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Abstract

Chagas disease is a parasitical disease caused by Trypanosoma cruzi which affects ~7 million people worldwide. Per year, ~10000
people die from this pathology. Indeed, ~30% of humans develop severe chronic forms, including cardiac, digestive or neurological
disorders, for which there is still no treatment. In order to facilitate research on Chagas disease, a manual curation of all papers
corresponding to ‘Chagas disease’ referenced on PubMed has been performed. All deregulated molecules in hosts (all mammals,
humans, mice or others) following T. cruzi infection were retrieved and included in a database, named ChagasDB. A website has been
developed to make this database accessible to all. In this article, we detail the construction of this database, its contents and how to

use it.

Database URL: https://chagasdb.tagc.univ-amu.fr

Introduction

Chagas disease is a parasitical disease caused by a proto-
zoan, Trypanosoma cruzi. This parasite is endemic from South
America and contaminates multiple mammal species through
a vector of the Reduviidae family or indirect contamina-
tion (food contaminated, congenital transmission...) (1). After
infection with T. cruzi, infected mammals first present an acute
phase. This phase is mostly asymptomatic but sometimes leads
to physical signs, such as Romafa’s sign, as well as fever or
headache. During this phase, a strong immune response is
set up, characterized by an overproduction of Th1 lympho-
cytes, which will produce interferon gamma and destroy the
parasite, albeit not providing sterilizing immunity (2). After
several weeks, the infected mammals enter the chronic phase,
which is mostly asymptomatic. However, severe forms can
develop, notably cardiac, digestive, cardiodigestive or ner-
vous. In humans, ~30% of individuals in the chronic phase

will develop these complications, the most frequent being
chronic Chagas cardiomyopathy. Chagas disease affects ~7
million of people, and per year, ~10 000 people die from this
pathology (3).

To understand the development of Chagas disease and to
find effective treatments, many research teams have worked
not only on patient samples but also on animal models
(4, 5), such as mice, rats, dogs, hamsters or even sheep. Over
the years, these studies have revealed numerous deregulated
molecules in the hosts, associated with the infection of the par-
asite. With the advancement of technology, increasing number
of features has been characterized, like mutations, genes, pro-
teins, hormones or other chemical molecules. However, there
is currently no database containing all this information. It is
therefore difficult to make the links between new results and
what has already been identified by the community.

To facilitate the sharing of knowledge related to Chagas
disease and thus research on this disease, we have reviewed
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193 articles from 1945 to 2022 and collected information on
molecules in hosts associated with T. cruzi infection. The col-
lected information has been summarized in a freely accessible
online database, ChagasDB (https://chagasdb.tagc.univ-
amu.fr), and as a downloadable file. Thus, any molecule of
interest can easily be found, regardless of the organism, its
type or the strain of T. cruzi responsible for its dysregulation.
These data can then be used to enrich other studies. In this
article, we detail the construction criteria of this database, as
well as its content and how to use it.

Materials and methods
Article review

We selected the article matching the search ‘Chagas disease’ in
PubMed. The selection of the articles was made following sev-
eral steps based on different criteria. In the first time, the title
of each article was read, and all articles not related to research
on host responses to T. cruzi infection were discarded. There-
fore, any review, epidemiological analysis or study of the
parasite or insect vector has not been included in ChagasDB.
The second step of article selection was performed based on
the abstract. Only unmodified hosts (not knocked out or stim-
ulated with a particular chemical compound) were retained.
This can be in vivo studies or in vitro studies with unmodified
cells. Finally, the third and last steps were applied, reading the
‘Material and Methods’ section, to verify that the article meets
the established criteria. When selected, the complete article
was parsed to review the results. Analyses showing significant
associations between T. cruzi infection and host molecules
were included in the database.

