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Summary

Background There is a lack of up-to-date estimates about the prevalence of Chagas disease (ChD) clinical
presentations and, therefore, we aimed to assess the prevalence of clinical forms of ChD among seropositive
adults, pooling available data.

Methods A systematic review was conducted in Medline, Embase, Biblioteca Virtual em Saiide and Cochrane databases
looking for studies published from 1990 to August 2023, which investigated the prevalence of ChD clinical forms
among seropositive adults, including: (i) indeterminate phase, (ii) chronic Chagas cardiomyopathy (CCM), (iii)
digestive and (iv) mixed (CCM + digestive) forms. Pooled estimates and 95% confidence intervals (CI) were calculated
using random-effects models. Studies quality and risk of bias was assessed with the Leboeuf-Yde and Lauritsen tool.
Heterogeneity was assessed with the I statistic. The study was registered in the PROSPERO database
(CRD42022354237).

Findings 1246 articles were selected for screening and 73 studies were included in the final analysis (17,132 patients,
44% men). Most studies were conducted with outpatients (n = 50), followed by population-based studies (n = 15). The
pooled prevalence of the ChD clinical forms was: indeterminate 42.6% (95% CI: 36.9-48.6), CCM 42.7% (95% CIL
37.3-48.3), digestive 17.7% (95% CI: 14.9-20.9), and mixed 10.2% (95% CI: 7.9-13.2). In population-based
studies, prevalence was lower for CCM (31.2%, 95% CI: 24.4-38.9) and higher for indeterminate (47.2%, 95% CI:
39.0-55.5) form. In meta-regression, age was inversely associated with the prevalence of indeterminate (§ = -0.05,
P < 0.001) form, and directly associated with CCM (B = 0.06, P < 0.001) and digestive (f = 0.02, P < 0.001) forms.
Heterogeneity was overall high.

Interpretation Compared to previous publications, our pooled estimates show a higher prevalence of CCM among
ChD seropositive patients, but similar rates of the digestive form.
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Research in context

Evidence before this study

Chagas disease is a potentially fatal multisystemic condition
caused by the protozoan parasite Trypanosoma cruzi, which
has two phases: acute and chronic. There is paucity of up-to-
date data on Chagas’ chronic clinical forms (indeterminate,
cardiac, digestive, or mixed (cardiac + digestive)), and current
estimates rely on individual epidemiological studies from the
past 3 decades. We conducted a comprehensive systematic
review looking for studies published from 1990 to August/
2023, which investigated the prevalence of clinical forms of
Chagas disease among seropositive adults, to update current
estimates. The methodology and diagnostic modalities for
evaluating clinical forms of ChD have evolved over the
decades and, in a scenario of great heterogeneity, this allows
for more accurate and reproducible metrics to be incorporated
into epidemiological studies. The systematic search was
performed in Medline, Literatura Latino-Americana e do Caribe
em Ciéncias da Saude (LILACS), through Biblioteca Virtual em
Sadde (BVS), Cochrane, and Embase databases, and the MeSH
terms were (“Chagas Disease” OR “Trypanosoma cruzi”) AND
(Prevalence OR Epidemiology) AND (“Clinical forms” OR
“Indeterminate phase” OR “Acute phase” OR “Acute form” OR
“Chronic phase” OR “Chronic form” OR “Arrhythmias, Cardiac” OR
“Heart Failure” OR Thromboembolic OR Thromboembolism OR
Thrombotic OR “Digestive manifestations” OR “Gastrointestinal
Diseases” OR “Form associated” OR “Congenital form”).

Introduction

Chagas disease (ChD), also known as American
trypanosomiasis, is caused by the protozoan parasite
Trypanosoma cruzi, named after the Brazilian physician
and scientist Carlos Chagas, who discovered and almost
fully described the disease—from basic science to
epidemiology and clinical features—in 1909." Despite
being potentially fatal and with considerable morbidity
associated, ChD is still part of the group of neglected
tropical diseases (NTDs), by the definition of the World
Health Organization (WHO).>*

The main transmission pathway of ChD is via contact
with the droppings of hematophagous insects of the
subfamily Triatominae infected with T. cruzi. The disease
can also be transmitted vertically, by blood transfusion,
organ transplantation, accidents with biological mate-
rials, or by ingestion of food or drinks contaminated with
the parasite—an occurrence that is progressively
emerging as the main route of transmission in regions
where vector control has improved, mainly due to socio-
economic development and better housing conditions."**

ChD is multisystemic and represented by two pha-
ses, acute and chronic. The acute phase tends to

Added value of this study

Our findings suggest a higher prevalence of the cardiac form
compared to previous data, however in population-based and
blood-donor studies our results reflect previous estimates.
This reinforces the need for resource allocation for the
treatment of late sequelae of ChD cardiac form, including the
wider availability of advanced therapies, such as implantable
cardiac devices and catheter-based therapies for arrhythmias.
In addition, our findings point towards the need for
improvement of death registration systems, especially in
endemic areas, for considering ChD as the underlying cause of
several cardiovascular or ill-defined fatal events, and for
refining mortality estimates. Finally, the results reinforce the
progressive incidence of clinical forms with age in seropositive
individuals. Thus, studies assessing strategies and specific
therapies for refining the early identification and halting the
progression of ChD clinical forms are of utmost importance.

Implications of all the available evidence

Our findings will allow for the incorporation of up-to-date
pooled prevalence data into existing Chagas disease
estimates, by applying meta-analytic methods to address the
limitations of individual studies. These pooled data will
contribute to the update of current estimates about global
disease burden, associated sequelae, and mortality.

manifest with mild and nonspecific symptoms such as
fever, fatigue, hepatosplenomegaly, and cutaneous
nodules. Rare cases progress to myocarditis and
meningoencephalitis. The chronic phase can last for
years and is mainly characterized by indeterminate
(asymptomatic), cardiac, digestive, or mixed forms.””
The incidence of clinical forms of chronic ChD de-
pends on a complex interaction between host and
parasite, mostly driven by chronic inflammatory path-
ways in different tissues and organs.®” Progression is
frequently unpredictable. For some clinical pre-
sentations, notably chronic Chagas cardiomyopathy
(CCM), the occurrence seems to be associated with age
and time lived with the disease.*®

WHO estimates a worldwide prevalence of 6-7
million individuals infected, mostly in Latin America,
where the disease is still highly endemic."*” These es-
timates, however, are highly uncertain, mainly due to
underreporting and underdiagnosis of the disease,
which predominantly affects areas of social vulnerability
and poor health. In addition to prevalence, mortality
information also seems to be unprecise, with very few
reports in endemic areas such as Central America.’
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Moreover, with increases in migration, ChD has been
progressively registered in non-endemic countries such
as the US, Japan, Australia, and European countries,
posing new challenges to local health systems.”'* ChD
sequelae represent a significant burden for endemic
regions, raising the alert for non-endemic countries
with recent records of the disease, especially among
immigrants.»*"

There is a paucity of up-to-date data on ChD clinical
forms, and current estimates rely on individual epide-
miological studies from the past 3 decades.” Efforts to
quantify the total health burden of ChD, like in the
Global Burden of Disease (GBD) study,'” are substan-
tially limited by suboptimal incidence and prevalence
data, a lack of data on the frequency of individual
sequelae, imprecise reporting of deaths—even in
endemic settings—and an inability to separately quantify
the burden of Chagas-associated mortality due to other
causes of death, such as atrial fibrillation and embolic
events. Understanding ChD epidemiological patterns
helps to update such disease burden and mortality esti-
mates and can guide the development of more efficient
control measures. Here, we assessed the prevalence of
the different clinical forms of ChD in seropositive adult
patients, compiling available published data.

Methods

This study is part of “The buRden of ChAgas dISEase in
the Contemporary World (RAISE) project, a partnership
among the Brazilian UFMG with the World Heart
Federation, Novartis Global Health, and the University
of Washington’s Institute of Health Metrics and Evalu-
ation. Upon reasonable request to the corresponding
author, study data and analytical methods may be made
available to other researchers to reproduce the results or
replicate the procedures of this study. This work follows
the PRISMA statement for systematic reviews'* and is in
accordance with specific guidelines for non-randomized
studies. The systematic review and meta-analysis was
registered in the PROSPERO database, under the
number CRD42022354237.

Search strategy

A systematic search was performed in Medline, Literatura
Latino-Americana e do Caribe em Ciéncias da Saiide (LI-
LACS), through Biblioteca Virtual em Saiide (BVS),
Cochrane, and Embase databases with the merged MeSH
terms (“Chagas Disease” OR “Trypanosoma cruzi”) AND
(Prevalence OR Epidemiology) AND (“Clinical forms” OR
“Indeterminate phase” OR “Acute phase” OR “Acute form”
OR “Chronic phase” OR “Chronic form” OR “Arrhythmias,
Cardiac” OR “Heart Failure” OR Thromboembolic OR
Thromboembolism OR Thrombotic OR “Digestive manifes-
tations” OR “Gastrointestinal Diseases” OR “Form associ-
ated” OR  “Congenital form”), without language
restrictions, looking for studies, published until August
2022, that evaluated the prevalence of the classic clinical
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forms of ChD (indeterminate, CCM, digestive, throm-
boembolic) among seropositive patients. Bibliographic
citations from hand-search of texts and associated cita-
tions, from the Medline “related articles” section, and
email contact with authors were used to further identify
potential articles. After the systematic review, the search
was refined from a comprehensive review of existing
population-based and cohorts involving patients with
ChD, after discussion with experts in the area, and the
searches were updated until August 2023.

