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Prevalence of Chagas disease among Latin American
immigrants in non-endemic countries: an updated systematic
review and meta-analysis
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Summary

Background Chagas disease (CD), endemic in 21 Latin American countries, has gradually spread beyond its tradi-
tional borders due to migratory movements and emerging as a global health concern. We conducted a systematic
review and meta-analysis of available data to establish updated prevalence estimates of CD in Latin American
migrants residing in non-endemic countries.

Methods A systematic search was conducted in MEDLINE/PubMed, Embase, Cochrane Library, Scopus, Web of
Science, and LILACS via Virtual Health Library (Biblioteca Virtual em Saiide - BVS), including references published
until November 1st, 2023. Pooled prevalence estimates and 95% confidence intervals (CI) were calculated using
random effect models. Heterogeneity was assessed by the chi-square test and the I” statistic. Subgroup analyses were
performed to explore potential sources of heterogeneity among studies. The study was registered in the PROSPERO
database (CRD42022354237).

Findings From a total of 1474 articles screened, 51 studies were included. Studies were conducted in eight non-
endemic countries (most in Spain), between 2006 and 2023, and involving 82,369 screened individuals. The
estimated pooled prevalence of CD in Latin American migrants living in non-endemic countries was 3.5% (95%
CI: 2.5-4.7; 1% 97.7%), considering studies in which screening was indicated simply because the person was Latin
American. Per subgroups, the pooled CD prevalence was 11.0% (95% CI: 7.7-15.5) in non-targeted screening
(unselected population in reference centers) (27 studies); in blood donors (4 studies), the pooled prevalence was
0.8% (95% CI: 0.2-3.4); among people living with HIV Latin American immigrants (4 studies) 2.4% (95% CI:
1.4-4.3) and for Latin American pregnant and postpartum women (14 studies) 3.7% (95 CI: 2.4-5.6). The pooled
proportion of congenital transmission was 4.4% (95% CI: 3.3-5.8). Regarding the participants’ country of origin,
7964 were from Bolivia, of which 1715 (21,5%) were diagnosed with CD, and 21,304 were from other Latin
American countries of which 154 (0,72%) were affected.
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PROSICS Barcelona, Spain.
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Articles

Interpretation CD poses a significant burden of disease in Latin American immigrants in non-endemic countries,
suggesting that CD is no longer a problem limited to the American continent and must be considered as a global

health challenge.

Funding This study was funded by the World Heart Federation, through a research collaboration with Novartis

Pharma AG.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

During the conception of the study, an exhaustive search of
published data was carried out, using the following public
electronic databases: MEDLINE/PubMed, Embase, Cochrane
Library, Scopus, Web of Science, and LILACS via Virtual Health
Library (Biblioteca Virtual em Saudde - BVS). The descriptors
and combinations used were “Chagas Disease” OR
“Trypanosoma cruzi” OR “Triatominae” OR “Chagas
Cardiomyopathy”) AND (“Serologic Tests” OR “Serological
prevalence” OR “Seroepidemiologic Studies” OR
“Seroprevalence” OR “Diagnostic Techniques and Procedures”
and all those referring to endemic or non-endemic countries.
After the review we found only single study published in 2015
designed to estimate the prevalence of Chagas disease in
Europe through a systematic review and meta-analysis.

Added value of this study
The epidemiology of Chagas disease has changed in recent
years, and our study provides updated data taking into

Introduction

Chagas disease (CD), also known as American
trypanosomiasis, is a neglected tropical disease caused
by the protozoan parasite T. cruzi. Although considered
endemic in 21 Latin American countries, CD has
gradually spread beyond its traditional borders due to
migratory movements, emerging as a global health
concern. According to the World Health Organization,
approximately 6-7 million people are estimated to be
infected with T. cruzi worldwide, mostly in Latin
America (estimated overall prevalence of 1.055%), with
an increasing number of cases reported in non-endemic
areas such as the United States, Canada, Europe, and
Asia.’

In endemic areas, transmission primarily occurs
through vectors, predominantly affecting rural areas
with limited socio-economic resources.’ Other trans-
mission routes, including vertical transmission, organ
transplantation, and blood transfusion, can occur in
both endemic and non-endemic areas.’ To mitigate
these risks, endemic regions have implemented uni-
versal screening of blood and organ donors, while

account recent migratory flows. Likewise, in this study we
have included data from hospitals or specialized centers. Far
from being considered a limitation, it provides very relevant
information since allows us to estimate the pre-test
probability of Chagas disease for individuals seeking
consultation.

