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Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2) or SARS Corona 
Virus 2019 (SARS-CoV-19) disease, which was first reported in December 2019 in 
China, affected nearly all countries of the world with 65,19,18,402 confirmed cases and 
causing 66,56,601 deaths worldwide till 12th December 2022. No specific drug has been 
discovered till now because the discovery of effective and reliable drug requires 
prolonged research and clinical trials. The efforts to discover treatment against Corona 
Virus Disease 2019 (CoVID-19) have been expedited by the techniques like high-
throughput screening, bioinformatics and cheminformatics revealing molecular 
pathogenesis of coronaviruses. The application of multidisciplinary studies like 
computational chemistry, drug repurposing, protein-binding, nano-QSAR, fingerprint 
techniques have offered invaluable information about atomic viral host receptor 
interaction, biochemical basis of infection, strains evolution, identification of important 
viral protein for host-ligand binding studies. In the present review, we discuss the role 
of various techniques like Quantitative Structure Activity Relationship (QSAR), 
Machine Learning (ML), Deep Learning (DL), Virtual Screening (VS), Drug 
repurposing (DR), Molecular Dynamics (MD), nano-QSAR, docking study, Artificial 
Intelligence (AI) and Language Models (ML) in the process of potent drug/vaccine 
development against coronavirus. This review is an effort to summarize the reported 
database and tools for computational studies by bringing together resources in the 
public domain with respect to structure and pathophysiology of the corona virus. The 
work will offer an insight in prediction of therapeutics of the coronavirus disease.  
 

Contribution/Originality: Various isolated computational studies have been done in the past but the 

compatibility and the compliance of various studies have not been studied. This study explores the complementary 

nature of various techniques under computational chemistry which will help the researchers to develop new model 

to fight COVID-19.  

 

1. INTRODUCTION 

Several studies have already reported a lot of information about the testing, diagnosis, transmission, protein 

structure, disease spectrum, epidemiology of SARS-CoV-2 [1-9]. Although some drug candidates are under trial 

[10-19] there is no reliable and accurate drug to treat COVID-19, and due to the time and money involved in the 

drug/vaccine development various in-silico methods and tools are under consideration. The current review is an 
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effort to compile the in silico studies carried out in the year 2021 providing information related to computational 

tools like Computer aided drug designing (CADD), Quantitative Structure Activity Relationship (QSAR), 2D 

QSAR, 3D QSAR, Machine Learning (ML), Deep Learning (DL), Virtual Screening (VS), Drug Repurposing (DR), 

nano-QSAR, molecular dynamics (MD) and other computational tools and resources for detection of vaccine/drug 

discovery. The work already reported have shown promising results to mention a few, peptide inhibition study 

SARS-CoV-2 receptor using Nanoscale Molecular Dynamics and Chemistry at Harvard Macromolecular Mechanics 

(NAMD and the CHARMM36 protein force field) [20] main protease-drug binding energy study (AutoDock Vina, 

SMINA) [21] Mpro-peptidomimetic inhibitor study using VS-docking- MD through Assisted Model Building with 

Energy Refinement, Molecular Operating Environment (AMBER, MOE 2019) [22] repurposing of drugs as 

SARS-CoV-2 main proteinase (Mpro) inhibitor by VS employing docking study (Dock 4.2) [23]; Repurposing of 

DrugBank molecules as Mpro inhibitor using Hierarchical VS (GLIDE), MD (AMDER), B. E. calculations using 

Molecular Mechanics/Poisson−Boltzmann Surface Area/Weighted Solvent-Accessible Surface Area (MM-PBSA-

WSAS)  [24]. Plant origin terpenoids as Mpro inhibitory employing docking (Molegro Virtual Docker) [25]; Drug 

repurposing against SARS-CoV2 Mpro or 3CLpro through docking (AutoDock Vina) [26]; Mpro-FDA (Food and 

Drug Administration) approved drug docking studies using (DOCK6), MD using Sire/Open Molecular Dynamics, 

