
Citation: Soares, N.M.; Barreto,

N.M.P.V.; Farias, M.M.B.; de Lima

Oliveira, C.; Araújo, W.A.C.;

de Souza, J.N.; Teixeira, M.C.A.;

Gonçalves, N.L.S.; Sampaio, D.D.;

Pavan, T.B.S.; et al.

Seroepidemiological Survey of

Chronic Chagas Disease in a Rural

Community in Southern Bahia,

Brazil, Using Recombinant Chimeric

Antigens. Pathogens 2023, 12, 1222.

https://doi.org/10.3390/

pathogens12101222

Academic Editor: Carlos Robello

Received: 12 August 2023

Revised: 8 September 2023

Accepted: 13 September 2023

Published: 7 October 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

pathogens

Communication

Seroepidemiological Survey of Chronic Chagas Disease in a
Rural Community in Southern Bahia, Brazil, Using
Recombinant Chimeric Antigens
Neci Matos Soares 1, Nilo Manoel Pereira Vieira Barreto 1, Marina Morena Brito Farias 1, Cíntia de Lima Oliveira 1,
Weslei Almeida Costa Araújo 1, Joelma Nascimento de Souza 1 , Márcia Cristina Aquino Teixeira 1,
Noilson Lázaro Sousa Gonçalves 2, Daniel Dias Sampaio 3, Tycha Bianca Sabaini Pavan 2,
Paola Alejandra Fiorani Celedon 4, Nilson Ivo Tonin Zanchin 5,6 and Fred Luciano Neves Santos 2,6,*

1 Department of Clinical and Toxicological Analysis, Faculty of Pharmaceutical Sciences, Federal University of
Bahia, Salvador 40170-115, Bahia, Brazil; neci@ufba.br (N.M.S.); nilomanoel@gmail.com (N.M.P.V.B.);
marifariias@gmail.com (M.M.B.F.); cintianeue@outlook.com (C.d.L.O.);
wesleicosta11@hotmail.com (W.A.C.A.); joelmandesouza@gmail.com (J.N.d.S.); marciat@ufba.br (M.C.A.T.)

2 Advanced Public Health Laboratory, Gonçalo Moniz Institute, Oswaldo Cruz Foundation (Fiocruz-BA),
Salvador 40296-710, Bahia, Brazil; noilson.goncalves@fiocruz.br (N.L.S.G.); tycha.pavan@fiocruz.br (T.B.S.P.)

3 Brazil’s Family Health Strategy, Municipal Health Department, Tremedal City Hall,
Tremedal 45170-000, Bahia, Brazil; diassampaio@gmail.com

4 Molecular Biology of Trypanosomatids Laboratory, Carlos Chagas Institute, Oswaldo Cruz Foundation
(Fiocruz-PR), Curitiba 81310-020, Paraná, Brazil; paola.fiorani@fiocruz.br

5 Structural Biology and Protein Engineering Laboratory, Carlos Chagas Institute, Oswaldo Cruz Foundation
(Fiocruz-PR), Curitiba 81310-020, Paraná, Brazil; nilson.zanchin@fiocruz.br

6 Integrated Translational Program in Chagas Disease from Fiocruz (Fio-Chagas), Oswaldo Cruz Foundation
(Fiocruz-RJ), Rio de Janeiro 21040-360, Rio de Janeiro, Brazil

* Correspondence: fred.santos@fiocruz.br; Tel.: +55-71-99390-3004

Abstract: Chagas disease (CD), caused by the parasite Trypanosoma cruzi, is a neglected tropical
disease with life-threatening implications. In this study, we conducted a seroepidemiological survey
to determine the prevalence and clinical profiles of CD in 217 individuals from an impoverished rural
community in Southern Bahia, Brazil. The overall prevalence of CD in the studied community was
0.92%, detected through latent class analysis (LCA). Two individuals tested positive for anti-T. cruzi
IgG, both being male farmers. One case was a 22-year-old man born in Camamu, with no evidence of
congenital transmission, suggesting other routes of transmission such as vector-borne transmission
due to migratory activities. The other case was a 69-year-old man born in São Felipe, who had
lived in an adobe/brick house and had a pacemaker due to cardiac involvement caused by CD.
The prevalence in this community was lower than expected, given the socioeconomic conditions
and environmental factors that contribute to T. cruzi transmission. This could be attributed to the
implementation of preventive measures and vector control programs by the Brazilian Government.
However, continuous monitoring and surveillance are essential to sustain control efforts and detect
any potential re-emergence of the disease. While the overall prevalence was low, the detection of
positive cases underscores the need for continued surveillance and control measures in vulnerable
populations, such as rural communities. Active surveillance, early diagnosis, and timely treatment
are crucial in preventing disease progression and complications, thereby enhancing the effectiveness
of screening and treatment programs.