Moreover, the number of individuals included in our meta-
analysis allowed for greater statistical precision of the
estimates, as illustrated by the more precise Cls when
compared with the previous meta-analysis.

Implications of all the available evidence

These data are crucial to update current estimates of the
disease burden of CD in non-endemic regions, associated
complications and even mortality worldwide in order to
design appropriate control strategies, implement screening
protocols and clinical management, which could help health
authorities optimize existing resources.

targeted programs have been established for some non-
endemic areas, particularly those with a large number of
Latin American population such as EUA and Europe
(more specifically France, Italy, Portugal, Spain, Swe-
den, Switzerland, and the United Kingdom).* Concern-
ing fetal and maternal transmission, screening protocols
for women of childbearing age have been implemented
in endemic countries. However, despite the proven
effectiveness of such programs in interrupting trans-
mission, most non-endemic regions lack specific ini-
tiatives to address this issue.*

The majority of individuals with chronic CD infec-
tion remain asymptomatic, known as the chronic inde-
terminate form, whereas approximately 30-40% will
develop the clinical forms of the disease, typically 10-30
years after the first contact with the infection.” This,
coupled with a lack of awareness among health pro-
fessionals in non-endemic regions and barriers to
healthcare access for migrant populations, contributes
to the under-diagnosis of CD in such areas.® Although it
is currently recommended to screen people from high-
risk areas, many regions lack established and

www.thelancet.com Vol 46 November, 2024


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.thelancet.com

Articles

adequately funded programs for this purpose.’ There-
fore, understanding the prevalence of CD in non-
endemic settings is essential for effective public health
planning, resource allocation, and the development of
targeted interventions, ultimately reducing the burden
of this often-overlooked global health challenge.

Few studies have previously investigated the preva-
lence of CD in non-endemic countries. In 2009, a report
based on aggregated data collected from the literature
and official sources estimated between 68.000 and
122.000 cases in Europe, with 95% of cases remaining
undiagnosed.” In the United States, another study
estimated a population of over 238.000 individuals with
the infection."” However, both estimates considered the
national population prevalence of the countries of
origin, disregarding potential biases resulting from
specific geographical and socioeconomic characteristics
of migrating individuals. In 2015, a systematic review
and meta-analysis of studies reporting CD prevalence in
European countries found a pooled prevalence of 4.2%
among people born in Latin America residing in
Europe, with the highest prevalence of around 18.1%
observed among Bolivians."

The scarcity of appropriate data on incidence, preva-
lence, and the frequency of complications - presents a
major challenge to the comprehensive estimation of Cha-
gas disease burden through efforts like the Global Burden
of Disease study (GBD)."” This lack of data is particularly
relevant in non-endemic countries, but endemic areas also
suffer from this scarcity, with the most recent prevalence
data being from 2015 based on 2010 data.!

Considering this need, we conducted a systematic
review and meta-analysis of available literature to
establish updated prevalence estimates of CD among
people born in Latin America residing in non-endemic
countries.

Methods

Protocol registration

This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA)
guidelines™ (see attached checklist document, Appendix
file S1). The study protocol was recorded in the Inter-
national Prospective Register of Systemic Reviews
(PROSPERO) database (CRD 42022354237).

This study is part of “The buRden of ChAgas dIS-
Ease in the contemporary world (RAISE)” project, a
partnership among the Universidade Federal de Minas
Gerais with the World Heart Federation, Novartis
Global Health, and the University of Washington’s
Institute of Health Metrics and Evaluation.

Eligibility criteria

Studies reporting the prevalence of CD in people born
in Latin America living in non-endemic countries

www.thelancet.com Vol 46 November, 2024

(according to the World Health Organization definition)
were included in this review. Publications in English,
Portuguese, or Spanish were included, without date
restriction. Regarding study design, any observational
study (cross-sectional and cohort studies) was consid-
ered eligible for inclusion in the meta-analysis. We
excluded animal studies, case series, and reviews.
Studies had to adequately describe the study site, the
diagnostic method used to assess CD diagnosis, and the
epidemiologic characteristics of the participating study
subject population. In addition, the total numbers of
subjects evaluated were required.