GROningen MAchine for Chemical Simulations (SOMD, GROMACS) [27]; Antiviral Chinese herb screening 

study using (Autodock 4.2) [28]; human ACE2-Mpro homology modeling studies Internal Coordinate Mechanics 

(ICM 3.7.3) using docking [29]; MT-DTI (Molecule Transformer Drug Target Interaction), a pre-trained DL 

based drug-target interaction model development using (AutoDock Vina) [30]; NSP1 protein modeling, docking  

and MD-VS study for drug repurposing by using tools Homology modeling (Blastp, modeler 9.12), Docking 

(Maestro, Schrodinger) and MD (DESMOND) [31]; High throughput VS drug repurposing study against ACE2 

host cell receptor and S-protein using  Homology modeling (SWISS-MODEL) [32]; molecular modeling of 

3CLpro –VS study for repurposing of drug using Docking (AutoDock Vina), VS (MTiOpenScreen) [33]; 

Antagonistic studies against Mpro by reducing viral replication utilizing docking tool (AutoDock Vina), VS tool 

(MTiOpenScreen) and  MD tool (AMBER16) [34]; Inhibition studies of garlic oil against Mpro of SARS-CoV-2 by 

Docking-MD (SYBYL-X 1.1) [35]; interference studies of hydroxychloroquine against Lys353 in human ACE2 

through (AutoDock Vina) [36]; structural and molecular modeling for binding of chloroquine (CLQ) and 

hydroxychloroquine (HCQ) with sialic acid and gangliosides via. MD Molecular Dynamics and Chemistry at 

Harvard Macromolecular Mechanics (CHARMM36) [11]; combination therapy of HCQ and curcumin docking 

studies (PatchDock, FireDock) [37]; MD-VS study of approved drugs for binding energy calculation using through 

(GLIDE-Schrodinger), B. E. calculation (MM-GBSA) [38]; inhibitory study of 50,437 compounds using multiple 

linear regression based 2D-QSAR model generated by (Autodock tool 1.5.6) and followed by VS [39];  

Pharmacophore and docking based VS targeting SARS-CoV-2M protease using tool Pharmacophore (Vrocs (open 

eye) and VS (Autodock 4,2) [40]; screening studies of 44 million compounds as potential inhibitors of surface 

glycoprotein using VS employed docking-ML-CNN (Convolutional Neural Network) (Bind-scope) [41]; VS of 

Dark Chemical Matter (DCM) and food chemicals as potential inhibitors of Mpro using similarity searching, 

docking( Autodock Vina version 1.1.2 and Molecular Operating Environment MOE v.2019) with Absorption, 

Distribution, Metabolism, Excretion, and Toxicity (ADMET) profiling (SwissADME) [42]; protein reliability 

analysis of commercially available 9 Mpro proteins inhibitors using (GLIDE-Schrodinger, pkCSM 

(pharmacokinetic Cutoff Scanning Matrix) and ProTox-II, and MD using DESMOND-Schrodinger) [43].  

This study will prove beneficial to the researches that are seeking the correlation and compatibility between the 

different computational techniques and wants to get various in-silico information under one umbrella. This work 

will also provide information about the possible drug candidate and vaccine of coronavirus thus expediting the pace 

of drug discovery.   
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The review in general, supports the development of drugs, vaccine and in silico aspect which certainly will be 

supportive for the discovery of the novel drug candidate to fight corona disease.  

 

2. EXPERIMENTAL AND METHOD 

An exhaustive literature review is done from the online and offline sources in order to get an idea of the latest 

developments in the field of computational chemistry for mitigating the SARS-CoV-2 or COVID-19 disease. As 

discussed earlier in the introduction, a few of the mentioned research work are elaborated here.   

 

2.1. Confluence of QSAR-ML-DL [44]  

The work integrates Molecular dynamics simulation (MDS) and ML including DL with the QSAR so as to 

remove the shortcoming of the QSAR and develop advance model having application in the field of drug 

development and clinical trials. The generated QSAR learning models still suffer from some problems [45] and are 

explained in other literature [46]. The latest model uses general representations like self-learning, AutoEncoder, 

Bidirectional Encoder Representations from Transformers (BERT), Generative Adversarial Network (GAN) and 

multitasking [47-51]. The proposed framework not only revealed the importance of the features but explained the 

contribution of each by correlating them. This gave the distributed vectors which helped to understand the 

correlation between constituent elements and significance of local structure. The author came to the conclusion that 

the integration of MD with experimental data will lead to better framework to take advantage of merits of ML and 

DL. The proposed framework can be optimized in future, to acquire low cost high efficiency especially in relation to 

QSAR in the field of biomedicine. 

