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The term “neglected tropical diseases” (NTDs) refers to a group of infectious diseases that are common in developing
tropical and subtropical nations. There are 20 such diseases that are prevalent in 149 countries according to the World
Health Organization. These diseases have a devastating impact on the economies of affected countries and result in

enormous losses in terms of morbidity and mortality. All NTDs need to receive more attention to prevent widespread

Key words:

Neglected tropical diseases,
infectious diseases,
therapeutic target, drug

epidemics and outbreaks that could result in a high death toll globally. The few drugs that are already on the market are
no longer effective against many infectious diseases, and various other problems, such as toxicity and pharmacokinetics
concerns, also prohibit the eradication of these diseases. One of the crucial steps in the drug discovery pipeline is the
identification and validation of a therapeutic target based on the biology of the organism. This review provides an
overview of more than 35 web-accessible NTD databases categorized under general, specialized, and other NTD

discovery. databases and highlights recent advances. These databases can be very useful for research, especially drug design and
discovery against NTDs. The majority of these databases are simple to use and freely accessible online.
INTRODUCTION not prioritize such diseases because they are not considered a

Neglected tropical diseases (NTDs) are a collection
of infections caused by various types of pathogens, such as
bacteria, viruses, fungi, and parasites (Ferreira et a/., 2023). These
diseases are common in many tropical and subtropical regions
of developing countries where poverty is prevalent (Mukherjee,
2023). It is a worldwide problem that affects a significant portion
of the world’s population, approximately one billion people (Mitra
and Mawson, 2017). Since many NTDs are asymptomatic and
have long incubation periods, their significance has often been
underestimated. Sometimes it is difficult to determine whether
a death is related to a long-dormant tropical disease (Getaz
et al., 2016). Moreover, geographic isolation often complicates
treatment and prevention in areas of high endemicity. People
affected by NTDs are mostly from impoverished and marginalized
communities, with little visibility and political clout (Hotez
et al., 2007; Silva et al., 2021). Pharmaceutical companies do
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health risk in the world’s wealthier regions (Biswas and Mandal,
2023; Hotez, 2013). There is no doubt that NTDs have significant
impacts on children’s cognitive and physical development,
pregnancy complications, and the productivity of the worker class,
particularly in impoverished rural communities where people rely
on manual labor for their livelihoods (Lenk et al., 2016). The
severity, duration, and type of the disease can all contribute to
decreased productivity, potentially leading to reduced efficiency
while at work, absenteeism or job loss (Conteh et al., 2010; Hotez
et al.,2007).

NTDs defined by the World Health Organization
(WHO) are African trypanosomiasis, buruli ulcer, Chagas
disease, chromoblastomycosis and other deep mycoses, dengue,
dracunculiasis, lymphatic filariasis, echinococcosis, foodborne
trematode, leprosy, mycetoma, leishmaniasis, schistosomiasis,
rabies, onchocerciasis, neurocysticercosis, and taeniasis, soil-
transmitted helminthiases, scabies, and other ectoparasites,
trachoma, yaws, and snakebite envenoming (Casulli, 2021;
Mukherjee, 2023). This review summarizes the currently
available databases on NTDs. These databases are classified
as general, specialized, or other NTD databases (Fig. 1). The
general database is comprehensive in two aspects. In addition to
covering almost all NTDs, it provides general information such
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Figure 1. Databases and web resources for NTDs research.

as risk models, targeted control interventions, disease monitoring,
and surveillance data, and historical and current survey data. The
second is disease-specific, providing details on a specific NTD
or disease-causing organism. These databases contain genomics,
transcriptomics, proteomics, and metabolomics data. The third
category includes databases that store information about various
diseases and disease-causing organisms, including NTDs. All of
the databases are freely accessible and may be useful to clinicians
as well as researchers.

GENERAL NTD DATABASES

Databases in this category provide general information
on NTDs, such as historical and recent survey data, model-based
disease risk estimations, survey population data, survey period,
diagnostic tests used, geographical information of survey locations,
disease risk modeling, control intervention targeting, disease
monitoring, surveillance data, number of infected individuals,
distribution of diseases, disease-specific epidemiological
situations, and disease-specific epidemiological situations. Table
1 lists general NTD databases.

Global neglected tropical diseases database (GNTD)

GNTD is a free, global, public online resource that
includes historical and recent NTD survey data, as well as the
first model-based disease risk estimations. It was initiated by a
project funded by the European Union to achieve optimal control
and transmission surveillance of schistosomiasis in Sub-Saharan
Africa. It was created to promote epidemiological research and
provide up-to-date disease risk estimates (Brodish and Singh,
2016). In the mid-1980s, Doumenge et al. (1987) performed the
first globally comprehensive survey of schistosomiasis prevalence.
Later, Brooker et al. (2010) collected schistosomiasis and soil-
transmitted helminthiasis data, but accessed data were limited.
Other NTDs added to the GNTD database include lymphatic
filariasis, leishmaniasis, Chagas disease, leprosy, soil-transmitted
helminthiasis (infections caused by Trichuris trichiura, Ascaris
lumbricoides, and hookworm), and Buruli ulcer (Hiirlimann
et al., 2011). The database contains basic information such as the
authors, nature of the publication and publication year as well as
study-oriented information such as demographic survey, research
period, diagnostic test applied and number of infected individuals
categorized by age and gender among those examined (Ezeh et al.,
2019; Kokaliaris et al., 2022). The database did not incorporate
hospital research, information on certain specific vulnerable
populations (infected with viruses) or post intervention studies.