Sources and search strategy
Initially, a systematic review of available literature was
performed to identify relevant reports assessing the
prevalence of CD in people from Latin America living in
non-endemic countries. A systematic search was con-
ducted using the following public electronic databases:
MEDLINE/PubMed, Embase, Cochrane Library, Sco-
pus, Web of Science, and LILACS via Virtual Health
Library (Biblioteca Virtual em Saide - BVS). The de-
scriptors and combinations used were: (“Chagas Dis-
ease” OR “T. cruzi” OR Triatominae OR “Chagas
Cardiomyopathy”) AND (“Serologic Tests” OR “Serological
prevalence” OR “Seroepidemiologic Studies” OR Seropre-
valence OR “Diagnostic Techniques and Procedures”) AND
(“Endemic region” OR “Endemic countries” OR Brasil* OR
Brazil* OR Equador OR Ecuador OR Venezuela* OR
Bolivia* OR Guiana OR Guyane OR Peru OR Surinam*
OR Argentina* OR Colombia* OR “Guiana Francesa” OR
“French Guiana” OR “Guyane francaise” OR Guatemala
OR Mexico* OR Panama OR Paraguai OR Paraguay*
OR “Costa Rica” OR “El Salvador” OR Honduras OR
Nicaragua OR Belize OR Uruguai OR Uruguay* OR
Chile* OR “North America” OR %2 2 United States” OR
“South America” OR “Latin America” OR “Nonendemic
region” OR “Non-endemic countries” OR Africa OR
Antarctica OR Europe OR Asia OR Oceania OR Spain).
These descriptors were taken from the terminology
of classification systems for indexing each database,
MeSH (Medical Subject Headings) and DeCS (Health
Sciences Descriptors). Published studies were identified
in the electronic databases using the PECO strategy
(Patient, Exposure, Comparator, and Outcome) to
develop the descriptors. Where population was defined
as individuals from CD endemic locations living in non-
endemic countries, exposure was defined as CD or
T. cruzi infection and the outcome by seroprevalence of
CD, based on validated tests at the discretion of the local
investigator. The comparator does not apply in this
study. The search included references published until
November 1st, 2023. In addition, the bibliography
reference lists of articles selected for this review were
evaluated for identifying potential additional relevant
studies. Bibliographic citations from hand search of
texts and associated citations, and from the databases’
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“related articles” sections, were used to further identify
potential articles.

Study selection

References obtained from each search were exported to
Rayyan, a web tool designed to help researchers working
on systematic reviews, compiling results from different
databases, and facilitating inclusion and exclusion. Four
independent reviewers (GNA, IM, PB, and FRM-M)
carried out the selection of studies in two stages and
at least two reviewers evaluated each study, with dis-
crepancies resolved by a third tie-breaker. The first stage
of selection screened the titles and abstracts of the
publications for relevance and adequacy. The selected
studies had full texts recovered for the second stage of
selection. For this step we designed a Microsoft Excel
database form, using the eligibility criteria as described,
to assist in the archiving of eligible studies for the sys-
tematic review. Duplicate publications and papers
reporting reanalysis of previously published data were
excluded, as well as those with incomplete data
reporting.

Data extraction

For each selected article, the reviewers extracted the
following information, if available: full citation, year of
publication, country and region where the study was
conducted, study setting, characteristics of subjects (age,
sex, and selection criteria), prevalence of CD, evaluated
period, number of individuals evaluated, country of
origin of the study subjects, and method used to di-
agnose the disease. The data extraction was carried out
by two independent reviewers.

Study risk of bias assessment

To assess the quality of individual studies, we used the
instrument proposed by JBI for systematic reviews of
prevalence/incidence studies.”” The JBI tool includes
nine questions addressing sample representativeness,
participant recruitment, adequate sample size, study
setting, data analysis, outcome measurement, and
response rate. Each item was evaluated as either “yes”,
“no”, “unclear”, or “not applicable”. Studies that
received “yes” for seven or more questions were classi-
fied as of high quality and low risk of bias; those that
received “yes” for five to six of the questions were
classified as moderate risk of bias; and those that
received “yes” for four or less were considered of low
quality and high risk of bias. A summary of the quality
assessment is presented in the Supplemental
information file S2.

Quantitative meta-analysis

Comprehensive Meta-Analysis software version 4.0
(Biostat Inc., Englewood, USA), was used to calculate
pooled prevalence estimates with their 95% confidence
intervals (95% CI) using Der Simonian and Laird

random-effects models. Summary data were visually
presented by forest plots showing the pooled prevalence
and 95% CI. To assess the odds of infection between the
population of Bolivians and non-Bolivians, the odds ra-
tio (OR) and 95% CI were used for the pooled analysis.

