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Abstract

The recent pandemics of viral diseases, COVID-19/mpox (humans) and lumpy skin disease (cattle), have kept us glued to viral research.
These pandemics along with the recent human metapneumovirus outbreak have exposed the urgency for early diagnosis of viral
infections, vaccine development, and discovery of novel antiviral drugs and therapeutics. To support this, there is an armamentarium
of virus-specific computational tools that are currently available. VITALdb (VIroinformatics Tools and ALgorithms database) is a
resource of ~360 viroinformatics tools encompassing all major viruses (SARS-CoV-2, influenza virus, human immunodeficiency virus,
papillomavirus, herpes simplex virus, hepatitis virus, dengue virus, Ebola virus, Zika virus, etc.) and several diverse applications
[structural and functional annotation, antiviral peptides development, subspecies characterization, recognition of viral recombination,
inhibitors identification, phylogenetic analysis, virus-host prediction, viral metagenomics, detection of mutation(s), primer designing,
etc.]. Resources, tools, and other utilities mentioned in this article will not only facilitate further developments in the realm of
viroinformatics but also provide tremendous fillip to translate fundamental knowledge into applied research. Most importantly,
VITALdD is an inevitable tool for selecting the best tool(s) to carry out a desired task and hence will prove to be a vital database (VITALdDb)
for the scientific community.
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Introduction

The term ‘viroinformatics’ was coined as a result of the insepa-
rable intertwining of virology with bioinformatics [1]. The bond
between these two fields has become even stronger (indissol-
uble) due to the COVID-19 pandemic resulting in a boom of
viroinformatics tools; from ~100 about a decade ago [1] to ~360
presently. The development of computational tools in virology
starts with the basic analyses (comparative sequence analysis,
assigning gene/protein functions, and designing primers for diag-
nostics or subtype identification) and the data generated is sub-
sequently utilized to develop more complex programs (genome
annotation, metagenomic analysis, genotype-phenotype correla-
tion studies, and virus-host protein-protein interactions) [1, 2].
There is a dire need of virus-related databases and bioinformatic
tools for several reasons: to find potential targets for therapeutics
to cure viral infections, availability of limited treatment options,
understanding the genetic diversity in viruses, developing effi-
cient strategies to control viral diseases, and many more. The vast
field of viroinformatics addresses all these issues.

Biochemical pathway analysis and functional/structural
annotation are crucial to understand the structure-function

relationship of proteins encoded in viral genomes that ultimately
lead to detection of binding sites as novel drug targets. In addition,
identifying virus-virus and virus-host interactions can also
identify potential drug targets. Prediction of antiviral peptides
(AVPs) can accelerate the development of antiviral drugs. Due to
frequent emergence of new viruses, it is important to conduct
taxonomic classification for characterizing viral composition,
determining the viral strain characteristics and hierarchal
clustering of viruses. Moreover, viruses undergo mutations
and recombinations to generate genetic diversity. Analysing
recombination patterns and investigating recombination events
in viral genomes helps to minimize errors in constructing
phylogenetic trees. Novel virus discovery using next-generation
sequencing (NGS) and metagenomic data analysis helps in
understanding the mysterious infections and controlling the
spread of viral diseases.

We had earlier enumerated ~100 viroinformatics resources
and categorized them based on their uniqueness for a certain
virus and/or application [1]. In this article, we have immensely
expanded this list to 358 viroinformatics tools (Suppl. Table 1),
and subsequently built VITALdb (VIroinformatics Tools and
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Figure 1. Utility of viroinformatics in diverse antiviral strategies (the numerals specify the number of tools).

ALgorithms database) to provide users a one-stop platform for
interactive and easy access to these resources (https://compbio.
iitrac.in/vitaldb). Of these, 116 tools have >10 citation index
(numbers of citations per year) highlighting their importance
and wide usage (Table 1). The aim of this study has many aspects
that include generating awareness regarding all the diverse tools,
classification of these assets according to their functionality and
uniqueness for a certain virus, enabling virologists/researchers to
get an overview of the important tools for specific application
(such as developing novel antivirals, vaccine development,
diagnosis and novel viral discovery, controlling viral diseases, and
combating COVID-19), and emphasizing useful tools that remain
currently unexplored (Fig. 1).

Drugs and therapeutics

The rapid development of antiviral compounds/agents or
chemotherapy offers a decisive approach to the control of
any virus. They fall primarily in three classes: anti-herpes
virus, anti-retrovirus, and, to a lesser extent, anti-rhino virus
compounds. Ongoing viral replication, prolonged drug exposure,
narrow antiviral spectrum, and ineffectiveness against the latent
virus are few reasons that antiviral drugs are not sufficiently
efficacious. Additionally, viruses can continuously evolve into new
variants/subvariants and become resistant to existing treatments.
Thus, the research for designing safe and effective drugs is
constantly needed to keep up with the genetic diversity of
viruses.

Therapeutic databases offer the potential to boost research in
the fields of virology and drug discovery (Table 2). Resources like
Virus-CKB 2.0is the knowledgebase of 65 antiviral drugs, 178 viral-
related targets and 3766 compounds identified for these target
molecules [3]. On the other hand, CORDITE is a specific database
of drug interactions for SARS-CoV-2 [4] while VDA-RWLRLS frame-
work helps in prioritizing drugs [5]. AVCpred server uses the

quantitative structure-activity relationship (QSAR) for predicting
and designing antiviral therapeutics [6].