Eligibility criteria

In summary, the paper selection criteria were: 1. Time
frame: until August 2023; 2. Types of studies:
population-based cohorts, surveys, or cross-sectional
studies; 3. Sampling: including exclusively patients
with serological diagnosis of ChD or with data of ChD
patients presented in separate, with detailed subgroup
information, enrolled in the following settings: a.
population-based studies; b. outpatient clinics; c. in-
patient wards; d. blood-donor studies; 4. Population:
demographic and clinical variables reported, ideally with
presentation of disease-related data (time living with
ChD, time under clinical follow-up), associated mor-
bidities and risk factors, and preexisting cardiovascular
disease; 5. Prevalence data: systematically reported
(separate prevalence of clinical forms); 6. Data stratifi-
cation: ideally with minimal stratification by age group
and sex; 7. Stratified sampling procedures (sample
adjustment for population characteristics, such as age,
gender and sociodemographic composition) and losses
(eligible patients not presenting for evaluation) reported
when applicable; 8. Geographical data (endemic vs. non-
endemic countries for ChD); 9. Any language.

We screened studies for overlapped populations
based on centers, authors’ affiliations, and assessment
period. In the case of overlapped populations, studies
with larger sample sizes were included unless different
studies presented different data.

Study selection and data extraction

The titles returned were peer-reviewed by 2 researchers
(A: BRN and B: ADNN), according to the previously
established criteria. Exclusion by title, abstract, and full-
text analyses were independently performed and dis-
crepancies in each stage were solved by consensus after
discussion with a senior author (IM). The selected arti-
cles were read in full to confirm eligibility and their data
was tabulated in a Microsoft Excel pre-populated
spreadsheet and reviewed for statistical analysis. The
second investigator independently double-checked data
extraction. The prevalence of each specific clinical form
of ChD (indeterminate, CCM, digestive, thromboem-
bolic) was tabulated per study definition, according to
pre-established criteria. For the definition of CCM,
specific abnormalities observed in the ECG, echocar-
diogram, X-ray, clinical examination, or other
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complementary tests were considered. For the digestive
form, the diagnosis could be based on clinical exami-
nation, esophagogram, barium enema, endoscopy, co-
lonoscopy, or other specific tests. For the
thromboembolic form, reports of ischemic stroke, in the
absence of other reasonable causes, with or without
imaging tests were considered, as well as other docu-
mented systemic embolic phenomena. When “mixed”
forms (CCM + digestive) were reported, the absolute
numbers and rates were also counted in both forms
(generally cardiac and digestive) separately.

Study quality was assessed by 2 authors (A: BRN and
B: ADNN) using the modified Leboeuf-Yde and Laur-
itsen tool'* developed by Hoy and colleagues, a method
for assessing the risk of bias in prevalence studies
(cross-sectional, cohort studies and time-interrupted
series). Studies were graded separately by the in-
vestigators, and discrepancies were resolved by
consensus before the final grading.

Statistical analysis

Data analysis was performed using Comprehensive
Meta-Analysis Software v. 2.2.048 (Biostat Inc., Engle-
wood/NJ, USA). Heterogeneity was explored with the I?
statistic (inconsistency measure) from Cochran Q' that
describes the percentage of variability of the effect that is
due to heterogeneity rather than chance, and by the Tau?
estimate (variance of the effect size parameters across
the population of studies). Heterogeneity was consid-
ered substantial if Tau® >0 and I” >50% or P-value <0.10
in the chi-square test. Given the small number of large
population-based cross-sectional or cohort studies, and
to overcome the risk of bias due to the intrinsic het-
erogeneity of the included publications, the results were
pooled by random effects model for the outcomes of
interest (prevalence of ChD clinical forms). Pooled
prevalence data were presented as mean percentages,
computed as weighted sums considering the sample of
seropositive patients as the denominator, and 95%
confidence intervals, meaning the best-achieved esti-
mate of the average rates.” Publication bias was assessed
through the Funnel Plot and Egger’s test.

To confirm the results, sensitivity analyses were
done. Analyses by meta-regression (unrestricted
maximum likelihood) or by subgroups were done, when
possible, in order to explore heterogeneity sources." Pre-
specified variables for meta-regression included mean
age, gender (% male) and year of publication of the study
(every 1 year). A separate subgroup analysis was per-
formed by separately pooling data from studies
conducted in the 4 main settings: population-based
cross-sectional and cohort studies, blood donors, out-
patients, and inpatients. In addition, a subgroup analysis
was carried out for ChD endemic and non-endemic
countries, according to the World Health Organization
definition. To evaluate the possible impact of low-quality
studies, we also did a sensitivity analysis by excluding

studies in the lower bound (lowest quartile) of the
modified Leboeuf-Yde and Lauritsen tool. Two additional
analyses were carried out, one excluding studies con-
ducted with outpatients and inpatients and one
including exclusively recent publications, from 2010 to
2023. In all cases, central estimates and 95% CI different
non-paired groups were indirectly compared, and a P-
value for comparison <0.05 was considered significant.

Ethics statement

As this study utilized exclusively secondary data from
published manuscripts, without primary data collection,
no specific ethical approval was required. The project
was registered in the Universidade Federal de Minas
Gerais.

Role of funding source

The funder did not have any relationship with the
conduct of the study, the collection, analysis, and
interpretation of the data. Novartis Pharma AG em-
ployees (YG, CD and MQ) participated in the review of
this manuscript as coauthors.

Results

Study selection and characteristics

The initial systematic search returned 1246 titles, and
846 were evaluated after the exclusion of duplicates.
After peer review, 58 abstracts were selected, and 41
articles were read in full, resulting in 33 studies
included in the first phase. Subsequently, related articles
and references from the included studies were revised
in full, resulting in 71 additional abstracts and 40
additional articles included in the meta-analysis, totaling
73 studies reporting the prevalence of ChD clinical
forms (Fig. 1, Supplementary Table S1). In 3 cases,
more than one arm (subgroup) of a study population
was considered in the analysis.

The 73 studies included for the final analyses were
published from 1966 to 2022; 58 were from endemic
countries (45 from Brazil and 13 from other Latin
American countries: Argentina, Bolivia, Colombia,
Mexico, Nicaragua, and Venezuela). In total, they report
the prevalence of ChD clinical forms for 17,132 sero-
positive patients. The average mean age of the patients
was 43.6 years and 44% were males. Regarding the
setting in which patients were enrolled, 50 studies were
conducted among outpatients with ChD, 15 were
population-based studies and/or surveys, 5 recruited
blood donors and 3 reported data from inpatients with
ChD Table 1.

Overall, the included studies systematically reported
the prevalence of CCM, digestive, and mixed forms, and
only one study reported the prevalence of thromboem-
bolic events (namely stroke). For this reason, an analysis
of the prevalence of the thromboembolic form was not
possible Table 1.
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Fig. 1: PRISMA flowchart of article exclusion during peer-review.

Quality assessment

The quality of included studies was overall moderate,
based on the applied criteria, being higher for
population-based studies and surveys. None of the
studies utilized stratified sampling procedures to make
the sample representative of the national population
(Criteria 1). In the qualitative analysis of data, the
diagnostic criteria for each clinical form varied widely,
given the long period frame of the included studies and
the great differences among populations and study set-
tings. The quality assessment of the included studies,
using the modified Leboeuf-Yde and Lauritsen tool is
presented in Supplementary Table S1, and the criteria
utilized for defining the clinical forms are detailed in
Supplementary Table S2.
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Indeterminate form

The prevalence of the ChD indeterminate form was
reported in 46 studies. Pooled prevalence in the overall
population (7,559, considering all study settings) was
42.6% (95% CI 36.9-48.6, I> = 95.1%) (Fig. 2a). In the
subgroup analysis by study setting, the prevalence of the
indeterminate form was higher in population-based
studies (4 studies, 421 participants, 47.2%, 95% CI
39.0-55.5, I = 62.0%) and among blood donors (2
studies, 139 participants, 48.2%, 95% CI 40.0-56.5,
1> = 0%) as compared to outpatients (38 studies, 6951
participants, 41.8%, 95% CI 35.3-48.5, I* = 95.8%),
while among inpatients the estimates were discrepant
and not reliable due to wide confidence intervals.
However, there was no statistically significant difference


www.thelancet.com/digital-health

20z ‘K1enigag OE [OA WO0d'33dULRYF MMM

Author. year Country Sample Age N % Type of Rural/Urban N % N % N % N %
(mean/median) Men Men population Indeterminate Indeterminate Cardiac Cardiac Digestive Digestive Mixed Mixed

Puigbd. JJ. 1966 Venezuela 729 Population Rural 168 23

Pimenta. J. 1982 Brazil 44 49.9 26 59.1 Blood Donors Urban 19 43.1

Coura. JR. 1985 Brazil 110 0.0 Population Urban and Rural 57 51.8 50 455

Breniere. SF. 1989 Bolivia 131 Population Urban and Rural 59 45 36 27.5 46 35.1 10 7.6

Zicker. F. 1990 Brazil 624 42.6 479 76.8 Population Urban 277 44.4

Rivera. BT. 1995 Nicaragua 39 Population Rural 14 35.9

Gontijo. ED. 1996 Brazil 626 37.78 444 70.9 Outpatient Urban 350 56

Modesto Santos. V. 1998  Brazil 362 57 0 0.0 Outpatient Rural 125 345 179 49.4 58 16.0

Nisida. IV. 1999 Brazil 57 32 0 0.0 Outpatient Urban 27 47.4 25 43.8 5 8.8

Dantas. RO. 1999 Brazil 68 415 63 92.6 Blood Donors Urban 33 49 28 40.6 17 25 10 15

Bestetti. R. 2000 Brazil 79 56 45 57.0 Outpatient Urban 69 87

Borges-Pereira. J. 2001 Brazil 134 48 35.8 Population Urban 33 24.6

Pinto Dias. JC. 2002 Brazil 38 55.13 11 289 Outpatient Rural 14 36.84 22 57.89 4 10.52