Keywords: chronic chagas disease; screening; serologic diagnosis; prevalence; seroepidemiology;
active case finding; epidemiological surveillance

1. Introduction

Chagas disease (CD) is a life-threatening neglected tropical disease caused by the para-
site Trypanosoma cruzi [1]. Transmission primarily occurs through infected hematophagous
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insects, commonly known as kissing bugs [2,3]. Additionally, T. cruzi can be transmitted
through blood transfusion, organ transplantation, consumption of contaminated food or
drinks, and from mother to child during pregnancy [4]. In the context of the classic route
of transmission, the disease is associated with the living conditions of the population,
including risk factors such as residing in mud houses with cracks, having a chicken coop in
close proximity to the residence, keeping domestic animals in the peridomicile, and living
near forested areas [2].

The disease presents in two phases: acute and chronic. During the acute phase, which
typically lasts a few weeks or months, individuals may experience symptoms such as
fever, fatigue, body aches, and localized swelling at the site of the insect bite. However,
most infected individuals either remain asymptomatic or have mild symptoms, posing
challenges for diagnosis [5]. If left untreated, the infection can progress to the chronic
phase, which can persist for several years or even decades. In this phase, the parasite
can cause severe damage to the heart, digestive system, and other organs [6]. Cardiac
complications, including cardiomyopathy, arrhythmias, and heart failure, are the leading
causes of morbidity and mortality in CD [7,8].

Chagas disease is endemic in 21 Latin American countries, where an estimated
6–7 million people are infected, resulting in approximately 7500 deaths annually [9,10].
It is also becoming a global health concern due to increased migration and travel from
endemic to non-endemic regions. Cases have been reported in non-endemic areas such
as the United States, Canada, Europe, Asia, and Oceania [11,12]. In Brazil, the country
where T. cruzi was first identified [1], CD is a significant public health problem. Indeed, the
World Health Organization estimates that 1.1 million people are infected with T. cruzi, and
25.4 million people are at risk of infection [9]. However, the actual number of chronically
infected individuals remains unknown, despite progress in interrupting CD transmission
in Brazil. Consequently, the disease’s status as a health concern in Brazil persists.

The disease imposes substantial social and economic burdens on affected individuals,
families, and healthcare systems, particularly affecting vulnerable populations in impov-
erished rural areas with limited access to healthcare. Efforts are underway to improve
access to diagnosis, treatment, and care for CD. Active surveillance, early diagnosis, and
timely treatment are crucial in preventing disease progression and its complications. There-
fore, the use of newer CD screening technology is crucial for evaluating at-risk Brazilian
populations, potentially revealing differences from older screening studies. Recognizing
the challenges posed by CD, our study aimed to investigate the prevalence of chronic
CD among individuals living in a rural community in Southern Bahia, representing an
important step in understanding the disease burden in vulnerable populations.

2. Materials and Methods
2.1. Study Area

The study was conducted in the Zumbi dos Palmares Settlement (ZPS; 14◦01′45 S/
39◦10′46 W, Figure 1), a rural community located 12 km from the municipality of Camamu
in the southwestern region of Bahia, approximately 195 km from Salvador, the capital
of Bahia [13]. ZPS is situated on the former Brahma Farm and covers an area of about
400 hectares, housing 251 individuals from 50 families. The majority of residents have
family ties, and many receive government assistance, such as Bolsa Família program, to
supplement their income. Seasonal migration among residents to other states occurs during
the sugarcane and garlic harvests as an alternative means of increasing family income. ZPS
exhibits environmental characteristics, including sandy soil enriched with organic matter
and a hot, humid climate. The region experiences a prolonged summer and a brief winter.
Temperatures typically range from 20 ◦C to 31 ◦C throughout the year, and rainfall is evenly
distributed. April records the highest average rainfall at 99 mm, while September is the
least rainy month, averaging 46 mm of precipitation [14].
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Figure 1. Geographic location of sample collection sites in this study. Public domain digital
map was freely obtained from the Brazilian Institute of Geography and Statistics (IBGE) carto-
graphic database in shapefile format (.shp), which was subsequently reformatted and analyzed using
QGIS version 3.22.16 (Geographic Information System, Open-Source Geospatial Foundation Project.
http://qgis.osgeo.org, accessed on 27 June 2023).