Geographical information in the GNTD database facilitates the
consideration of potential spatial correlations and therefore makes
it possible to develop more realistic models (Schur et al., 2011).

NTD database

The NTD Database is a database that offers special
opportunities for modeling disease risk, focusing control
interventions, tracking disease progression, and providing
surveillance services from projects backed by the United States
Agency for International Development (USAID) aimed at
managing and eradicating NTDs (Rust ez a/., 2022). It can also be
used to evaluate the spatial and temporal distribution of diseases
(Schur et al., 2011). In the NTD Database, data are gathered from
a variety of USAID NTD projects, including the NTD Control
Program (2006-2012), End Neglected Tropical Diseases (END)
in Africa (2010-2014), END in Asia (2010-2014), and the
ENVISION Project (2011-2016). The NTD Database contains
data from various USAID NTD projects, including the NTD
Control Program (2006-2012), the ENVISION Project (2011—
2016), END in Asia (2010-2014) and END in Africa (2010-2014).
The database was created as part of USAID’s ENVISION project.
The database is only accessible to authorized users. The program
collects data on all people treated and the drugs they use on a
regular basis, as recorded by community drug distributors during
mass drug administration rounds and reported to the national level
via the health system (Lemoine ez al., 2016).

Preventive chemotherapy and transmission control (PCT)
databank

The WHO established the PCT databank resource to
provide access and dissemination of information relevant to
national programs with stakeholders indulged in NTD control
(Kumapley et al., 2015). The resources support users in becoming
familiar with Excel and the Global Health Observatory so that
they can construct summaries as quickly as possible (Yajima
et al., 2012). This platform provides comprehensive data and
analyses on key preventative chemotherapy health themes,
as well as current trends (Turner et al., 2022). There are also
links to additional resources. The database contains data on
disease-oriented epidemiological conditions, the geographically
overlapped NTD regions and updates on control intervention in
all NTD-endemic countries. Onchocerciasis, lymphatic filariasis,
schistosomiasis, soil-transmitted helminthiases, and trachoma
diseases are all covered in the database (Yajima et al., 2012).
The PCT database only incorporates WHO-reported data and
leaves out survey information collected from other sources, such
as (nongovernmental organizations), academic researchers and
other partners (Brooker et al., 2010). The administrator of the
PCT database compares reported treatment through the inventory
to the previously reported treatment submitted in the PCT
Databank by WHO regional offices and Ministries of Health. The
assessment is restricted to reported therapies that have actually
been used; it lists the quantity of medications that were donated
to other organizations rather than given directly to communities as
treatments (Gallo et al., 2013) .

SPECIALIZED NTD DATABASES

The Specialized NTD database category includes
databases devoted to a specific NTD or disease-causing
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Table 1. General NTD databases.

S. No. Database name URL
1. GNTD www.gntd.org
2. NTD database https://www.ntddatabase.org/
3. PCT databank https://www.who.int/teams/control-of-neglected-tropical-diseases/data-platforms/pct-databank

organism. These databases contain information about genomics,
transcriptomics, proteomics, and metabolomics. Table 2 lists
specialized NTD databases.

Dengue drug target database (DengueDT-DB)

DengueDT-DB is a web-based, freely accessible
database for dengue disease drug targets that provides the most
beneficial data related to genomic studies, gene information, and
therapeutic target information for researchers (to develop better
dengue vaccines) and doctors for better treatment of dengue
patients. Genome sequences were obtained from GenBank, which
includes strand information in a graphical format, drug targets
from DrugBank, and analog targets from a Basic Local Alignment
Search Tools (BLAST) search query. The platform also provides
links to global sequence databases such as National Center for
Biotechnology Information (NCBI), DNA Data Bank of Japan,
European Molecular Biology Laboratory (EMBL), Protein Data
Bank (PDB), Expasy, and medical literature such as PubMed.
The database’s web interface is user-friendly and well-organized,
allowing anyone to easily access the database. This database is
accessible at URL: http://www.bioinformatics.org/dengueDTDB/
Pages/main.htm.

Dengue human interaction database (DenHunt)

DenHunt is a comprehensive and integrated network
resource for dengue virus interaction with humans (Zhang
et al., 2023). The database includes information on 4,120 human
genes that are differentially expressed in dengue-infected cell
lines and patients, as well as experimentally verified data on
approximately 682 direct interactions of human proteins with
dengue viral components, 382 indirect interactions and 4,120
direct interactions. The database portrays the dynamic network
connections of viral pathogenesis by mapping dengue-human
interactions onto the host interactome. The database is categorized
into parts that contain pathways, expression variants, direct and
indirect interactions and (dengue virus host-dependent factors).
The database supports the scientific community in comprehending
dengue virus interactions with its human host by offering a variety
of information, including disease stage, cell type, gene expression
patterns, gene silencing studies, direct and indirect connections,
virus serotype, etc. (Karyala ez al., 2016).

TrypanoCyc

TrypanoCyc is a community annotated pathway/genome
repository of 7. brucei (Trypanosoma brucei), the agent responsible
for African trypanosomiasis (in humans) or nagana disease (in
domestic animals) (Basher et al., 2020; Prakash et al., 2022).
The French National Institute of Agricultural Research or Institut
Nationale de la Recherche Agronomique maintains Trypanocyc to
gather and make public data on 7. brucei metabolism. TrypanoCyc

was developed with the use of a team-based web platform called
TrypAnnot, which allowed the annotation work to be distributed
across teams of specialists working on different pathways of
interest. TrypanoCyc enhances automatic metabolic network
reconstruction by incorporating compartment information as well
as information on enzyme activity specific to the developmental
stage. These network metadata will help with the development
of customized metabolic networks and a better comprehension
of parasite metabolism. The database is continuously updated as
novel pathways and reactions are found in the literature and choke
point analyses are improved to find prospective therapeutic targets
(Shameer et al., 2015). TrypanoCyc reported 94% of clinically
proven therapeutic targets for African sleeping sickness and 100%
of clinically validated drug targets for Nagana disease. Drug targets
found in the 7" brucei network can be prioritized or modeled based
on druggability, and similar drugs targeting homologues in other
species can be designed (Chukualim et al., 2008).