Natural or synthetic AVPs are novel antiviral compounds that
exhibit huge potential in controlling emerging viral pathogens.
These classes of molecules show less toxicity with minor side
effects. miRNAs are also important targets for developing novel
antiviral therapeutics. VIRmiRNA is a comprehensive repository
of viral miRNAs (including 1308 experimentally validated miR-
NAs) and their targets [7]. AI4AVP, AntiVPP 1.0, iDVIP, AVPIden,
AVPpred, ENNAVIA, and Meta-iAVP are the tools for prediction
of AVPs based on machine learning algorithms [8-14]. In com-
parison, Deep-AVPpred and PandoraGAN, identifies novel AVPs in
protein sequences (predicts whether peptide will function as AVP
or not) and designs bioactive AVPs, respectively [15, 16]. AVPdb is
a resource of experimentally verified AVPs to help researchers in
the development of antiviral therapeutics. It targets more than 60
medically important viruses including SARS, influenza, hepatitis
B virus (HBV), HCV, DENV, RSV, and HSV [17]. For developing new
drugs/therapeutics, it is crucial to understand the drug binding
sites in viral proteins, drug resistance mutations in viral genes and
molecular mechanism of pathogenesis (for instance, identifica-
tion of phosphorylation sites). RVDB-prot provides a well-curated
collection of protein sequences (Hidden Markov Model profiles)
equivalent of nucleic acid data from RVDB [18]. Geno2pheno
predicts phenotypic drug resistance in HIV-1, HBV, and HCV [19]
while Stanford HIV Drug Resistance DB monitors drug resistance
against antiretroviral drugs against HIV [20]. ViralPhos predicts
potential phosphorylation sites in viral proteins [21]. Conversely,
DeeplPs uses a deep-learning algorithm to identify phosphoryla-
tion sites in host cells infected with SARS-CoV-2 [22].

Destructive tendencies and consequences of virus proteins are
closely related to their subcellular localization in host cell. iLoc-
Virus predicts the subcellular localization of viral proteins using
a multilabel learning classifier [23]. Protein—protein interactions
(PPIs) between human and virus play an important role in
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http://gmql.eu/virusurf_gisaid/
http://gmql.eu/virusurf_gisaid/
http://gmql.eu/virusurf_gisaid/
http://gmql.eu/virusurf_gisaid/
https://bioinfo.uth.edu/VISDB
https://bioinfo.uth.edu/VISDB
https://bioinfo.uth.edu/VISDB
https://bioinfo.uth.edu/VISDB
https://bioinfo.uth.edu/VISDB
https://github.com/biocom-uib/vpf-tools
https://github.com/biocom-uib/vpf-tools
https://github.com/biocom-uib/vpf-tools
https://github.com/biocom-uib/vpf-tools
https://github.com/biocom-uib/vpf-tools
https://github.com/biocom-uib/vpf-tools
https://github.com/biocom-uib/vpf-tools
https://github.com/soedinglab/wish
https://github.com/soedinglab/wish
https://github.com/soedinglab/wish
https://github.com/soedinglab/wish
https://github.com/soedinglab/wish
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Table 2. Categorization of resources based on specific application

Application Resource [reference] Specific feature(s) CI2 Access®
Drugs and therapeutics AI4AVP [8] Tool for the prediction of antiviral peptides 12 W,D
AntivVPP 1.0 [9] Predict antiviral peptides 9.94 D
AVCpred [6] For prediction and design of antiviral compounds 9 W,D
AVPdb [17] Resource of experimentally validated antiviral peptides targeting 21.8 W
medically important viruses
AVPIden [13] Identifies and predict functionality of antiviral peptides 18.16 W
AVPpred [10] Antiviral peptide prediction algorithm 20.16 W
CORDITE [4] Provides knowledge on potential drugs for SARS-CoV-2 6.33 W
CoVex [37] Platform for SARS-CoV-2 host interactome exploration and drug 40.52 W
(target) identification
Deep-AVPpred [15] For discovery of peptide drugs for viral infections 16.66 W,D
DeepHost [32] Tool for phage host prediction 14.2 D
DeeplPs [22] Identifies phosphorylation sites in host cells infected with SARS-CoV-2  26.59 W,D
ENNAVIA [11] Method for antiviral and anti-coronavirus activity prediction for 21.4 W,D
therapeutic peptides
Geno2pheno [19] For predicting drug resistance in HIV-1, HBV, and HCV 15.37 W
HCVpro [27] Database of hepatitis C virus protein interaction 6.99 W,D
HVIDB [26] Catalogues human-virus protein-protein interactions 16.2 W,D
iDVIP [14] Model for identification and characterization of viral integrase 0.99 W
inhibitory peptides
iLoc-Virus© [23] For identifying the subcellular localization of virus proteins 20.98 W
LSTM-PHV [24] Predicts human-virus protein-protein interactions 26.9 W,D
Meta-iAVP [12] For improving the prediction of antiviral peptides 21.8 w
MVP [30] Microbe-phage interaction database 10.98 W
NCBI-HHPID [28] Catalogues all interactions between HIV-1 and human proteins 5.46 W
PandoraGAN [16] Tool to design bioactive antiviral peptides 20.25 D
P-HIPSTer [25] Pathogen-host interaction prediction tool 27.77 W,D
PHIAF [29] For prediction of phage-host interactions 18 D
PHISDetector [31] Tool to detect diverse in silico phage-host interaction signals 9.9 D
Standford HIV Drug Includes genotypic-treatment and genotypic-phenotypes 12 W
Resistance DB [20]
VDA-RWLRLSE [5] Anti-SARS-CoV-2 drug prioritizing framework 20.9 D
ViralPhos¢ [21] Phosphorylation sites prediction on virus proteins 1.70 w
ViRBase v3.0 [34] Virus and host ncRNA-associated interaction repository 5.88 W,D
VirHostMatcher-Net [38] Framework for predicting virus—prokaryote interactions 25.33 W,D
VirHostNet 2.0 [35] Knowledgebase of network-based exploration of virus-host 22.51 W
protein-protein interactions
VIRmiRNA [7] Resource for experimentally validated viral miRNAs and their targets 11.53 W,D
Virus-CKB 2.0 [3] Viral-associated disease-specific chemogenomics knowledgebase 7.02 W
Viruses.STRING [36] Virus-host protein—protein interaction database 22.8 W,D
Vaccine development CATNAP [46] Tool for compiling, analysing, and tally neutralizing antibody panels 16.6 W,D
DBCOVP [41] Database of coronavirus virulent glycoproteins 5.87 W
IRD [44] Resource for influenza virus research 45.85 w
ISU FLUture [42] For monitoring the temporal genetic patterns of influenza A virus in 9.8 w
swine
IRAT [43] Pandemic preparedness and influenza risk assessment tool 6.81 W
MMV-db [45] Database about vaccinomics and RNA-based treatments for 4.1 W,D
mammarenaviruses that causes contagious hemorrhagic fever
Diagnosis and novel virus ~ Cenote-Taker 2 [61] Virus discovery and annotation tool 29 D
discovery CliqueSNV [65] Reconstruction of viral variants 14.2 D
coronaSPAdes [66] Assembler for RNA viral species recovery 21 W,D
DisCVR [64] Tool for rapid viral diagnosis 1.84 W
DeepVirFinder [57] Tool for virus identification using metagenomic data 94.37 D
Genome Detective [62] For identifying viruses using high-throughput sequencing data 62.6 W,D
GLUE [76] Software for viral sequence data 18 W,D
HERVd [68] Human intrinsic retrovirus database 10.4 W
MetaviralSPAdes [50] For assembling viruses using metagenomic data 51.4 D
MicroGMT [71] Mutation tracking system for SARS-CoV-2 and other genomic 6.44 D
sequences of microbes
PaVE [55] Database of curated papillomavirus genomic sequences 36.2 W
PoSeiDon [72] For identification of recombinational events and natural selection 3.62 D
PuMA [53] Papillomavirus genome annotation tool 3.2 D
RAT [74] High-throughput detection of recombination 7.2 D

