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Abstract: The COVID-19 pandemic, caused by SARS-CoV-2, has underscored the pivotal role of
bioinformatics in elucidating viral genomics, epidemiology, and therapeutics. This review provides
a curated catalog of bioinformatics resources, including databases, tools, and datasets, supporting
SARS-CoV-2 research and COVID-19 surveillance. We review epidemiological databases, genomic
and structural repositories, analytical tools, and clinical datasets, highlighting their applications and
limitations. We discuss emerging tools, such as Al-driven structural modeling, and future needs,
including data integration. By synthesizing these resources, this review aims to guide virologists,
bioinformaticians, and public health researchers in addressing ongoing COVID-19 challenges and
preparing for future pandemics.
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Introduction

The COVID-19 pandemic, caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), emerged in Wuhan, China, and has profoundly impacted global health and economies [1].
The World Health Organization named this disease COVID-19, acknowledging its global impact.
Coronaviruses (CoVs), belonging to the Coronaviridae family, are enveloped, positive-sense, single-
stranded RNA viruses. They are categorized into three main groups: alpha-CoVs, causing
gastrointestinal disorders; beta-CoVs, including SARS-CoV, Middle East respiratory syndrome
(MERS-CoV), and SARS-CoV-2; and gamma-CoVs, primarily infecting avian species. These
categories are based on antigenic properties and phylogenetic analyses [2]. While some CoVs cause
mild illnesses like the common cold, others, such as SARS-CoV and MERS-CoV, have triggered
severe epidemics. SARS-CoV caused over 8,000 cases and 774 deaths between 2002 and 2003, with a
fatality rate of 9-11%, and MERS-CoV, identified in 2012, led to severe respiratory illness. SARS-CoV-
2, the seventh known human coronavirus, has demonstrated efficient human-to-human transmission
via respiratory droplets, surpassing previous CoV outbreaks [2]. Limited data exist to explain its
genetic variation, ancestry, and zoonotic transmission mechanisms, necessitating advanced research
tools [3]. Computational studies on SARS-CoV-2 variants, such as Delta and Omicron, have revealed
differences in spike protein infectivity and pathogenicity, informing vaccine and therapeutic
development [4,5].

Virologists study viruses affecting humans, animals, and plants, recognizing their rapid
evolution in response to host immune systems and therapeutic interventions. Addressing
fundamental virology questions requires powerful genome sequencing technologies and tools to
manage large datasets. Understanding coronaviruses at a structural level is critical due to the
persistent health risks posed by these zoonotic viruses [6]. Numerous web-based bioinformatics tools
and genomic databases support this research, with some offering comprehensive but uncurated data
and others providing curated but specialized resources. These tools, computer programs that analyze
sequences to identify protein domains, query millions of sequences, or locate protein-coding regions,
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are often publicly accessible. However, selecting appropriate tools can be challenging, as researchers
must understand their applications and availability [7]. Laboratories have shared SARS-CoV-2-
related data at unprecedented speeds, generating vast datasets that require bioinformaticians’
expertise to address key research questions. Collaborative efforts among bioinformaticians,
virologists, and molecular biologists are essential to analyze these data. These efforts drive
discoveries in fundamental and applied science and inform public health initiatives [8]. A pivotal
bioinformatics breakthrough was the rapid sequencing of the SARS-CoV-2 genome and the crystal
structure of its protease enzyme, enabling the design of PCR primers for diagnostic protocols [9]. This
article aims to: (1) provide a comprehensive list of bioinformatics resources, (2) categorize tools based
on their specificity to SARS-CoV-2 or research tasks, and (3) enable researchers to select the most
appropriate tools for their studies.

Epidemiology Database

Epidemiology examines disease transmission, factors influencing health conditions in specific
populations, and techniques for monitoring complications. It relies on statistical methods,
comprehensive design, impartial interpretation, and rigorous analysis. Epidemiological data for the
COVID-19 pandemic are accessible through several databases, including Nextstrain, Johns Hopkins
Coronavirus Resource Center, WHO Coronavirus Disease Dashboard, Worldometer, Healthmap,
and ViralZone.