Leishmania inhibitor database (LeishInDB)

The LeishInDB is a web-based resource that contains
manually curated compounds from the literature that have been
shown to inhibit Leishmania species. The database currently
contains 8,273 records culled from over 600 literature reports.
The database is designed so that users can search for chemicals
based on a number of parameters, including experiment type,
target organism, target enzyme, predicted oral toxicity, predicted
carcinogenicity, IC50 range and so on. In addition, each
compound’s toxicity can be predicted. The database can be used to
search for compounds with specific activity against Leishmania and
use the results to repurpose the compounds or select compounds
for synergistic studies. In addition, chemical characteristics
such as the number of rotatable bonds, molecular weight, logP
value, 2D/3D structural data, number of hydrogen bond donors
and acceptors, etc., were incorporated. AdmetSAR was used to
predict the toxicity of each molecule, and the resulting data were
made available to perform the filtered search. Additionally, a
substructure search feature, a dynamic search across a number of
fields, and the ability to download all of the molecule structures
that match the search criteria were included. Active links exist
between each target enzyme and TriTrypDB (Vijayakumar et al.,
2020). The user can perform simple text searches to complicated
searches with numerous range values, fields and dynamic chemical
substructures using the simple graphical user interface of the
LeishInDB portal. Bootstrap, Hypertext Markup Language, and
Hypertext Preprocessor were used to develop the LeishInDB user
interface. Javascript was used for efficient navigation and data
retrieval from the database. My Structured Query Language was
used to manage data. A chemical substructure search is performed
using an integrated Practical Extraction and Reporting Language
script. The (Java Molecular Editor) plugin, a tool for creating



046 Arya et al. / Journal of Applied Pharmaceutical Science 13 (08); 2023: 043-054

Table 2. Specialized NTD databases.

S. No. Database name URL
1. Dengue drug target database http://www.bioinformatics.org/dengueDTDB/Pages/main.htm
2. DenHunt http://proline.biochem.iisc.ernet.in/DenHunt/
3. TrypanoCyc http://vm-trypanocyc.toulouse.inra.fr/
4. LeishInDB http://leishindb.biomedinformri.com/
5. Leish-ExP http://www.hpppi.iicb.res.in/Leish-ex/index.html
6. LmSmdB http://www.nccs.res.in/LmSmdb/
7. LSHGD http://www.vit.ac.in/leprosy/leprosy.htm
8. LEPStr-M. leprae:tandem repeats DB https://www.jalma-icmr.org.in/LEPStr/
9. HARP https://harp-leprosy.org/
10. SVDB https://www.snakevenomdb.org/
11. ChlamBase https://chlambase.org/

complex structures, is used by the LeishInDB interface to perform
the substructure search. Js modules were used to create graphs and
plots within the database (Vijayakumar ef al., 2019).

Leishmania exclusivprotein database (Leish-ExP)

The Leish-ExP database contains a number of distinctive
proteins that are exclusively found in Leishmania (Prakash
et al., 2022). It contains the protein sequences of five different
Leishmania species (Leishmania major, Leishmania infantum,
Leishmania braziliensis, Leishmania mexicana, and Leishmania
donovani) (Fall et al., 2022). The database could be useful in the
future for target-based leishmaniasis pharmaceutical therapy. The
database is divided into two parts, each of which can be queried
separately: 1) Leishmania species-specific protein information
and 2) Leishmania genus-specific protein information. Users
can conduct searches by entering the Leishmania protein ID or
the UniProt ID. Furthermore, the Leish-ExP database enables the
BLAST server to compare query data to the Leish-ExP database
(Das et al., 2020). This database is accessible at URL: http://www.
hpppi.iicb.res.in/Leish-ex/index.html.

LmSmdB

LmSmdB is an integrated database that incorporates
the genomic sequences of Schistosoma mansoni and Leishmania
major (Das et al., 2020; Prakash et al., 2022). It is listed on the
(National Center for Cell Science) online page. It takes into
account biological networks and regulatory pathways that have
been established by computational methods. It is the first database
to show both the product’s simulation pattern and network design.
The database aims to create a broad canopy for the control of
the lipid metabolic response in parasites, enabling metabolism
to be controlled at the genetic level by integrating regulatory
genes, transcription factors, and protein products. The integration
approaches offered by this web-based database provide a platform
for the generation of hypotheses for major human disorder systems.
It will be easy to identify a therapeutic target and model a disease
network if it is established that the conservation of two species is
appropriate. The conservation of species allows us to search for
homologous and orthologous genes in a model organism. One can
search LmSmdB using the gene name and Kyoto Encyclopedia of
Genes and Genomes (KEGG)/NCBI cluster identifier. LmSmdB

is continuously updated via manual screening of new articles and
a review of the literature. Additionally, LmSmdB links users to
a KEGG pathway for a specific gene that is directly linked with
the network or pathway (Patel e al., 2016). LmSmdB contains no
information about the inhibitors.

