the viral disease. This has produced unprecedented levels of 
synergy between government, academic, and private organiza-
tions that have come to work together to rapidly develop vac-
cines and antibody countermeasures targeted against the 
structural and non-structural proteins of the viral genome.11 
Such partnerships leverage on available technologies, including 
bioinformatics to accelerate response to the rampaging disease. 
This has resulted in the fastest vaccine development initiatives 
known in history, with some groups developing vaccine candi-
dates and attaining clinical trials within few months. Presently, 
there are several bioinformatics approaches to design and 
develop safe, stable, and effective vaccines through reverse vac-
cinology, immune-informatics, and structural vaccinology.

Reverse vaccinology (RV) is a process of vaccine develop-
ment that involves the identification of novel antigens through 
analysis of the genomic information of an organism.12 A meth-
odology relies on bioinformatics tools to identify target aller-
gens using information on the genetic makeup of the pathogen. 
RV is able to reveal the genes that encode proteins that could 
lead to good epitopes.12-15 It employs relevant software systems 
and programs to identify the open reading frames (ORFs) of 
the organism’s genome and determine various antigenic and 
physicochemical properties associated with the antigenic 
epitopes using tools such as the VaxiJen server.16

RV is cost-effective and reduces the time spent in the tradi-
tional drug design approach. It refines the number of proteins 

to be studied and enables the identification of antigens present 
in small amounts or that are expressed only at certain stages in 
the organism’s life cycle. It speeds up allergen selection process 
and allows for the study of pathogens that cannot be cultivated 
in vitro.14-17

The feasibility of RV is dependent on the availability of 
genomic information for the pathogen. Where available, it is 
possible in theory to identify all the antigens seen by conven-
tional means and novel antigens that work on a very different 
concept. RV has been used in COVID-19 vaccine design by 
few researchers,18,19 leveraging on the available SARS-COV-2 
genome sequence information. In addition, it has been 
employed in the development of multi-epitope chimeric vac-
cines against the SARS-COV-2.20-24

Immuno-informatics, ie, bioinformatics approach to immu-
nology, involves the analysis of the complete information on an 
organism’s immunomics (ie, all genes and proteins of cells that 
take part in mounting immune responses), and using the gen-
erated data to make predictions of immune responses against 
specific molecules.17 Immuno-informatics methods have been 
employed in the determination of the humoral and cellular 
immune cells attachment sites (ie, epitopes) on COVID-19 
virus. Various immuno-informatics tools have also been used to 
predict whether a region of the SARS-COV-2 genome, usually 
a protein, can generate an immune response by itself. This is 
referred to as antigenicity test and includes TEpredict, 
CTLPred, NetMHC, and Epitopemap. Some research has 
employed deep learning and machine learning algorithms to 
predict potential immunogenic subunits from the viral genome 
sequences.

These tools aid the understanding of the genetic polymor-
phism of major histocompatibility complex (MHC) classes I 
and II in target human populations,25 and in predicting the 
epitopes for cytotoxic and helper T lymphocytes. In addition, 
these tools reduce the time required to identify immunogenic 
targets and enhance the development of potentially safe vac-
cine candidates, as pertains to the current COVID-19 
vaccine.26

Several studies27-32 have gone further to join epitopes and 
immunogenic domains of the SARS-COV-2 proteins to 
develop novel vaccine structures, multi-epitope vaccines or chi-
meric vaccine structures, either with or without predicted adju-
vants to improve the immunogenicity of their candidate 
products. Similarly, the structural vaccinology approach focuses 
on the conformational features of the viral epitope that makes 
them good candidate antigens.17 This involves the analysis of 
the vaccine candidate to ascertain the conformational struc-
tures and a property that may elicit the best immunological 
response from monoclonal antibodies since reports of van 
Regenmortel33 suggest monoclonal antibodies recognize con-
formational rather than linear epitopes.

Here, structural attributes such as the structural stability of 
the peptides, the solvent exposure, the hydrophobicity, and the 
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codon optimization are used to map antigenic epitopes to 
detect conformational features that could affect immunogenic-
ity. This is achieved via molecular docking, dynamics simula-
tions, and homology modeling to deduce antigen and antibody 
structure. Structural vaccinology techniques have been applied 
in predicting vaccine candidates for the SARS-COV-234,35 and 
these have aided the identification of structurally stable, safe, 
and effective peptides as vaccine candidates.