2.2. Study Design and Population

The population included in this cross-sectional seroepidemiological study consisted
of individuals of all genders and ages residing in ZPS. All ZPS residents were invited
to participate, and only those who provided consent had their blood collected for the
study. No other inclusion or exclusion criteria were applied. In addition to assessing
the serological status of Chagas disease, other variables, such as age group, and years of
education, were analyzed.

2.3. Serology Testing

We performed anti-T. cruzi immunoassays using ELISA with four T. cruzi recombinant
chimeric antigens: IBMP-8.1, IBMP-8.2, IBMP-8.3, and IBMP-8.4. The synthesis of these
antigens followed established protocols [15]. Synthetic genes were obtained from GenScript
(Piscataway, NJ, USA) and subcloned into the pET28a vector. Escherichia coli-Star (DE3) cells
were employed for antigen expression and cultured in Luria-Bertani medium supplemented
with 0.5 mM IPTG (isopropyl-β-D-1-thiogalactopyranoside). His-tagged chimeric antigens
were purified using ion exchange and affinity chromatography, followed by quantification
with fluorometry (Qubit 2.0, Invitrogen Technologies, Carlsbad, CA, USA) following the
manufacturer’s instructions.

For detecting anti-T. cruzi antibodies, we utilized the IBMP antigens based on prior
studies [16–19]. The assays were performed on transparent 96-well flat-bottom microplates
(Nunc, Roskilde, Denmark) coated with one of the chimeric IBMP antigens. The coating
concentrations were 12.5 ng for IBMP-8.2 and 25 ng for IBMP-8.1, IBMP-8.3, and IBMP-
8.4 per well, using a coating buffer (0.05 M carbonate bicarbonate, pH 9.6). Coating and
blocking were simultaneously carried out using a synthetic buffer (WellChampion; Kem-
En-Tec Diagnostics A/S, Taastrup, Denmark) according to the manufacturer’s instructions.
Serum samples, diluted 1:100 in 0.05 M phosphate-buffered saline (PBS; pH 7.4), were
added to the coated wells, and the microplates were incubated at 37 ◦C for 60 min. Sub-
sequently, the wells were washed with PBS-0.05% Tween-20 (PBS-T; pH 7.4) to remove
non-adsorbed material, followed by another incubation at 37 ◦C for 30 min with 100 µL of
HRP-conjugated goat anti-human IgG (Bio-Manguinhos, FIOCRUZ, Rio de Janeiro, Brazil)
diluted 1:40,000 in PBS. Following another wash cycle, 100 µL of TBM substrate (Kem-En-

http://qgis.osgeo.org
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Tec Diagnostics A/S, Taastrup, Denmark) was added to the wells to detect the formation of
immune complexes. Incubation was conducted for 10 min at room temperature in the dark.
Colorimetric reactions were stopped by adding 50 µL of 0.3 M H2SO4 to each well. Optical
density was measured using a SPECTRAmax 340PC microplate reader with a 450 nm filter
(Molecular Devices, San Jose, CA, USA), and background values were subtracted from
the measurements.

2.4. Data Analysis

Patient characteristics and results were recorded in an encrypted electronic data col-
lection database using SPSS software v.19.0 for Windows (SPSS Inc, Chicago, IL, USA).
Categorical variables were described using frequencies and percentages, while continuous
variables were described using means, standard deviations, and ranges. Prism software
(version 10; GraphPad, San Diego, CA, USA) was utilized for analyzing and visualizing
ELISA data. To establish relevant cutoff values (CO) for IBMP-ELISA, ten T. cruzi-reactive
and ten T. cruzi-non-reactive samples were assessed simultaneously in all microplates.
These samples were previously characterized as positive or negative based on two sero-
logical tests following international guidelines [20,21]. The CO values were determined
by calculating the largest area under the ROC curve, which defined the maximum optical
density (OD) required to discriminate between reactive and nonreactive T. cruzi samples.
The results were expressed as a reactivity index (RI), representing the ratio of sample
OD to CO. Samples with RI values > 1.00 were considered positive, while samples with
RI values falling within the indeterminate zone (RI values of 1.0 ± 10%) were classified
as inconclusive.