For each molecule of interest, the following information
was retrieved: its name as used in the article, its type, its level
of variation, the compared phenotypes, the analyzed tissue,
the method of analysis, the organism, the strain of T. cruzi
(if known), the Digital Object Identifier (DOI) and PubMed
reference number (PMID) of the article, its title and its year of
publication.

Database annotation

The collected features were annotated using different refer-
ence databases, depending on the species. For all genes-related
features (protein, methylation site, mutation...), the name,
description and ID of the associated genes were reported. In
that case, for all of them, Ensembl (6) database was used. For
Homo sapiens specifically, HUGO Gene Nomenclature Com-
mittee (7) and GeneCards (8) helped to identify some alias.
microRNADataBase (miRBase) (9) and LNCipedia (10) were
used for noncoding RNA. The Mouse Genome Informatics
(11) and Rat Genome Database (12) were employed for Mus
musculus and Rattus norvegicus, respectively.

Website development

The platform has been developed using a Python (v3.9.13)
environment with the Django (v.4.0.7) framework coupled
to a SQLite (v3.39.3) database. The web interface makes use
of Jquery (v3.6.0), HTMLS5 and the framework TailwindCSS
(v3.2.4). ChagasDB was deployed with Docker (v20.10.12)
and Docker Compose (v1.25.0). A CLI (command-line inter-
face) tool using Typer (v0.4.1) was developed to ensure an
easy and fast update of the platform. All the scripts used to
develop the website are available at https://github.com/TAGC-
ComplexDisease/ChagasDB.

Database, Vol. 00, Article ID baad037

ChagasDB features analysis

To get an overview of the information contained in the Cha-
gasDB, a functional enrichment analysis was applied using
R language. Due to the low number of features identified
in R. norvegicus, Canis lupus familiaris and Ouvis aries, only
human and mouse features were considered for Gene Ontol-
ogy (GO) biological process enrichment. Deregulated genes
and proteins were analyzed using gProfileR (v0.7.0) (13), and
top GOs were recovered using rrvigo (v1.8.0) (14). Finally,
the results were illustrated using ggplot2. To compare genes
or proteins between different species, orthologous genes were
found using biomaRt R package (v2.52.0) (15).

Results and discussion

Among the 21121 articles listed in PubMed as ‘Chagas dis-
ease’, we have retained 193 articles (Figure 1) that correspond
to our selection criteria: experimental or computational anal-
ysis that found significant deregulation at molecular levels
on host infected by T. cruzi. Although the oldest paper ref-
erenced in PubMed dates from 1945, the 193 articles in
ChagasDB were published between 1995 and 2022, due to the
lack of statistical test before 1995 (Supplementary Table S1).
Information for each feature in the database was gathered,
comprising a set of 25 distinct categories. These categories
included details related to the feature itself, such as its name,
description, ID and type, as well as information regarding
the study conducted, including tissue, phenotypes, analy-
sis, organism, population and T. cruzi strain. Additionally,
the paper’s DOI, PMID, title and publication year were also
included in the information set. All the details are available on
Supplementary Table S2.

For now, 19 phenotypes are available in ChagasDB: five as
T. cruzi—uninfected control (with several phenotypes) and 14
as cases, with different forms of Chagas disease. The controls
comprise healthy controls and non-chagasic cardiomyopathy,
including dilated, idiopathic and ischemic cardiomyopathy.
In T. cruzi—infected phenotype, all disease stages are avail-
able, including acute stage, asymptomatic chronic stage and
symptomatic chronic stage: cardiac (moderate, mild, severe
or all), digestive, cardiodigestive or mixed. Some congeni-
tal infection and heart transplant chagasic patients were also
included. Concerning the parasite, 24 T. cruzi strains were
included in the database, corresponding to three discrete typ-
ing units, T¢I, TcIl and Tc¢VI. For Tcl were used Colombia,
G, Sylvio, SylvioX10/4, AC, CA-I, Col1.8G2, K98 and Type
1 strains. Tcll include ABC, Berenice-78, Y, JG, Lucky and
SGO-Z12 strains. Finally, T¢VI comprise CL-14, CL-Brener,
Cvd, Q501/3, Tulahuén, Tehuantepec, RA and VD strains.