Nextstrain, a fully accessible platform, helps researchers explore genomic pathogen data,
offering real-time visualizations and analytics to support epidemiological understanding and
outbreak response [10]. The Johns Hopkins Coronavirus Resource Center, a publicly accessible
system, enhances awareness of viral outbreaks, informs the public, and guides policymakers on
response strategies, treatment improvements, and life-saving measures [11]. The WHO Coronavirus
Disease Dashboard provides daily global and country-level COVID-19 case statistics, serving as a key
resource for health policy monitoring [12]. Worldometer, a statistical research site, provides data on
COVID-19 cases, deaths, and recoveries, supporting general surveillance [13]. Healthmap
complements health policy systems by monitoring diseases using Internet-based media and other
platforms, enhancing real-time surveillance [14]. ViralZone offers molecular and epidemiological
information, including virion and genome diagrams, with links to UniProtKB/Swiss-Prot viral
protein entries, making it valuable for molecular epidemiology [15]. These databases collectively
allow researchers and policymakers to effectively track and analyze COVID-19 trends.

Epidemiological observations indicate that SARS-CoV-2, the virus causing COVID-19,
originated in Wuhan, China, and is primarily transmitted person-to-person via respiratory droplets
[16]. The incubation period from infected to healthy individuals varies, depending on risk factors and
symptom development [16]. Infection rates among SARS-CoV-2-infected individuals vary based on
exposure duration, preventive measures, and individual health factors. Transmission includes
asymptomatic and presymptomatic spread, contributing to the virus’s rapid dissemination.
Significant risks to disease spread include exposure types (e.g., close contact), environmental
contamination, contact with animal reservoirs, immunity (humoral, cell-mediated, and vaccination
status), and reinfection rates. Databases like Nextstrain and Healthmap track these factors, providing
critical data for epidemiological modeling and health policy interventions.

Online Guidelines for SARS-CoV-2

Disseminating information about the COVID-19 pandemic through online platforms is essential
for supporting research, surveillance, and health policy responses. Guidelines from health agencies
standardize diagnostic, reporting, and prevention protocols, ensuring data consistency for
epidemiological studies and bioinformatics applications. Two key platforms provide critical COVID-
19 information: the Centers for Disease Control and Prevention (CDC) and World Health
Organization (WHO) guidelines.
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The Centers for Disease Control and Prevention (CDC), a U.S. national public health institute,
protects public health by diagnosing and monitoring illness, injury, and disability in the U.S. and
globally [17]. The CDC focuses on developing and implementing disease control and prevention
strategies, emphasizing infectious diseases, pathogenic microorganisms, environmental health,
workplace safety, health promotion, and prevention programs to enhance community health [17].
For COVID-19, the CDC provides comprehensive guidelines covering diagnosis, surveillance, and
prevention measures. These guidelines standardize case definitions and testing protocols, supporting
consistent data collection for epidemiological modeling and genomic research.

The World Health Organization (WHO), a global health agency, plays a crucial role in
distributing COVID-19 information in collaboration with the CDC [12]. The WHO focuses on
campaigning for universal health care, tracking health hazards, planning responses to health crises,
and promoting population health. It provides technical assistance to nations, sets global health
standards, and collects public health data. The WHO’s online guidelines offer daily updates on global
COVID-19 cases, vaccine development, treatments, and diagnostic tests. They also provide research
and development insights and issue alerts against misinformation, ensuring reliable data for
surveillance and policy-making. Together, CDC and WHO guidelines facilitate standardized data for
SARS-CoV-2 research and health policy interventions.

Sequence and Structure Database Resources of COVID-19

Research on SARS-CoV-2 pathogenesis is complex and requires extensive sequence and
structural database resources to understand viral mechanisms and develop vaccines or therapeutics.
These databases, critical for COVID-19 research, provide genomic, proteomic, and chemical data to
support studies on viral evolution, protein interactions, and drug discovery. Key resources include
GISAID, NCBI SARS-CoV-2 Resources, COVID-19 Data Portal, UniProtKB COVID-19, COVID-19
Disease Map, COVID-19 Genomics UK Consortium, 2019 Novel Coronavirus Resource (2019nCoVR),
Protein Data Bank (PDB) COVID-19/SARS-CoV-2 Resources, PubChem, DrugBank, and ZINC
Database.