In the absence of a gold standard for diagnosing chronic CD, latent class analysis (LCA)
was employed as a statistical approach for serological classification of T. cruzi infection. LCA
is a well-established and validated multivariate statistical approach based on categorical
indicators or latent variables [19,22,23]. Four indicators representing IBMP-8.1, IBMP-8.2,
IBMP-8.3, and IBMP-8.4 were defined to characterize the latent variable for diagnosing
T. cruzi infection. The latent class response patterns classified a sample as T. cruzi reactive
if it showed positive results in at least two different chimera-based assays (a posteriori
probability ranged from 87.9 to 100%). Conversely, a sample was considered non-reactive
for T. cruzi if all four chimeric antigens gave a non-reactive result or if only one of the
antigens was positive (a posteriori probability ranged from 0 to 0.8%). Sixteen response
patterns were identified and divided into five categories (P1 to P5). To provide a visual
representation of the classification process, we constructed a flow chart, which is presented
in Figure 2.
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Figure 2. Reaction patterns of chimeric antigens in latent class analysis (LCA) used in anti-T. cruzi
ELISA tests. LCS, latent class status; NR, nonreactive; PP, a posteriori probability; R, reactive; P1, P2,
P3, P4, and P5, reaction response. A red square with a + sign denotes a positive result in ELISA-IBMP,
while a green square with a − sign indicates a negative result in ELISA-IBMP.

3. Results

A total of 217 individuals (86.5%; 217/251) participated in this study. The median
age was 27 years (interquartile range [IQR] 13.3–49), with a higher proportion of women
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(51.4%) than men (48.9%) participating. Data for five participants could not be retrieved.
The age distribution revealed that the majority of participants were below 40 years old
(67%), while approximately 8% were aged between 41 and 50, 11% were aged between
51 and 60, and 14% were older than 60 years. Regarding education level, the majority of
participants (77.4%) had up to eight years of formal schooling, 21.7% were illiterate and
only 2% attended university without completing their studies. Out of the 212 participants
with available income information, approximately 50% reported an annual personal income
of USD 600 and, the other 50% reported a mean of USD 3200.

Among the 217 serum samples analyzed, latent class analysis detected anti-T. cruzi
IgG in two samples, resulting in an overall prevalence of 0.92% (2/217). Both samples were
classified as P5, indicating positivity for all four IBMP proteins with a posteriori probability
of 100%.

These two individuals tested positive for anti-T. cruzi IgG were male farmers. One
sample belonged to a 22-year-old man born in Camamu, whose family members, including
his mother, tested negative for Chagas disease. He migrated to other cities in the states of
Bahia, Minas Gerais, or Espírito Santo once or twice per year during the sugarcane and
garlic harvests. The other sample was obtained from a 69-year-old man born in São Felipe,
an endemic area for Chagas disease, who reported living in an adobe/brick house during
his childhood and being constantly exposed to kissing bug bites. Unlike the younger man,
he was already aware of his clinical condition and required a pacemaker due to cardiac
involvement caused by Chagas disease. The remaining 215 samples were classified as
T. cruzi-negative, with all samples showing a negative result for all four IBMP proteins
(classified as P1).

4. Discussion

Chagas disease (CD) continues to be a significant public health issue in Brazil, with
a high burden of undiagnosed cases [21]. In this study, we conducted a seroepidemiolog-
ical survey to determine the prevalence of CD in an impoverished rural community in
Southern Bahia. While the study site falls under a low endemicity category for CD, it is
endemic for other infections, including HTLV, schistosomiasis, and intestinal parasites,
with strongyloidiasis being notably prevalent. The evaluation of CD positivity is part of
a broader project focused on diagnosing and treating individuals for multiple infections.
Our findings highlight the importance of active surveillance and early detection of CD
in vulnerable populations. The overall prevalence of chronic CD in the studied commu-
nity was 0.92%, as detected by latent class analysis (LCA). This prevalence is relatively
low compared to the estimated national prevalence of CD in Brazil [24]. However, it is
important to note that even in areas of low prevalence, identifying positive cases through
seroepidemiological surveys is crucial for timely diagnosis and management.

The absence of positive cases among the family members of one individual infected
with T. cruzi suggests that congenital transmission was not the cause of his infection. Other
possible routes of transmission, such as vector-borne transmission, should be considered,
especially considering his migratory activities during the sugarcane and garlic harvests.
Although we were unable to conduct clinical follow-up due to his temporary residence
in another state during our visits to the Zumbi dos Palmares settlement, he was referred
to primary care in his municipality of residence. The other individual infected with
T. cruzi born in an endemic city of Bahia, was already diagnosed with arrhythmogenic
cardiomyopathy attributable to CD. This emphasizes the long-term health consequences
and potential severity of the disease if left untreated.