Steps Involved in Immuno-Informatics
Chukwudozie et al6,34 have extensively provided a comprehen-
sive and simplified step in designing peptide vaccines and also 
provided various approaches in validating them using in silico 
checkpoints. The steps involved in designing an epitopic pep-
tide vaccine adopting immuno-informatics method include 
proteomic data retrieval of the protein of interest and adoption 
of computational immunology analysis of the data, which 
includes test for antigenicity, allergenicity, peptide toxicity, and 
epitopic conservancy.

Process
Curated nucleotide or proteomic data set is retrieved from bio-
repository and properly edited using bio-editing tools for bet-
ter precisions. In most cases, deletion sites when discovered are 
manually expunge from the data set. These manually or auto-
mated curated sequences are then tested for their physico-
chemical parameters, eg, amino acid composition, half-life 
index, solubility, carbon, hydrogen, and oxygen contents. The 
B- and T-cell (CD4 and CD8) epitopes are predicted using 
several machine learning tools that are readily available online, 
or standalone resources. These predicted peptide promiscuities 
are also predicted based on their putative restrictions to MHC 
I and II alleles. Other quality checks such as their respective 
antigenicity, allergenicity, peptide toxicity, and peptide conserv-
ancy, which characterize their immunogenicity profile, are con-
sidered. A well-summarized and applied process of these steps 
can be seen in a study conducted by Chukwudozie et al.6,34

The New SARS-CoV-2 Viral Strain and Impact on 
Vaccine Development
In December 2020, a new variant of COVID-19 was discov-
ered in the United Kingdom and was made public in the UK 
parliament by the country’s health secretary.36 This new variant 
was presumed to be more deadly than the wide type. The vari-
ant was named VUI-202012/01 and characterized with a total 
of 17 mutations.36 The most important of them was the N501Y 
residual mutation embedded in the spike protein, which is piv-
otal for the binding fusion with the targeted human ACE2 
receptor.37 This intimates that the mutation could make the 
virus more infectious and spread rapidly. In this scenario, bio-
informatics pipelines or next generation DNA sequencing can 
be adopted to structurally examine and detect possible muta-
tions. Mutation calling algorithms can be fully developed and 

optimized for the simultaneous analysis of multiple samples of 
the virus.

Limitations of Immuno-Informatics for Predicting 
Vaccine Candidates
Although numerous bioinformatics tools and algorithms have 
been employed in a bid to develop a suitable vaccine candidate 
against the COVID-19, there are several limitations that pose 
drawbacks to the full integration of this predictive approach in 
conventional vaccine design and development. A major short-
fall of bioinformatics in the quest for an effective vaccine 
against the COVID-19 is its inability to address the persistent 
issue of selecting a suitable animal model for testing vaccine 
candidates. In the case of SARS-COV, some of the vaccine 
candidates developed was unable to provide complete protec-
tive immunity in ferrets and monkeys used for the trials. Some 
stimulated antibodies against the SARS-COV spike protein, 
but were unable to provide complete protection, whereas some 
vaccine candidates were associated with lung inflammation 
when immunized mice were later infected with the virus.38,39

Despite the prospects offered by reverse vaccinology (RV) 
as an effective improvement over the traditional approach of 
vaccine development, its major drawback, however, is that it 
can only target proteins. This is unlike the traditional vaccine 
design approach, which can find other biomolecular targets, 
such as polysaccharides which may improve immune response.14 
Also, the bioinformatics-based approach of vaccine design may 
identify linear and discontinuous epitopes, yet several predicted 
epitopes may be available buried within the viral protein and 
may not be easily detected by antibodies in vivo as against in 
silico predictions and analysis. This may lead to the failure in 
the candidate vaccine.40

In addition, a critical limitation of immuno-informatics 
prediction of epitopes for antibodies binding is the pleomor-
phism of MHC class I molecules. There are more than 20 000 
MHC class I alleles that are known to translate into 11 000 
different MHC class A, B, and C molecules.41,42 With the cur-
rent urgency for the development of a COVID-19 vaccine, this 
would prevent the generation of large data sets for training the 
prediction tools to improve their precision, and thus may mis-
lead the vaccine design.40 In addition, there will be incomplete 
representation of genetic diversities prevalent in low- and mid-
dle-income countries of the world, especially in Africa and 
Asia,43,44 which may result in vaccine failure among such 
populations.