Storino. R. 2002 Argentina 214 473 88 41.1 Outpatient Urban 115 53.7

Borges-Pereira. J. 2002 Brazil 189 54 84 44.4 Population Rural 58 30.4 63 333

Silveira. H). 2003 Brazil 48 41 854 Inpatient Urban 31 64.5 15 31.0 8 16 3 6.25

Gazin. P. 2004 Brazil 57 52 28 49.1 Outpatient Rural 32 56.1 21 36.8 5 8.7 1 175

Oliveira-Marques. DS. 2005  Brazil 163 42.95 106 65.0 Outpatient Urban 62 38.0

Pompilio. MA. 2021 Brazil 113 59 52.2 Outpatient Urban 24 20.2 12 10

Oliveira-Marques. DS. 2005  Brazil 106 43 51 48.1 Outpatient Urban 31 29.2

Bozelli. CD.2006 Brazil 55 61.2 36 655 Inpatient Urban 0 0 33 60 33 60 11 20

Bozelli. CD. 2006 (2) Brazil 40 50.1 26 65.0 Outpatient Urban 19 47.5 18 45 6 15 3 3.75

Sanchéz-Guillén. MC. 2006  México 71 39.31 39 54.9 Outpatient Rural 34 49 25 35 15 21 3 4.2

Oliveira-Mar. A. 2006 Mexico 19 58 8 421 Outpatient Urban 4 21.0 15 79.0

Sanchez-Guillen. MC. 2006  Mexico 71 483 39 54.9 Blood Donors Urban and Rural 34 47.9 25 35.2 15 211 3 4.2

Borges-Pereira. J. 2007 Brazil 261 57.9 115 44.1 Outpatient Rural 108 41.37

Geraix. J. 2007 Brazil 66 49.6 35 53.0 Outpatient Urban 47 712 11 16.7 13 19.7 5 7.6

Williams-Blangero. S. 2007  Brazil 722 49.1 Population Rural 314 435

Almeida. EA. 2007 Brazil 61 66.03 20 32.8 Outpatient Urban 1 1.6 54 88.5 22 36

Almeida. EA. 2007 Brazil 61 39.3 28 45.9 Outpatient Urban 11 18 48 76.7 20 32.8

Borges-Pereira. J. 2008 Brazil 17 7 412 Outpatient Rural 10 59 7 41 1 6

Cruz. OA. 2009 Mexico 39 31.6 18 46.2 Outpatient Rural 19 48.7 20 51.3

Angelis Alves. RM. 2009 Brazil 90 67.7 40 44.4 Outpatient Urban 9 10 42 467 12 133

Alves. RMA. 2009 Brazil 90 67 40 44.4 Outpatient Urban 9 10 69 76.6 39 43 27 30

Munoz. ). 2009 Spain® 202 36 44 21.8 Outpatient Urban 114 56.4 30 14.9 15 7.4

Lescure. FX. 2009 France® 60 33 24 40.0 Outpatient Urban 14 23.6 13 22

Yves. J. 2010 Switzerland® 124 41 16 12.9 Outpatient Urban 109 87.9 11 113 1 0.8

Silva. EM. 2010 Brazil 14 67 4 28.6 Outpatient Rural 3 21 11 79

Silva-Greco. RL. 2010 Brazil 151 385 71 47.0 Population Urban and Rural 58 384 83 54.9 21 13.9 11 73

Moretti. E. 2010 Mexico 325 Population Urban and Rural 95 29.2

Roca. C. 2011 Spaina 22 10 45.5 Outpatient Urban 17 4 19.0 2 9.5

Valerio. L. 2011 Spain® 100 382 35 35.0 Outpatient Urban 49 49

Jackson. Y. 2011 Switzerland® 258 41 43 16.7 Outpatient Urban 178 69 52 20.2 4 1.6 1 0.4

Ramos. JM. 2012 Spain® 128 35 47 36.7 Outpatient Urban 101 78.9 27 21.1 2 1.6 1 1.6

Salvador. F. 2013 Spain® 1274 37.7 414 32.5 Outpatient Urban 190 16.9 154 14.8

(Table 1 continues on next page)
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Author. year Country Sample Age N % Type of Rural/Urban N % N % N % N %
(mean/median) Men Men population Indeterminate Indeterminate Cardiac Cardiac Digestive Digestive Mixed Mixed

(Continued from previous page)

Ribeiro. AL. 2013 Brazil 499 48 261 523 Blood Donors Urban 120 24

Matos. CS. 2014 Brazil 101 48 68 67.3 Outpatient Rural 14 13.9 80 79.2 57 56.4 50 49.5
Gonzalez. B. 2014 Venezuela 115 56 487 Outpatient Rural 34 29.5 81 70.4

Pinazo. M). 2014 Spain® 71 36 12 16.9 Outpatient Urban 15 211

Perez-Ayala. A. 2014 Spain® 252 36 0.0 Outpatient Urban 196 77.8 47 18.7 13 5.2 4 1.6
Mesquita Andrade. C. 2015  Brazil 186 49 92 49.5 Outpatient Rural 96 51.6 75 40.0 30 16.0

Pereira. LS. 2015 Brazil 95 67 48 50.5 Outpatient Urban 14 14.7 75 78.9 19 20.0 13 13.7
Fernandez. AB. 2015 Bolivia 398 38 128 32.2 Population Rural 55 13.8

Garcia. MN. 2015 United States® 17 51 10 58.8 Blood Donors Urban 5 29.4

Ribeiro. AL. 2015 Brazil 557 68 181 325 Population Urban 312 56

Diaz-Cardoso. EM. 2017 Colombia 19 47.8 13 68.4 Outpatient Urban 13 737 6 323

Bruscato. A. 2017 Brazil 80 52 65.0 Outpatient Urban 19 24 53 66 20 25 12 15
Yasuda. MAS. 2017 Brazil 18 Outpatient Rural 13 71.42 5 28.57

Vizzoni. AG. 2018 Brazil 619 60 267 43.1 Outpatient Urban 180 29.1 415 67.0 106 17.1 72 10.0
Gasparim. AZ. 2018 Brazil 270 67.1 97 35.9 Outpatient Urban 82 30.3 151 55.9 90 333 53 19.6
Antinori. S. 2018 Italy* 29 37.5 7 241 Population Urban 18 62.1 5 17.2 6 20.7 1 3.6
Arruda. HMBS. 2019 Brazil 171 45 59 345 Outpatient Urban 114 66.7 33 19.3 25 14.6 8 4.7
Nielebock. M.A. 2020 Brazil 139 47.4 57 410 Outpatient Urban 48 345 84 60.0 24 17% 17 12.2
Borges-Pereira. J. 2020 Brazil 298 51 114 383 Outpatient Rural 212 7114

Gonzalez-Sans. M. 2020 England® 60 18 30.0 Outpatient Urban 12 20 3 5

Lidani. KCF. 2020 Brazil 237 57.5 97 40.9 Outpatient Urban 85 35.9 126 53 57 241 31 131
Sanz. MG. 2020 United Kingdom® 60 41 18 30.0 Outpatient Urban 28 47 16 26.7 11 183 5 83
Xavier. 1GG. 2021 Brazil 361 60.7 159 44.0 Outpatient Urban 97 26 251 69.5 58 16