From the 193 articles in ChagasDB, 174 present experi-
mental analysis of molecules associated with T. cruzi infection,
while 33 present computational analysis. Most of them were
interested in H. sapiens response to T. cruzi (142), but some
animal models were also employed: M. musculus (40), R.
norvegicus (12), O. aries (1) and C. lupus familiaris (1). As a
result, a greater number and diversity of molecules have been
identified in humans compared to other mammals (Table 1).

However, a large percent of genes and proteins deregulated
are shared between mammals (Figure 2), with 55% of mouse,
69% of rat and 27% of human features shared between at
least two species.

Beyond the deregulated genes shared between humans and
mice, similar biological functions are affected at different
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Figure 1. Number of paper references as ‘Chagas disease’ in PubMed (blue) and included in ChagasDB (orange) per year.
Table 1. Number of features included in ChagasDB by species
Homo sapiens Mus musculus Rattus norvegicus Canis lupus familiaris Ovis aries

RNA 10534 5885 289 11 3
Alternative splicing 1778
Methylation 41041
Transcription factor binding site (TFBS) 30
Polymorphism 49
Haplogroup 6
Protein 339 56 15 3
Protein activity 7 7
Chemical molecule 49 2 N
Electrolyte 1 2
Hormone 8

stages of the disease (Figure 3). In both species, the immune
response and muscle-related process are affected in all disease
stages, whereas nitric oxide process seems to be specific to
acute stage. Interestingly, in H. sapiens, the immune response
is not deregulated in asymptomatic stage, unlike acute and
chronic symptomatic stages. Due to the low number of fea-
tures associated with other phenotypes (digestive, cardiodi-
gestive...), these phenotypes were not taken into account in
the analysis (Supplementary Table S3).

While acute and asymptomatic forms of studies repre-
sent, respectively, 51 (26%) and 77 (40%) articles, cardiac
forms totalize 141 articles (73%) of the whole 193 articles,
illustrating the interest for this specific disease presentation.
There is an urgent need to understand why it develops in order
to find a treatment. The development of databases makes
it possible to gather a large amount of information that is
directly and easily accessible, thus facilitating research. More-
over, the pooling of results, which are sometimes difficult to
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Figure 2. \Venn diagram of the number of genes and proteins referenced in ChagasDB in Homo sapiens, Mus musculus and Rattus norvegicus.
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Figure 3. GO biological process enrichment of genes and proteins deregulated in Homo sapiens and Mus musculus per disease stage.

access, makes it possible to at least confirm one’s own results
and at best save time and resources. For this purpose, we have
developed a website allowing not only to explore ChagasDB
though queries but also to download the whole database.
Briefly, users can enter a feature name, ID or description in
the ‘Search’ bar tool, and the different corresponding features
will appear. They can download the information relative to
the features of interest. Users can apply some filters on differ-
ent fields (like organism, T. cruzi strain...) to have access to
a restricted number of results that correspond to their needs.
Finally, users can also submit their own research results to
improve the ChagasDB content.

To conclude, ChagasDB is a database gathering all the
molecules identified in the literature as deregulated in hosts

due to T. cruzi infection. These data are easily accessible
via a website, to be integrated in different analyses, or
to be used as a confirmation. To our knowledge, this is
the first database related to molecular response to Chagas
disease. Currently, ChagasDB is limited to host molecules,
but in the future, it could be extended to other types of
data: cellular deregulations, responses to stimuli or treat-
ments. Its objective will always be to facilitate research
on Chagas disease, in order to help achieve a complete
cure.

Supplementary material

Supplementary material is available at Database online.
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Data availability

The ChagasDB can be downloaded by everybody without
preliminary authorization.
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