Genomic Databases: The Global Initiative on Sharing All Influenza Data (GISAID) facilitates
effective data exchange for influenza viruses and coronaviruses, including SARS-CoV-2 genetic
sequences and clinical, epidemiological, and species-specific data for human and animal viruses. It
supports research on viral spread and evolution during pandemics [18]. NCBI SARS-CoV-2
Resources, an NCBI database interface, provides comprehensive COVID-19 information, from
sequence submission to literature, and links to other databases for advanced analyses [19]. The
COVID-19 Data Portal integrates datasets for sharing and analysis, enabling researchers to upload
and access COVID-19-related reference data within the European COVID-19 Data Platform [11]. The
2019 Novel Coronavirus Resource (2019nCoVR) integrates genomic and proteomic sequences from
GISAID, NCBI, NMDC, and CNCB/NGDC, providing research articles, studies, and visualization
tools for genome variation analysis [12]. The COVID-19 Genomics UK Consortium delivers rapid
whole-genome sequencing to NHS centers and the UK government, integrating viral genomes with
clinical and epidemiological data to evaluate therapies and inform health strategies [13].

Proteomic and Structural Databases: UniProtKB COVID-19 provides pre-release data on SARS-
CoV-2 protein sequences and related entries, updated independently of general UniProt releases [14].
The COVID-19 Disease Map, a community initiative, compiles molecular interaction diagrams
focusing on host-pathogen interactions, sharing tools to build a knowledge repository of COVID-19
mechanisms [15]. The Protein Data Bank (PDB) COVID-19/SARS-CoV-2 Resources enables analysis
of three-dimensional protein and nucleic acid structures, supporting research on SARS-CoV-2-related
health and disease mechanisms [20].

Chemical Databases: PubChem, a database of small molecules, supports biochemical research
on SARS-CoV-2 structural protein interactions [21]. DrugBank, a bioinformatics and cheminformatics
resource, integrates comprehensive drug and target data for drug discovery and repurposing [22].
The ZINC Database, a curated collection of chemical compounds, facilitates virtual screening for
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SARS-CoV-2 therapeutic development [23]. These databases collectively advance research on viral
pathogenesis, vaccine design, and drug development, with computational approaches targeting the
SARS-CoV-2 spike protein showing promise for therapeutic strategies [24,25].

Other Databases Related to COVID-19 Research

Beyond epidemiology and pathogenesis, SARS-CoV-2 research requires investigation into
diagnostic tools, drug discovery, and molecular pathways. Several specialized databases support
these efforts, including CoV2ID, canSAR, COVID-19 WikiPathways, COVID-19 Disease Map, and
text-mining tools for drug prediction. These resources facilitate studies on disease pathways,
diagnostic oligonucleotides, and data processing workflows, incorporating the latest data to advance
COVID-19 research.

Diagnostic Databases: CoV2ID, a database for detection and therapeutic oligonucleotides,
provides a regularly updated list of SARS-CoV-2-specific oligonucleotides [26]. It analyzes diagnostic
and therapeutic protocols based on viral genetic diversity, enabling researchers to access genome
information, perform sequence alignments, identify optimal diagnostic targets, and study sequence
conservation [26].

Drug Discovery Databases: canSAR, an integrated knowledge base, combines multidisciplinary
data from biology, chemistry, pharmacology, structural biology, cellular networks, and clinical
annotations. It employs machine learning to predict drug discovery opportunities, supporting the
identification of SARS-CoV-2 therapeutic candidates [20]. Text-mining tools for drug prediction, such
as those integrated with canSAR, extract insights from literature and chemical data to prioritize
potential drugs for COVID-19 treatment [21]. Protein-protein interaction (PPI) network analysis has
identified new therapeutic targets for SARS-CoV-2, enhancing drug repurposing efforts [27,28].

Pathway Analysis Databases: COVID-19 WikiPathways, a community-driven platform, hosts
over 20 SARS-CoV-2-related pathway models through its COVID-19 portal. These models, available
in various formats via Cytoscape apps and the NDEx platform, support pathway and network
analyses for understanding viral mechanisms [22]. The COVID-19 Disease Map, a global
collaboration, compiles molecular interaction diagrams of SARS-CoV-2-specific host-pathogen
interactions. It provides tools and methodologies to build a knowledge repository, accelerating the
development of effective treatments [15]. These databases collectively enhance SARS-CoV-2 research
by providing specialized data for diagnostics, drug discovery, and molecular insights.

Bioinformatics Web Tools for COVID-19

Genome Analysis Tools

In bioinformatics, biological databases play a central role in research and studies. They enable
scientists to access a wide range of biologically relevant data, including the genomic sequences of an
increasingly diverse array of species. Bioinformatics also includes the development of computational
instruments, techniques, and software for the collection, storage, analysis, and visualization of
biological knowledge [29]. Databases alone are insufficient. The earliest analytical tools developed
were genome analysis tools, such as the Virus Pathogen Database and Analysis Resource (ViPR),
Galaxy-SARS-CoV-2 data analysis tools, and COVID-19 Pathway Interpretation and Analysis.