For the primary prevalence analysis, studies
employing screening protocols within general repre-
sentative Latin American population living in non-
endemic countries were considered.

Heterogeneity and sensitivity analysis
Heterogeneity among studies was assessed using the
Cochrane Q test (x2 test, with significance assumed for
p < 0.10), and Higgin’s and Thompson’s I? statistic (I?
values rounds of 25%, 50%, and 75% show low, mod-
erate, and high heterogeneity, respectively).'® To explore
heterogeneity and factors that could potentially modify
the pooled estimates, we performed subgroup analyses
stratified by blood donors, pregnant and puerperal
women, people living with HIV/AIDS (PLHIV), popu-
lation under 18 years old, and unselected population.
For the sensitivity analysis, the meta-analysis was re-
tested with the exclusion of one study at a time to
assess the possibility of a disproportionate impact of any
individual study on summary estimates.

Publication bias

Assessment for potential publication bias was carried
out by visual inspection of funnel plots, and statistically
by calculating the Begg test.”

Role of the 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

After removing duplicates, initial screening of the da-
tabases yielded 1474 study reports. After assessing titles
and abstracts, 113 reports were selected for full-text re-
view. In this first stage, publications were excluded
because they were review studies, editorials, or research
protocols, duplicated articles, did not assess prevalence,
had different aims, included specific populations
(studies only with individuals living with the disease),
and had sampling problems, such as a very small sam-
ple and no capacity for representativeness, or repeated
populations. As outlined in Fig. 1, after the second stage
screening, a total of 51 reports were included in this
systematic review and meta-analysis (S3 File).

The main characteristics of the selected studies are
shown in Table 1. Publication dates ranged from 2006 to
2023 and enrolled a total of 82,369 individuals. Most of
the studies estimated the prevalence of CD considering
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[ Identification of studies via databases and registers ]

Records removed before screening:
Duplicate records removed (n =
689)

Records excluded (n = 672)

Reports not retrieved (n = 0)

v

Studies included in
review (n = 51)

Fig. 1: Flow chart of study selection process.

a non-selected Latin American population (understood
as any adult individual born in Latin America evaluated)
(n = 27), some studies included only pregnant and
postpartum women (n = 14), PLHIV Latin American
(n = 4), blood donors from Latin America and subjects
under 18 years old (n = 6). Regarding the place of
enrollment, subjects were located in the community, in
tropical medicine units, or in primary health centers.
Studies were conducted in eight non-endemic countries.
Of these, 31 studies (60.8%) were from Spain, 8 (15.7%)
from Italy, 4 (7.8%) from USA, 3 studies (5.9%) from
Switzerland, 2 (4.0%) from Canada and one study each
from France, Germany and Japan (5.9%). The majority
were classified as having a moderate risk of bias, based
on the JBI critical review checklist (Appendix file S2).
We found no evidence of publication bias using un-
weighted, non-randomized values in the Begg test
(p = 0.06), for the overall prevalence.

Observed prevalence among studies ranged from
0 to 53.8%, evidencing a difficulty in appraising a
summary estimate. The global prevalence was estimated
by considering studies in which the diagnostic test was
administered solely based on the individual being Latin

www.thelancet.com Vol 46 November, 2024
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American, such as in protocolled screening procedures
on general representative population. In this sense, the
pooled prevalence estimate of CD in non-endemic
countries was 3.5% (95% CI: 2.5-4.7; 1% 97.7%)
among a population of 73,524 Latin American-born
migrants in 33 studies, between 2006 and 2023. There
was significant between-study heterogeneity (Fig. 2). A
sensitivity analysis was conducted removing one study
at a time. The results of the sensitivity analysis pointed
out that no study removal significantly affected the
prevalence of CD since the confidence intervals overlap
in all cases (Appendix file S4).