Finally, with the urgency to develop a safe and effective 
measure to eradicate the COVID-19 pandemic with vaccine 
design strategies useful to confront possible future outbreaks of 
SARS-CoV-2 and related coronaviruses, it has become expedi-
ent to accelerate the design process with bioinformatics tools 
available. They remain a potent, cost-effective, and time-saving 
solution for the rapid development of vaccines. However, it is 
necessary to address these limitations to enhance the prospects 
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in the design of safe and effective vaccine candidates against 
infectious microbial diseases, such as SARS-COV-2 and other 
related viruses.

The Role of Bioinformatics in Drug Design for 
COVID-19 Treatment
Before the identification of effective drug candidates, intensive 
laboratory research efforts and various clinical trials are con-
ducted. Several predictive measures with good precision are 
used in drug design, leveraging on the vast information on 
genome biology and disciplines such as bioinformatics. As 
regard the current COVID-19 pandemic, following the identi-
fication of the crystal structure of SARS-CoV-2 main protease 
(Mpro) alongside its associated structures, there are several 
reported studies on coronaviruses in attempts to repurpose 
some existing drugs with varying degrees of success using com-
putational methods.45-48 Repurposing drugs against the 
COVID-19 disease with known preclinical, pharmacokinetic, 
pharmacodynamic, and toxicity profiles can hasten treatment 
regimens for use, directly in clinical settings. For instance, a 
novel network-based drug repurposing platform to identify 
potential drugs for the treatment of COVID-19 has been 
reported by Lin et al.49 They analyzed genome sequences of 
SARS-CoV-2 and identified SARS as the closest disease, 
based on the genome similarity between both causal viruses, 
MERS and other human coronavirus diseases.

Given the incomplete trials of vaccine and the urgent 
need, coupled with the novel drug discovery that is known to 
take several years, drug repurposing is apparently the best 
strategy to rapidly yield effective therapies against COVID-
19. Drug repurposing can produce new therapies at a faster 
rate than novel drug discovery if the safety profiles of the 
repurposed drugs are evaluated in the context of drug devel-
opment for another disease. This can occur at an even faster 
rate when the drugs approved for the treatment of other dis-
eases and post-marketing safety surveillance data are availa-
ble.50,51 By relying on existing preclinical, pharmacokinetic, 
pharmacodynamic, and toxicity profiles of the drugs being 
repurposed, it is possible to effectively increase the rapidity 
of the response against a disease condition with unmet clini-
cal needs, especially in a pandemic, where drug proven safe 
can be readily tested in trials or administered to patients as 
compassionate treatment.

In silico methods offer a way to methodically and rapidly 
yield additional repurposing candidates.52 For instance, when 
drug targets associated with a disease of interest are known, 
and when the protein structures or that of close homologs are 
available, it is possible to use structural bioinformatics to virtu-
ally screen (eg, using molecular docking) a library of existing 
drugs against these known targets.53

Similarly, a study published on February 27, 2020, relied on 
this approach, using the predicted structure of all SARS-
CoV-2 proteins based on their homology with other known 

coronavirus protein structures to identify several compounds 
with potential antiviral activity.54 Although the standard 
reverse transcription polymerase chain reaction (RT-PCR) and 
DNA sequencing protocols have been developed for diagnosis, 
no drugs are fully established to cure the COVID-19 disease as 
at the time of writing this review.

Even with limited successes reported with repurposed anti-
malaria drugs such as chloroquine phosphate and other antivi-
ral drugs, structural bioinformatics pipelines were still applied 
to validate these claims.55 In the space of online molecular 
docking methods, it was found that all tested repurposed drugs 
were associated accordingly with the SARS-CoV-2 protease 
enzyme that plays a role in viral replication.56 This implies that 
certain repurposed drugs could be proposed as drug candidates 
for the treatment of COVID-19, after clinical trials or rigorous 
laboratory testing.