The prevalence of CD in the studied rural community was lower than expected,
considering the socioeconomic conditions and environmental factors that can contribute
to T. cruzi transmission. Although present, we observed few mud houses with cracks in
the area, and the residents reported not encountering the bugs. A systematic review and
meta-analysis published in 2014 reported a mean prevalence of 4.2% for Brazil, based on
data from 18 states spanning 1980 to 2011 [24]. For Bahia, the same study calculated a
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mean prevalence of 20.4% using two available studies. The first study was carried out in
Catolândia in 1989, in which infection was detected in 11.1% of 344 individuals aged 0 to
>61 years [25]. The second study was performed in 2002 in Mulungu do Morro, where
25.1% of 694 individuals tested positive for Chagas disease [26]. The implementation of
preventive measures and vector control programs in the region may have contributed to
reducing the transmission risk. However, continuous monitoring and surveillance are
necessary to ensure sustained control and detect any potential re-emergence of the disease.

The seroepidemiological survey provided valuable insights into the prevalence and
clinical profiles of CD in the studied community. The survey identified two positive cases,
one of which involved an individual already aware of their clinical condition. However,
the other case would have remained undiagnosed without the survey, emphasizing the
importance of active case finding and early detection. Prompt inclusion of this individual
in primary health care ensured appropriate medical follow-up and comprehensive care.

5. Conclusions

In conclusion, this study sheds light on the seroepidemiological profile of CD in a
rural community in Southern Bahia. Although the overall prevalence was relatively low,
the detection of positive cases highlights the need for continued surveillance and control
measures in vulnerable populations. Active surveillance, early diagnosis, and timely
treatment remain critical in preventing disease progression and its complications [27–31].
Further studies are warranted to understand the dynamics of CD transmission in the region
and to develop targeted interventions for effective control and elimination of the disease.

Author Contributions: Conceptualization: N.M.S., M.C.A.T., N.I.T.Z. and F.L.N.S.; methodology:
P.A.F.C., N.M.P.V.B., M.M.B.F., C.d.L.O., W.A.C.A., J.N.d.S., N.L.S.G. and F.L.N.S.; software: N.M.P.V.B.
and F.L.N.S.; validation: P.A.F.C. and F.L.N.S.; formal analysis: N.I.T.Z. and F.L.N.S.; investiga-
tion: F.L.N.S.; resources, N.M.S., N.I.T.Z. and F.L.N.S.; data curation, N.M.S., N.I.T.Z. and F.L.N.S.;
writing—original draft preparation: D.D.S., T.B.S.P. and F.L.N.S.; writing—review and editing: N.M.S.,
M.C.A.T., N.I.T.Z., P.A.F.C. and F.L.N.S.; visualization: D.D.S. and F.L.N.S.; supervision: N.M.S.,
N.I.T.Z. and F.L.N.S.; project administration, N.M.S., N.I.T.Z. and F.L.N.S.; funding acquisition, N.M.S.,
N.I.T.Z. and F.L.N.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Coordination for the Improvement of Higher Education
Personnel in Brazil (CAPES; Finance Code 001 award to FLNS). NMS, NITZ and FLNS are research
grantee of the National Council for Scientific and Technological Development-Brazil (CNPq; processes
no. 307493/2021-0, 304167/2019-3, and 309263/2020-4, respectively). The funders had no influence on
the study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Institutional Review Board Statement: The study received approval from the Institutional Re-
view Board (IRB) for Human Research at the Gonçalo Moniz Institute, Oswaldo Cruz Foundation
(FIOCRUZ), Salvador, Bahia-Brazil (protocol number 59644422.0.0000.0040). All procedures adhered
strictly to the principles of the Declaration of Helsinki and its subsequent revisions, as well as relevant
Brazilian ethical resolutions, including Res. n◦ 466/1996 and n◦ 510/2016. Prior to participation,
informed consent was obtained from all participants. To ensure confidentiality, samples were coded
anonymously, protecting the identity of the individuals involved.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article are provided
by the authors without reservation.

Acknowledgments: We would like to express our gratitude to the residents of the Zumbi dos
Palmares Settlement for their participation in this study. We acknowledge the support of the FIOCRUZ
program of technical platforms through the Platform for Integrated Structural Biology (RPT-15A).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.



