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Abstract

The George B. Moody PhysioNet Challenge 2025 in-
vited teams to develop algorithmic approaches for iden-
tifying Chagas disease from electrocardiograms (ECGs).

Chagas disease is a parasitic infection that is endemic to
South America and Central America and primarily trans-
mitted by insects. Chronic Chagas disease can cause car-
diovascular disease and digestive disorders. Serological
testing capacities for diagnosing Chagas disease are lim-
ited, but the manifestation of Chagas cardiomyopathy in
ECGs can support the prioritization of patients for confir-
matory testing and treatment.

This Challenge provided multiple innovations. First,
we leveraged several datasets with labels from patient re-
ports and serological testing, providing a large dataset
with weak labels and smaller datasets with strong labels.
Second, we enriched the data to help teams generalize to
unseen data sources. Third, we designed an evaluation
metric that captured the local serological testing capacity
to frame the machine learning problem as a triage task.

Over 630 participants from 111 teams submitted over
1300 entries during the Challenge, representing diverse
approaches from academia and industry worldwide. Re-
sults on our hidden test data indicate strong performance,
but poor generalization to a novel database with largely
asymptomatic patients.

1. Introduction

The George B. Moody PhysioNet Challenges are an-
nual competitions that support the development of open-
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source approaches to complex physiological and clinical
problems [1]. For the PhysioNet Challenge 2025, we in-
vited teams to develop algorithms for using electrocardio-
grams (ECGs) to identify cases of Chagas disease and to
help prioritize potential Chagas disease patients for confir-
matory diagnosis and treatment.

Chagas disease is a tropical parasitic disease that is
caused by protozoan Trypanosoma cruzi and primarily
transmitted by triatomine bugs. It is endemic to South
America and Central America, affecting more than 8 mil-
lion people worldwide with 30,000 to 40,000 annual infec-
tions and 10,000 to 14,000 annual deaths [2, 3]. Currently,
there is no human vaccine for Chagas disease.

After an acute phase, which usually occurs in childhood,
Chagas disease enters a life-long chronic phase [4, 5]. In
the early stages of infection, Chagas disease has no or mild
symptoms, and can be treated by specific drugs to prevent
the progression of the disease. In the later stages of infec-
tion, Chagas disease can cause cardiomyopathy, leading to
heart failure, cardiac arrhythmias, and thromboembolism,
and is associated with a higher risk of death. Serological
testing has shown a high prevalence of Chagas disease in
some areas, and such tests can be used for diagnosis in in-
dividual patients, but serological testing capacities are lim-
ited. However, Chagas cardiomyopathy often manifests in
electrocardiograms (ECG), providing a signal for Chagas
disease that can support diagnosis and treatment.

2. Methods

We curated several datasets, devised and implemented a
clinically relevant evaluation metric, and evaluated entries
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from 111 teams for the PhysioNet Challenge 2025 [6].

2.1. Challenge Data

The Challenge data included 12-lead ECG data and Cha-
gas disease labels from multiple public and private sources:
e The CODE-15% dataset [7] contains 345779 ECG
records from 233770 Brazilian patients with self-reported
Chagas labels. Approximately 2% of patients reported
positive cases of Chagas disease. The signals are approxi-
mately 10s in length, and the sampling frequency is 400Hz.
This dataset is public and part of the Challenge training set.
o The SaMi-Trop dataset [8] contains 1631 ECG records
from Brazilian patients with Chagas cardiomyopathy. All
patients were serologically validated for Chagas disease.
The signals are approximately 10s in length, and the sam-
pling frequency is 400Hz. This dataset is public and part
of the Challenge training set.