When the CD prevalence was estimated considering
different sub-populations, data revealed great differ-
ences. Subpopulations were categorized by whether the
screening targeted a clinical/epidemiological character-
istic (blood donors, pregnant women or PLHIV) or if it
was non-targeted (unselected population). The higher
pooled CD prevalence was observed for unselected Latin
American population (11.0% [95% CI: 7.7-15.5]; 27
studies) enrolled either in hospitals, specialized clinics,
primary care centers, or in the community, followed by
studies carried out with individuals under 18 years of
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Publication Country Period Population (Latin American) Study site Age mean (SD) Sample Number
or Age range infected (%)
Abras_2020 Spain 2017-2018 Non-selected population Hospital 331 786 102 (13)
Angheben_2011 Italy 1998-2010 Non-selected population Tropical medicine service 34 266 30 (11.3)
Antinori_2018 Italy 2013-2014 Non-selected population Community 39 501 48 (9.5)
Arzanegui_2013 Spain 2008-2010 Pregnant women Hospital 28,5 (5.3) 158 19 (12)
Barona-Vilar_2012 Spain 2009-2010 Pregnant women Hospital 29 1975 226 (11.4)
Basile_2019 Spain 2010-2015 Pregnant women Hospital/Primary care services 33 33,469 818 (2.4)
Bocanegra_2014 Spain 2007-2010 Non-selected population Tropical medicine service NI 416 224 (53.8)
Cancino-Faure_2015 Spain 2011-2013 Blood donors Blood banks NI 1201 23 (1.91)
Castro-Sesquen_2021 USA 2016-2018 Non-selected population Community NI 1514 98 (6.5)
Chappuis_2010 Switzerland 2009 Non-selected population Primary care services 36 999 125 (12.5)
Cobo_2014 Spain 2004-2013 Non-selected population Hospital NI 196 72 (36.7)
Escobio_2020 Spain 2011-2012 Non-selected population Primary care services 34.6 251 48 (19.1)
Francisco-Gonzalez_2018 Spain 2013-2015 Pregnant women Hospital NI 1244 40 (3.2)
Fumado_2014 Spain 2003-2008 Children under 18 years old Infectious diseases hospital 01-14 202 22 (10.8)
Ghouzzi_2010 France 2007-2008 Blood donors Blood banks NI 972 3 (0.33)
Giménez-Mart_2006 Spain 2001 Blood donors Blood banks NI 432 16 3.7)
Girolamo_2015 Italy 2010-2013 Non-selected population Hospital 37.5 (13.1) 151 12 (7.94)
Goémez i Prat_2022 Spain 2020 General population Community 43 (33-53) 299 55 (18.3)
Herrero-Martinez_2023 Spain 2011-2016 Pregnant women Hospital NI 11,048 309 (2.9)
Hochberg_2011 USA 2009 PLHIV Infectious diseases hospital NI 77 3(3.9)
Jackson_2016 Switzerland 2008 Non-selected population Primary care services 37.2 (11.3) 1012 130 (12.8)
Jackson_2018 Switzerland 2012-2015 Non-selected population Hospital NI 903 244 (27)
Lienas-Garcia_2021 Spain 2014-2018 Pregnant women Hospital NI 1178 23 (1.95)
Llenas-Garcia_2012 Spain 2008-2009 PLHIV Infectious diseases hospital 36.9 (8.4) 155 3(1.9)
Martelli_2017 Italy 2012-2014 Non-selected population Hospital 37.8 180 7 3.9)
Martinez_2009 Spain 2004-2006 Non-selected population Tropical medicine service 35 216 46 (21.3)
Meymandi_2017 USA 2008-2014 Non-selected population Community NI 4755 59 (1.24)
Mufioz_2009 Spain 2004-2007 Non-selected population Tropical medicine service 34 (11) 489 202 (41.3)
Muoz-Vilches_2012 Spain 2007-2011 Pregnant women Hospital NI 261 4 (1.53)
Navarro_2011 Spain 2008-2009 Non-selected population Primary care services NI 276 44 (15.9)
Navarro_2017 Germany 2013-2014 Non-selected population Community/Tropical medicine 39 (17.2) 43 4 (9.33)
service
O'Brien_2013 Canada 2009-2010 Blood donors Blood banks NI 7255 13 (0.2)
Otero_2012 Spain 2008-2010 Pregnant women Hospital 29.5 (6) 633 22 (3.5)
Pane_2018 Italy 2014 Non-selected population Community 42 368 32 (8.7)
Paricio-Talayero_2008 Spain 2005-2007 Pregnant women Hospital 28.3 (5.8) 624 29 (4.7)
Perez-Ayala_2010 Spain 2003-2009 Non-selected population Tropical medicine service 36 1146 357 (31.1)
Raglio_2023 Italy 2013-2020 Non-selected population Hospital NI 512 60 (11.7)
Ramos_2009 Spain 2006-2007 Pregnant women Hospital 24 (5.2) 220 4 (1.82)
Ramos_2012A Spain 2009-2010 Non-selected population Community 30 201 13 (6.47)
Ramos_2012B Spain 2006-2010 Pregnant women Hospital 28.9 545 7 (1.28)
Ramos_2015 Spain 2012-2014 Non-selected population Hospital 38 176 5(2.8)
Ramos-Sesma_2021 Spain 2017-2018 Non-selected population Hospital/Primary care services 41 596 54 (9.06)
Repetto_2015 Italy 2012-2013 Non-selected population Hospital NI 1305 223 (17)
Roca_2011 Spain 2007-2009 Non-selected population Primary care services 39.8 (9.8) 766 22 (2.9)
Rodari_2022 Italy 1997-2018 PLHIV Infectious diseases hospital 33 389 5 (1.29)
Rodriguez_2023 Japan 2019-2020 Non-selected population Hospital 43.5 (13.6) 428 7 (1.6)
Salvador_2013 Spain 2010-2011 PLHIV Infectious diseases hospital 37 126 5(3.9)
Santiago_2012 Spain 2007-2008 Pregnant women Hospital NI 265 13 (4.9)
Simén_2020 Spain 2007-2018 Children under 18 years old Infectious diseases hospital 0-14 949 40 (4.2)
Steele_2007 Canada NI Non-selected population Primary care services NI 102 1(1)
Zamora_2021 USA 2019 Pregnant women Hospital NI 138 0