Leprosy susceptible human gene database (LSHGD)

LSHGD is a freely accessible web-based database
that integrates leprosy and human-associated genes through a
thorough literature search. The database offers a user-friendly
and fascinating environment for exploring the function of Single
Nucleotide Polymorphisms (human polymorphisms) in leprosy as
well as the independent genetic control of both Mycobacterium
leprae multidrug resistance and susceptibility to leprosy. This is the
first genetic database on human leprosy, with the aim of delivering
details on leprosy polymorphisms, related genes, corresponding
protein sequences, and accessible three-dimensional structures.
Users can access relevant information on the web, which serves as
a useful information platform and versatile tool. LSHGD provides
comprehensive information for researchers looking to investigate
the linkage and involvement of the human genome with leprosy
(Doss et al., 2012).

LEPStr

LEPStr is an easy-to-use interactive web-based database
designed to find M. leprae minisatellites and microsatellites, as
well as primers to amplify the repeat areas. It can be used to identify
M. leprae strains and track the dynamics of leprosy transmission.
The database contains 166 detected short tandem repeats screened
from the entire genome of M. leprae (Mohanty et al., 2020).

Hansen’s disease antimicrobial resistance profiles (HARP)

HARP is a web-based platform that predicts the
structural consequences of M. leprae therapeutic target mis-sense
mutations. This web library contains sequence- and structure-
based predictions of mutation-induced changes in stability and
vibrational entropy that have been computed. It is a website
devoted to learning about how known and emerging mutations
influence protein—ligand, protein—protein, and protein—nucleic acid
affinities as well as the antibiotic resistance that leads to leprosy
(Vedithi et al., 2020). The mycobacterial scientific community
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benefits from HARP’s knowledge of the structural consequences
of mutations that cause antibiotic resistance in leprosy (Maladan
et al., 2021). HARP was developed in Blundell’s laboratory at
the Department of Biochemistry at the University of Cambridge
(Vedithi et al., 2020).

Snake venom database (SVDB)

The SVDB is a web-based, automated, subject-specific,
nonredundant generic database for storing, disseminating, and
analyzing data on poisonous snakes, venom compositions, and
functions (Rahman et al., 2022; Soodeh et al., 2021). To aid in
data integration, SVDB offers autonomous linkages that may
retrieve significant information both asynchronously and on-
demand. SVDB includes precise, nonredundant, and up-to-
date scientific data on a wide range of subjects, including small
molecules, sequences, taxonomy, structures, literature, and
more. The SVDB platform also offers external links to BLAST,
CLUSTALW-1, phylogeny, SWISS-MODEL and other toxin-
related resources. The SVDB information architecture is unique
and may be included in any generic data gathering process for
a given topic via NCBI. On Earth, there are approximately 375
different species of poisonous snakes. The composition of snake
venom is complex and comprises a variety of poisons, including
cardiotoxins, neurotoxins, myotoxins, and hemotoxins, as well as
different combinations of these poisons. Snake venom serves a
number of therapeutic and pharmacological purposes in addition
to treating human snake bites. Experimental results reported that
data on snake venom may be quickly crawled and displayed using
SVDB (Hossain et al., 2018).

ChlamBase

ChlamBase is a freely accessible web-based database that
contains collaboratively organized genomic and proteomic data, as

well as functional annotations for four model Chlamydia species.
It is a community-curated open source database based on the
Wikidata and WikiGenomes application architecture. ChlamBase
provides a single platform to access genomic and proteomic data
for the Chlamydia research community. ChlamBase combines
crucial data collected from the literature as well as from a number
of external databases. ChlamBase allows users to search, edit and
add gene annotations based on evidence, developmental gene
expression, orthologous gene comparisons, engineered mutant
strains, protein interactions, functions, processes, and more. In
addition, ChlamBase provides a widget for sequence alignment
of either DNA or amino acids of Chlamydia orthologs, as well as
a display of the organism genome using JBrowse at the top of the
main page (Putman ez al., 2019).

OTHER IMPORTANT NTD DATABASES

Other important NTD database categories include
databases that deal with more than one NTD or a variety of
disease-causing organisms. These databases provide much more
comprehensive genomics-, transcriptomics-, proteomics- and
metabolomics-related information than specialized databases.
Other important databases are listed in Table 3.

INTRODB

The INTRODB was created through a partnership
between Japanese institutes and the (Drugs for Neglected Diseases
Initiative), a nonprofit research and development group for drugs.
iNTRODB is the world’s first integrated database for NTD drug
discovery research. The four NTDs targeted in this database were
Chagas disease, African trypanosomiasis, leishmaniasis and dengue
fever (Namatame, 2016). It provides a variety of information, such
as protein structure, potential inhibitors, and experimental assay
results, to assist researchers in identifying and selecting promising

Table 3. Other important NTD databases.