 

2.2. Ultra Large Virtual Screening [52] 

The authors reported screening of nearly 1 billion molecules using in silico screening platform VirualFlow, in 

order to search for inhibitors that target SARS-CoV-2. The work studied 40 different target sites on 17 different 

viral and host targets emphasizing on critical auxiliary sites such as protein-protein interactions. The work 

specified three targets viz. interaction interface of Receptor-Binding Domain (RBD) and Angiotensin-converting 

enzyme 2 (ACE2), host protease Transmembrane protease, serine 2 (TMPRSS2) and HR2 hydrophobic binding 

groove of HR1. This led to potential 161 drugs which were further filtered on the basis of docking score better than 

-8kcal/mol and number reduced to 80 drugs.  Further filtering left to the final 16 selected drug candidate which 

were then considered for clinical trials for COVID-19. The results are available at 

https://vf4covid19.hms.harvard.edu/world-approved-drugs. The work also used ZINC is not commercial (ZINC) 

15 database taking into consideration overall 3897 drugs out of which 137 were hits and out of 101378 in man 401 

compounds were found to be hit. Though the screening gave large number of hits, experimental verification of the 

target specificity is to be established leading to mechanism of action. The authors call for validation of the results 

presented for identification of the potent inhibitors of SARS-CoV-2 as it not possible for a single research group to 

do the task.  

 

2.3. Repurposing the Anti-Covid Drugs using in-Silico Approach [53] 

In order to repurpose drugs to destabilize SARS-CoV-2 S-protein angiotensin converting enzyme 2 (SP-ACE2) 

complex, docking studies were carried out.  147 drugs were selected from the Drug Bank database [54-56] for the 

possible binding site in the interface region of SP-ACE2 complex (PDB code:6M17) [57]. Out of these 5 best fit 

candidates were subjected to molecular dynamics studies carried via Auto Dock 4.2.6 [58] and Auto Grid 4.2.6 

[59] carrying out 3 screening 25 runs and 25,000,000 evaluations through Lamarckian genetic algorithm and Solis-

Wets local search. All atom molecular dynamics simulation (AA-MD) simulations were performed in Desmond via. 

Schrodinger-Maestro Software [60, 61].  Binding energy (kcal/mol) of SP-ACE2 without ligand, and complexed 

https://vf4covid19.hms.harvard.edu/world-approved-drugs
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with Amprenavir, Enalaprilat, Plerixafor were calculated using sampling molecular dynamics simulation and found 

to be -29.58, -20.13, -23.84, -19.72 respectively. A reduction in the binding energy of SP-ACE2 complex was 

observed in presence of these drugs thus preventing the virus from entering the cell. The decreasing order of the 

potency was in the order Plerixafor > Amprenavir > Enalaprilat. Thus, these three potential candidates can be 

subjected to further in-silico and in-vivo studies for development as efficient drugs.  

 

2.4. Application of Nano-QSAR for Binding Studies [62] 

The work used the principle that the coronavirus can be considered as nanoparticle having outer capsid protein 

and inner nucleic material. The Engineered Nano Materials (ENMs) therefore, can competitively bind with the 

receptor cell of the protein envelope of the virus and stabilize it. The major contributor for the mechanism of 

binding is electrostatic interaction and is responsible for the adsorption energies of organic molecules onto CNP i.e. 