The Virus Pathogen Database and Analysis Resource (ViPR) is a data archive and analytical tool
for multiple virus families [30]. ViPR contains information on human pathogenic viruses, enabling
the recording of sequence records, gene and protein annotations, three-dimensional protein
structures, immune epitope locations, and clinical and monitoring data derived from comparative
genomics analysis [31]. It provides technical and simulation tools for metadata-driven statistical
sequence analysis, multiple sequence alignment, phylogenetic tree building, BLAST results
comparison, and sequence variation determination [32]. To promote the development of
prophylactics, diagnostics, and therapeutics for major viruses, ViPR’s instruments and data are freely
available to the virology community [30].
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Galaxy is an open-source, web-based platform for data-intensive biomedical research. Galaxy-
SARS-CoV-2 data analysis tools provide infrastructure and workflows for SARS-CoV-2 data analyses
accessible to the public [30]. These tools currently feature three major types of analyses—genomics,
evolution, and cheminformatics—as well as other functions, such as proteomics, artic, and direct
RNA-seq. COVID-19 Pathway Interpretation and Analysis (CoV-Hipathia) is a web tool that
implements a mechanistic model of human signaling to interpret the consequences of combined
changes in gene expression levels and/or genomic mutations in the context of signaling pathways
known to be involved in SARS-CoV-2 infection, updated with curated versions released by the
COVID-19 Disease Map curation project [15].

Modelling and Drug Design Tools

Homology modelling, also known as protein comparative modelling, creates an atomic-
resolution model of a "target" protein from its amino acid sequence and an experimental three-
dimensional model of a similar homologous protein [33]. This modelling becomes a valuable method
for predicting protein structure when sequence knowledge is available [34]. Structural knowledge is
often more critical than sequence alone for determining protein function. The accuracy of the
predicted configuration depends on the degree of similarity between the model and template
sequences through homology modelling [35]. If the similarity is minimal, homology modelling of the
query protein does not yield relevant outcomes. Tools related to homology modelling include SWISS-
MODEL, Phyre2, and MODELLER.

SWISS-MODEL, a popular web-based modelling tool, aims to make protein simulation
accessible to all life science researchers worldwide [33]. Researchers have modelled the full SARS-
CoV-2 proteome based on the NCBI reference sequence and annotations from UniProt. Phyre2 is a
web-based tool for simulating and analyzing protein structure, behavior, and variants [34]. Phyre2
provides an easy and reliable framework for specifying protein bioinformatics tools for all
researchers. MODELLER is used for homology or comparative modelling of three-dimensional
protein structures [35]. Users provide an alignment with known related structures of a sequence to
be modelled, and MODELLER automatically calculates a model containing all non-hydrogen atoms.
By meeting spatial restraints, MODELLER performs comparative protein structure modelling and
can perform several additional tasks. Computational approaches using these tools have been
instrumental in designing drugs and vaccines against the SARS-CoV-2 spike protein [24,25].

Docking Tools

Docking, a molecular modelling technique, predicts the preferred orientation of one molecule to
another when bound to form a stable complex [36]. Molecular docking, due to its ability to predict
the binding conformation of small molecule ligands to the appropriate target binding site, is a
commonly used method in structure-based drug design [37]. There are two types of docking servers:
receptor-based docking servers and ligand-based docking servers. Receptor-based docking servers
include COVID-19 Docking Server, SwissDock, DockThor, MTiOpenScreen, EasyVS, CaverWeb,
DOCK Blaster, e-LEA3D, ezCADD, iScreen, and Pharmit. Ligand-based docking servers include
SwissTargetPrediction, TargetNet, SuperPred, SEA, Anglerfish, ChemProt, HitPickV2, MolTarPred,
and SuperPred.

Vaccine Design Tools

Computational vaccinology includes epitope mapping, antigen collection, and immunogen
design using computational methods. Tools that promote in silico prediction of immune responses
to emerging infectious diseases and cancers can facilitate the production and distribution of novel
vaccines to the clinic [29]. This integrated collection of immunoinformatic tools includes scoring and
triage algorithms for candidate antigens, the selection of immunogenic and retained T cell epitopes,
the re-engineering or removal of regulatory T cell epitopes, and the redesign of immunogenicity-
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inducing and disease-protective antigens for humans and livestock [38]. Vaccine design tools include
SYFPEITHI, MHCBN, EPIMHC, Propred, MHCPred, NetMHC 4.0 Server, and Epitope Prediction
and Analysis Tools.