Table 1: Characteristics of included studies assessing the prevalence of Chagas disease in Latin American migrants living in non-endemic countries.

www.thelancet.com Vol 46 November, 2024



http://www.thelancet.com

Articles

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

Chappuis et al (2010) 125 999 34% 013[0.11;0.15] ——

Ramos-Sesma et al (2021) 54 596 33% 009[007;012] —l—

Steele et al (2007) 1 102 17% 0.01[0.00;0.05] -W——

Ramos et al (2012A) 13 201  32% 0.06[0.03;0.11] ——

Ramos et al (2015) 5 176 28% 0.03[0.01;0.07] ——

Castro-Sesquen et al (2021) 98 1514 34% 0.06[0.05;0.08] -

Meymandi et al (2017) 59 4755 34% 0.01[0.01;0.02]

Abras et al (2020) 102 786 34% 0.13[0.11;0.16] —l—

Antinori et al (2018) 48 501 33% 0.10[0.07;0.13] ——

Pane et al (2018) 32 368 33% 0.09[0.06;0.12] i ——

Roca et al (2011) 22 766 33% 0.03[0.02;0.04] .

Paricio-Talayero et al (2008) 29 624 33% 0.05[0.03;0.07] Hill—

Ramos et al (2009) 4 220 27% 0.02[0.00;005 —E-—

Arzanegui et al (2013) 19 158 32% 0.12[0.07;0.18] L

Lienas-Garcia et al (2021) 23 1178 33% 0.02[0.01;0.03] L g

Barona-Vilar et al (2012) 226 1975 34% 0.11[0.10;0.13] ; i

Zamora et al (2021) 0 138 1.1% 000[0.00;0.03] ®—

Francisco-Gonzalez et al (2018) 40 1244 33% 0.03[0.02;0.04] L B

Basile et al (2019) 818 33469 34% 0.02[0.02;0.03]

Munoz-Vilches et al (2012) 4 261 27% 002[0.00;0.04 -H—

Otero et al (2012) 22 633 33% 0.03[0.02;0.09] -

Santiago et al (2012) 13 265 32% 0.05[0.03;0.08] i

O Brien et al (2013) 13 7255 32% 0.00[0.00;0.00]

Ghouzzi et al (2010) 3 972 26% 000[000;001] W

Gimenez-Mart et al (2006) 16 432  32% 0.04[0.02; 0.06] —;—

Cancino-Faure et al (2015) 23 1201 33% 0.02[0.01;0.03] | &

Hochberg et al (2011) 3 77 25% 004[001;011] —@—
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Fig. 2: Meta-analysis of the prevalence of Chagas disease in non-endemic countries with studies that used a screening protocol applied to the

overall Latin American population.

age (6.8% [95% CI: 2.6-16.5]; 2 studies). For specific
populations, the pooled prevalence was lower than the
general population for blood donors (0.8% [95% CI:
0.2-3.4]; 4 studies); among PLHIV Dborn in Latin
America (2.4% [95% CI: 1.4-4.3]; 4 studies), and for
Latin American pregnant and postpartum women (3.7%
(95% CI: 2.4-5.6]; 14 studies) (Fig. 3). Heterogeneity for
all analyses was high maintaining I* > 90% and
p < 0.001, except for the subgroup of PLHIV born in
Latin America, which had low heterogeneity (I*: 27.7%,
p = 0.246).