carbon based nanomaterials. Authors using the QSAR, developed models to describe the three dimensional 

interactions of 17 different types of Carbon Nano Particles (CNPs) with the SARS-CoV-2 Ribo Nucleic Acid (RNA) 

fragment. Various molecular descriptors were calculated and predictive model was developed using Multiwfn 3.8 

software [63]. For the study, molecular mechanics simulations were performed using Material Studio software 

package (Ver. 8.0) and the value of the interaction energy (Eint) was calculated. A negative value of the calculated 

energy indicated stable absorption ion the CNPs. Carbon nanotubes were found to have the highest interaction 

followed by graphenes and fullerenes respectively with respect to interaction affinity between SARS-CoV-2 RNA 

fragment and CNPs. The developed model showed high goodness of fit and robustness for the mentioned 

interactions. The important descriptors deciding these interactions were found to be surface area, molecular weight 

and sum of degrees of carbon atoms. The outcome could be extended to other applications like nanotechnology 

based sensor for coronavirus or personal protective equipment (PPE) disinfection. The work creates significant 

literature with respect or the absorption/separation and inactivation of the coronavirus which could lead to 

discovery of novel ENMs as potential drug candidate in future.  

 

2.5. Study of ADMET Properties using 3D-QSAR and MD [64] 

Comparative Molecular Field Analysis (CoMFA) and Comparative Molecular Similarity Index Analysis 

(CoMSIA), based on the usage of the geometric information to discover the best-suited region responsible for 

biological activity, were employed for the construction of the 3D-QSAR model. As an anti-COVID medication, a 

group of 18 carboxamide sulfonamide analogues of chloroquine with known antimalarial action was utilized. The 

structures of 18 carboxamide sulfonamide derivatives were taken from the literature [65] and their MIC values 

were converted into the negative log of the Minimum Inhibitory Concentration (MIC) or pMIC.  Using the sketch 

module, the structures were designed, and they were then optimized using the Tripos force field and Gasteiger 

Huckel charges. Using partial least squares (PLS) analysis, a linear relationship between the antimalarial activity 

and the CoMFA and CoMSIA descriptors was established. The biological activities of four carboxamide 

sulfonamide derivatives were then predicted using a 3D-QSAR model, which were validated by R2 test. This led to 

the CoMFA model (Q2 = 0.579; R2 = 0.989; R2test = 0.791) and COMSIA model (Q2 = 0.542; R2 = 0.975: R2test 

= 0.964) and could predict the activity. The models created were accurate and showed how several interactions, 

including hydrophobic, steric, and electrostatic interactions, affect the activity of molecules. The COVID-19 

protein's 3D crystal structure was then downloaded from Protein Data Bank (www.rcsb.org) (PDB code: 6LU7), 

and molecular docking investigations were conducted by identifying the receptor's active site using the Discovery 

Studio 2016 programme [66] and PyMol's software [67].  The docking studies revealed that the out of the 8 

molecules with important inhibitory activity, molecule under consideration (P1) enjoys high stability with efficient 

binding as compared to chloroquine. The novel carboxamides sulfonamide derivatives can be proclaimed as 

inhibitors against COVID-19. The work also emphasized on Adsorption, Distribution, Metabolism, Excretion and 
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Toxicity (ADMET) studies of the molecules so as to assess the oral bioavailability of these potential dug molecules. 

ADMET and ADME (Absorption, Distribution, Metabolism, Excretion) properties of the 8 proposed molecules 

were calculated using pkCSM [68] and SwissADME [69] (ADME =Adsorption, Distribution, Metabolism, 

Excretion ) online tools. The carboxamides sulfonamide scaffold showed good pharmacokinetics with moderate 

absorption, satisfactory metabolic transformation and no toxicity as far as the inhibitory properties against SARS-

CoV-2 is concerned.  

  

2.6. QSAR-MD-MM Approach for Anti-Inflammatory Drug Molecules [70] 

This study integrates the various computational approaches to discover the lead molecules having predicted 

anti-inflammatory activity targeting NF-κB complex (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Screening approach for potential anti-inflammatory drug molecules. 