It is most encouraging to realize that with the bioinformat-
ics approach, a consortium of Chinese university researchers 
was able to specifically use structural bioinformatics to eluci-
date the 3-dimensional (3D) structure of the SARS-CoV-2 
protease. Knowledge of the protein structure of SARS-CoV-2 
provided a template for further applications of bioinformatics 
tools in the COVID-19 drug development. The 3D structural 
conformation of the viral protease could only then be applied 
to drug repurposing and tested with bioinformatics tools, such 
as molecular docking and dynamics simulations in the discov-
ery of a drug candidate.54

Bioinformatics applications in drug design uses the com-
puter-aided drug design (CADD) method that integrates 
the methods of lead compound Quantitative Structure-
Activity Relationship (QSAR) optimization, sequence, 
structural homology, stereo-chemical validation, molecular 
docking, and 2-dimensonal (2D) molecular interaction 
examination.57-59

The sequence and structural alignment of the protease 
enzyme of interest are used to establish the basis of the 
drug design.60 The CADD method was developed by lever-
aging on the protein sequence analysis pipeline.61 The first 
step to predicting the feasibility of lead compounds of a 
drug is to determine the QSAR annotation for the presence 
or absence of protease and/or peptidase inhibition activity. 
All known compounds have protease or peptidase inhibi-
tion activity prediction. Importantly, this could shed novel 
light on the inhibition activities of the SARS-CoV-2 pro-
tease enzyme61 and is used as an early indicator of efficacy 
in drug design.

As repurposed drugs have already undergone clinical trials 
for the treatment of other diseases, with the toxicological and 
pharmacological indicators already elucidated, the ADME-
TOX computational prediction may not be necessary since 
ADME-TOX prediction can be useful where the drugs’ func-
tional groups are been modified. Moreover, it is important to 
note that based on actual clinical experience, some drugs have 
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already been listed in the COVID-19 prevention and treat-
ment handbook published by Zhejiang University Medical 
School.62

Based on structural bioinformatics research, chloroquine 
phosphate, lopinavir, remdesivir, and other related antiviral 
drugs have the potential to be leveraged upon as lead com-
pounds for a COVID-19 drug.63

Using the docking method, the top candidates that emerged 
as a potential solution are lopinavir and remdesivir. With the 
sophisticated repurposing of these drugs, they could be revali-
dated by clinical trials for the production of more potent vari-
ants and a COVID-19 vaccine.

In bioinformatics research, offline programs, such as 
Autodock, could be used to provide richer customization 
options.63 Another approach to drug repurposing is the con-
struction of so-called “disease-related molecular networks,” ie, 
interactions between gene products (this is sometimes with 
cellular metabolites) involved in the etiology and symptoms of 
that disease.64

There are several ways to identify such disease-related genes, 
which include using genomic data (eg, Genome-Wide 
Association Studies), gene expression data (eg, RNAseq dif-
ferential expression analysis), or data collected directly from 
the scientific literature (eg, text mining or expert curation, 
either analyzed in-house or via recognized structured data-
bases). Compared with virtual screening, where the candidate 
targets are known from the start, network biology methods can 
identify additional, unanticipated targets, which are part of the 
same molecular pathway than previously known targets for the 
disease of interest.65

Network Bioinformatics Approach in Drug 
Repurposing Predictions
To contextualize and better understand, at the systems level, 
the molecular and physiological role of the discovered COVID-
19-related genes, newly developed algorithm used in building a 
molecular protein network was adopted. A study conducted by 
Lin et al49 showed how novel network-based drug repurposing 
was used to identify potential drugs for the treatment of 
COVID-19. The work explored the dynamics of phylogenom-
ics in the analyses of genomic sequences of SARS-CoV-2 
among other closely related viral family with similar proteomic 
structure and functions. Following the molecular network and 
drug prioritization algorithms, they were able to identify 30 
potential repurposable drugs with activity against COVID-19, 
some of which includes pseudoephedrine, andrographolide, 
chloroquine, abacavir, and thalidomide.