SYFPEITHI is a database comprising over 7,000 peptide sequences known to bind class I and
class II MHC molecules. It provides information on peptide sequences, anchor positions, MHC
specificity, source proteins, source organisms, epitope prediction, and publication references [38].
MHCBN is a curated database containing detailed information about Major Histocompatibility
Complex (MHC) binding, non-binding peptides, and T-cell epitopes [39]. The newest version 4.0 of
the database provides information about peptides interacting with TAP and MHC-linked
autoimmune diseases. EPIMHC is a relational database of MHC-binding peptides and T-cell epitopes
observed in real proteins, accessible through a web server designed to facilitate computational
vaccinology research [39]. Propred predicts MHC Class-II binding regions in an antigen sequence
using quantitative matrices derived from published literature, assisting in locating promiscuous
binding regions useful for selecting vaccine candidates [39].

MHCPred uses the additive method to predict the binding affinity of major histocompatibility
complex (MHC) class I and II molecules and the Transporter associated with Processing (TAP).
Allele-specific Quantitative Structure Activity Relationship (QSAR) models were generated using
partial least squares (PLS) [40]. The NetMHClIIpan-4.0 server predicts peptide binding to any MHC
II molecule of known sequence using Artificial Neural Networks (ANNSs) [40]. The Immune Epitope
Database Analysis Resource provides a collection of tools for the prediction and analysis of immune
epitopes [41]. It serves as a companion site to the Immune Epitope Database (IEDB), a manually
curated database of experimentally characterized immune epitopes. The tools include T Cell Epitope
Prediction Tools (MHC class I & II binding predictions, peptide processing predictions, and
immunogenicity predictions) and B Cell Epitope Prediction Tools (predicting regions of proteins
likely to be recognized as epitopes in the context of a B cell response). Epitope analysis tools enable
detailed analysis of known epitope sequences or groups of sequences.

COVIDep provides an up-to-date set of B-cell and T-cell epitopes that can serve as potential
vaccine targets for SARS-CoV-2, the virus causing the COVID-19 pandemic. The identified epitopes
are experimentally derived from SARS-CoV (the virus that caused the 2003 SARS outbreak) and have
a close genetic match with available SARS-CoV-2 sequences [41]. Computational studies on
mutations like D614G, N501Y, and 5477N have further informed vaccine design by assessing their
impact on SARS-CoV-2 infectivity [42].

COVID-19 Dataset

A COVID-19 dataset is a collection of data related to the COVID-19 pandemic. It contains the
latest available public data on COVID-19, including daily situation updates, the epidemiological
curve, and global geographical distribution [43]. COVID-19 dataset sources include the COVID-19
Open Patent Dataset (hosted by Lens.org), NCATS OpenData | COVID-19, GEO Datasets, Sequence
Read Archive (SRA), and CORD-19 COVID-19 Open Research Dataset.

The Lens has compiled free, open datasets of patent documents, scholarly research metadata,
and biological sequences from patents, depositing them in a machine-readable, explorable format
[43]. The Lens is building an interactive tool for understanding the landscape of patent and research
works in any domain, including human coronaviruses and COVID-19. NCATS generates a collection
of datasets by screening a panel of SARS-CoV-2-related assays against all approved drugs. These
datasets and assay protocols are made immediately available to the scientific community [43]. GEO
DataSets is a database of gene expression curated profiles maintained by NCBI and included in the
Gene Expression Omnibus [19]. The Sequence Read Archive (SRA) stores raw sequence data from
next-generation sequencing technologies, including Illumina, 454, IonTorrent, Complete Genomics,
PacBio, and Oxford Nanopores. SRA also stores alignment information in the form of read
placements on a reference sequence [19]. The CORD-19 COVID-19 Open Research Dataset provides
researchers with free and open tools and datasets to find new insights about SARS-CoV-2 [43].
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Tracker Tools