Lima. NA. 2021 United States” 2037 51.8 1028 50.5 Inpatient Urban 1316 64.6

Resende. BAM. 2021 Brazil 283 57.5 108 38.2 Population Urban 49 17.3

Echalar. JC. 2021 Bolivia 122 53.3 66 54.1 Population Urban and Rural 24 19.7

Medeiros. CA. 2022 Brazil 801 62 244 30.5 Outpatient Rural 182 225 733 91.0 114 14.0 114 14.0
Portela. LF. 2022 Brazil 985 65.2 399 40.5 Outpatient Urban 303 30.8 630 63.9 201 20.4 149 15.1
Abbreviation: N: number of patients (total sample). *Non-endemic countries for Chagas Disease, according to the World Health Organization.
Table 1: Detailed characteristics of the included studies.
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Studies Events Total Proportion 95%Cl GLMM, Random, 95% CI
Blood Donors
Studies Events Total Proportion 95% ClI GLMM, Random, 95% ClI DANTAS, RO. 1999 33 68 0.485 [0.362;0.610] il
SANCHEZ-GUILLEN, MC. 2008 u 7 0479 [0.359; 0.601] il
Total (95% CI) 67 139 0.482 [0.400; 0.565] -
ALMEIDA, EA. 2007 16 0016 [0.000;0.088] - s e O CHE S 0016 S i(P < 0ar £ L 0%
ALMEIDA. EA. 2007 1 6 0.180 [0.094: 0.300] B etergensity: Tou'=0; Chi"=0.01, ¢f =1 (P =0.84%
ALVES, RMA. 2009 9 920 0.100 [0.047;0.181] - Inpatient
ANGELIS ALVES, RM. 2009 9 90 0.100 [0.047;0.181]  -H BOZELLI, CD.2006 0 55 0,000 [0.000;0.065] M-
ANTINORL, S. 2018 18 29 0.621 [0.423;0.793) B SILVEIRA, HJ. 2003 31 48 0.646 (0.495;0.778] ——
ARRUDA. ILIMBS 2019 14 171 0.667 [0 591j 0.737] Total (95% CI) 31 103 0.133 [0.001; 0.965] < E———
g E 8 0. 737] & Heterogeneity: Tau® = 19.1512; Chi? = 0, df = 1 (P = 1.00); I = 92.5%
BORGES-PEREIRA, J. 2008 10 17 0.588 ——
BOZELLI, CD. 2006 (2) 19 40 0475 55— Outpatient
BOZELLI, CD.2006 0 55 0.000 ALMEIDA, EA. 2007 161 0016 [0.000;0.088) - -
ALMEIDA, EA. 2007 16t 0.180 [0.094; 0.300]
ERENIERE St 23 1 90 ALVES, RMA. 2009 9 9 0.100 [0.047;0.181; )
BRUSCATO, A 2017 9 & o237 ANGELIS ALVES, RM. 2009 9 90 0.100 [0.047;0.181
COURA, JR. 1985 57110 0.518 ARRUDA, HMBS. 2019 14171 0667 [0.591; 0.737] -
CRUZ, OA. 2009 19 39 0.487 BORGES-PEREIRA, J. 2008 10 17 0588 (0.329; 0.816) ———
DANTAS, RO. 1999 33 68 0.485 BOZELLI, CD. 2006 (2) 19 40 0.475 [0.315; 0.639] ——
|AZ- [ BRUSCATO, A. 2017 19 80 0237 [0.149; 0.346] =
DIAZ CARDOSO, EM 2017 1B e o.684 CRUZ, OA. 2009 19 39 0487 [0.324; 0.652] ——
DARFARIM, A2 e 29 308 DIAZ-CARDOSO, EM. 2017 1319 0684 [0.434; 0.874] L
GAZIN, P. 2004 32 57 0.561 GASPARIM, AZ. 2018 82 270 0304 [0.249; 0.362] =
GERAIX, J. 2007 47 66 0.712 GAZIN, P. 2004 32 57 0.561 [0.424; 0.693)
GONTIJO, ED. 1996 350 626 0.559 GERAIX, J. 2007 47 66 0.712 [0.587; 0.817] ——
GONZALEZ. B. 2014 34 115 0.296 GONTIJO, ED. 1996 350 626 0559 [0.519; 0.598] =
4 GONZALEZ, B. 2014 34 115 0296 [0.214; 0.388] -
JACKSON, Y. 2011 178 258 0.690 JACKSON, Y. 2011 178 258 0690 [0.630; 0.746] E 3
LIDANI, KCF. 2020 85 237 0.359 LIDANI, KCF. 2020 85 237 0359 (0.298; 0423} -
MATOS, CS. 2014 14 101 0.139 MATOS, CS. 2014 14101 0.139 [0.078; 0.222] -
MEDEIROS, CA. 2022 182 801 0.227 MEDEIROS, CA. 2022 182 801 0227 [0.199; 0.258] [ ]
MESQUITA ANDRADE, C. 2015 9% 186 0516 MESQUITA ANDRADE, C. 2015 96 186 0516 [0.442; 0.590] -
o g MODESTO SANTOS, V. 1998 125 362 0345 [0.296; 0.397) =
MODESTO SANTOS, V. 1998 1256 362 0.345 MUNOZ, J. 2009 114 202 0564 (0493, 0.634) -
MUNOZ, J. 2008 14 202 0.564 NIELEBOCK, MA. 2020 48 139 0.345 [0.267; 0.431, -
NIELEBOCK, M.A. 2020 48 139 0.345 NISIDA, IV. 1999 27 57 0.474 [0.340; 0.610) ——
NISIDA, IV. 1999 27 57 0.474 OLIVEIRA-MAR, A. 2006 4 19 0211 [0.061; 0.456] ——
IVEIRA-MAR, A. 4 1 11 PEREIRA, LS. 2015 14 95 0.147 [0.083; 0.235] =
SEREEIRA LSA 2‘0152006 14 gg gfu PEREZ-AYALA, A, 2014 196 252 0778 [0.721; 0.828] L
d g PINTO DIAS, JC. 2002 14 38 0368 [0.218; 0.540] -
PEREZ-AYALA, A. 2014 196 252 0.778 PORTELA, LF. 2022 303 985 0308 [0.279: 0.337] =
PINTO DIAS, JC. 2002 14 38 0.368 RAMOS, JM. 2012 101 128 0.789 [0.708; 0.856] -
PORTELA, LF. 2022 303 985 0.308 ROCA, C. 2011 17 22 0773 [0.546; 0.922] ——
RAMOS. JM. 2012 101 128 0.789 SANCHEZ-GUILLEN, MC. 2006 ¥ 7 0479 [0.359; 0.601 ——
c 20 { SANZ, MG. 2020 28 60 0.467 [0.337; 0.600) ——
ROCH, C 201 L o713 SILVA, EM. 2010 3 14 0214 [0.047,0508] —B——
SANCHEZ-GUILLEN, MC. 2008 # N 0.479 VIZZONI, AG. 2018 180 619 0291 [0.255;0.328) [ ]
SANCHEZ-GUILLEN, MC. 2006 34 7 0.479 XAVIER, IGG. 2021 97 361 0.269 [0.224; 0.318] =
SANZ, MG. 2020 28 60 0.467 YASUDA, MAS. 2017 13 18 0.722 [0.465; 0.903] ——
g YVES, J. 2010 109 124 0879 [0.808; 0.931) -
g:w: (ISE?\AEE&ORL 2010 5? 1?1 gg?i Total (95% Cl) 2751 6951 0.418 [0.353; 0.485] -
h e 2 Heterogeneity: Tau = 1.1815; Chi* = 884.15, df = 37 (P <0.01); I* = 95.8%
SILVEIRA, HJ. 2003 31 48 0.646
VIZZONI, AG. 2018 180 619 0.291 Population
XAVIER, IGG. 2021 97 361 0.269 ANTINOR, S. 2018 18 29 0621 [0.423;0.793] ——
YASUDA, MAS. 2017 13 18 0.722 BRENIERE, SF. 1989 59 131 0450 [0.363; 0.540] -
y : § COURA, JR. 1985 57 110 0518 [0.421;0.614) -
YVES, J. 2010 00 124 0879 SILVA-GRECO, RL. 2010 58 151 0.384 (0.306; 0.467) -
Total (95% CI) 192 421 0.472 [0.390; 0.555] -
Total (95% Cl) 3041 7614 0.426 [0.369; 0.486] et Heterogeneity: Tau® = 0.0361; Chi* = 7.9, df = 3 (P =0.05; I = 62.0%
T T T T 1
Heterogeneity: Tau? = 1.2198; Chi? = 911.08, df = 45 (P < 0.01); I’ = 95.1%
it ( ) 8 0 02 04 06 08 1 Total (95% CI) 3041 7614 0426 [0369;0486] .
" " Heterogeneity: Tau? = 1.2198; Chi* = 911.08, df = 45 (P <0.01); I = 95.1% T T
Proportion of Indeterminate form Test for subgroup differences: Chi? = 2.31, df = 3 (P = 0.55) 0 02 04 06 08 1

Proportion of Indeterminate form

Fig. 2: Pooled prevalence plots: prevalence of the Chagas Disease indeterminate form in a: the overall population; b: by study setting (blood

donors, inpatients, outpatients and population-based studies).

between settings, with overlapping CIs (P-value = 0.55)
(Fig. 2b, Table 2).

In the subgroup analysis of prevalence by ende-
micity, the pooled prevalence of the indeterminate form
was significantly lower in endemic (38 studies, 6484
participants, 36.8%, 95% CI 31.9-42.0, I* = 92.8%)
compared to non-endemic (8 studies, 1075 participants,
70.8%, 95% CI 61.1-79.0, I* = 88.7%) countries, P-
value<0.001 (Supplementary Figure S1). Overall, het-
erogeneity was high for estimates of the indeterminate
form, being lower for blood donors/population studies
and non-endemic countries in separate (Table 2).

Chagas chronic cardiomyopathy

The prevalence of CCM was reported in 71 studies
(16,435 participants; Table 1). The prevalence of CCM in
the overall population was 42.7% (95% CI 37.3-48.3),
I = 96.1% (Fig. 3a, Table 2). In the subgroup analysis by
study setting, CCM prevalence was considerably higher
among outpatients (48 studies, 9053 participants,
47.1%, 95% CI 39.5-54.9, I* = 97.5%) and inpatients (3
studies, 2140 participants, 64.6%, 95% CI 62.5-66.7,
I” = 89.9%) as compared to population-based studies (15

studies, 4543 participants, 31.2%, 95% CI 24.4-38.9,
> = 96.1%) and blood donors (5 studies, 699 partici-
pants, 29.4%, 95% CI 12.8-54.2, I = 75.1%), P-
value = 0.01 (Fig. 3b, Table 2).

In the subgroup analysis by endemic and non-
endemic settings, the pooled prevalence of CCM was
significantly higher in endemic countries (57 studies,
11,812 participants, 48.0%, 95% CI 42.3-53.8,
I” = 96.8%) vs. non-endemic countries (14 studies, 4623
participants, 23.1%, 95% CI 12.7-38.1, I* = 98.7%),
P = 0.004 (Table 2, Supplementary Figure S2). Hetero-
geneity was also high for CCM estimates, being lower
for blood donors in separate and similarly high between
endemic and non-endemic countries (Table 2).

Digestive and mixed forms

The digestive form of ChD was reported in 44 studies,
and fewer publications (26 studies) simultaneously re-
ported the prevalence of the mixed form. The overall
pooled prevalence of the digestive and mixed forms was,
respectively, 17.7% (8421 participants; 95% CI
14.9-20.9), 1> = 90.2% and 10.2% (5073 participants;
95% CI 7.9-13.2), I* = 87.5% (Figs. 4a and 5a).
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Type of analysis:

Indeterminate form,
N = 46 (%, 95% Cl):

Chronic Chagas cardiomyopathy,

N = 71 (%, 95% Cl):

Digestive form,
N = 44 (%, 95% Cl):

Mixed form,
N = 26 (%, 95% Cl):

Overall:

Study setting:

Blood donors:
Inpatients:
Outpatients:
Population studies:

P-value for comparison:

42.6% (36.9-48.6),
12 = 95.1%

48.2% (40.0-56.5),

12 = 0.0% (2 studies)
13.3% (0.1-96.5),

1> = 92.5% (2 studies)
41.8% (35.3-48.5),

12 = 95.8% (38 studies)

47.2% (39.0-55.5),
12 = 62.0% (4 studies)

P = 0.55

Endemic vs. non endemic countries:

Endemic:
Non-endemic:

P-value for comparison:

36.8% (31.9-42.0),
1> = 92.8% (38 studies)

70.8% (61.1-79.0),
I> = 88.7% (8 studies)
P < 0.001*

42.7% (37.3-48.3), I’ = 96.1%

33.9% (24.9-44.1), I’ = 75.1%
(5 studies)

52.9% (34.5-70.6), I> = 89.9%
(3 studies)

47.1% (39.5-54.9), I> = 97.5%
(48 studies)

31.2% (24.4-38.9), I> = 96.1%
(15 studies)

P = 0.01*

48.0% (42.3-53.8), I* = 96.8%
(57 studies)
23.1% (12.7-38.1), I> = 98.7%
(14 studies)
P = 0.004*

17.7% (14.9-20.9), I* = 90.2%

23.1 (16.8-30.8), I = 0.0%
(2 studies)

35.8 (7.2-80.1), I> = 94.4%
(2 studies)

16.0 (13.3-19.2), I, = 89.7%
(36 studies)

25.4% (16.0-37.7), I = 85.4%
(4 studies)

P =0.07

21.7% (18.4-25.4), I” = 88.6%
(38 studies)

8.5% (5.5-12.8), I” = 83.4%
(8 studies)

P < 0.001*

10.2% (7.9-13.2), I’ = 87.5%

8.7% (2.5-26.3), I> = 75.0% (2 studies)
12.4% (3.8-33.8), I? = 73.1% (2 studies)
10.7% (7.9-14.4), I = 89.8%

(19 studies)

7.2% (4.8-10.7), I* = 0.0% (3 studies)

P =044

12.6% (9.8-16.0), I* = 86.6% (21 studies)
2.0% (0.6-6.1), I = 69.4% (5 studies)

P < 0.001*

Abbreviation: Cl: confidence interval. * P-value <0.05.