One of the vital tools that has been adopted and massively 
applied in the SARS-CoV-2 drug prediction is the CoVex: 
Coronavirus Explorer.66 The CoVex is a network and systems-
medicine web platform that integrates experimental human-
virus protein interactions for SARS-CoV,67 SARS-CoV-2,68 
human protein-protein interactions,69 and drug-protein 

interactions70-72 into a large-scale interactome. It is used by 
biomedical and clinical researchers to predict novel drug tar-
gets and drug repurposing candidates using various state-of-
the-art graph analytical methods.73 With CoVex, expert 
knowledge on virus replication, immune-related biological 
processes, or drug mechanisms can be applied in the compila-
tion of a host or set of viral proteins (referred to as seeds).74

Alternatively, users can upload a proteins list (eg, differen-
tially expressed genes), a list related to a molecular mechanism 
of interest, or proteins targeted by drugs of interest,75 which 
could be a set of known effective drugs76 that can be used as 
seeds to guide the analysis. Based on the selected seeds, CoVex 
offers 3 main actions:

1. Searches the human interactome for viable drug targets,
2. Identifies repurposable drug candidates, and
3. A combination of actions that starts from a selection of 

virus or virus-interacting proteins. Users can explore the 
interactome for suitable drug targets for which, subse-
quently, suitable drugs are identified. In summary, CoVex 
allows researchers to systematically identify already 
approved drugs that could be repurposed to treat SARS-
CoV-2, which is faster than developing new drugs from 
raw processes.

Drug Target for the Mpro of SARS-CoV-2
Currently, there are still no validated or approved lead drug 
targeting the Mpro of the SARS-CoV-2. The Mpro of SARS-
CoV-2 as the key enzyme plays a crucial role in aiding viral 
replication and transcription.77 This annotated function makes 
the main protease a likable drug target. Many potential inhibi-
tors have been identified through several methods, including 
the in silico–based approach. A study by Yang and colleagues77 
identified a mechanism-based inhibitor adopting CADD and 
also determined the crystal structure of Mpro of the virus in a 
combined complex with the identified inhibitor. Yang et al 
were able to screen about 10 000 arrays of compounds, includ-
ing approved drugs, drugs undergoing clinical trials, and phar-
macological active compounds. This study was able to identify 
6 potential compounds that inhibited the enzymatic activities 
of Mpro. One of the identified compounds was ebselen, which, 
according to them, exhibited promising antiviral activity in 
cell-based assays.

Machine Learning and Its Applications for Vaccine 
and Drug Design
Machine learning incorporates the application of artificial 
intelligence (AI) that provides the computer or systems tech-
nology with the automated ability to learn and improve expe-
riences without been explicitly programmed. Tools whose 
mode of operation are centered on AI and deep learning were 
fully explored during the surge of the pandemic in predicting 
and designing both vaccine and drug candidates. For vaccine 
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Table 1. Computational tools used in the prediction of antigenic peptides for vaccine design.

TOOLS DESCRIpTION LINkS

Sprint Sequence-based prediction of protein-peptide binding sites using 
support vector machine

https://sparks-lab.org/

modlAMp python 3 package designed for working with peptides, proteins, or any 
sequence of natural amino acids

https://modlamp.org/index.html

pepATTRACT peptide-protein docking https://bioserv.rpbs.univ-paris-diderot.fr/
services/pepATTRACT/

pIGSpro prediction of Ab structures https://openebench.bsc.es/tool/pigspro

ACCLUSTER predicts peptide-binding site http://zougrouptoolkit.missouri.edu/accluster/

pEpstrMOD predicts the tertiary structure of small peptides varying between 7 and 
25 residues

http://osddlinux.osdd.net/raghava/pepstrmod/

TepiTool pipeline for computational prediction of T-cell epitope candidates http://tools.iedb.org/tepitool/

pEp-FOLD3 Faster de novo structure prediction for linear peptides in solution https://bioserv.rpbs.univ-paris-diderot.fr/
services/pEp-FOLD3/

IEDB Epitope prediction and analysis tools that make predictions based on 
parker hydrophilicity, beta-turn prediction, and surface accessibility

http://tools.iedb.org/main/

ABCpred predicts linear B-cell epitopes using amino acid anchoring pair 
composition

http://crdd.osdd.net/raghava/abcpred/

BEpro Discontinuous B-cell epitope prediction http://pepito.proteomics.ics.uci.edu/