S.No. Database name URL
1. iNTRODB http://www.cb.cs.titech.ac.jp/introdb/
2. viruSITE—integrated database for viral genomics http://www.virusite.org/
3. VVR http://www.ncbi.nlm.nih.gov/genome/viruses/variation/
4. RVDB https://rvdb.dbi.udel.edu/
5. PhEVER http://pbil.univ-lyonl.fr/databases/phever/help.html
6. ViPR https://www.viprbrc.org/
7. IEDB https://www.iedb.org/
8. FungiDB https://fungidb.org/
9. TriTrypDB https://tritrypdb.org
10. Database of food borne human pathogens https://bioinfo.bisr.res.in/cgi-bin/project/foodpath/bacteria.cgi
11. WormBase ParaSite https://parasite.wormbase.org/index.html
12. Parasite databases of clustered expressed sequence tags (ESTs) http://www.cbil.upenn.edu/ParaDBs/
13. GeneDB https://www.genedb.org/
14. GtRNAdb http://gtrnadb.ucsc.edu/
15. KEGG database https://www.kegg.jp/ or https://www.genome.jp/kegg/)
16. MalaCards: the human disease database www.malacards.org/
17. TDR targets http://tdrtargets.org/
18. VEuPathDB https://veupathdb.org/
19. AlphaFold protein structure database https://alphafold.ebi.ac.uk/
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therapeutic target proteins (Yasuo et al., 2021). The iNTRODB
can help advance drug development research for NTDs worldwide
because it is open to all researchers. Each participating institute
contributed to drug discovery by various approaches (Namatame,
2016).

ViruSITE—integrated database for viral genomics

ViruSITE is an integrated repository of viral genes and
genomes that includes all genomes from viroids, viruses and
satellites that have been published in the Reference Sequence
Database (RefSeq) of NCBI (Je et al., 2019; Stano et al., 2016). It
is a comprehensive database of viral genomics knowledge (Aris-
Brosou et al., 2019). The data were mined from Universal Protein
Resource Knowledgebase, NCBI RefSeq, ViralZone, Gene
Ontology and PubMed and integrated under human supervision.
The database has details on the virus gene, genome characteristics,
taxonomy, host range, sequential relatedness, protein
characteristics and functions. The database entries are connected
to several sources of information. The database also includes
viruses that cause dengue, chikungunya, and rabies. The database
is simple to use and has been built to offer a straightforward,
user-friendly environment. It offers a taxonomy-based browsing
system along with a key text searching mechanism. A sequence
search-based alternate strategy is also provided by viruSITE.
The genome browser visualizes viral genomes graphically. Users
can retrieve and visualize data as well as execute comparative
genomics analyses using a range of tools (Stano et al., 2016).

Virus variation resource (VVR)

The VVR is an online comprehensive resource supported
by the NCBI. It comprises modules for seven different viral groups:
dengue, west Nile, influenza, Middle East respiratory syndrome
coronavirus, ebolavirus, Zika, and rotavirus (Hatcher et al., 2017).
The resource includes a suite of sequence data visualizations as
well as specialized search tools (Ibrahim ez al., 2018). Sequence
annotation and database loading algorithms produce reliable
protein and gene annotations, collect sequence attributes from
sequence records, and map these attributes to a predetermined
vocabulary. Sequences can be identified using a range of clinical
and biological parameters using the web-based search tool of
the database. Once the sequences have been identified, they may
either be downloaded in a variety of formats or analyzed with a
number of programs (Brister ef al., 2014). VVR initially focuses
on influenza and dengue viruses. Its tool is versatile and can be
used for other viruses in the future. Its data are managed via the
relational database system Microsoft Structured Query Language
Server 2005, which makes use of a straightforward schema for
storing protein and nucleic acid sequences (Resch et al., 2009).

Reference viral database (RVDB)

The RVDB is a publicly available database that
enables users to analyze high-throughput sequencing data for the
diagnosis of new emerging and known viruses, with the exception
of bacteriophages (Bigot et al., 2020). The database also includes
viruses that cause dengue, chikungunya, and rabies. RVDB was
created at the Food and Drug Administration’s Center for Biologics
Evaluation and Research. The RVDB contains partial and complete
sequences as well as endogenous retroviruses, endogenous

nonretroviral components, and retrotransposons from a variety of
viral families. The reduction of cellular sequences is an advantage
of RVDB; it improves the efficiency with which transcriptomic
and genomic data are processed, increasing detection specificity.
RVDB provides data in the form of nucleotide sequence files
that are clustered (C—) or unclustered (U-). The database is
regularly updated to include newly uploaded viral sequences
from GenBank (Goodacre et al., 2018). An RVDB-prot (proteic
version of the nucleic acid reference virus database) is available
to support analysis. Marc Eloit’s group at Institut Pasteur created
this version. RVDB-prot seeks to provide precise, reliable, and
distinctly annotated entries in addition to a repository of (Hidden
Markov Model) protein profiles for distant protein searches (Bigot
et al., 2020).

Phylogenetic exploration of virus evolutionary relationship
(PhEVER)

PhEVER is a one-of-a-kind web-based database of
homologous families that provides precise evolutionary and
phylogenetic information to help researchers better understand
virus—host and virus—virus lateral gene transfers. It combines
data from nonredundant viral genomes (2,426), nonredundant
prokaryotic genomes (1,007), and eukaryotic genomes (43) to
generate protein clusters, alignments, and phylogenies containing
at least one viral sequence (Palmeira et al., 2011). The database
also includes viruses that cause dengue fever, chikungunya, and
rabies.

Virus pathogen database and analysis resource (ViPR)

ViPR is a freely accessible comprehensive repository
with integrated analysis resources of various virus families.
The (National Institute of Allergy and Infectious Diseases)
maintains the ViPR (Bukhari ez al., 2022). ViPR offers tools for
searching, visualizing, analyzing, saving, and sharing data for
key viruses of biodefense importance as well as other viruses that
cause infectious diseases. ViPR is one of five (Bioinformatics
Resource Centers) maintained by the NIH (National Institutes of
Health). The ViPR database contains genomes from the families
Flaviviridae, Coronaviridae, Arenaviridae, Herpesviridae,
Poxviridae, Bunyaviridae, Reoviridae, Caliciviridae, Filoviridae,
Hepeviridae, Paramyxoviridae, Togaviridae, and Picornaviridae
(Pickett et al., 2012). ViPR facilitates bioinformatics processes
for a variety of human viruses and associated viruses, including
the whole Coronaviridae family. ViPR serves as a platform for
accessing sequence information, protein 3D structures, protein
and associated gene annotations, immunological epitopes, host
factors, and other data types through an integrative web-based
search resource. The results of the searches can then be put through
web-based studies such as phylogenetic inference, (multiple
sequence alignment), BLAST comparison, determination of
sequence variation, and statistical comparative genomics analysis.
ViPR tools are freely available and assist in the development of
diagnostics, prevention measures, vaccinations and therapies for
human diseases (Vita et al., 2019).