 

It is well known that Nuclear Factor kappa B (NF-κB) mediates and controls the inflammatory response of 

SARS-CoV-2.  2,22,ooo drug like molecules were screened for anti-inflammatory activity against NF-κB/IκBα 

p50/p65(Re1A) complex. The structure of the molecules were downloaded from https://www.specs.net and protein 

complexes were prepared using Schrodinger’s Maestro suite and optimized using OPLS (Optimized Potentials for 

Liquid Simulations) force field. A QSAR model was developed by utilizing 598 training set and 93 test set 

compounds [71] and subjecting them to MetaCore/MetaDrug from Clarivate Analytics platform. A docking study 

was performed using a grid based docking methodology Glide Standard Precision (Glide/SP) [71-73]. These 

compounds were then filtered out on the criteria of toxicity less than 0.60 and total 382 compounds showed non-

toxicity. Using the Molecular Mechanics-generalized Born Surface Area (MM/GBSA) tool [74-76] and molecular 

dynamics simulations (MD) via Desmond program [60, 77-79], the filtered out compounds were subjected to free 

energy calculations. This resulted in the 5 best fit ligands which were having strong protein ligand interaction as 

compared to known NF-κB inhibitor (procyanidinB2), had conformational stability and no predicted toxicity.  The 5 

hit ligands were then studied for  absorption, distribution, metabolism and excretion (ADME) properties using 

MetaCore/Metadrug and the outcome suggested they possess drug like profile. To further explore the potency of 
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the hit molecules as Nuclear Factor Kappa B (NF-κB) inhibitors, they can be tested for chemical optimization and 

pre-clinical studies.  To establish the hit as drug molecules, further in vitro and in-vivo are required.  

 

2.7. Next Generation Computational Tools: From Detection to Vaccine [80] 

In addition to virtual screening technologies like phylogenomic, computational structural biology and sequence 

similarity have proven useful to understand atomic viral-host interaction, biochemical and molecular basis of 

infection, evolutionary difference across various strains and functional characterization of proteins. Supplementary 

technique like immune informatics can be used to develop the vaccine by targeting SARS-CoV-2 proteome. This 

referred work sheds light on the various databases and computational tools for the sequence-structural study of 

coronavirus by addressing the features of public resources (Figure 2).  

Various technologies are used for detection of virus, analysis of genomics of virus, web source for vaccine/drug 

discovery, docking tools and visualization tools.  This will prove beneficial to the researchers to find therapeutics 

against corona disease. The advances in the multidisciplinary approaches have brought together vast genomic data 

and findings, which are open sourced for the global scientific community for future development and application.  

 

 
Figure 2. Schematic representation of the different applications of computational resources in coronavirus research. 

 

2.8. CaverDock: Machine Learning Tool for Virtual Screening [81] 

CaverDock [82] is an extended tool which used Caver in order to detect tunnel in protein structure and 

AutoDock Vina algorithm for calculation of binding energies [83] consequently predicting the plausible ligand 

trajectories along these tunnels.  Using the platform, authors performed virtual screening for s-glycoprotein of 

SARS-CoV-2 in its 6 conformational states with 4358 drug molecules. A total of 26,148 calculations were performed 

with each calculation taking about 37 minutes to complete proving it to be fast method of virtual screening. Protein 

data bank RCSB [84] was used to obtain the cryo-EM structure of trimeric spike glycoprotein of SARS-CoV-2 and 

its trajectory was clustered through CPPTRAJ (main trajectory analysis utility written in C++)  [85] and is the 

module of Amber-tools 16 [86]. HOLE v2.2.005 [81] was used for the characterization of tunnel of timer protein 

and the output files were converted into CAVER 3 PDB file format [87]. These then were discretized with default 

setting by the discretiser tool [88] into a series of discs for further CaverDock calculations.  For the approved drug 

dataset, ZINC [89] database was used to download SMILES codes of ligands, stored in CSV (Comma-Separated 

Values) file, uploaded to Mordred web server [90] so as to get the requisite descriptors.  Then the docking studies 
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of six different protein states with binding energies of 4358 ligands were performed using the Partial Least Square 

analysis. This resulted into 10 best binders having strong binding capability inside the tunnel and restricting the s-

glycoprotein trimer from functional conformational change. The model developed displayed high robustness, with 

universal applicability to any protein with known tunnel or channel. For the use of scientific community, this 

developed protocol is planned to be implemented in the next version of CaverWeb [91]. This will allow the 

scientific community to perform similar work for other proteins and will help to find potential drug molecules from 

the dataset. The protocol has potential application in the field of drug design and bioengineering e.g. protein and 

metabolic engineering. 