Pathogens 2023, 12, 1222 7 of 8

References
1. Chagas, C. Nova Tripanomíase Humana. Estudos Sobre Morfologia e o Ciclo Evolutivo Do Schizotrypanum Cruzi, n. Gen., n. Sp.,

Agente Etiológico Da Nova Entidade Mórbida Do Homem. Mem. Inst. Oswaldo Cruz 1909, 1, 159–218. [CrossRef]
2. Freitas, N.E.M.; Habib, F.L.; Santos, E.F.; Silva, Â.A.O.; Fontes, N.D.; Leony, L.M.; Sampaio, D.D.; Almeida, M.C.; Dantas-Torres,

F.; Santos, F.L.N. Technological Advances in the Serological Diagnosis of Chagas Disease in Dogs and Cats: A Systematic Review.
Parasites Vectors 2022, 15, 343. [CrossRef]

3. Kribs-Zaleta, C.M. Alternative Transmission Modes for Trypanosoma Cruzi. Math. Biosci. Eng. 2010, 7, 657–673. [CrossRef]
[PubMed]

4. Santos, E.F.; Silva, Â.A.O.; Leony, L.M.; Freitas, N.E.M.; Daltro, R.T.; Regis-Silva, C.G.; Del-Rei, R.P.; Souza, W.V.; Ostermayer,
A.L.; Costa, V.M.; et al. Acute Chagas Disease in Brazil from 2001 to 2018: A Nationwide Spatiotemporal Analysis. PLoS Negl.
Trop. Dis. 2020, 14, e0008445. [CrossRef]

5. Rassi, A.J.; Rassi, A.J.; Marcondes de Rezende, J. American Trypanosomiasis (Chagas Disease). Infect. Dis. Clin. N. Am. 2012, 26,
275–291. [CrossRef] [PubMed]

6. Useche, Y.; Pérez, A.R.; de Meis, J.; Bonomo, A.; Savino, W. Central Nervous System Commitment in Chagas Disease. Front.
Immunol. 2022, 13, 975106. [CrossRef] [PubMed]

7. Hasslocher-Moreno, A.M.; Xavier, S.S.; Saraiva, R.M.; Sousa, A.S. Indeterminate form of Chagas Disease: Historical, Conceptual,
Clinical, and Prognostic Aspects. Rev. Soc. Bras. Med. Trop. 2021, 54, e02542021. [CrossRef] [PubMed]

8. Nunes, M.C.P.; Beaton, A.; Acquatella, H.; Bern, C.; Bolger, A.F.; Echeverría, L.E.; Dutra, W.O.; Gascon, J.; Morillo, C.A.; Oliveira-
Filho, J.; et al. Chagas Cardiomyopathy: An Update of Current Clinical Knowledge and Management: A Scientific Statement
from the American Heart Association. Circulation 2018, 138, e169–e209. [CrossRef] [PubMed]

9. WHO. World Health Organization Chagas Disease in Latin America: An Epidemiological Update Based on 2010 Estimates. Wkly.
Epidemiol. Rec. 2015, 90, 33–43.

10. World Health Organization. Chagas Disease (American Trypanosomiasis)—Fact Sheet (Revised in August 2012). Wkly. Epidemiol.
Rec. 2012, 87, 519–522.

11. Coura, J.R.; Viñas, P.A. Chagas Disease: A New Worldwide Challenge. Nature 2010, 465, S6–S7. [CrossRef] [PubMed]
12. Lidani, K.C.F.; Andrade, F.A.; Bavia, L.; Damasceno, F.S.; Beltrame, M.H.; Messias-Reason, I.J.; Sandri, T.L. Chagas Disease: From

Discovery to a Worldwide Health Problem. Front. Public Health 2019, 7, 166. [CrossRef]
13. IBGE Camamu (BA). Available online: https://www.ibge.gov.br/cidades-e-estados/ba/camamu.html? (accessed on 4 July 2023).
14. Whether Spark Clima e Condições Meteorológicas Médias Em Camamu No Ano Todo. Available online: https://pt.weatherspark.

com/y/30990/Clima-caracteristico-em-Camamu-Brasil-durante-o-ano (accessed on 4 July 2023).
15. Santos, F.L.N.; Celedon, P.A.F.; Zanchin, N.I.T.; Brasil, T.A.C.; Foti, L.; Souza, W.V.; Silva, E.D.; Gomes, Y.M.; Krieger, M.A.