« The PTB-XL database from the Physikalisch-Technische
Bundesanstalt (PTB), Brunswick, Germany [9] contains
21799 ECG records from 18869 European patients. All pa-
tients were assumed to be Chagas negative because Chagas
disease is not endemic to Europe, but this assumption was
not confirmed with serological testing and may not hold in
every case. The signals are 10s in length, and the sampling
frequency is S00Hz. This dataset is public and part of the
Challenge training set.

o The REDS-II database [10] contains 1979 ECG records
from 631 Brazilian patients with both positive and neg-
ative Chagas labels from serological testing. The orig-
inal dataset was constructed so that the Chagas positive
and negative cases were balanced, so we oversampled the
Chagas-negative cases to approximate the population pos-
itivity rate. The signals are approximately 10s in length,
and the sampling frequency is 300Hz. This dataset is pri-
vate and part of the Challenge validation and test sets.

o The SaMi-Trop 3 database contains 3855 ECG records
from Brazilian patients with both positive and negative
Chagas labels from serological testing. The original
dataset was constructed so that the Chagas positive and
negative cases were balanced, so we oversampled the
Chagas-negative cases to approximate the population pos-
itivity rate. The signals are approximately 10s in length,
and the sampling frequency varies. This dataset is private
and part of the Challenge test set.

o The ELSA-Brasil database [11] contains 13739 ECG
records from 13739 Brazilian patients with both positive
and negative Chagas labels from serological testing. Ap-
proximately 2% of patients tested positive for Chagas dis-
ease. The signals are approximately 10s in length, and the
sampling frequency is 300Hz. This dataset is private and
part of the Challenge test set.

We reformatted the data in a WFDB-compatible for-
mat so that data from different sources shared a consis-

tent format. We truncated zero-padded ECG signals to re-
move added zeros, and we removed empty signals. We
replaced ages above 89 with a single age of 90 as needed
to deidentify the data. The REDS-II dataset and the SaMi-
Trop 3 were constructed to approximately balance the data
with comparable numbers of positive and negative Cha-
gas disease cases, so we oversampled the Chagas-negative
records in these datasets to approximately match the preva-
lence rate of the ELSA-Brasil data, which has a 2.04% pos-
itivity rate. For both Chagas-positive and Chagas-negative
records in these two datasets, we also added small amounts
of various forms of noise, applied filters that are represen-
tative of different ECG devices, and resampled the data
to different sampling frequencies to create new but highly
similar records that support algorithmic generalizability.
Please see [6] for details about how we augmented the data
for the Challenge.

2.2.  Challenge Objective

The PhysioNet Challenge 2025 invited teams to develop
algorithms for using ECGs to identify cases of Chagas dis-
ease and to help prioritize potential Chagas disease patients
for confirmatory diagnosis and treatment.

2.2.1. Challenge Timeline

This year’s Challenge was the 26" George B. Moody
PhysioNet Challenge [1]. As in previous years, the Chal-
lenge had an unofficial phase and an official phase.

The unofficial phase (9 January 2025 to 9 April 2025)
introduced the teams to the Challenge. We publicly shared
the Challenge objective, training data, example algorithms,
and evaluation metric and invited the teams to submit their
code for training and evaluation, scoring at most five en-
tries from each team on the validation set. Between the
unofficial and official phases, we took a hiatus (10 April
2025 to 28 May 2025) to improve the Challenge. The of-
ficial phase (29 May 2025 to 20 August 2025) continued
the Challenge. We updated the Challenge data, example
algorithms, and evaluation metric and again invited teams
to submit their code for training and evaluation, scoring at
most ten entries from each team on the validation set.

After the end of the official phase, we attempted to eval-
uate at most one entry from each team on the test set to
determine the winners of the Challenge.

We announced the results at the end of the Computing in
Cardiology (CinC) 2025 conference, where the teams pre-
sented, defended, and published their work. Participation
in CinC was a requirement for rankings and prize eligibil-
ity. We will publicly release the algorithms after the end of
the Challenge and the publication of these papers.
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2.2.2. Challenge Evaluation

The serological testing capacities for Chagas disease in
Brazil and many other parts of South America and Central
America are limited, so we evaluated the ability of algo-
rithms to use ECGs to prioritize potential Chagas disease
patients for serological testing. We defined the Challenge
score as the fraction of patients with Chagas disease in a
patient cohort that a team’s algorithm prioritizes in the top
5% of the cohort, which is roughly the serological testing
capacity in the region. The team with the highest Chal-
lenge score on the hidden test set won the Challenge.