Of those studies including pregnant women, 15
studies reported data on congenital transmission. These
studies analyzed 1201 pregnancies of which 45 new-
borns were diagnosed with CD. The pooled proportion
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of congenital transmission was 4.4% (95% CI: 3.3-5.8).
However, these results are limited due to a very small
sample size and several studies showing no cases of
transmission.

Regarding the participants’ country of origin, 32
studies provided sufficient data for analysis. These
studies evaluated a total of 29,253 individuals originary
from Latin America. Of these, 7964 were from Bolivia of
which, 1715 were diagnosed with CD (21.5%), and 21,304
from other Latin American countries of which, 154 were
diagnosed (0.72%). That is, 91.7% of those infected were
from Bolivia. The chance of people from Bolivia being the
most infected with T. cruzi compared to people coming
from other Latin American countries was statistically
much greater (OR: 29.3, CI 95%: 19.8-43.5) (Fig. 4).
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Fig. 3: Meta-analysis of the prevalence of Chagas disease in non-endemic countries by population subgroups.
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Fig. 4: Meta-analysis of the odds ratio of Chagas disease seroprevalence among Bolivian vs. Non-Bolivian Latin American individuals living in

non-endemic countries.

Discussion prevalence. In addition, no stratified sampling proced-

This systematic review with meta-analysis provides an
up-to-date and comprehensive overview of the preva-
lence of CD in Latin American-born peoplein non-
endemic countries. These results emphasize that CD
is not solely a concern for endemic countries. In this era
of extensive and widespread population flows, CD
should instead be seen as a global public health chal-
lenge. According to our analyses, the overall pooled
prevalence of CD is 3.5% among people from Latin
America living in non-endemic countries, reflecting a
considerable underlying burden of disease in these
countries. These data come from studies in which the
included population was considered to be representative
of the Latin American community, thus trying to
minimize selection and interpretation biases since those
studies where people living with CD could be over-
represented were excluded. Despite these estimates be-
ing consistent with previously published data,'” many of
these studies were not designed to estimate global
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ures were consistently available. Finally, the number of
individuals included in our meta-analysis allowed for
greater statistical precision of the estimates, as illus-
trated by the more precise CIs when compared with
another meta-analysis."

In our analyses, prevalence estimates changed dras-
tically according to the population or place of enroll-
ment. When prevalence was estimated taking into
account non targeted population, that is to say, in-
dividuals not specifically selected, prevalence increased
to 11.0% (95% CI: 7.7%-15.5%). The reason for this
discrepancy might be due to the fact that those studies
were mainly carried out in specialized tropical medicine
units, where there is a bias due to the over-
representation of individuals already diagnosed with
CD, or even people referred for pertaining to high-risk
groups from endemic regions.

Interestingly, when data came from studies in which
a screening protocol has been applied simply for being
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Latin American-born, such as those studies carried out
on blood donors, pregnant women, or PLHIV, preva-
lence dropped to 0.8%, 3.7%, and 2.4%, respectively.
These scenarios are much more in line with the official
estimates for endemic regions and could be partially
explained by the fact that those studies express the result
of the application of protocols to the general population
in a relatively unbiased way.' However, in the specific
case of blood donors, it could underestimate the preva-
lence, since being aware of the carrier status could be a
reason for no longer donating blood, as happens for
other diseases.’

Another factor to be considered, which may poten-
tially have an impact on the pooled estimates, is the
nationality of the individuals included, because the
estimated prevalence in the countries of origin were not
homogeneous. In this sense, we have been able to
obtain information about the participants’ origin in
nearly 29,000 cases. Of these, 27.2% were Bolivian, with
an overall prevalence of the disease of 21.5%. This may
reflect one type of selection bias, as some groups such as
the Bolivian-born and the North Argentinian-born pop-
ulations are known to have disproportionately higher
prevalence and may be targeted or prioritized for
screening in non-endemic settings.