Table 2: Prevalence of the clinical forms of Chagas disease, in all studies included, by study setting and by endemicity, with between-group comparison.

Subgroup analyses by study setting and endemicity
were limited for digestive and mixed forms, considering
the smaller number of publications reporting such es-
timates (Table 2, Figs. 4b and 5b, Supplementary
Figures S3 and S4). Thus, discrepant point estimates
and wider confidence intervals were observed. In gen-
eral, the prevalence of the digestive form was lower
among outpatients, compared to population-based
studies and blood donors (Table 2), whereas for the
mixed form the lowest prevalence estimates were
observed in population studies and blood donors—
similarly to CCM. In the subgroup analysis by ende-
micity, the prevalence of digestive and mixed forms was
significantly lower in non-endemic countries (Table 2,
Supplementary Figures S3 and S4).

Sensitivity analyses-study quality and publication

period

In the sensitivity analysis excluding studies with grades
<7 points (11 studies) in the modified Leboeuf-Yde and
Lauritsen tool, the prevalence of ChD clinical forms in a
final sample of XX, were: indeterminate: 45.7% (95% CI
39.6-51.9), I2 = 94.7%; CCM: 38.8% (95% CI 33.7-44.2),
I* = 96.7%; digestive: 16.5% (95% CI 13.4-20.0),
I = 91.1%; and mixed: 9.0% (95% CI 6.4-12.6),
I’ = 89.9%.

In the sensitivity analysis including only studies
published from 2010 to 2023, the prevalence rates of the
indeterminate and CCM forms were similar to the
overall analysis of all included papers, in the endemic
and non-endemic settings. However, the prevalence of

www.thelancet.com Vol 30 February, 2024

the digestive and mixed ChD forms was slightly lower.
Detailed prevalence data for this sub-analysis are pre-
sented in Table 3 and Supplementary Figures S5-S8.

Meta-regression analyses

In meta-regression, the mean age of the population was
inversely associated with the prevalence of the inde-
terminate (B = -0.053, 95% CI -0.057 to —0.048,
P < 0.001) form, and directly associated with CCM
(B = 0.060, 95% CI 0.056-0.063, P < 0.001) and diges-
tive (B = 0.021, 95% CI 0.016-0.027, P < 0.001) forms.
The percent of male patients was directly associated
with the digestive (B = 0.018, 95% CI 0.014-0.022,
P < 0.001) form and CCM (B = 0.006, 95% CI
0.005-0.0090, P < 0.001), but not with the indetermi-
nate presentation (f = 0.002, 95% CI —0.0008 to 0.0045,
P = 0.18). Finally, the year of publication of the studies
was not associated with the prevalence of the indeter-
minate (f = —0.007, 95% CI —0.046 to 0.032, P = 0.73),
CCM (B =0.010, 95% CI —0.014 to 0.033, P = 0.41) and
digestive (B =—0.011, 95% CI —-0.048 to 0.026, P = 0.55)
forms.

Publication bias

The Funnel plot and Egger’s test did not indicate the
presence of publication bias for the prevalence estimates
of the indeterminate, CCM and digestive forms of ChD.
However, there was asymmetry of the Funnel plot for
the mixed form, with Egger’s test P-value = 0.014, sug-
gesting an underestimation of prevalence rates (Table 2,
Supplementary Figure S9).
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BESTETTI, R. 2000 69 79 0.873 [0.780; 0.938)
BORGES-PEREIRA, J. 2007 108 261 0.414 [0.353; 0.476)
BORGES-PEREIRA, J. 2008 77 0.412 [0.184; 0.671
BORGES-PEREIRA, J. 2020 212 298 0.711 [0.656; 0.762)

BOZELLI, CD. 2006 (2) 18 40 0.450 [0.293; 0.615]

BRUSCATO, A. 2017 53 80 0.662 [0.548; 0.764]

CRUZ, OA. 2009 20 39 0513 (0.348; 0.676]
DIAZ-CARDOSO, EM. 2017 6 19 0.316 [0.126; 0.566]
GASPARIM, AZ. 2018 151 270 0.559 [0.498;0.619)

GAZIN, P. 2004 21 57 0.368 (0.244; 0.507]

GERAIX, J. 2007 1M1 86 0.167 [0.086; 0.279)
GONZALEZ-SANS, M. 2020 12 60 0.200 [0.108; 0.323)

GONZALEZ, B. 2014 81 115 0.704 [0.612;0.786)

JACKSON, Y. 2011 52 258 0.202 [0.154; 0.256]

LESCURE, FX. 2009 14 60 0.233 (0.134; 0.360)

LIDANI, KCF. 2020 126 237 0.532 (0.466; 0.597)

MATOS, CS. 2014 80 101 0.792 (0.700; 0.866]

MEDEIROS, CA. 2022 733 801 0.915 (0.894; 0.933)

MESQUITA ANDRADE, C. 2015 75 186 0.403 (0.332; 0.477)

MODESTO SANTOS, V. 1998 179 362 0.494 [0.442; 0.547)

MUNOZ, J. 2009 30 202 0.149 [0.102; 0.205)

NIELEBOCK, M.A. 2020 84 139 0.604 (0.518; 0.686]

NISIDA, IV. 1999 25 57 0.439 [0.307; 0.576]
OLIVEIRA-MAR, A. 2006 15 19 0.789 [0.544; 0.939)
OLIVEIRA-MARQUES, DS. 2005 62 163 0.380 (0.306; 0.460]
OLIVEIRA-MARQUES, DS. 2005 31 106 0.292 [0.208; 0.389)

PEREIRA, LS. 2015 7% 95 0.789 (0.694; 0.866)
PEREZ-AYALA, A. 2014 a7 252 0.187 [0.140; 0.240)

PINTO DIAS, JC. 2002 2 38 0.579 (0.408; 0.737)

POMPILIO, MA. 2021 24 113 0.212 [0.141; 0.299)

PORTELA, LF. 2022 630 985 0,840 [0.609; 0.670)

RAMOS, JM. 2012 27 128 0.211 [0.144; 0.292)

ROCA, C. 2011 4 22 0.182 [0.052; 0.403]

SALVADOR, F. 2013 190 1274 0.149 (0.130;0.170]
SANCHEZ-GUILLEN, MC. 2006 25 7 0.352 [0.242;0.475]

SANZ, MG. 2020 1% 60 0.267 [0.161;0.397]

SILVA, EM. 2010 1M 14 0.786 (0.492; 0.953]

STORINO, R. 2002 15 214 0.537 (0.468; 0.606]

VALERIO, L. 2011 49 100 0490 [0.389; 0.592]

VIZZONI, AG. 2018 415 619 0.670 [0.632; 0.707]

XAVIER, IGG. 2021 251 361 0695 [0.645;0.742)

YASUDA, MAS. 2017 5 18 0.278 [0.097; 0.535]

YVES, J. 2010 " 124 0.089 [0.045; 0.153)

Total (95% CI) 1573 4543 0.471 [0.395; 0.549]
Heterogeneily: Tau® = 1.2118; Chi* = 1844.74, df = 47 (P = 0); I* = 97.5%

Population

ANTINORI, S. 2018 5 29 0172 [0.058;0.358) —M—
BORGES-PEREIRA, J. 2001 3B 134 0.246 [0.176; 0.328) -
BORGES-PEREIRA, J. 2002 58 189 0.307 (0.242;0.378] -
BRENIERE, SF. 1989 3% 131 0.275 [0.200; 0.360] -
COURA, JR. 1985 50 110 0455 [0.359; 0.552) -]
ECHALAR, JC. 2021 24 122 0.197 (0.130;0.278] -
FERNANDEZ, AB. 2015 55 398 0.138 [0.106:0.176] W
MORETTI, E. 2010 85 325 0.292 [0.243; 0.345] L ]
PUIGBO, JJ. 1966 168 729 0.230 [0.200; 0.263) |}
RESENDE, BAM. 2021 49 283 0.173 [0.131;0.222) -
RIBEIRO, AL. 2015 312 857 0.560 [0.518; 0.602] =
RIVERA, BT. 1995 14 39 0.359 [0.212;0.528) ——
SILVA-GRECO, RL. 2010 83 151 0.550 (0.467;0.631) —-
WILLIAMS-BLANGERO, .2007 314 722 0.435 (0.398; 0.472] ]
ZICKER, F. 1990 217 624 0444 (0.404; 0.484] =
Total (95% CI 1573 2 [0.244; 0.389] -

) 73 4543 0.31
Heterogeneily: Tau® = 0.3796; Chi* = 357.69, df = 14 (P <0.01); I = 96.1%

Total (95% CI) 7572 16435 0.427 [0.373; 0.483) -

Heterogeneily: Tau® = 0.9988; Chi* = 2762.40, df = 70 (P = 0); I* = 96.1% T T

Test for subgroup differences: Chi* = 12.94, df = 3 (P <0.01) 0 02 04 06 08 1
Proportion of CCM

Fig. 3: Pooled prevalence plots: prevalence of the Chagas Disease cardiac form in a: the overall population; b: by study setting (blood donors,

inpatients, outpatients and population-based studies).