DiscoTope predicts discontinuous B-cell epitopes from protein 3-dimensional 
structures

http://www.cbs.dtu.dk/services/DiscoTope-2.0/

pEASE predicts epitopes using antibody sequence http://www.ofranlab.org/pEASE

Expitope Server for epitope expression. The tool permits users to find all known 
proteins containing their peptide of interest. It can exclude any 
cross-reactivity in early stages of T-cell receptor selection for use in 
design of adoptive T-cell immunotherapy

http://webclu.bio.wzw.tum.de/expitope/

AllerTop Server for in silico prediction of allergens http://www.pharmfac.net/allertop/

Toxinpred Tool for predicting: (1) toxicity or non-toxicity of peptides, (2) minimum 
mutations in peptides for increase or decrease of toxicity, and (3) toxic 
regions in proteins

http://crdd.osdd.net/raghava/toxinpred/

IgBLAST Immunoglobulin variable domain sequence analysis tool https://www.ncbi.nlm.nih.gov/igblast/

protparam ExpASy proteomics server for computational analysis of the physical 
and chemical parameters of protein sequences

https://web.expasy.org/protparam/

SVMTrip predicts antigenic epitopes. It is for the realistic prediction of protein 
surface regions that are preferentially recognized by antibodies 
(antigenic epitopes). It aids the design of vaccine components and 
immuno-diagnostic reagents

http://sysbio.unl.edu/SVMTrip/

Bepipred prediction of B-cell epitopes http://www.cbs.dtu.dk/services/Bepipred/

Elliprot prediction of continuous and discontinuous B-cell epitopes http://tools.immuneepitope.org/tools/Ellipro/
iedb_input

MHCpred predicts cytotoxic T-cell epitopes http://www.ddg-pharmfac.net/mhcpred/
MHCpred/

MHC2pred predicts helper T cells http://www.imtech.res.in/raghava/mhc2pred/

designs, the following tools have been extensively used for 
predicting antigenic peptides (Table 1).

Table 2 summarizes few machine learning tools that have 
been used for designing drug candidates for COVID-19 
infection.

Conclusions
Bioinformaticians around the world have reacted quickly to the 
COVID-19 pandemic by providing specific tools to advance 
research on SARS-CoV-2 for the rapid detection and treat-
ment of the disease. This has necessitated the development of 

https://sparks-lab.org/
https://modlamp.org/index.html
https://bioserv.rpbs.univ-paris-diderot.fr/services/pepATTRACT/
https://bioserv.rpbs.univ-paris-diderot.fr/services/pepATTRACT/
https://openebench.bsc.es/tool/pigspro
http://zougrouptoolkit.missouri.edu/accluster/
http://osddlinux.osdd.net/raghava/pepstrmod/
http://tools.iedb.org/tepitool/
https://bioserv.rpbs.univ-paris-diderot.fr/services/PEP-FOLD3/
https://bioserv.rpbs.univ-paris-diderot.fr/services/PEP-FOLD3/
http://tools.iedb.org/main/
http://crdd.osdd.net/raghava/abcpred/
http://pepito.proteomics.ics.uci.edu/
http://www.cbs.dtu.dk/services/DiscoTope-2.0/
http://www.ofranlab.org/PEASE
http://webclu.bio.wzw.tum.de/expitope/
http://www.pharmfac.net/allertop/
http://crdd.osdd.net/raghava/toxinpred/
https://www.ncbi.nlm.nih.gov/igblast/
https://web.expasy.org/protparam/
http://sysbio.unl.edu/SVMTriP/
http://www.cbs.dtu.dk/services/BepiPred/
http://tools.immuneepitope.org/tools/ElliPro/iedb_input
http://tools.immuneepitope.org/tools/ElliPro/iedb_input
http://www.ddg-pharmfac.net/mhcpred/MHCPred/
http://www.ddg-pharmfac.net/mhcpred/MHCPred/
http://www.imtech.res.in/raghava/mhc2pred/
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therapy and vaccination strategies against COVID-19 from 
various laboratories around the world. However, it is increas-
ingly paramount that workers understand the molecular mech-
anisms underlying the disease pathogenesis for rapid 
identification of effective drug and vaccine candidates for clini-
cal trials. Some bioinformatics applications hold promising 
therapeutic prospects in drug and vaccine design and develop-
ment. We advocate drug repurposing to facilitate the identifi-
cation of potential drugs via the screening of existing drugs and 
protein interactions, which is comparatively cheaper and more 
time-effective than traditional approaches of drug design.
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