Immune epitope database (IEDB)

IEDB is a web-based database that groups experimental
data on epitopes, antibodies, and Major Histocompatibility
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Complex (MHC) binding studies in nonhuman primates, humans,
and other animal species responsible for allergies, communicable
disease, autoimmune, and related diseases. It is openly accessible
and simple to search. Additionally, the IEDB includes resources
for the prediction and analysis of epitopes (Dhanda et al., 2019).
Users can also utilize a query Application Programming Interface
to perform most of the inquiries provided on the ITEDB home
page and work with the data in their own context. The database
is regularly updated with improved query and reporting features
to meet the needs of users by summarizing data that are becoming
more complex and large in volume (Zaib ez al., 2023). To date, this
database contains 1,481,848 peptidic epitopes, 3,133 nonpeptidic
epitopes, 439,003 T-cell assays, 1,323,282 B-cell assays, 4,391,152
MHC ligand assays, 4,186 epitope source organisms and 963
restricting MHC alleles (Vita et al., 2019). The database also
incorporates viruses that are responsible for dengue, chikungunya
and rabies.

FungiDB

FungiDB is an online web-based integrated database for
functional genomics analysis and data mining of oomycete and
fungal species (Basenko et al., 2018). The database also contains
fungi that are responsible for mycetoma, chromoblastomycosis,
and other deep mycoses NTDs. It is freely available at fungidb.
org. One of the largest parts of the Eukaryotic Pathogen Database
(EuPathDB) platform, FungiDB, combines different forms of data
with phenotypic, genomic, proteomic, and transcriptome datasets
for free-living, parasitic, pathogenic, and nonpathogenic species.
The genomes in FungiDB were collected from sources such as
Aspergillus Genome Database, GenBank, Joint Genome Institute,
Broad Institute, Ensembl, and others (Bertuzzi et al., 2021). Early
in 2011, EuPathDB and Stajich’s et al. (2012) collaborated to
establish FungiDB; nevertheless, by the end of 2015, FungiDB
was incorporated into the EuPathDB bioinformatic resource
center. FungiDB uses the same user interface and infrastructure
as EuPathDB, enabling key and integrated searches through a
simple graphical interface. FungiDB features a straightforward
user interface and integrated bioinformatics tools for customized
in silico research. Users can also create custom pipelines for
large-scale data analysis using a Galaxy-based workspace.
FungiDB also integrates cell cycle hyphal growth RNA-sequence
data, microarray data and two hybrid interaction data. FungiDB
Data provides a powerful resource for in silico experimentation
by integrating sequence and functional annotation data with
additional data from the FungiDB standard analysis pipeline and
assigning weight to the orthology (Stajich et al., 2012).

TriTrypDB

TriTrypDB is a free web-based repository of unified
functional genomic and genomics database of Trypanosomatidae
pathogens. The database accommodates organisms from both
the Leishmania and Trypanosoma genera. TriTrypDB was
developed as a result of a collaborative project between the Seattle
Biomedical Research Institute, EuPathDB database, and GeneDB
database (Shanmugasundram ez al., 2023). The objective of this
database is to employ computational infrastructure to incorporate
genome annotation and analysis from GeneDB and other sources
with a comprehensive range of functional genomics information

provided by collaborators of the international research community,
frequently before publication. Later, TriTrypDB incorporated
L. infantum, L. braziliensis, Leishmania tarentolae, L. major,
Trypanosoma cruzi, and T. brucei datasets. Users can explore
chromosomal regions or specific genes in their genomic context
(Aslett et al., 2010). This database is accessible from the URL:
https://tritrypdb.org.

Database of food borne human pathogens

This is a Web-based database of unique probes and
primers for detecting food-borne human pathogens. Data are
collected using molecular technology such as immunological
detection, adenosine triphosphate bioluminescence, in situ
hybridization, biosensors, polymerase chain reaction -based
genotyping, and pyrosequencing, which is faster and more specific.
The database includes 76 pathogens that are food-borne and have
been connected to a number of human diseases. The database
contains information on bacteria (26), fungi (13), protozoa (5),
viruses (9), and helminths (23). This was developed to solve an
issue with conventional techniques for identifying food-borne
infections, such as nutrient media culture followed by various
biochemical testing. Conventional techniques are less specific,
labor-intensive, and more time consuming. The Bioinformatics
Center at the Birla Institute of Scientific Research created the
database. This database is accessible from the URL https://bioinfo.
bisr.res.in/cgi-bin/project/foodpath/bacteria.cgi.

WormBase parasite

WormBase ParaSite is an integrated repository of
flatworm (helminths) genomes and parasitic nematodes. It contains
gene expression analysis, gene comparison analysis, and uniform
functional annotation for more than 150 different helminth species
(Doyle, 2022). The database offers a variety of ways to access
the data, including bulk downloads, a query wizard, programmatic
interfaces, gene and genome summary pages, a choice of genome
browsers, text and sequence searching.