Discussion

In this systematic review and meta-analysis, we
compiled up-to-date prevalence data about the clinical
forms of Chagas disease, suggesting that the prevalence
of CCM among ChD seropositive patients is higher than
suggested by old individual studies (ranging from 31%
in population studies to 52% among inpatients), while
rates of the digestive form were similar to literature
(ranging from 16% in outpatients to 36% in in-
patients).”’® It was notable, however, that data quality
was suboptimal and limited to certain geographic areas,

and heterogeneity was considerable, especially due to
different study settings and allocation methodologies.
When population-based and blood-donor studies were
pooled separately, the findings tended to overlap with
existing literature.”'®

The clinical course of ChD has been widely investi-
gated since the description of the disease, in the early
1900’s, with special interest in understanding the pre-
dictors and determinants of progression to its clinical
forms and, ultimately, its prognostic markers.'*” When
the disease became more prevalent in high-income non-
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a

Studies Events Total Proportion 95% CI GLMM, Random, 95% CI
ALMEIDA, EA. 2007 22 61 0.361 [0.242;0.494] ——
ALMEIDA, EA. 2007 20 61 0.328 [0.213; 0.460) ——
ALVES, RMA. 2009 39 9 0.433 [0.329; 0.542) ——
ANGELIS ALVES, RM. 2009 12 90 0133 [0.071;0.221] @
ANTINORI, S. 2018 6 29 0.207 [0.080; 0.397] ——
ARRUDA, HVBS. 2019 25 171 0.146 [0.097; 0.208] -
BORGES-PEREIRA, J. 2002 63 189 0.333 [0.267; 0.405) P
BORGES-PEREIRA, J. 2008 117 0.059 [0.001;0.287] -H——
BOZELLI, CD. 2006 (2) 6 40 0.150 [0.067;0.208]  ——
BOZELLI, CD.2006 33 55 0.600 [0.459; 0.730] ——
BRENIERE, SF. 1989 46 131 0.351 [0.270; 0.439] ——
BRUSCATO, A. 2017 20 80 0.250 [0.160; 0.359)] il
DANTAS, RO. 1999 17 68 0.250 [0.153;0.370] i
GASPARIM, AZ. 2018 9 270 0.333 [0.277;0.393) Lo
GAZIN, P. 2004 5 57 0.088 [0.029;0.193]  -H+
GERAIX, J. 2007 13 66 0.197 [0.109;0.313] B
GONZALEZ-SANS, M. 2020 3 60 0.050 [0.010;0.139] -
JACKSON, Y. 2011 4 258 0.016 [0.004; 0.039]
LESCURE, FX. 2009 13 60 0.217 [0.121;0.342] ——
LIDANI, KCF. 2020 57 237 0.241 (0.188; 0.300] L 3
MATOS, CS. 2014 57 101 0.564 [0.462; 0.663)] ——
MEDEIROS, CA. 2022 114 801 0.142 [0.119;0.168]
MESQUITA ANDRADE, C. 2015 30 186 0.161 [0.112;0.222) -
MODESTO SANTOS, V. 1998 58 362 0.160 [0.124;0.202] -
MUNOZ, J. 2009 15 202 0074 [0.042;0.120] M :
NIELEBOCK, M.A. 2020 24 139 0.173 [0.114;0.246] R
NISIDA, IV. 1999 5 57 0.088 [0.029;0.193] -
PEREIRA, LS. 2015 19 95 0.200 [0.125;0.295] -
PEREZ-AYALA, A. 2014 13 252 0.052 [0.028;0.087] M
PINAZO, MJ. 2014 15 71 0211 [0.123;0.324] ——
PINTO DIAS, JC. 2002 4 38 0.105 [0.029;0.248] ——
POMPILIO, MA. 2021 12 13 0.106 [0.056;0.178]  H
PORTELA, LF. 2022 201 985 0.204 [0.179;0.231]
RAMOS, JM. 2012 128 0016 [0.002;0.055] B
ROCA, C. 2011 2 2 0.091 [0.011;0.292] —H-+—
SALVADOR, F. 2013 154 1274 0.121 [0.103; 0.140)
SANCHEZ-GUILLEN, MC. 2006 15 71 0.211 [0.123;0.324] -
SANCHEZ-GUILLEN, MC. 2006 15 71 0.211 [0.123;0.324] i
SANZ, MG. 2020 1 60 0.183 [0.095; 0.304] &
SILVA-GRECO, RL. 2010 21 151 0.139 [0.088; 0.205] k3
SILVEIRA, HJ. 2003 8 48 0.167 [0.075;0.302]  —H—
VIZZONI, AG. 2018 106 619 0.171 [0.142;0.203] [}
XAVIER, IGG. 2021 58 361 0.161 [0.124;0.203] L
YVES, J. 2010 1124 0.008 [0.000;0.044] [
Total (95% Cl) [o.149; 0.209] >
Heterogeneity: Tau? = 0.7864; cm?wss 40 df—43 (P<OU1) = 90.2%

0 02 04 06 08 1

Fig. 4: Pooled prevalence plots: prevalence of the Chagas Disease digestive form in a: the overall population; b: by study setting (blood donors,

Proportion of Digestive form

inpatients, outpatients and population-based studies).

a

b

Studies Events Total Proportion 95%Cl
Blood Donors

DANTAS, RO. 1999 17 68
SANCHEZ-GUILLEN, MC. 2006 31
Total (95% CI) 32 0.
Heterogeneily: Tau? = 0; Chi? = 0.29, df = 1 (F' =0.59); I =

0.250 [0.153; 0.370]

Inpatient
BOZELLI, CD.2006 3 55 0600 (0.459;
SILVEIRA, HJ. 2003 8 48 0.167 [0.075; 0.302]
Total (95% Cl) 03 0.358 [0.072;0.801]

Heterogeneity: Tau? = 0.9492; Chi? = @ 98, ol (P <0.01); 17 = 94.4%

Outpatient

ALMEIDA, EA. 2007 2 6 0361 [0.242; 0.494]
ALMEIDA, EA. 2007 20 61 0328

ALVES, RMA. 2009 39 90 0433 [0.329; 0.542]
ANGELIS ALVES, RM. 2009 12 90 0.133 [0.071;0.221]
ARRUDA, HMBS. 2019 25 171 0.146
BORGES-PEREIRA, J. 2008 117 0059

BOZELLI, CD. 2006 (2) 6 40 0.150

BRUSCATO, A. 2017 20 80 0250

GASPARIM, AZ. 2018 0 270 0333

GAZIN, P. 2004 5 57 0.088

GERAIX, J. 2007 13 66 0.197
GONZALEZ-SANS, M. 2020 3 60 0050

JACKSON, Y. 2011 4 258 0016

LESCURE, FX. 2009 13 60 0.217

LIDANI, KCF. 2020 57 237 0241

MATOS, CS. 2014 57 101 0564

MEDEIROS, CA. 2022 114 801 0.142

MESQUITA ANDRADE, C. 2015 30 186 0.161

MODESTO SANTOS, V. 1998 58 362 0.160

MUNOZ, J. 2009 15 202 0074

NIELEBOCK, MA. 2020 24 139 0173

NISIDA, IV. 1999 5 57 0.088

PEREIRA, LS. 2015 19 95 0200 [0125; 0.295
PEREZ-AYALA, A. 2014 13 252 0052 (0.028;
PINAZO, MJ. 2014 1571 0211

PINTO DIAS, JC. 2002 4 38 0.105

POMPILIO, MA. 2021 12 113 0.106

PORTELA, LF. 2022 201 985 0204

RAMOS, JM. 2012 2 128 0016

ROCA, C. 2011 22 0.091

SALVADOR, F. 2013 154 1274 0.121
SANCHEZ-GUILLEN, MC. 2006 15 71 0211

SANZ, MG. 2020 1 60 0.183

VIZZONI, AG. 2018 106 619 0171

XAVIER, IGG. 2021 58 361 0.161

YVES, J. 2010 1124 0.008 [0.000; 0.044
Total (95% CI) 1246 7679 0.143 [0.106; 0.186]
Heterogeneity: Tau? = 0.7833; Chi = 341.24, df = 36 (P <0.01); I = 89.7%
Population

ANTINORI, S. 2018 6 29 0207 [0.080; 0.397)
BORGES-PEREIRA, J. 2002 63 189 0333

BRENIERE, SF. 1989 46 131 0351 439)
SILVA-GRECO, RL. 2010 21 151 0.139 (0. 088 0.205]
Total (95% CI) 136 500 0254 [0.160;0.377
Heterogeneily: Tau? = 0.2177; Chit = 2055, df = 3 (P <0.01); I* = 85.4%

Total (95% Cl) 1455 8421 0.177 [0.149; 0.209]
Heterogeneity: Tau? = 0.7864; Chi® = 469.40, df = 43 (P < 0.01); I = 90.2%
Test for subgroup differences: Chi* = 9.24, df = 3 (P = 0.07)

b

GLMM, Random, 95% CI

&% ¥ & T T
0 02 04 06 08 1
Proportion of Digestive form

Total (95% Cl) 618 5073 0.102 [0.079; 0.132]

Studies Events Total Proportion 95% CI GLMM, Random, 95% CI Studies Events Total Proportion 95% CI GLMM, Random, 95% CI
ALVES, RMA. 2009 27 90 0.300 [0.208;0.406] : —H— Blocd Donors