(continued)
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Table 2. Continued

Application Resource [reference] Specific feature(s) CI? AccessP
RDP5 [73] Program for analysing recombination 114 W,D
SimFluc [54] For forecasting the influenza A virus variation patterns 9.58 W
V-pipe [49] For analysing the genomic diversity of viruses using high-throughput dataset 2119 D
VIMIC [69] Database of human disease-related virus mutations, integration sites and cis-effects 6.67 W,D
VIMRT [70] Recognizes virus mutation 3.36 W
VIP [47] Pipeline for metagenomics of virus identification and discovery 148 D
ViraMiner [63] Method to identify viruses in various human biospecimens 2495 D
VirClust [56] Tool for clustering, protein identification, and annotation of viruses (prokaryotes) 20.57 W
VIRIDIC [77] To compute the intergenomic resemblance of prokaryotes infecting viruses 12392 WD
ViReMa [75] Detects recombination junctions in viral genomes 8 D
VirFinder [59] Tool for finding sequences of viruses through assembled metagenomic data 7874 D
virMine [60] For identification of viral sequences using complicated metagenome datasets 9.35 D
VirusDetect® [51] Tool for efficient virus discovery 29.3 W,D
VirusSeeker [48] Discovers virus and analyses virome composition 1897 WD

Control viral diseases ~ COVFlow [88] Method for phylodynamic analysis of viruses from specified sequences of 0.39 D

SARS-CoV-2
DbatVir [78] Resource of bat-linked viruses 17.58 WD
MNPDenseNetd [85] Framework for detecting monkeypox viruses from skin images 7.2 D
PASC [81] For classification of viruses 18.9 W
SANTA-SIM [89] Simulation of evolution of viral sequence under selection and recombination 5.7 D
SDT [82] For classifying viruses on the basis of pairwise sequence alighment 160.3 WD
TIPRA [87] Tool for pandemic preparedness and the influenza risk assessment 4.66 W,D
vConTACT [83] Classification tool for dsDNA viruses that infects bacterial and archaeal 35.2 D

communities
VirAnnot [90] Estimates viral diversity and assigns operational taxonomy units 6.19 W,D
VirMAP [79] Maximal viral information recovery tool 9.16 D
ViromeScan [80] For metagenomic viral community profiling 1543 WD
VirSorter2 [91] Detects diverse DNA and RNA viruses 20452 D
Virus-Host DB [92] Integrating viral genomes together with host taxonomies 4434 W
ZikaVRe [93] For genomics, proteomics, phylogenetic, and therapeutic analysis 7.51 W

aCI, citation index (number of citations per year and as of January 2025). bW, web based. D, downloadable. W, D, both Web based and downloadable. All the tools
mentioned are freely available. “Currently inaccessible: 4CI could not be calculated (published in the past 4 months).

determining the course/severity of viral infection and hence
human-virus PPIs are potential drug targets. Towards this end,
various resources/tools have been developed: (i) HVIDB (PPI
database), LSTM-PHV, and P-HIPSTer (both predict human-
virus PPIs) [24-26], (i) hepatitis C virus protein interaction
database (HCVpro) [27], (iil) NCBI-HHPID (compiles all interactions
between HIV-1 and human proteins) [28], (iv) PHIAF, PHISDetector
(both predict phage-host interaction) and Microbe Versus
Phage (MVP) (microbe-phage interaction database) [29-31], (v)
DeepHost (phage host prediction tool based on Convolution
Neural Networks) [32] (vi) iPHOP (a machine learning based
tool for predicting phage-host interactions) [33], (vii) ViRBase
v3.0 (repository for information on ncRNA SNPs, ncRNA-related
drugs and virus-host ncRNA interactions) [34], (viii) VirHostNet
2.0 and Viruses.STRING (both are databases for exploration of
virus-host PPIs) [35, 36], (ix) CoVex (explores SARS-CoV-2 host
interactomes) [37], and (x) VirHostMatcher-Net (predicts virus—
prokaryotes interactions) [38].