ClinicalTrials is a database of privately and publicly funded clinical studies conducted
worldwide. The ClinicalTrials Protocol Registration and Results System (PRS) is used to register a
clinical study or submit results information for a registered study [44]. COVID-evidence is a
continuously updated database of worldwide available evidence on interventions for COVID-19 [45].
It combines automatic search strategies with expert manual extraction of key trial characteristics
performed in duplicate, providing information about planned, ongoing, and completed trials on any
intervention to treat or prevent SARS-CoV-2 infections [45]. Covid-19 TrialsTracker lists all COVID-
19 clinical trials and observational studies registered on a WHO primary clinical trial registry or
ClinicalTrials.gov. Data fields include trial ID number, date of registration, sponsor, recruitment
status, completion date, and countries covered [44]. The code and dataset can be downloaded. The
Cochrane COVID-19 Study Register is a freely available, continually updated, annotated reference
collection of human studies on COVID-19, including interventional, observational, diagnostic,
prognostic, epidemiological, qualitative, and economic designs [43]. Cochrane’s COVID-19 Study
Register is study-based, linking references to the same study (e.g., press releases, trial registry
records, preprints, journal articles, retraction notices, and expressions of concern) to a single study
record.

COVID-19 Literature Mining Tools

The iSearch COVID-19 portfolio is NIH's comprehensive, expert-curated source for publications
and preprints related to COVID-19 or SARS-CoV-2 [46]. Its COVID-19 Portfolio tool leverages the
cutting-edge analytical capabilities of the iSearch platform, offering powerful search functionality
and faceting, and includes articles from PubMed and preprints from arXiv, bioRxiv, ChemRxiv,
medRxiv, Research Square, and SSRN [43]. The portfolio is updated daily with the latest available
data. LitCovid is a curated literature hub for tracking up-to-date scientific information about SARS-
CoV-2, providing central access to 71,048 (and growing) relevant articles in PubMed [47]. PubMed
Central (PMC) is a free full-text archive of biomedical and life sciences journal literature at the U.S.
National Institutes of Health’s National Library of Medicine (NIH/NLM). Publishers voluntarily
make their COVID-19 and coronavirus-related publications and supporting data immediately
accessible in PMC and other public repositories to support ongoing public health emergency
response efforts [48]. Computational analyses of SARS-CoV-2 gene expression have also revealed
associations with long COVID symptoms, providing insights into chronic disease mechanisms [49].

Other Tools

BioExcel-CV19 is a platform designed to provide web access to atomistic-MD trajectories for
macromolecules involved in the COVID-19 disease. The project is part of open-access initiatives
promoted by the worldwide scientific community to share information about COVID-19 research
[46]. The BioExcel-CV19 web server interface presents the resulting trajectories with a set of quality
control analyses and system information. CoV-AbDab, the Coronavirus Antibody Database,
consolidates antibodies known to bind SARS-CoV-2 and other betacoronaviruses, such as SARS-CoV-
1 and MERS-CoV. It includes relevant metadata, including evidence of cross-neutralization,
antibody/nanobody origin, full variable domain sequence (where available), germline assignments,
epitope region, links to relevant PDB entries, homology models, and source literature [50].
PhylomeDB is a public database for complete catalogs of gene phylogenies (phylomes). It allows
users to interactively explore the evolutionary history of genes through the visualization of
phylogenetic trees and multiple sequence alignments [48]. Additionally, PhylomeDB provides
genome-wide orthology and paralogy predictions based on phylogenetic tree analysis.
3DBIONOTES-WS is a web application designed to automatically annotate biochemical and
biomedical information onto structural models, including post-translational modifications, genomic
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variations associated with diseases, short linear motifs, immune epitope sites, disordered regions,
and domain families [51].

Table 1. Bioinformatics Databases and Tools for SARS-CoV-2 Research.

Website Key Features URL References
Nextstrain Genomic epidemiology https://nextstrain.org/ncov/global
1D-1 -
cov ? Map Epidemiology, updated data
Johns Hopkins = """ . - A
. visualization, statistically https://coronavirus.jhu.edu/map.html
Coronavirus represented data
Resource Center ' T
WHO
Coronavirus Overview of pandemic in
https: id19.who.int
Disease (COVID- graphics, data-represented tables psi/fcovid19.who.in
19) Dashboard
O i f pandemic i
Worldometer verview of panderic in https://www.worldometers.info/coronavirus
graphics, data-represented tables
- f pandemic i
Healthmap OVQI‘V}QW ot pancemic in https://www healthmap.org/covid-19
graphics, data-represented tables
— Freely accessible platform for . .
D del https: .cdc. 2019- dex.html
CDC Guidelines updated COVID-19 information ps://www.cdc.gov/coronavirus/2019-ncov/index
L Freely accessible platform for https://www.who.int/emergencies/diseases/novel-
H 1
WHO Guidelines updated COVID-19 information coronavirus-2019
CoVsurver mutations App,
FluSurver mutations App,
infl ic epidemiology, .
GISAID [NTuenza genomic epliaeto ogy https://www.gisaid.org