Mathematically, let X be a dataset of n ECG records,
and let p, be the algorithm’s estimated probability of a pos-
itive case of Chagas disease for an ECG record x € X. Let
Ty = argmax,. yp, be the record with the highest prob-
ability, xo the record with the second-highest probability,
etc. We define X, = {2 € X : k < an} C X as the
collection of records with the k = | an| highest probabil-
ities. The Challenge score is the true positive rate for X,
i.e., the fraction of Chagas-positive cases in X, out of the
total number of Chagas-positive cases in X, for o = 0.05.

If there are records x,y € X with equal probabilities
Pz = Py suchthatz € X, andy ¢ X, then the Challenge
score randomly breaks ties between the tied records so that
an —1 < |X,| < an and returns the expected (mean)
score over all permutations of the tied records.

While we also reported traditional evaluation metrics on
the validation and test sets to provide additional context for
the algorithms, the Challenge score specifically considers
the use of algorithms to prioritize potential Chagas disease
patients for confirmatory testing and treatment.

3. Challenge Results

During the Challenge, a total of 111 teams submitted
1317 algorithms, including 185 successful entries and 266
unsuccessful entries during the unofficial phase as well as
372 successful entries and 494 unsuccessful entries during
the official phase. After the Challenge, we were able to
score 65 teams on both validation and test sets; a total of
41 teams met all of the requirements to be ranked.

Figure 1 shows the scores on the validation and test sets.
The median Challenge score decreased from 0.279 on the
REDS-II data in the validation set to 0.275 (1.4% lower)
on the REDS-II data in the test set, to 0.236 (15% lower)
on the SaMi-Trop 3 data in the test set, and to 0.100 (64%
lower) to the ELSA-Brasil data in the test set. Table 1 sum-
marizes the performance of the three highest-ranked teams.
The full team summaries, additional scores, and the full
Challenge criteria for rankings are available in [6, 12].
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Figure 1: Challenge scores (y-axis) on the data sources (z-
axis) in the validation and test sets. Each point is the score
of a different team on a different dataset, and each thin
solid line connects the scores for a team across datasets.
The thick dotted lines show the median score of the teams
across the datasets.

4. Discussion

The changes in the performance of the algorithms across
the different data sources in the hidden validation and test
sets reflect the difficulty of generalizing to unseen data.

The REDS-II and SaMi-Trop 3 datasets contained sim-
ilar patient populations, including many symptomatic pa-
tients with Chagas cardiomyopathy; the small differences
in performance between the REDS-II data in the validation
and test sets and the SaMi-Trop 3 data in the test set are
caused by sequential overfitting through repeated scoring
on the validation set and the use of different ECG devices
and clinical practices, respectively.

The ELSA-Brasil dataset contained largely asymp-
tomatic patients without Chagas cardiomyopathy or known
cardiovascular disease; the larger differences in perfor-
mance between the other data sources and the ELSA-Brasil
data are likely due to the different patient populations and
the difficulty of identifying Chagas disease in ECGs with-
out cardiovascular disease symptoms.

s. Conclusions

This article describes a large compendium of public and
private 12-lead ECGs from several sources with both self-
reported and serologically validated Chagas disease labels.
The combination of standard 12-lead ECGs with a large
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Rank | Team name REDS-II REDS-II | SaMi-Trop 3 | ELSA-Brasil | Mean
(validation) (test) (test) (test) (test)

1 | Biomed-Cardio 0.445 0.468 0.376 0.125 | 0.323

2 | DlaskalLLabMUI 0.440 0.357 0.375 0.118 | 0.283

3 | AlChagas 0.360 0.382 0.329 0.129 | 0.280

Table 1: Challenge scores on the validation set, which contains data from the REDS-II dataset, and the test set, which
contains data from the REDS-II dataset, the SaMi-Trop 3 dataset, and the ELSA-Brasil dataset, for the three highest-
ranked Challenge teams according to the mean score across the three datasets in the test set.

database with weak labels and several smaller databases
with strong labels poses a classical machine learning prob-
lem in a real-world clinical setting, and the use of three
completely hidden data sources with varying patient pop-
ulations, ECG devices, and other factors helps to support
and assess model generalizability to unseen data.

The use of an evaluation metric that incorporates the
confirmatory testing capacity for Chagas disease helps to
support the development of clinically relevant machine
learning models for Chagas disease detection as part of an
effort to prioritize patients for limited resources [6].
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