Performance Assessment of Four Chimeric Trypanosoma Cruzi Antigens Based on Antigen-Antibody Detection for Diagnosis of
Chronic Chagas Disease. PLoS ONE 2016, 11, e0161100. [CrossRef] [PubMed]

16. Santos, F.L.N.; Celedon, P.A.; Zanchin, N.I.; Souza, W.V.; Silva, E.D.; Foti, L.; Krieger, M.A.; Gomes, Y.M. Accuracy of Chimeric
Proteins in the Serological Diagnosis of Chronic Chagas Disease—A Phase II Study. PLoS Negl. Trop. Dis. 2017, 11, e0005433.
[CrossRef] [PubMed]

17. Del-Rei, R.P.; Leony, L.M.; Celedon, P.A.F.; Zanchin, N.I.T.; Reis, M.G.; Gomes, Y.M.; Schijman, A.G.; Longhi, S.A.; Santos, F.L.N.
Detection of Anti-Trypanosoma Cruzi Antibodies by Chimeric Antigens in Chronic Chagas Disease-Individuals from Endemic
South American Countries. PLoS ONE 2019, 14, e0215623. [CrossRef]

18. Dopico, E.; Del-Rei, R.P.; Espinoza, B.; Ubillos, I.; Zanchin, N.I.T.; Sulleiro, E.; Moure, Z.; Celedon, P.A.F.; Souza, W.V.;
Silva, E.D.; et al. Immune Reactivity to Trypanosoma Cruzi Chimeric Proteins for Chagas Disease Diagnosis in Immigrants Living
in a Non-Endemic Setting. BMC Infect. Dis. 2019, 19, 251. [CrossRef]

19. Santos, E.F.; Silva, Â.A.O.; Freitas, N.E.M.; Almeida, M.C.C.; Araújo, F.L.V.; Celedon, P.A.F.; Krieger, M.A.; Zanchin, N.T.I.;
Reis, M.G.; Santos, F.L.N. Performance of Chimeric Trypanosoma Cruzi Antigens in Serological Screening for Chagas Disease in
Blood Banks. Front. Med. 2022, 9, 852864. [CrossRef]

20. World Health Organization. Second WHO Consultation on the Development of a WHO Reference Panel for the Control of Chagas
Diagnostic Tests; World Health Organization: Geneva, Switzerland, 2007.

21. Brazil. Protocolo Clínico e Diretrizes Terapêuticas Doença de Chagas; Ministry of Health of Brazil: Brasília, Brazil, 2018.
22. Santos, F.L.N.; Campos, A.C.P.; Amorim, L.D.A.F.; Silva, E.D.; Zanchin, N.I.T.; Celedon, P.A.F.; Del-Rei, R.P.; Krieger, M.A.; Gomes,

Y.M. Highly Accurate Chimeric Proteins for the Serological Diagnosis of Chronic Chagas Disease: A Latent Class Analysis. Am. J.
Trop. Med. Hyg. 2018, 99, 1174–1179. [CrossRef]

23. Santos, E.F.; Leony, L.M.; Silva, Â.A.O.; Daltro, R.T.; Freitas, N.E.M.; Vasconcelos, L.C.M.; Araújo, F.L.V.; Celedon, P.A.F.; Krieger,
M.A.; Zanchin, N.I.T.; et al. Assessment of Liaison XL Murex Chagas Diagnostic Performance in Blood Screening for Chagas
Disease Using a Reference Array of Chimeric Antigens. Transfusion 2021, 61, 2701–2709. [CrossRef]

24. Martins-Melo, F.R.; Ramos, A.N.; Alencar, C.H.; Heukelbach, J. Prevalence of Chagas Disease in Brazil: A Systematic Review and
Meta-Analysis. Acta Trop. 2014, 130, 167–174. [CrossRef]

25. Escolano, P.; Liporaci, N.; Manzan, C.; Barbosa, A.; Alves, V.; Teixeira, R.; Afonso, P.; Buffulin, L.; Bentlin, M.R.; Morais, C.
Prevalence of Chagas Infection in Catolândia-Bahia. Rev. Soc. Bras. Med. Trop. 1989, 22, 159–160. [CrossRef]