phylodynamics, Submitting Data
to EpiFlu, hCoV-19 Reference
Sequence
Sequence Submission, Literature,
NCBI SARS-CoV-Sequence-Related Resources,
2 Resources Clinical Resources, Extra Linked

https://www.ncbi.nlm.nih.gov/sars-cov-2

Resources

iral ing, H
COVID-19 Data Vira Seclluencmg, c')st . .
Sequencing, Expression, Proteins, https://www.covid19dataportal.org

Portal Biochemistry, Literature
COVID-19 Protein and biological sequences . . .
. R ? =*
UniProtKB archives and analysis tools https://covid-19.uniprot.org/uniprotkb?query:
Provi ID-19 di
COVID-19 rovides COVID-19 d%sease map . .
. and related data and literature  https://covid.pages.uni.lu
Disease Map
resources
Modelling Phylogenetics Display,
COVID-19 Sample Ioglst}cs, .
. Metadata/Patient linkage, .
Genomics UK .. . . https://www.cogconsortium.uk
Consortium bioinformatics, Sequencing,
Clinical/Virology, public health
interpretation
2019 Novel
Coronavirus Genomic sequencing, variations, . .
. ?lang=
Resource online tools, literature https://bigd big.ac.cn/ncov/?lang=en
(2019nCoVR)
COVID-19/SARS-Data deposition, visualization,  https://www.rcsb.org/news?year=2020&article=5e74d55d2
CoV-2 Resources analysis d410731e9944f52&feature=true

PDB structure-
COVID-19/SARS-
CoV-2 Resources

Data deposition, visualization,  https://www.rcsb.org/news?year=2020&article=5e74d55d2
analysis d410731e9944{52&feature=true

Chemicals, identifiers,

PubChem . L. .
Bioactivities, Literature

https://pubchem.ncbi.nlm.nih.gov
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Provides clinical information on

DrugBank drugs https://go.drugbank.com
Chemical d virtual
ZINC Database ermicat compound virtua http://zinc15.docking.org
screening
Ref Ali t
CoV2ID ¢lerence genome, AUFNMents, http://covid.portugene.com/cgi-bin/COVid_home.cgi
Oligos, Genome variation
Druggable Interactome, Clinical
canSAR Trials, Drugs, Chemical Probes, https://corona.cansar.icr.ac.uk
3D Structures
CQYID-19 Pathways construction https://www.wikipathways.org/index.php/Portal: COVID-
WikiPathways 19
Disease Maps
and Text Mining https://covid19map.lcsb.uni.lu/minerva/index.xhtml?id=ha
Pathways, networks, ontology .
for Drug ckathon_covid19_map_v3
Prediction
The Virus
Pathogen Data searching and archive, data
Database and  analysis, and provides https://www.viprbrc.org/brc/home.spg?decorator=vipr
Analysis workbench
Resource (ViPR)
Galaxy-SARS-  Genomics, Cheminformatics,
CoV-2 Data Evolution, Direct RNAseq, https://covid19.galaxyproject.org
Analysis Tools  Proteomics, Artic
1(; ?}Y 1D-19 Differential signalling,
athwa
y . Prediction, Perturbation effect,  http://hipathia.babelomics.org/covid19
Interpretation ..
. Variant interpreter
and Analysis

Protein structure homology-

SWISS-MODEL .
modelling

https://swissmodel.expasy.org

Fold recognition server for

http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=ind

Phyre2 predicting the structure and/or ox
function of protein sequence
MODELLER Compe.lratlve protein structure https://salilab.org/modeller
modeling
Peptide sequences, anchor
. H ifici
SYFPEITHI positions, MHC specificity, http://www.syfpeithi.de
source proteins, source
organisms, publication references
Query searching, TAP search,
MHCBN Peptide mapping, Dataset http://crdd.osdd.net/raghava/mhcbn
Creation, Similarity search
Alignment Analysis, Databases,
Computational Immunology,
EPIMHC Modelling & 3D-structure http://imed.med.ucm.es/epimhc
Analysis, Sequence Manipulation
& Analysis, Similarity Searches
Propred Sequence submission http://crdd.osdd.net/raghava/propred
MHCPred Heteroclitic peptide calculation http://www.ddg-pharmfac.net/mhcpred/MHCPred
Prediction of peptide-MHC class
NetMHC 4.0
¢ I binding using artificial neural http://www.cbs.dtu.dk/services/NetMHC
Server
networks (ANNs)
Epit T Cell Tools, B Cell Tools,
P C?ptf Analysis Tools, Tools-API, . . )
Prediction and . http://tools.immuneepitope.org/main
. Datasets, Contribute Tools,
Analysis Tools