Vaccine development

Vaccination provides adaptive immunity to a disease and is the
most efficient method of preventing infectious diseases. However,
conventional strategies to develop vaccines have severe limi-
tations [39]. Hence, computational methods can be profoundly
useful for developing novel and effective vaccines, and gear up
the long/expensive procedure of vaccine development. Modern
vaccine development involves the computational techniques

that explore antigen/adjuvant selection as well as prediction
of immune response, epitope, and toxicology/allergenicity. This
requires utilization of diverse computational tools encompassing
immune-informatics, comparative proteomics, gene expression
analysis, in silico hierarchical identification of protective antigens,
reverse and structural vaccinology, molecular docking, and
modelling of protein structures (Table 2) [40].

The COVID-19 pandemic has led to the development of
DBCOVP database that provides extensive information on
the functional and immunological (T-cell and B-cell epitopes)
properties of virulent glycoproteins from coronavirus genomes
[41]. Furthermore, as exemplified by the recent lumpy skin
disease epidemic in cattle, viral diseases are a major threat
to the animal husbandry and cause considerable damage to
humans and animals. Hence, it is imperative to prevent, diagnose
and treat veterinary viral infections [for instance, influenza A
virus (IAV) causes severe respiratory disease in birds and some
mammals]. ISU FLUture, is a clinical diagnostic database and
interactive web interface that allows to monitor patterns in
swine IAV positive cases. The objective of this resource is to
aid veterinarians to manage and control IAV by exploring the
genetic diversity of surface glycoproteins between circulating IAV
and vaccine strains [42]. Influenza risk assessment tool (IRAT)
is a tool that assesses the potential pandemic risk (based on
the properties, ecology, and epidemiology of the virus) posed by
IAV [43]. This helps in ascertaining a suitable candidate vaccine
virus and developing a human vaccine before infection spreads.
Influenza Research Database (IRD) is a freely available online



bicinformatic resource to search, analyse, visualize, store as well
as share data for influenza research [44]. Likewise, MMV-db is a
database dedicated to vaccinomics and therapeutics information
on mammarenaviruses [45]. Generation of neutralizing antibodies
is essential for an effective vaccine as they can inhibit viral
infection of a target cell. Taking this into account, CATNAP
tool was developed to analyse neutralizing antibody panels in
conjunction with HIV sequence data [46].

Diagnosis and novel virus discovery

Novel viruses are the causal agents of emerging pandemics/epi-
demics. Hence, identification and diagnosis of new/rare viruses
are paramount to develop strategies against viral diseases and
manipulate viruses for our own advantage. The COVID-19 pan-
demic has not only ignited the scientific interest in novel virus dis-
covery but has also highlighted the importance of understanding
the origin of an outbreak, implementing specific control measures
(for instance, ‘lockdowns’ were unknown in the pre-COVID era)
and early diagnosis (so as to initiate/modify the course of pre-
vention/treatment). Various computational resources have been
developed for discovering and diagnosing new viruses (Table 2).

High-throughput sequencing techniques play an important
role in novel viral discovery and identification, monitoring phy-
logenetic evolution and clinical diagnosis (for instance, design-
ing of fluorescent PCR probes for COVID-19 detection). Towards
this end, Virus Identification Pipeline (VIP) that identifies and
discovers the virus from metagenomics data was developed [47].
Likewise, a BLAST-based NGS data analysis pipeline, VirusSeeker
was designed for eukaryotic viral discovery as well as virome
composition analysis [48]. In similar vein, V-pipe orchestrates the
assessment of viral genomic diversity from high-throughput data
[49]. MetaviralSPAdes and VirusDetect provide opportunities to
reveal novel viruses by identifying viral genomes in metagenomic
assembly graphs and by analysing the large-scale small RNA
datasets, respectively [S0, 51]. PhaGCN2 predicts taxonomy at
family level as well as identifies members of the new virus fam-
ilies which have not been defined in International Committee on
Taxonomy of Viruses (ICTV) [52]. Virus-specific tools for diagnosis
of distinct strains include (i) PuMA, an unbiased papillomavirus
genome annotation tool that reports novel papillomaviruses [53],
(ii) SimFlu, an analytical tool that simulates multi-level codon
variation parameters over time in influenza virus genomic regions
and hence predict probable future variants of influenza viruses
[54], and (iii) Papillomavirus Episteme (PaVE), which provides a
typing tool to assess the novelty of a newly sequenced virus [55].
On the other hand, VirClust annotates viral sequences based on
homology and core protein detection [56].

Historically, diseases caused by viruses have been known prior
to the discovery of their causal agents such as AIDS, cervical
cancers, etc. Thus, discovery of viruses will characterize the dis-
eases they cause, much before the pathogenicity of these agents is
defined. Hence, it is important to detect and characterize viruses.
Recent advancement in metagenomic sequencing helps in iden-
tification of unknown viruses or short viral sequences, e.g., Deep-
VirFinder [57], VIBRANT [58], VirFinder [59], virMine [60], and
Cenote-Taker 2 [61], predict/identify viral sequences in metage-
nomic data and discovers viruses from unknown datasets. Simi-
larly, ViraMiner, DisCVR, and Genome Detective both detect poten-
tial unknown/highly divergent viral genomes in human biospec-
imens and from high-throughput sequencing data, respectively
[62-64]. CliqueSNV is an algorithm for early detection and identifi-
cation of minor viral haplotypes [65] while coronaSPAdes, ends the
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limitation of other assemblers that are unable to assemble several
viruses into a single contig and hence recover RNA virus species
[66]. On the other hand, RVRD is a compilation of RNA virus
genomes from NCBI, ViralZone, and ViPR to provide enhanced
identification of RNA viruses in metagenomic data [67]. Likewise,
for human endogenous retroviruses (HERV), the HERVd resource
precisely defines HERV families and provides better classification
and identification [68].