The database includes helminths responsible for NTDs
such as dracunculiasis, onchocerciasis, echinococcosis, lymphatic
filariasis, schistosomiasis, taeniasis/cysticercosis, food-borne
trematodiases, food-borne helminthiases, and soil-transmitted
helminthiases. WormBase ParaSite is structured in partnership
with WormBase and Ensembl Genomes (Bolt ez al., 2018). It is
free to use and funded by the UK Biotechnology and Biological
Sciences Research Council.

Parasite databases of clustered ESTs

Parasite Databases of Clustered ESTs is an umbrella of
integrated web-based databases that store consensus sequences that
were generated by screening organism-oriented ESTs from dbEST,
stripping out polyA sequences from the ends and splicing of 5’ and
3’ regions with more than 25% Ns in a window size of 20 base
pairs. The resultant quality sequences were then aligned using the
cap2 tool. The database delivers useful analyses and information
to the research community without curating the outcomes. To date,
seven databases exist under the parasite database. Out of seven
databases, four (Brugia malayi, S. mansoni, T. cruzi and T. brucer)
correspond to organisms responsible for NTDs. This database is
accessible from the URL: http://www.cbil.upenn.edu/ParaDBs/.
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GeneDB

GeneDB is a generic web-based database resource
built to curate and annotate sequencing data for short genomes
along with a wide range of genomic and proteomic data (Hertz-
Fowler and Peacock, 2002). The database contains the genomes
of pathogens that are prokaryotic, eukaryotic and organisms that
are closely related. The resource offers a platform for genome
annotation and sequencing, which was initially generated by the
Pathogen Genomics group at the Wellcome Trust Sanger Institute
and other cooperating sequencing labs (Logan-Klumpler et al.,
2012; Manske et al., 2019). It combines information from ESTs
and genomic studies with curated annotations that can be found
using a single web resource and combined with search, sort,
and download functionality (Hertz-Fowler et al., 2004). The
database also incorporates fungi, trypanosomes and worm parasite
organisms that are responsible for NTDs such as Chagas disease,
giardiasis, mycetoma, chromoblastomycosis, mycoses, human
African trypanosomiasis, and leishmaniasis.

Genomic tRNA database (GtRNAdb)

The GtRNAdb serves as a platform for predictions of
tRNA genes using the program tRNAscan-SE on complete or
partial genomes (Lowe and Eddy, 1997; Marygold et al., 2022).
GtRNAdb accommodates more than 367,000 tRNAs from the
genomes of 4,032 bacteria, 155 eukaryotes and 184 archaea.
The database can be queried by gene and characteristics of a
sequence. GtRNAdb provides a thorough overview of all tRNAs,
their primary sequences and predicted secondary structures,
identification information of tRNAscan-SE display, multigene
alignments and direct links to the Archaeal/Microbial Genome
Browser and University of California Santa Cruz genome
browsers and reveals genomic context-relevant information about
tRNA genes. Additionally, the GtRNAdb BLAST server allowed
the study of tRNA gene similarity across all sequences present in
the GtRNAdb (Chan and Lowe, 2016).

KEGG DISEASE DATABASE

KEGG is a web-based resource/database that contains
data on chemicals, genomics and a category of health-related
data that is specific to humans (Kanehisa ez al., 2021, 2023). It
is used to analyze high-throughput biological data, including
genomic sequences (Kanehisa ef al., 2019). The database covers
all NTDs except snakebite envenoming. The genome information
is stored in the GENES database, which includes gene libraries of
partially and fully sequenced genomes with updated gene function
annotations (Kanehisa et a/., 2010). The primary objective of the
KEGG database project is to attribute functional values to genes
and genomes at both molecular and higher levels. The KEGG
Orthology (KO) database stores molecular-level functions, with
each KO being a functional ortholog of a gene or protein. Networks
of KEGG modules, BRITE hierarchies, and KEGG pathway maps
serve as representations of higher-level functions (Kanehisa ez al.,
2017; Kibbe et al., 2015). The majority of diseases affecting
humans are complicated multifactorial diseases caused by the
interaction of many hereditary and environmental variables. In the
KEGG database, drugs are seen as perturbants of the molecular
system, and diseases are seen as perturbed states. Molecule/gene
lists and pathway maps are two computational forms for disease
information (Kanehisa et al., 2010). The DISEASE database

contains an assortment of disease entries, each of which includes a
list of the associated genes, pathogens for infections, carcinogens
and other environmental factors. The DRUG database contains a
thorough compilation of data on drug targets, approved drugs and
drug metabolism, the latter of which is subsequently classified into
metabolizing transporters and enzymes as well as by substrates,
inhibitors and inducers. To comprehend disrupted molecular
networks, the DRUG and DISEASE databases are combined with
other molecular network and PATHWAY databases (Kanchisa
etal.,2010). Each entry is designated by an H number and includes
a list of known environmental factors, infections, environmental
factors, genetic factors (disease genes), and therapeutic drugs.

The KEGG DISEASE entry merely provides membership
data, but it may also represent the underlying molecular network.
Rather than drawing altered route maps for single-gene disorders,
the disease entries link the causal genes to the normal pathway
maps (Kanehisa ez al., 2019).