References

COVID-19 Open
Patent Dataset

Open datasets on COVID-19-
related data

https://about.lens.org/covid-19
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(hosted by
Lens.org)
NCATS COVID-19 Open data browser, assays, animal models, omics efforts
OpenData

SAellg:;T::lt\AéiilislfgioDr?zbases, https://www.ncbinlm.nih.gov/gds/?term=%28covid-
GEO Datasets d P 19%200R%20SARS-COV-

Analysis, Similarity Searches,
Sequences alignment

2%29%20AND%20gse%5Bentry%20type%5D

Refined StructureProvides COVID-19 viral

Data structures and literature

https://covid19.bioreproducibility.org

Sequence Read Data browsing, searches,
Archive (SRA)  Submission and online tools

https://trace.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?cmd=searc
h_obj&m=8&s=&term=txid2697049%5Borgn%5D&go=Searc
h

CORD-19
COVID-19 Open Literature
Research Dataset

https://www.semanticscholar.org/cord19

Sequences annotations and

ClinicalTrials . . .
archives, online tools analysis

https://clinicaltrials.gov/ct2/results?cond=COVID-19

COVID-evidence Databases and literature

https://covid-evidence.org

Covid-19 Sequencing, Visualization, data . .

TrialsTracker ar:lhives argld interactive http://covid19 trialstracker.net

Cochrane

COVID-19 Study Databases and literature https://covid-19.cochrane.org

Register

COVID-19: A http://eppi.ioe.ac.uk/cms/Projects/DepartmentofHealthand
Living Genome mapping SocialCare/Publishedreviews/COVID-

Systematic Map 19Livingsystematicmapoftheevidence/tabid/3765/Default.a

of the Evidence

spx

Vaccine Tracker Archives, Databases, Literature

https://vaclshtm.shinyapps.io/ncov_vaccine_landscape

iSearch COVID-
11 9eIa)1;t folio Query search, literature https://icite.od.nih.gov/covid19/search
General mechanism,
LitCovid transmission, dlagr.losw, https://www.ncbi.nlm.nih.gov/research/coronavirus
treatment, prevention, case
Report, forecasting
PubMed Central Literature, online tools, Archives
(PMC) COVID-19 7 ’ " https://www.ncbi.nlm.nih.gov/pmc/about/covid-19
Initiative sequencing

BioExcel-CV19 Modelling and structural

https://bioexcel-cv19.bsc.es/#/

modelling
CoV-AbDab: The
Coronavirus . .
Antibody Databases, data archives http://opig.stats.ox.ac.uk/webapps/covabdab
Database
Coronavirus Phylome.:s, search query, http://beta.phylomedb.org/covid19
Phylomes sequencing
3:?5]3 TONOTES- Literature, proteomics, genomics https://3dbionotes.cnb.csic.es/ws/covid19
Conclusions

Bioinformaticians and computer scientists worldwide are working diligently to combat SARS-

d0i:10.20944/preprints202505.1123.v1

CoV-2 following the COVID-19 outbreak. Operating behind the scenes, they have provided vital
knowledge to help medical agencies develop medicines, diagnostic tools, and vaccines to defeat
COVID-19. Detailed sequencing of the SARS-CoV-2 biological sequence was the first bioinformatic
breakthrough in this outbreak. Research institutions have sequenced and elucidated the genome of
SARS-CoV-2 and the crystal structure of its protease enzyme. The protease structure is linked to the
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N3 inhibitor, which is critical knowledge for drug development efforts. This sequencing marks the
initial stage in developing medications, diagnostic tools, and a vaccine for the hazardous virus. These
efforts benefit from identifying genes that code for viral replication and the protein responsible for
host cellular uptake. Recent computational analyses have further explored long COVID mechanisms,
highlighting associations with chronic diseases like Alzheimer’s, enhancing our understanding of
post-acute sequelae [49,52].
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