Genetic changes in viruses, that are responsible for creating
novel viruses, are the result of recombination events (occur when
coinfecting viruses exchange genetic information) and mutations
(errors incorporated in viral genome). The recombination episodes
impact the evolution of virus species, while several mutations
accumulate in viral strains over time and change its fundamental
properties. Tools that help in analysing or identifying mutation-
s/recombinations are: (i) Virus Mutations, Integration sites and
cis-effects (VIMIC), which provides information on viral muta-
tion/integration sites as well as target genes [69], (i) VIMRT, a
search engine for automated virus mutation recognition [70], (iii)
MicroGMT, identifies as well as characterizes indels and point
mutations [71], (iv) PoSeiDon, a pipeline to identify recombination
events and positively selected sites in protein-coding sequences
[72], (v) RDP-5, an algorithm for detecting and visualizing recombi-
nation [73], (vi) Recombination Analysis Tool (RAT), a tool for find-
ing viral recombinants [74], and (vii) Virus Recombination Mapper
(ViReMa), specifically developed to accurately identify recombi-
national events in the longer reads [75]. Moreover, identifying the
changes in viral genomes can also be used to diagnose diseases.
Genome sequencing plays a crucial role in finding these differ-
ences and reveals viral phenotypic characteristics, such as anti-
genic determinants. To facilitate understanding of virus genome
sequencing, sequence data should be processed within virus-
specific computational resources. GLUE is a bioinformatics plat-
form for development of virus sequence data resources [/6].
Comparative genomics is also very important to find evolutionary
changes in the viral genome and hence, might potentially discover
a novel virus as well. VIRIDIC is one such tool that computes
distances/similarities amongst viral genomes [77].

Control of viral diseases

Getting control over viral diseases is not possible without under-
standing the viral pathogenesis, evolution, heterogeneity, and
functionality. Viral metagenomic studies offer the opportunity
to comprehend and expand this knowledge. Approaches like
‘virus taxonomy classification’ enable the clinical, molecular, and
evolutionary traits of the virus to be placed in a framework that
includes and connects all viruses. Taxonomic perspective depicts
the origination/replication pattern of a specific virus, ascertains
the possible host it emerged from, how it causes diseases and
how the host responds when afflicted. All these parameters help
us to device a possible way of controlling diseases (e.g., possible
treatments and produce vaccines) and several tools have been
developed towards this end (Table 2). For instance, taxonomy
has helped to understand (i) the most likely natural host for
viruses (i.e. bats for novel coronavirus) and (ii) evolution in viral
genome by genetic recombination. DBatVir provides information
about the genetic variability of the bat-associated viruses to
prevent future epidemics [78]. VirMAP and ViromeScan (metage-
nomic viral community profiling tool) both are meant for viral
identification and taxonomic classification from metagenomic
data [79, 80]. Similarly, PASC (PAirwise Sequence Comparison)
and SDT (Sequence Demarcation Tool) both use taxonomic
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classification methods based on pairwise genetic identity
measures and determine demarcations at distinct taxonomic
levels such as strain, species, genera, and subfamily/family [81,
82]. VICTOR and vConTACT also do taxonomic classification,
but specifically for prokaryotic viruses [83, 84]. In similar vein,
MNPDenseNet is a machine learning architecture developed for
detecting monkeypox viruses from skin images [85]. Similarly,
for keeping a check on epidemic HIV infections and patients
undergoing antiretroviral treatment, a statistical model Naomi
was designed to control this disease at the district level in
sub-Saharan Africa while TIPRA assesses risk associated with
influenza virus [86, 87].

Phylogenetic analysis is a powerful means to evaluate inter-
species differences to optimize public health responses to viral
outbreaks. COVFlow is a pipeline for performing phylogenetic
and phylodynamic analysis of SARS-CoV-2 genomes to check the
spread and evolution of the variants [88]. Undoubtedly, simula-
tion tools for replicating natural selection, recombination and
complex demography patterns, are important for understanding
the complex evolutionary scenarios. One such tool that imitates
evolution dynamics of viruses under selection and recombination
is SANTA-SIM [89]. Viral metagenomics analyses help to under-
stand the genetic diversity and content of all the prevailing viral
communities. VirAnnot (automated viral diversity estimation) is
a resource for estimating viral diversity and identification of
Operational Taxonomic Units (OTUs) in metavirome data [90].
Most viral signals remain concealed in the metagenomic datasets
due to the absence of universal gene markers and inadequate
advancement in the identification tools. Considering these chal-
lenges, VirSorter2 tool was designed to identify diverse DNA and
RNA viruses [91]. The gap in analysis of organism interaction
networks was filled by GenomeNet Virus-Host Database that
provides the taxonomic links between viruses and their hosts [92].
Vaccine epitopes, distinct RNAs (siRNAs, miRNAs, and sgRNAs)
as well as repurposed drug candidates are potential therapeu-
tic components for controlling the viral diseases. ZikaVR is one
such integrated repository developed for interventions against
ZIKV [93].

Computational approaches towards
COVID-19

The SARS-CoV-2 pandemic had triggered worldwide efforts to
understand the virus, to uncover its pathogenesis and develop
diagnosis/treatment options. Due to the widespread calamity
caused by COVID-19, several resources have been built specifically
for the coronavirus (Table 3). Computational strategies were
adopted explicitly as a rapid necessity for quick detection, vaccine
development and treatment of SARS-CoV-2 infection. There
are various bioinformatics tools for diagnosis of SARS-CoV-2
infection, conducting sequence analysis, monitoring the COVID-
19 pandemic, evaluating containment strategies, studying coro-
navirus evolution, finding potential drug targets, and developing
therapeutic measures [94]. Pangolin (Phylogenetic Assignment
of Named Global Outbreak Lineages), ViTAL (Vision TrAnsformer
based Low coverage), and HAVoC (Helsinki university Analyzer for
Variants of Concern) assign lineage to a new SARS-CoV-2 genomic
sequence while CovidPhy classifies SARS-CoV-2 genomes into a
clade and provides geographic information of this clade [95-98].
Likewise, Covidex is a machine learning based subtyping tool
whereas RASCL is useful for assessing the SARS-CoV-2 clades
through molecular sequence analysis [99, 100]. MyCov is an R
package for classification of coronaviruses [101]. Since, mutations