2 = DANTAS, RO. 1999 10 68 0147 [0.073;0.254] =
ANTINORI, S. 2018 12 0.034 [0.001;0.178] ] SANCHEZ-GUILLEN, MC. 2006 3 7 0042 [0.009; 0.119) B
ARRUDA, HMBS. 2019 8 171 0.047 [0.020;0.090] H Total (95% Cl) 13 139 0.087 [0.025; 0.263] -
BOZELLI, CD. 2006 (2) 3 40 0.075 [0.016; 0.204] - Heterogeneity: Tau? = 0.2517; Chi? = 3.99, df = 1 (P =0.05); I* = 75% i
BOZELLI, CD.2006 1" 55 0.200 [0.104; 0.330] .,_._ nliadi
BRENIERE, SF. 1989 10 131 0.076 [0.037; 0.136] Ingatien

i : BOZELLI, CD.2006 155 0200 [0.104; 0.330] ——
BRUSCATO, A. 2017 12 80 0.150 [0.080; 0.247] . SILVEIRA, HJ. 2003 3 48 0062 [0.013;0.172] 8-
DANTAS, RO. 1999 10 68 0.147 [0.073; 0.254] HE— Total (95% CI) 14 103 0.124 [0.038; 0.338] —
GASPARIM, AZ. 2018 53 270 0.196 [0.151; 0.249] =/ Heterogeneity: Tau? = 0.2185; Chi* = 3.72, df = 1 (P =0.05); I = 73.1% i
GAZIN, P. 2004 1 57 0.018 [0.000;0.094] = Outpatient
GERAIX, J. 2007 5 66 0076 [0.0250.168] ALVES, RMA. 2008 60 0300 [0.205: 0408
JACKSON, Y. 2011 1 258 0.004 [0.000; 0.021] H ARRUDA, HMBS. 2019 8 171 0.047 [0.020; 0.090]
LIDANI, KCF. 2020 31 237 0.131 [0.091; 0.180] i BOZELLI, CD. 2006 (2) 3 40 0075 [0.016; 0.204]
MATOS, CS. 2014 50 101 0.495 [0.394; 0.596] —— BRUSCATO, A. 2017 12 80 0.150 [0.080; 0.247]
MEDEIROS, CA. 2022 114 801 0.142 [0.119;0.168] [ o S 201 B 20 [0 Dae0ue
NIELEBOCK, M.A. 2020 17 139 0.122 [0.073;0.189] - GERAIX, J. 2007 5 66 0076 [0.025: 0.168]
PEREIRA, LS. 2015 13 95 0.137 [0.075; 0.223] - JACKSON, Y. 2011 1 258 0.004 [0.000; 0.021
PEREZ-AYALA, A. 2014 4 252 0.016 [0.004; 0.040] Hzﬁg‘s KCCSF 220020 ga 237 g 131 ggg‘: g 1:2

5 M 3 14 101 495 4; 0.5
;2582‘?’\,'1‘20210222 14? ?gg g;g; [g;gg 3:)12] ™ o MEDEIROS, CA. 2022 114 801 0.142 [0.119; 0.168]

il . 0.000; 0.043] : NIELEBOCK, M.A. 2020 17139 0122 [0.073; 0.189]
SANCHEZ-GUILLEN, MC. 2006 3 7 0.042 [0.009;0.119] - PEREIRA, LS. 2015 13 95 0137 [0.075; 0.223]
SANCHEZ-GUILLEN, MC. 2006 3 7 0.042 [0.009;0.119] - PEREZ-AYALA, A. 2014 4 252 0.018 [0.004; 0.040]

SANZ, MG. 2020 5 60 0083 [0.028;0.184]  -f— PORTELA, LF. 2022 149 985 0151 [0.129; 0.175] -
2 RAMOS, JM. 2012 1128 0,008
SILVA-GRECO, RL. 2010 11 151 0.073 [0,037‘, 0.127] | 3 SANCHEZ-GUILLEN, MC. 2006 3 7 0042 s
SILVEIRA, HJ. 2003 3 48 0062 [0.013;0.172] H— SANZ. MG. 2020 5 6 0083 -
VIZZONI, AG. 2018 72 619 0.116 [0.092; 0.144] ] VIZZONI, AG. 2018 72 619 0116 B
Total (95% Ci) 569 4520 0107 [0, -
Total (95% CI) 618 5073 0.102 [0.079; 0.132] > Heterogeneity: Tau? = 1.3952; Chi? = 177.32, df = 18 (P <0.01);
Heterogeneity: Tau? = 1.0681; Chi? = 200.23, df = 25 (P < 0.01); I = 87.5% Popuistion H
0 02 04 06 08 ANTINORI, S. 2018 1 29 0.034 [0.001;0.178] -,
Proportion of Mixed form BRENIERE, SF. 1989 10 131 0076 [0.037; 0.136] [ 3
SILVA-GRECO, RL. 2010 11 151 0073 [0.037; 0.127) 3
Total (95% Cl) 311 0.072 [0.048;0.107) -
Heterogeneity: Tau® = 0; Chi* = 0.62, uv- 2(P=0.73); 1= 0% i
-
LI B R B —

Fig. 5: Pooled prevalence plots: prevalence of the Chagas Disease mixed (cardiac + digestive) form in a: the overall population; b: by study
setting (blood donors, inpatients, outpatients and population-based studies).
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Indeterminate form,
N = 24 (%, 95% Cl):

Type of analysis: Chronic Chagas cardiomyopathy, Digestive form, N = 23 Mixed form,

N = 35 (%, 95% Cl): (%, 95% Cl): N = 16 (%, 95% Cl):

Overall: 45.6 (35.4-56.1), I = 96.6% 41.7% (32.8-51.1), I* = 98.4% 13.3% (9.1-19.0), I> = 91.4% 8.1% (4.6-14.1), I* = 90.4%
Study setting:

Blood donors: No studies included. 24.2% (20.7-28.1), No studies included. No studies included.
12 = 0% (2 studies)

Inpatients: No studies included. 64.6% (62.5-66.7), No studies included. No studies included.
IPIN/A (1 study)

Outpatients: 45.2% (34.3-56.6), 46.3% (35.1-57.8), 13.0 (8.5-19.2), 8.6% (4.5-15.6),

12

1> = 96.8% (22 studies)

Population studies: 47.1% (31.1-63.7),
1> = 81.3% (2 studies)

27.8% (17.2-415),

P-value for comparison: P = 0.85 P < 0.01*

Endemic vs. non endemic countries:

Abbreviation: confidence interval, N/A: not applicable. * P-value <0.05.

1 = 98.4% (26 studies)

12 = 97.16% (7 studies)

Endemic: 33.8% (26.5-42.0), 51.8% (40.9-62.5), 20.8% (16.3-26.2), 14.1% (9.8-19.8),
1> = 92.1% (17 studies) 12 = 98.1% (24 studies) 1> = 90.9% (13 studies) I> = 90.5% (11 studies)
Non-endemic: 73.2% (63.0-81.5), 23.8% (16.4-33.2), 6.2% (3.1-12.2), 1.6% (0.6-4.6),
1> = 85.4% (7 studies) 17 = 98.7% (12 studies) 17 = 84.3% (10 studies) I> = 69.4% (5 studies)
P-value for comparison: P < 0.01* P < 0.01* P < 0.01* P < 0.01*

I, = 92.2% (21 studies) I = 91.2% (14 studies)

15.0% (10.5-21.0), 6.7% (3.8-11.4),
1> = 0% (2 studies) I> = 0.0% (2 studies)
P = 0.59 P = 0.56

group comparison.

Table 3: Prevalence of the clinical forms of Chagas disease, in studies published from 2010 to 2023, by study setting and by endemicity, with between-

endemic areas, due to migration waves,"® additional
research efforts were put together, aimed at investi-
gating the mediators of the complex host-parasite
interaction that leads to end-organ damage. After a
vector transmission event, incubation usually lasts no
longer than 1-2 weeks, and this critical period is marked
by microscopically detectable parasitemia.®” Diagnosis
and initiation of specific treatment with antiparasitic
drugs in this phase are challenging, considering
that symptoms are usually mild and nonspecific,
such as fever, mild hepato-splenomegaly, and
lymphocytosis.'**”

After the resolution of the acute phase of ChD, in-
dividuals transition into an indeterminate phase char-
acterized by the persistence of infection, verified
through serological tests, but frequently without
detectable parasites in blood sample microscopy.®’” This
phase is further defined by the absence of organic
manifestations, as denoted by the absence of typical
findings in the standard ECG and normal radiological
assessments of the chest, esophagus, and colon.” Thus,
according to the classification criteria, individuals in this
phase exhibit chronic ChD without discernible patho-
logical abnormalities, making diagnosis even more
challenging.”® Notably, approximately one-third of these
individuals are anticipated to progress to chronic
symptomatic ChD in the two decades following the
initial infection,"* and progression is associated with a
complex host—parasite interaction, mediated by factors
such as age, gender, parasite load, inflammatory
response and individual susceptibility."*’

In medical literature, there has been a greater in-
terest in the study of CCM compared to other clinical

forms of ChD, given its complex pathophysiology and
immunology, as well as the sometimes unpredictable
evolution and prognosis." Among blood donors without
known heart disease, ChD seropositivity was indepen-
dently associated with a 40% higher chance of devel-
oping cardiomyopathy.”® Some features of CCM are
unique, such as the complex pattern of rhythm distur-
bances, the associated thrombogenicity, and variable
forms of structural involvement, notably the coexisting
involvement of the left and right ventricles."”"> More-
over, while anti-parasitic drugs have no consistent ef-
fects in advanced stages of CCM,* the prognostic
benefit of heart failure pharmacotherapy seems to
extend to ChD patients with cardiac involvement.”
Thus, investigations about the prevalence, classifica-
tion, diagnosis, and prognosis of CCM emerged after
the disease was first described. From our pooled data,
the diagnostic criteria for CCM was one of the key
sources of heterogeneity of the analyses: as the heart is
the most commonly involved organ in ChD, inaccurate
diagnosis of CCM will substantially impact the esti-
mates of indeterminate and mixed forms.