https://doi.org/10.1590/S0074-02761909000200008
https://doi.org/10.1186/s13071-022-05476-4
https://doi.org/10.3934/mbe.2010.7.657
https://www.ncbi.nlm.nih.gov/pubmed/20578791
https://doi.org/10.1371/journal.pntd.0008445
https://doi.org/10.1016/j.idc.2012.03.002
https://www.ncbi.nlm.nih.gov/pubmed/22632639
https://doi.org/10.3389/fimmu.2022.975106
https://www.ncbi.nlm.nih.gov/pubmed/36439149
https://doi.org/10.1590/0037-8682-0254-2021
https://www.ncbi.nlm.nih.gov/pubmed/34320133
https://doi.org/10.1161/CIR.0000000000000599
https://www.ncbi.nlm.nih.gov/pubmed/30354432
https://doi.org/10.1038/nature09221
https://www.ncbi.nlm.nih.gov/pubmed/20571554
https://doi.org/10.3389/fpubh.2019.00166
https://www.ibge.gov.br/cidades-e-estados/ba/camamu.html?
https://pt.weatherspark.com/y/30990/Clima-caracteristico-em-Camamu-Brasil-durante-o-ano
https://pt.weatherspark.com/y/30990/Clima-caracteristico-em-Camamu-Brasil-durante-o-ano
https://doi.org/10.1371/journal.pone.0161100
https://www.ncbi.nlm.nih.gov/pubmed/27517281
https://doi.org/10.1371/journal.pntd.0005433
https://www.ncbi.nlm.nih.gov/pubmed/28273127
https://doi.org/10.1371/journal.pone.0215623
https://doi.org/10.1186/s12879-019-3872-z
https://doi.org/10.3389/fmed.2022.852864
https://doi.org/10.4269/ajtmh.17-0727
https://doi.org/10.1111/trf.16583
https://doi.org/10.1016/j.actatropica.2013.10.002
https://doi.org/10.1590/S0037-86821989000300009


Pathogens 2023, 12, 1222 8 of 8

26. Aras, R.; Gomes, I.; Veiga, M.; Melo, A. Transmissão Vetorial Da Doença de Chagas Em Mulungu Do Morro, Nordeste Do Brasil.
Rev. Soc. Bras. Med. Trop. 2003, 36, 359–363. [CrossRef]

27. Niborski, L.L.; Grippo, V.; Lafón, S.O.; Levitus, G.; García-Bournissen, F.; Ramirez, J.C.; Burgos, J.M.; Bisio, M.; Juiz, N.A.; Ayala,
V.; et al. Serological Based Monitoring of a Cohort of Patients with Chronic Chagas Disease Treated with Benznidazole in a Highly
Endemic Area of Northern Argentina. Mem. Inst. Oswaldo Cruz 2016, 111, 365–371. [CrossRef] [PubMed]

28. Álvarez, M.G.; Hernández, Y.; Bertocchi, G.; Fernández, M.; Lococo, B.; Ramírez, J.C.; Cura, C.; Albizu, C.L.; Schijman, A.; Abril,
M.; et al. New Scheme of Intermittent Benznidazole Administration in Patients Chronically Infected with Trypanosoma Cruzi: A
Pilot Short-Term Follow-Up Study with Adult Patients. Antimicrob. Agents Chemother. 2016, 60, 833–837. [CrossRef] [PubMed]

29. Murcia, L.; Carrilero, B.; Saura, D.; Iborra, M.A.; Segovia, M. Diagnosis and Treatment of Chagas Disease. Enferm. Infecc. Microbiol.
Clin. 2013, 31 (Suppl. S1), 26–34. [CrossRef] [PubMed]

30. Torrico, F.; Gascón, J.; Barreira, F.; Blum, B.; Almeida, I.C.; Alonso-Vega, C.; Barboza, T.; Bilbe, G.; Correia, E.; Garcia, W.; et al.
New Regimens of Benznidazole Monotherapy and in Combination with Fosravuconazole for Treatment of Chagas Disease
(BENDITA): A Phase 2, Double-Blind, Randomised Trial. Lancet Infect. Dis. 2021, 21, 1129–1140. [CrossRef]

31. Morillo, C.A.; Marin-Neto, J.A.; Avezum, A.; Sosa-Estani, S.; Rassi, A.; Rosas, F.; Villena, E.; Quiroz, R.; Bonilla, R.; Britto, C.; et al.
Randomized Trial of Benznidazole for Chronic Chagas’ Cardiomyopathy. N. Engl. J. Med. 2015, 373, 1295–1306. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1590/S0037-86822003000300008
https://doi.org/10.1590/0074-02760160006
https://www.ncbi.nlm.nih.gov/pubmed/27223650
https://doi.org/10.1128/AAC.00745-15
https://www.ncbi.nlm.nih.gov/pubmed/26596935
https://doi.org/10.1016/S0213-005X(13)70111-3
https://www.ncbi.nlm.nih.gov/pubmed/23453228
https://doi.org/10.1016/S1473-3099(20)30844-6
https://doi.org/10.1056/NEJMoa1507574

	Introduction 
	Materials and Methods 
	Study Area 
	Study Design and Population 
	Serology Testing 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