can render the variants to evade existing treatment strategies,
tracking genetic changes is very essential to provide control
on the pandemic. CoV-GLUE, PipeCoV, CoV2Var, and Cov-Seq
are tools for analysing genomic variations in the SARS-CoV-
2 sequences [102-105]. Likewise, ViruClust also facilitates the
identification of mutants and/or variants of potential concerns
by comparing viral genomes whereas MicroGMT tracks mutations
for SARS-CoV-2 and other microbial genomes [56, 71]. On the
contrary, EpiSurf has been developed for assessing amino acid
changes in SARS-CoV-2 epitopes and other viral strains, SCoV2-
MD organizes atomistic simulations of the SARS-CoV-2 proteome
and IDbSV is a database for keeping a check on the evolution and
genomic variations of SARS-CoV-2 [106-108]. To understand the
molecular mechanisms underlying SARS-CoV-2 infection and the
changes in host cellular pathways, DeeplPs enables prediction of
phosphorylation sites in the SARS-CoV-2 infected host cells [22]. In
similar vein, COVID-AMD is a resource for ascertaining the animal
models for coronaviruses [109]. Additionally, Shapify is useful
for the prediction of pseudoknots RNA secondary structures in
SARS-CoV-2 genomes [110]. Therapeutic databases/tools hold
the potential to facilitate drug discovery; for instance, VDA-
RWLRLS is a drug-prioritizing framework [5]. Furthermore,
to expedite COVID-19 therapeutics development, CoVex and
CORDITE resources were developed that integrate the SARS-
CoV-2, host and drug interactions [4, 37]. ENNAVIA, iACVP, and
CoronaPep are tools to identify/predict ACVPs (Anti-CoronaVirus
Peptides) for the prevention and treatment of COVID-19 [11, 111,
112]. Maintaining and managing biological data (particularly
molecular data) is a global concern. Towards this end, VirusLab
was designed for searching, visualizing, analysing, and managing
the SARS-CoV-2 data [113], whereas PAGER-CoV is a database
that collates pathways, annotated genes, and gene signatures
[114]. Some other useful tools that have been developed are: (i)
AutoCoV, to track the early spread of COVID-19 [115], (ii) CoV2ID,
for the detection of SARS-CoV-2 infection [116], (iii) CoVDB, for
carrying out comparative analysis of coronavirus genes and
genomes [117], (iv) COVIDium, a compendium of COVID-19
resources [118], and (v) gcCov, hosts data from publicly available
genomes/publications [119].

Other diverse tools

Other distinct areas in virology that need to be focused like host
prediction, de novo assembly and annotation of viral sequences,
prediction of viral complexity and recognition of core genes inside
the viral ancestry. In this regard, several computational pipelines
are available to understand the effect of viruses on host behaviour,
diversity and function, and to estimate host contamination for
viral contigs. Various tools available for virus-host interactions
prediction are: (i) Random Forest Assignment of Hosts (RaFAH)
and Who Is the Host (WIsH), both for predicting the host (bacteria
and archaea) of viruses [120, 121] and (ii) Viral Protein Families-
Class (VPF-Class) for predicting host of viral contigs [122]. PVPred-
SCM has been developed for predicting the phage virion proteins
[123]. Tools like IVA and VICUNA, perform de novo population
consensus assembly of RNA virus genomes and highly diverse
viral populations [124, 125]. On the other hand, VADR, VAPID, and
VIRULIGN annotate viral sequences, while Phigaro specifically
annotates prophage sequences [126-130]. Recently, VIRify pipeline
was developed that uses virus-specific protein profile HMMs for
annotation and taxonomic classification [129].

Thereis dire need of advance research on viruses that are major
global public health threat like influenza virus, dengue virus,
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Table 3. SARS-CoV-2 centred viroinformatics tools

Tools [reference] Key feature(s) CI? AccessP
AutoCoV [115] For tracking early spread of COVID-19 1.87 D
CORDITE [4] Knowledgebase on possible drugs used for SARS-CoV-2 6.33 W
CoronaPep© [112] Tool for generation of anti-coronavirus peptide 2.4 W
CoronaSPAdes [66] Assembler for RNA viral species recovery 21 W,D
CoVDBe© [117] Library of coronavirus genes and genomics 2.7 W
CoV-GLUE [102] Tool for monitoring the genomic variations in SARS-CoV-2 40.66