 

2.9. AI based LM for Drug Discovery and Development [92] 

LM which is based on AI resemble human learning process and just like humans, LM knowledge can be 

transferred to other tasks therefore, have modified the arena of Natural Language Process (NLP). This modification 

can be effectively applied to the drug as well as treatment development process. The referred work exhaustively 

signifies the role of AI powered LM in the field of target identification, clinical design, regulatory decision-making 

and pharmacovigilance in general and is depicted in (Figure 3). 

 

 
Figure 3. Role of AI based LM with respect to drug discovery and development. 
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Authors have mentioned a number of transformer based language model viz. BERT,  OpenAIGPT, XLNet, 

ALBERT, RoBERTa, DistillBERT in detail (Table 1 of the article) taking into account various parameters like 

pertaining corpus, model parameter, training strategies, training time, feature dimension and performance. Authors 

also have given selected examples of AI based NLP in drug discovery for biomedical named entity recognition, gene 

based relationship extraction, biomedical text summarization, drug properties prediction, virtual screening, patient 

trial matching, trial eligibility criteria, biomedical entity normalization, disease coding biomedical mention 

disambiguation, ADR detection (Table 2 of the article). 

 

Table 1.  BLUE tasks. 

Corpus  Train Dev. Test Task  Metrics  Domain  Avg. 

MedSTS, sentence pairs  675 75 318 Sentence similarity  Pearson  Clinical  25.8 
BIOSSES, sentence pair 64 16 20 Sentence similarity Pearson Biomedical 22.9 
BC5CDR-disease, mentions  4182 4244 4424 NER  F1  Biomedical  22.3 
BC5CDR-chemical, 
mentions  

5203 5347 5385 NER  F1  Biomedical  22.3 

ShARe/CLEFE, mentions  4628 1075 5195 NER  F1  Clinical  10.6 
DDI, relations  2937 1004 979 Relation extraction  micro F1  Biomedical  41.7 
ChemProt, relations  4154 2416 3458 Relation extraction  micro F1  Biomedical  34.3 
i2b2 2010, relations  3110 11 6293 Relation extraction  F1  Clinical  24.8 
HoC, documents  1108 157 315 Document classification  F1  Biomedical  25.3 
MedNLI, pairs  11232 1395 1422 Inference  accuracy  Clinical  11.9 

 

Table 2. Corpora. 

Corpus Words Domain 

PubMed abstract  > 4,000M  Biomedical 
MIMIC-III  > 500M  Clinical 

 

Table 3. Baseline performance on the BLUE task test sets. 

Our BERT 

Task Metrics SOTA* ELMo BioBERT Base 
(P) 

Base 
(P+M) 

Large 
(P) 

Large 
(P+M) 

MedSTS  Pearson 83.6 68.6 84.5 84.5 84.8 84.6 83.2 
BIOSSES  Pearson 84.8 60.2 82.7 89.3 91.6 86.3 75.1 
BC5CDR-disease F 84.1 83.9 85.9 86.6 85.4 82.9 83.8 
BC5CDR-chemical F 93.3 91.5 93.0 93.5 92.4 91.7 91.1 
ShARe/CLEFE  F 70.0 75.6 72.8 75.4 77.1 72.7 74.4 
DDI  F 72.9 78.9 78.8 78.1 79.4 79.9 76.3 
ChemProt  F 64.1 66.6 71.3 72.5 69.2 74.4 65.1 
i2b2  F 73.7 71.2 72.2 74.4 76.4 73.3 73.9 
HoC  F 81.5 80.0 82.9 85.3 83.1 87.3 85.3 
MedNLI  acc 73.5 71.4 80.5 82.2 84.0 81.5 83.8 
Total    78.8 80.5 82.2 82.3 81.5 79.2 

 

 