MalaCards: the human disease database

MalaCards is a web-based database resource of human
diseases and associated annotations (Wu et al., 2022). Its design
and development is based on the architecture and technique
of the GeneCards database. It covers all NTDs. MalaCards
categorizes diseases into disease cards, with each card containing
a list of numerous known aliases for each disease and prioritized
information as well as a wide range of connections and annotations
between diseases. There are annotations for related diseases, genes,
medications, publications, clinical trials, symptoms, and more.
The MalaCards disease database includes rare diseases, inherited
diseases, complex disorders, and other ailments in addition to
general and specialist disease categories (Rappaport et al., 2014,
2017). MalaCards divides diseases into two separate categories:
global and anatomical. With over 18,000 distinct diseases, the
global disease division is divided into six categories: infectious,
cancer, fetal, metabolic, genetic, and rare diseases. More than
26,000 disorders encompassing all bodily regions, including bone,
blood, muscle, immunological, and reproductive diseases, are
organized into 18 broad categories under the division of anatomical
diseases. The names of the diseases were gathered from primary
and secondary disease databases. Overall, the database contains
more than 19,000 disease entries that map to over 13,000 genes
from over 70 well-known databases and websites. Moreover,
there are approximately 13,000 unique entries in the database.
MalaCards makes use of a variety of language systems, medical
classification methods, and related ontologies. Genetic variations,
genetic information and disease-related associated information are
also included along with mapped tables, matrices and annotations
(Espe, 2018).

Tropical disease research (TDR) targets

The TDR Targets Database was created as an online
resource that can be used by researchers to access information on
selected targets as well as a tool for prioritizing targets in whole
genomes with an emphasis on NTDs causing pathogens (Magarinos
et al., 2012). Researchers can quickly prioritize genes of interest
using the TDR targets database by executing simple queries such
as searching for small proteins and enzymes with reliable quality
3D models by allocating numerical weights to each query and
integrating the outcomes to produce a prioritized list of potential
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targets (Landaburu ef al., 2020). The TDR Targets database is a
resource that compiles all necessary data for drug target prioritization
for multiple diseases in one place (Agiiero et al., 2008; Pollastri
and Campbell, 2011). The TDR Target database provides tools
for searching therapeutic targets in Mycobacterium tuberculosis
(tuberculosis pathogen), M. leprae (leprosy pathogen), Plasmodium
falciparum and Plasmodium vivax (malaria parasite). Additionally,
the database contains information on the genomes of L. major
(leishmaniasis pathogen), Toxoplasma gondii (toxoplasmosis
pathogen), T. cruzi (American trypanosomiasis or Chagas disease
pathogen), 7. brucei (sleeping sickness pathogen or African
trypanosomiasis), B. malayi, and Wolbachia bancrofti (filariasis
pathogens). The database’s name incorporates the acronym ‘TDR,’
which stands for Tropical Disease Research and was a WHO special
program. The database incorporates specific genomic data of the
pathogen along with functional data such as phylogeny, essentiality
and expression data obtained from a variety of sources, including
literature mining (Agiiero et al., 2008).

VEuPathDB

VEuPathDB is a eukaryotic pathogen, vector, and host
informatics resource created by combining the VectorBase and
EuPathDB databases (Giraldo-Calderon et al., 2022). The database
also contains information on organisms that cause NTDs, such
as Leishmania species and T. cruzi, which cause leishmaniasis
and Chagas disease, respectively. The database is funded by
the Wellcome Trust and the NIH. VEuPathDB integrates over
1,700 preanalyzed datasets and accompanying metadata with
over 500 different organisms and offers cutting-edge search
functionality, visualization, and analytical tools. The database’s
creation aims to provide researchers with access to omics data and
bioinformatics studies. A proprietary OrthoMCL algorithm for
predicting orthology is used in the analysis of various data sources
using standardized procedures. This innovative data mining tool
simplifies the comparison of datasets, data types, and species
(Amos et al., 2022). This database is freely accessible from the
URL.: https://veupathdb.org/.

AlphaFold protein structure database

The AlphaFold database is a freely available database
that contains approximately 992,316 predicted protein structures
of the human proteome and other important proteins. This database
currently contains predicted structures for 48 different organisms.
Users can narrow their searches by protein name, gene name,
UniProt accession number, or organism name. According to the
January 2022 release, the database gains 27 additional organisms
and almost 200,000 new protein structural predictions specific to
pathogens responsible for NTDs and antibiotic resistance (Varadi
et al., 2022). Seventeen of the 27 new organisms are on the
WHO’s NTD list. The database was developed by DeepMind with
EMBL (European Bioinformatics Institute of EMBL) to provide
open access to protein structure models of interest to the research
community. [tis an artificial intelligence-based system that predicts
a 3D structure of a protein based on its amino acid sequence. The
database is regularly updated and maintains accuracy comparable
to experiments (Borkakoti and Thornton, 2023).

CONCLUSIONS AND FUTURE PROSPECTIVE

NTDs are a class of infectious diseases that are strongly
linked to poverty. Many other poverty-related diseases, such as

Ebola virus, Zika virus, and SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2), are not on the WHO list but must
be monitored by governments and international organizations
(Carabelli et al., 2023; Giraldo et al., 2023; Khubchandani
et al., 2020). Unfortunately, such diseases receive attention only
when there is an outbreak, such as with SARS-CoV-2, which
has received little attention since its discovery. Studies have
revealed that symptoms from other coronaviruses are worse than
those from SARS-CoV (Cheng et al., 2007). This virus, which
caused the Coronavirus disease 2019 pandemic, prompted a rush
to develop new treatments and vaccines using various biological/
chemical databases and computational methods. All NTDs and
emerging diseases require greater attention to prevent widespread
outbreaks and epidemics that could result in a high death toll on a
worldwide scale.
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