CoV-Seq [104] For analysing and visualizing genomic sequences of SARS-CoV-2 7.2 W,D
CoV2ID [116] Oligo libraries for SARS-CoV-2 1.32 W
COV2Var [105] Function annotation database of SARS-CoV-2 genetic variation 7.7 W
CoVex [37] Tool for exploration of SARS-CoV-2 host interactions and identification of the drugs 40.52 W
COVFlow [88] For phylodynamic analysis of viruses from specified sequences of SARS-CoV-2 0.39 D
Covidex® [99] SARS-CoV-2 subtyping tool 4.1 W,D
COVID-AMD [109] Platform for identification of animal models for coronaviruses 0 W
COVIDium [118] COVID-19 resource compendium 3.38 D
CovidPhy [97] SARS-CoV-2 variant phylogeographic analysis web tool 3.99 W
DBCOVP [41] Database of coronavirus virulent glycoproteins 5.87 W
DeeplPs [22] For finding phosphorylation sites in SARS-CoV-2-infected host cells 26.59 W,D
ENNAVIA [11] Prediction of anti-coronavirus effects for therapeutic peptides 21.4 W, D
EpiSurf [106] Tool for assessing amino acid changes in SARS-CoV-2 epitopes as well as other strains of viruses 3.38 W,D
gcCov [119] Database for global coronavirus studies 1.09 D
HaVoC [96] Platform for ancestry assignment for genomic sequences of SARS-CoV-2 12.8 W,D
1ACVP [111] Identifies anti-coronavirus peptides 15.3 W,D
IDbSV [107] For monitoring the evolution as well as variations of SARS-CoV-2 2.33 D
MicroGMT [71] Mutation tracking system for SARS-CoV-2 as well as for other microbial genotypes 6.44 D
MyCoV [101] R package for taxonomic classification of coronaviruses 3.76 D
PAGER-CoV [114] Database regarding pathways, annotated gene-lists, and gene signatures 3.3 W,D
Pangolin [95] For assigning lineage to a particular SARS-CoV-2 genomic sequence 298.8 D
PipeCoV [103] Tool to assemble, annotate, and identify variants in SARS-CoV-2 genomic sequences 4.36 D
RASCL [100] Tool for rapid assessment of SARS-CoV-2 clades 0.68 W,D
SCoV2-MD¢ [108] Database for atomistic simulations of the SARS-CoV-2 proteome 8.75 W
Shapifyc [110] Prediction of pseudoknots RNA secondary structures 4.9 D
VDA-RWLRLSE [5] Platform for prioritizing SARS-CoV-2 drugs 20.9 D
VirusLab [113] Program for analysing the SARS-CoV-2 data 2.46 WD
VITAL4 [98] Tool for lineage assignment to a new SARS-CoV-2 sequence - W

aCI, citation index (number of citations per year and as of January 2025). bW, web based. D, downloadable. W, D, both Web based and downloadable. All the tools
mentioned are freely available. “Currently inaccessible. 4CI could not be calculated (published in the past 4 months).

HIV (human immunodeficiency virus), hepatitis virus, and Zika
virus. Hence, several virus-specific stools have been developed
to target these pathogens. IRD and GISAID are comprehensive
compilations of influenza associated data and provide data shar-
ing platforms, thus expediting the study and generation of drugs,
diagnostics, and treatments against this virus [44, 131]. INSaFLU
(INSide the FLU) is a framework to automate manipulation of NGS
data for influenza whole-genome-based surveillance [132]. There
is a need for appropriate selection of diagnostic primers for identi-
fication of flaviviruses because they cause various maladies such
as extreme autoimmune diseases and neurological disorders. On
that account, ZikaVR (Zika Virus Resource) was developed that
embraces ZIKV genetic, proteomic as well as therapeutic knowl-
edge for facilitating research on Zika virus [93]. Enveloped dsDNA
viruses like hepadnaviruses (e.g., hepatitis virus) are of greatest
concern because of their potentiality of their outbreaks and epi-
demic spread. Among the five kinds of hepatitis viruses (A, B, C,
D, and E), forms B and C cause chronic disorders and together, are
the most common cause of developing liver cancer and cirrho-
sis. Hepatitis C virus protein interaction database (HCVpro) has
compiled information on protein-protein interactions and func-
tional genomics data that supplements the search for diagnostic
markers and therapeutics [27]. HBVdb is a specialized database
to examine the genetic diversity and therapeutic resistance of
HBV [133]. Likewise, HEVnet assists in sharing and analysing HEV

sequence data accompanied by metadata [134]. Optimum natural
immune response in HBV is mediated by epitope presentation
and may help in the development of novel immunotherapeutic
interventions. Hence, Hepitopes database that has the collection
of these epitopes was developed [135]. To effectively track the
spread of drug resistance, there is a need of cataloguing sensitive
and specific mutations that can be adopted by all the surveillance
studies. Towards this end, HIV Drug Resistance Database com-
piles common mutations of HIV [20]. The group of viruses called
endogenous retrovirus (ERV) are integrated retroviral sequences
that comprise 5%-8% of the human genome. To understand the
biological relevance/impact of ERVs on human health, computa-
tional analysis is required. ERVmap reveals the transcription of
human ERVs [136].

There are several other distinct/diverse virus databases that
also facilitate viral research: (i) Virus taxonomy, database of
universal virus taxonomy [137], (ii) CheckV, checks for quality
and completeness of viral sequences in metagenomes [138],
(iif) IMG/VR v3, largest collection of viral genomes extracted
from metagenomes [139], (iv) OncoDB, for examining gene
expression and viral infection in cancer [140], (v) Reference
Viral Database (RVDB), compiles all viral, virus-like, and viral-
associated nucleotide sequences [141], (vi) ViruSurf, database
of viral sequences and associated metadata [142], (vii) VISDB,
hosts viral integration site-related information in human genome
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A.

Show ‘ 10 V‘ entries

Search:

Tools Key features @ Access Virus/Disease Application
GISAID Data-sharing platform for Influenza, Dengue, Mpox and hCoV-19 381.99 | Web Influenza, Dengue, Mpox and Database
viruses hCoV-19 viruses
CheckV Pipeline for assessing the quality and completeness of 349.6 Install All viruses Metagenomics
metagenome-assembled viral genomes
Pangolin For allocating the most possible lineage to a particular SARS- 298.8 Install SARS-CoV-2, COVID, Genome annotation
CoV-2 genomic sequence Coronavirus
VirSorter2 Detection method for distinct DNA as well as RNA viruses 204.2 Install All viruses Control of viral diseases,
Diagnosis and novel virus
discovery
Virus taxonomy ICTV database 170.65 | Web All viruses Genotyping
VIBRANT Method for annotation of viral genomes and metagenomic 165.99 | Web, Install Human Immur iciency ar
assemblies Virus (HIV), AIDS
SDT For classifying viruses on the basis of pairwise sequence 160.3 Web, Install All viruses Control of viral diseases,
alignment Diagnosis and novel virus
discovery
GVD Identifying age-based patterns of virome diversity in the gut of 1315 Web, Install All viruses Genome annotation
humans
VIRIDIC To compute the intergenomic resemblance of prokaryotes 123.92 | Web, Install All viruses Control of viral diseases,
infecting viruses Diagnosis and novel virus
discovery
RDP5 For studying the recombination in, and eliminating indications of 14 Web, Install All viruses Diagnosis and novel virus
recombination from nucleotide sequence datasets discovery
Showing 1 to 10 of 358 entries Previous 1 2 3 4 5 36 Next

*Currently inaccessible

B.