The research group, have given a number of publically available FDA documents for AI powered LMs like data 

labeling FAERS (FDA Adverse Event Reporting System), Orange book, Drugs@FDA, FDA guidance documents, 

FDA acronyms and abbreviations (Table 3 of the article). In particular, the work discusses the role of LMs 

strategies in mitigating the COVID-19 emphasizing the drug discovery process.  For the assessment of LMs, use of 

different platforms like Biomedical Language Understanding Evaluation (BLUE) [93] and a question 

answering dataset, BIOASQ [94] is the can be useful tools. Other models which are based on domain specific 

corpus and knowledge [95-97] have proven to be beneficial in this regard but they have been place above 

Bidirectional Encoder Representations from the Transformers (BERT). The work further calls for the training of 

Note: * SOTA, state-of-the-art. 
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the LMs by drug regulatory documents so as to reduce the time for getting the required approvals. Conventionally 

rule based NLPs have been used in drug discovery and development process and can be complemented by AI based 

LMs. AI based LMs have shown their application in vast areas of drug discovery especially in clinical drug design. 

The article concludes that AI based LMs is still in its developmental state and should be allied with other AI based 

model to enhance the drug discovery and developmental process. 

 

3. DISCUSSION 

Various computational techniques like QSAR, ML, VS, and DL have their own pros and cons and if used in 

combination can deliver better result. Ultra large multi target high throughput virtual screening can provide 

information about protein binding but has to be consolidated with techniques like Nuclear Magnetic Resonance 

(NMR) and X-ray crystallography to reveal in depth information about binding site. Drug 

repurposing/repositioning studies have identified SP (Enalaprilat-Spike) protein in SARS-CoV-2 as possible target 

for neutralizer, inhibitors drug and vaccine. Techniques like AA-MD and Molecular Dynamics Umbrella Sampling 

(MD-US) along with QSAR came out as a useful tool for the binding with SP-ACE2 complex. Nanotechnology 

techniques have proven that the nanoparticles can selectively bind with the SARS-CoV RNA fragment and can 

stabilize it and the interaction affinity can be used to disrupt the viral replication thus destroying its structure. 3D 

QSAR techniques like CoMFA and CoMSIA along with pKCSM and SwissADMET tools could easily produce the 

docking as well as toxicity results for the drug candidates under consideration. New computational tools like 

CoV2ID and OLIGO can be used for detection; CoVDB, Database of bat-associated viruses (DBatVir), Genome 

detective typing tool, MapMyCorona, NCBI (National Center for Biotechnology Information), Betacoronavirus 

BLAST, Global initiative on sharing all influenza data (GISAID), Viral annotation defineR (VADR), D3Targets-

2019-nCoV for host pathogen genomic analysis; Antiviral compound prediction(AvCpred), Database for antiviral 

peptides (AVpdb), AVPpred & AntiVPP 1.0, ClinicalTrials.gov for drug discovery; CoronaVIR, Immune epitope 

database and analysis resource (IEDB), Viral pathogen resource (ViPR), Influenza research database (IRD) for 

vaccine discovery, ATRIO ( is Composable Cloud computing platform), ELIXIR (Elixir is a functional, dynamically 

typed language) as unified platform for cloud computing. AI powered LM such as ExBERT can solve the problem 

of the reproducibility of result and can be applied in various arenas of biomedical research.  

 

4. CONCLUSION 

The scientific community all over the world is still trying to find the remedy for the pandemic SARS-CoV-2 or 

coronavirus.  Although no panacea has yet discovered effect are still underway to stop its transmission, mitigate 

symptoms, find vaccine/drug, and most importantly lower the death rate. We, in the present review have reported 

the latest computational ways and in-silico tools in an effort for the discovery of the potential drug candidate. 

Various tools have been discussed to find most suitable candidate with target specific binding capacity and 

mechanism of action. The discussed resources will certainly expedite the process of drug /vaccine discovery and 

development process. As a whole the present work provides a strong platform for the drug discovery process 

related to the COVID-19 mitigation by providing thorough knowledge of potential candidate, supportive data, 

various in-silico resources and the compatibility of the different computational techniques.   
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