From the inception of studies about CCM until the
mid-1990s, the diagnostic criteria relied almost exclu-
sively on typical ECG findings, chest R-ray, and clinical
manifestations.® Some ECG findings seem to be the
earliest signs of cardiac involvement and the inflam-
matory and fibrotic processes triggered by ChD*—and
continue to be used as the key guideline-based criteria
for reclassification from indeterminate to CCM. How-
ever, more recent studies have often used cardiac im-
aging as an additional part of the diagnostic criteria. The
introduction of echocardiography and the development
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of its more modern modalities—such as tissue strain and
3D imaging—have led to multiple areas of research in
ChD, with a special focus on refining existing diagnostic
and prognostic criteria.”’ In addition, advanced imaging,
such as cardiac magnetic resonance and computed to-
mography, have been used for the management of CCM
in high-resource settings.”’ Cardiac imaging has pre-
sumably added accuracy to the diagnosis of CCM,
especially when ECG and R-ray are not typical for a
definite diagnosis,”” and improving specificity in epide-
miologic studies. These shifts in diagnostic criteria for
CCM, however, limit the comparability of older and
more recent studies, likely driving much of the observed
heterogeneity in this meta-analysis.

The positive association between mean study age and
the prevalence of CCM and the subsequent negative
association observed for the indeterminate form are
expected, as cardiac involvement seems to progressively
develop in seropositive individuals.'*** This has been
notably demonstrated in ECG studies, in which the
development or worsening of typical ECG abnormalities
occur over the decades, especially in untreated patients,
and several findings, such as widening of the QRS
complex, lowering voltage, new onset of ventricular
ectopias, and the number of new major abnormalities,
seem to have prognostic impact.'®** Notably, this trend
is not as clear for other organ involvements.

Similar findings were observed for the digestive form
of ChD, in terms of increasing prevalence with age.
First, given its lower prevalence and overall clinical
impact—especially compared to CCM—the ChD diges-
tive form has been given less priority in medical
research. This results in considerably fewer studies
reporting its prevalence, with a wide range and less
standardized diagnostic criteria.” Second, the predictors
of progression to the digestive form are not clear, and
some case series only suggest a higher risk for women.”
Early ChD studies that reported the digestive form relied
basically on clinical manifestations and contrasted
esophagograms and enema. Clinically, manifestations
of the ChD digestive form, especially in its early stages,
overlap with common gastrointestinal conditions, such
as chronic constipation, inflammatory bowel diseases,
esophagitis, and diverse motility disturbances of the
upper digestive tract.” Therefore, clinical diagnosis
alone tends to be imprecise. On the other hand, even the
availability of contrasted X-ray is relatively limited in
clinical practice and is often impractical in the research
setting, especially in large health surveys. Recently,
invasive imaging studies of the digestive tract became
an additional tool, especially for symptomatic ChD pa-
tients. However, its applicability is impacted by cost—
especially in low-income endemic regions—and by the
practicality of implementing resource-demanding mo-
dalities in large research samples. Moreover, both con-
trasted X-ray and invasive imaging modalities detect
advanced stages of the digestive form, underestimating
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its true prevalence.” Despite the recent advances in
digestive nuclear imaging for ChD patients,” currently,
a definite early diagnosis would only be possible
through anatomopathological tissue sampling.® Our
data, thus, reflect this heterogeneous scenario, with
more discrepant estimates, wide dispersion, and limited
conclusions from subgroup analyses.

Despite the categorization of the included articles
into 4 main groups (outpatients, inpatients, blood do-
nors, and population-based studies), it is notable from
our systematic review that the sampling methodology
varied widely between studies. From the pooled results,
there is a clear selection bias associated with the
enrollment of outpatient and especially inpatient sam-
ples. Most of these studies were conducted in special-
ized institutions, with established protocols for patients
with positive ChD serology, in which several tests—
including those for early diagnostic of clinical forms
such as CCM—are routinely performed in clinical care
or research protocols. Furthermore, patients with any
clinical manifestations of ChD tend to present more
frequently to specialized health institutions, and those
severely ill are more prone to hospitalizations. In
contrast, investigations based on population-based
methodologies and surveys involving seropositive can-
didates for blood donation inherently have a better ca-
pacity to mirror the actual prevalence of ChD clinical
forms. However, pivotal studies with such designs have
predominantly been conducted in populations charac-
terized by elevated prevalence, in endemic regions or
locations marked by specific socioeconomic and de-
mographic traits. Consequently, the direct generaliza-
tion of findings to an entire country or region is
circumscribed by these contextual limitations.

Regarding the differences between studies conduct-
ed in endemic and non-endemic countries, some hy-
potheses can be drawn to explain the observed trends.
There is, in general, an evident economic gap between
endemic and non-endemic regions, which ultimately
impacts patient’s access to healthcare. Although no
evidence-based interventions change the clinical course
of ChD, access to anti-parasitic drugs in pre-clinical
(indeterminate) stages may slow progression.” This
hypothesis, however, emerged from non-randomized
observational studies” and requires further assess-
ment in clinical trials. Access to cardiovascular medi-
cation and control of coincident risk factors can also
retard symptom onset and need for medical care. Also,
although nearly all individuals included in non-endemic
countries are immigrants from endemic areas, it is
hypothesised, from animal models, that recurrent con-
tact and reinfection with different Trypanosoma strains
may be associated with disease severity.”” Moreover, a
considerable number of studies in non-endemic coun-
tries recruited candidates for blood donation, a popula-
tion with lower age and less prone to the selection bias
of specialized centers. Early diagnosis in pre-clinical
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stages is also favoured by recommendations for routine
screening of individuals at risk in such settings.”*

Finally, the continuous assessment of epidemiolog-
ical data about the clinical forms of ChD is crucial for
the refinement of global disease burden models. Despite
the growing number of publications, the literature about
ChD is heterogeneous and spread among different re-
gions, with particular sociodemographic and epidemio-
logical backgrounds, requiring specific research
approaches. Heterogeneity of data is an intrinsic char-
acteristic of ChD literature, and pooled analyses with
detailed sensitivity approaches may improve not only
the understanding of the disease and its trends over the
decades but also the development of structured strate-
gies to improve patients’ access to optimal care.

Our study has several limitations. The primary
limitations are related to the available data, including
heterogeneity—mainly driven by the absence of strati-
fied sampling procedures (adjustment for population
characteristics) and standardized methodology for sys-
tematic data collection in the different study settings—
and study quality, especially in terms of very limited
population-wide data. The settings where the studies
were conducted varied widely, from small municipal-
ities with high prevalence of ChD and restricted
endemic areas to specialized outpatient clinics and in-
fectious diseases wards. While these data provide a
wider view of how prevalence may vary in different
populations, this variation results in uncertainty in the
pooled estimates. Second, the time frame of the
included studies was large, from classic epidemiolog-
ical studies to contemporary series and ongoing co-
horts. In addition to contributing to heterogeneity due
to methodological issues, changes in the use of diag-
nostic methods over time in research studies (espe-
cially imaging) may have resulted in variable diagnostic
accuracy over time. In addition, changes in age
composition are known to impact the incidence of
sequelae such as CCM. Third, available evidence does
not allow for robust inferences about progression/
development of ChD clinical forms over time, as few
studies present longitudinal data. Fourth, reporting
and definition of clinical forms were also heteroge-
neous between studies and varied according to setting.
While CCM was almost universally reported, fewer
studies reported the digestive form, and rarely mixed
forms were presented separately. Moreover, data was
markedly scarce for thromboembolic events, including
stroke. Finally, the results of the meta-analysis essen-
tially reflect the epidemiology of Brazil and Latin
America, given the paucity of population-wide data
from other endemic countries and, especially, from
non-endemic areas.

Our analytic method is also subjected to limitations,
such as the choice to pool heterogeneous results from
different settings and populations, and the impossibility
of analyzing prevalence by age range, as contact with

authors for primary data requests was not feasible.
Despite the aforementioned limitations, our study pro-
vides important up-to-date estimates about the preva-
lence of ChD clinical forms, pooling data from a wide
range of publications, and covering different settings in
a large time frame. By using meta-analytic methods to
address the limitations of individual studies, our pooled
data will contribute to the update of current estimates
about global disease burden, associated sequelae, and
mortality. Specific data about the prevalence of clinical
forms in different settings (endemic and non-endemic),
based on different study designs and with temporal
analysis across decades, provide invaluable insights
about attributable mortality and disability weights for
the refinement of global estimates. The understanding
of disease burden, especially in high-prevalence areas,
may help improve the development of public policies
and guide prioritization of care.

Conclusions and future research

Compared to previous epidemiological studies, our
pooled data shows a higher prevalence of CCM among
ChD seropositive adult patients, but a similar prevalence
of the digestive form. Heterogeneity, however, was
overall high, mainly due to limited data quality and the
small number of population-based studies. Improving
quality of data on the prevalence of ChD clinical forms,
notably the development of broad epidemiological sur-
veys, is crucial for the update of global estimates of
disease burden and mortality.

Our study also emphasizes the need for continued
development of epidemiological projects aimed at
refining estimates of the burden of disease and mor-
tality due to ChD. Parallel efforts are being made in the
RAISE study group to: (i) incorporate up-to-date preva-
lence data from meta-analyses (prevalence of clinical
forms, overall ChD prevalence in endemic and non-
endemic countries) into existing estimates; (i) update
mortality data from mortality information systems in
Brazil and other countries; (iii) improve the redistribu-
tion of garbage codes in death certificates, to refine ChD
estimates; (iv) remodel the economic burden of ChD;
and (v) investigate the incidence and mortality associ-
ated with specific sequelae of ChD, especially arrhyth-
mias and embolic events.
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