These prevalence estimates are almost 4 times
higher than official country data (6.1% according to
WHO)." This could be explained by two reasons. First,
many tropical medicine or specialized care centers use
the word-of-mouth strategy to identify new individuals
living with the disease.” In this way, the probability of
having CD for a relative or cohabitant as a disease car-
rier is greater than the general population, since they
can share the same epidemiological environment,
similar sub-regions of origin, as well as other coexisting
risk factors for seropositivity.

Another possible reason is that the Bolivian in-
dividuals attended in health centers at non-endemic
countries usually come from hyper-endemic areas of
the country such as the departments of Tarija, Cocha-
bamba, or Chuquisaca, where prevalence is up to 5
times higher than in other regions of the country.”
Therefore, studies in which there is a clear over-
representation of people from Bolivia can overestimate
the global prevalence of the disease and represent a bias
of interpretation.”'*

The proportion of congenital transmission reported
among pregnant women was 4.4%. In addition to blood
transfusions, transplants and laboratory accidents,
mother-to-child infection is a potential transmission
route in non-endemic settings. A previous meta-analysis
showed a lower pooled rate of 2.7% in non-endemic
countries, however, our results align more closely with
the general transmission rate of 4.7% reported in those
studies.”® These figures are significant as many of these
transmissions are preventable if women of childbearing
age receive treatment before pregnancy. Moreover, if

diagnosed later, parasitological treatment can achieve
cure rates of nearly 100% in children. Nevertheless,
many countries still lack screening protocols despite
numerous recommendations, so more efforts should be
made in this sense.*’

In this review, unlike those previously published
pooled analyses, studies carried out in hospitals or
specialized centers have not been excluded. Obviously,
the analysis has taken into account the selection bias
and therefore the over-representation of CD carriers,
and for this reason, we have presented data separately
for different subgroups. While this may be considered
as a limitation when assessing prevalence in the general
population, it reflects the situation in numerous tropical
medicine centers in Europe and other non-endemic
regions. This approach allows us to estimate the pre-
test probability of Chagas disease for individuals
seeking consultation.”*’

Our study has some limitations, especially those
related to data quality. At first, it was not possible to
determine, from available studies, the overall popula-
tional prevalence of CD in non-endemic countries.
Second, the different settings, data collection strategies,
sampling, and inclusion criteria accounted for the
observed high heterogeneity. Sensitivity and subgroup
analyses, however, presented results for specific sub-
groups and scenarios, aiming to make the estimates
more specific and less prone to bias. Third, the results
tend to overrepresent selected populations, in terms of
study setting and population subgroups, without strati-
fied sampling procedures, which adds to heterogeneity
and tends to overestimate prevalence, limiting the
extrapolation of the findings.

In this sense, it would have been interesting to be
able to compare the prevalence data from studies carried
out in a hospital/specialized center environment with
those obtained in the community, but many of these
studies considered as community studies, were carried
out in places or events with an overrepresentation of the
Bolivian community, so it could not be considered a
cross-sectional community-based survey with an
adequate sampling strategy.

Despite these limitations, this is, to our knowledge,
the most detailed and up-dated meta-analysis on the
prevalence of Chagas disease among Latin American
immigrants living in non-endemic regions, although
specific numerical rates necessitate cautious and indi-
vidualized evaluation. Obtaining accurate and updated
data on the prevalence of diseases is essential to un-
derstand the impact of population flows, which must be
considered as dynamic events that need to be constantly
monitored. The prevalence of CD in cross-sectional
studies on imported pathologies in non-endemic areas
prior to that period was either non-existent or appeared
marginally.**

Likewise, having these data is crucial to update the
current estimates of the CD burden of disease,
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associated complications, and even mortality worldwide
to be able to design adequate control strategies, imple-
ment screening and clinical management protocols, and
might help health authorities to optimize the existing
resources.

Conclusions

Our systematic analysis estimated that the pooled
prevalence of CD among Latin American-born in-
dividuals in non-endemic regions is 3.5%, keeping in
mind methodological limitations and limited quality of
data. These pooled data reflect that CD is no longer a
problem limited to the American continent and must be
considered as a global health challenge. More robust
studies are required, specifically designed to estimate
the prevalence of CD in different regions, which would
emphasize the demand for adequate medical care,
improved screening protocols which might minimize
new avoidable cases in non-endemic regions, as well as
better access to diagnostics and optimized treatments.
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