Show‘ 10 v; entries

Search: metagenomic

Tools Key features Cl | Access Virus/Disease Application
CheckV Pipeline for assessing the quality and completeness of 349.6 Install All viruses Metagenomics
metagenome-assembled viral genomes
VIBRANT Method for annotation of viral genomes and metagenomic 165.99 | Web, Install Human Immunodeficiency Genome annotation
assemblies Virus (HIV), AIDS
DeepVirfinder Viral identification using metagenomic data 94.37 Install All viruses Diagnosis and novel virus
discovery
VirFinder Tool for finding sequences of viruses through assembled 78.74 Install All viruses Diagnosis and novel virus
metagenomic data discovery
MetaviralSPAdes Assembly of viruses from metagenomic data 51.4 Install All viruses Diagnosis and novel virus
discovery
RdRp-scan Tool for the identification and annotation of different RNA 26.22 Install All RNA viruses Metagenomics
viruses within metagenomic datasets
VIROME Platform for classifying metagenomic sequences of viruses 17.56 Web All viruses Metagenomics
ViromeScan Tool for metagenomic viral community profiling 15.43 Web, Install All viruses Control of viral diseases
VIP Method for finding and identifying viruses using metagenomics 14.86 Install All viruses Control of viral diseases,
Diagnosis and novel virus
discovery, Metagenomics
RNN-VirSeeker Tool for identifying brief viral sequences across metagenomic 1277 Install All viruses Metagenomics
data
Showing 1 to 10 of 17 entries (filtered from 358 total entries) Previous 1l 2 Next

*Currently inaccessible

Figure 2. (A) Screenshot of VITALdb tools sorted by CI (reflect the popularity/usage of the tool). (B) Screenshot of VITALdb on search using desired

keyword(s) (here, metagenomic).

[143], (vill) pVOGs, represents cluster of orthologous gene
families in genomes of viruses that infect bacteria and archaea
[144], (ix) VirusCircBase, contains data related to viral circular
RNAs [145], (x) Stanford HIV Drug Resistance DB, includes
genotypic-treatment and genotypic-phenotype correlations

for HIV [146], and (xi) RdRp-Scan, a database to detect RNA-
dependent RNA polymerases for virus genome annotation
[147]. Various additional important tools such as FIuTE, GATU,
LANL HCV database, Metavir, NCBI Genotyping Tool, NCBI Viral
Genomes Resource, NCBI-IVR, PHACCS, RotaC, SCUEAL, SegMap,



SSE, VIPERdD, ViPR, ViralZone, ViroBLAST, VIROME, Virus Vari-
ation Resource, Virus-Genotyping Tools, Virus-Ploc, VirusFinder,
VirusMINT, VirusSeq had already been covered/described in our
earlier publication [148-170]. Amongst these, new versions of two
tools Metavir and VIPERdD have been developed. The first version
of Metavir provided a framework that allowed comprehensive
virome analysis while the new release of Metavir (Metavir 2)
was developed for comparative study of viromes to overcome
challenges like rapid increase in the number of viromes and
assembling the vast amount of metagenomic sequence data
into large genomic fragments [151]. Initially, VIPERdb provided
comprehensive structure-derived information on viruses but
the improved version of VIPERdb (VIPERdb v3.0) [171], besides
containing all the characterized viruses (~181 000) known till
December 2020, also host tools to identify hot-spot residues in
the desired set of structures and for anomaly detection in virus
capsids. On the other hand, Gut Virome Database (GVD) compiles
33 242 distinct viral populations present in gut to understand the
crucial role of viruses in human health and disease [172].

Database architecture and web interface

For compiling the viroinformatics tools included in VITALdb,
extensive search was carried out in literature using all possible
diverse keywords. Subsequently, to facilitate effective access to
this vital database (VITALdD), a web interface was developed using
HTML, CSS, and JavaScript for its layout, style, design, and content
structuring. The backbone of the database is an interactive table
that collates all the viroinformatics resources along with their key
features, citation indexes (CI) (reflecting the popularity/usage),
accessibility, specificity, and application. To enhance the utility of
VITALdDb, we have implemented column sorting (Fig. 2A), instant
search along with filtering function (Fig. 2B), and pagination
using DataTables (a table enhancing JavaScript library). A user
can search VITALdb using keywords mentioning specific virus,
disease, feature, tool-name, or application.

Conclusion

VITALdD is a comprehensive, insightful, and interactive resource
of ~360 viroinformatics tools. It will enable users to get an
overview of tools available for a desired virus/application and
consequently select the best tool(s) to carry out their task.
VITALdD is surely going to play a vital role in combating viruses
and prevent future outbreaks/pandemics!

Key Points

e The recent pandemics/outbreaks of viral diseases have
resulted in a boom of viroinformatics resources (~360
tools).

e VITALdb is a compendium of viroinformatics tools/al-
gorithms for providing tremendous fillip to translate
fundamental knowledge into applied research.

o Will facilitate early diagnosis of viral infections as well
as development of new drugs/targets and vaccines.

e This database will enable scientists to get an overview of
tools available for a desired virus/application and select
the best tool(s) to carry out their task.

VITALdD: to select the best viroinformatics tools | 13
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