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Abstract

Human migration has been identified as a potential factor for increased Chagas disease risk and
has transformed the disease from a Latin American problem to a global one. We conducted a
systematic review of the scientific literature between 2004-2014 in order to: summarize current
seroprevalence estimates of Chagas disease among Latin American migrants, in both endemic and
non-endemic settings; compare seroprevalence estimates in migrants to countrywide prevalence
estimates; and identify risk factors for Chagas disease among migrants. A total of 320 studies were
screened and 23 studies were included. We found evidence that the prevalence of Chagas disease
is higher than expected in some migrant groups and that reliance on blood donor screening
prevalence underestimates the burden of disease. Overall there is a dearth of high quality
epidemiologic studies on the prevalence of Chagas in migrants, especially among intra-regional
migrants within Latin America. Given that the disease cannot likely be eradicated, improved
surveillance and reporting is vital to continuing control efforts. More accurate health surveillance
of both Latin American migrants and the Chagas disease burden will help countries appropriately
scale up their response to this chronic disease. Overall, improved estimates of Chagas disease
among migrants would likely serve to highlight the real need for better screening, diagnostics, and
treatment of individuals living with the disease.
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1. Introduction

One of the current challenges in combating Chagas disease (American trypanosomiasis) is
that human migration is changing the distribution of disease in both endemic and non-
endemic countries (Gascon et al., 2010; Pinazo and Gascon, 2015). This shift is so great that
Chagas disease is now co-classified as both a re-emerging infection and a neglected tropical
disease (Hotez et al., 2008; Mackey and Liang, 2012; Mackey et al., 2014; World Health
Organization, 2013). Human migration represents both a risk for the re-emergence of new
infections in countries with the vector and for the expansion of the geographical distribution
of chronic Chagas cases to hon-endemic countries.

Caused by the protozoan parasite 7rypanosoma cruzi (7. cruzi), Chagas disease results in the
largest burden of disease in disability-adjusted-life-years of any parasitic disease in the
Americas (Lee et al., 2013; World Health Organization, 2012). Depending on the region,
20-30% of patients chronically infected with Chagas disease go on to develop cardiac and/or
gastrointestinal damage and an estimated 10,000 people will die from Chagas each year
(World Health Organization, 2010). The morbidity and mortality associated with Chagas
disease results in a staggering annual global economic burden of US$7.2 billion (Lee et al.,
2013).

The main mode of transmission of 7. cruzito humans is vector borne, which occurs only in
the Americas. Traditionally considered a disease of poverty, risk of Chagas disease has been
associated with housing in rural areas, of poor construction quality (e.g., palm roof, cracks in
the walls), and with domestic pets and livestock in or near the house (Enger et al., 2004;
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Molina-Garza et al., 2014; Ramsey et al., 2005; World Health Organization, 2002).
Coordinated efforts by endemic countries in the 1990°s were instrumental in shrinking the
domestic vector infestation and thus the population at risk for Chagas disease (Coura and
Dias; Dias and Schofield, 1999; Dias et al., 2002).

Despite the success of the spraying campaigns, the disease persists through its alternate
transmission mechanisms, primarily congenital and blood transfusion, and to a lesser extent
oral ingestion (Alarcon de Noya et al., 2010; Carlier et al., 2015; Coura, 2015; Rassi Jr et al.,
2010). Multiple transmission mechanisms, coupled with the chronic, often asymptomatic
nature of the disease and lack of effective and accessible treatment for patients means the
burden of disease continues to remain high (Pan American Health Organization, 2014).

Within Latin America, migration into urban areas and an increase in urban poverty has
transformed this once rural disease to an urban disease as well (Briceno-Leon and Galvan,
2007). There are an estimated 127 million people living below the poverty line in urban and
peri-urban communities in Latin America (Ault, 2007) and sub-standard housing conditions
within these urban settings have facilitated the domiciliation of triatomines (Gdurtler, 2009;
Levy et al., 2006; Medrano-Mercado et al., 2008). A 2013 review of qualitative research on
socio-cultural aspects of Chagas disease found that changes in land use may both drive
human migration and provide new homes for the vector (Ventura-Garcia et al., 2013). For
example, in Peru it was found that human settlement patterns created shantytowns with
favorable conditions for triatomines and seasonal agricultural workers may have carried the
vector to the communities through their work (Bayer et al., 2009). Agricultural workers may
be at greater personal risk through exposure to the vector during outdoor labor (Ventura-
Garcia et al., 2013; World Health Organization, 2010).

Migration has also changed the distribution of Chagas disease from a health problem only in
Latin America, to a global one. As of 2013 there were an estimated 36.7 million people who
had migrated out of Latin America and the Caribbean and were residing elsewhere in the
world, predominantly in North America (United Nations Department of Economic and
Social Affairs, 2013b).

Generally, migrants are at greater risk of infectious diseases because of the existing poverty
driving them to migrate and the social and economic inequalities they often face once
relocating (Cabieses et al., 2013; Carballo and Nerukar, 2001). A 2013 review of qualitative
research uncovered migration as a socio-structural risk factor for Chagas disease (Ventura-
Garcia et al., 2013). After migrating, structural barriers to diagnosis and treatment include
cost, language, lack of insurance, fear of deportation (in the case of undocumented
migrants), and stigma against migrants (Bayer et al., 2009; Jackson et al., 2012; Minneman
etal., 2012; Ventura-Garcia et al., 2013).

Current prevalence estimates of Chagas disease in non-endemic countries are largely
extrapolations of countrywide prevalence from endemic birth countries multiplied by the
proportion of immigrants from that country (Basile et al., 2011; Bern and Montgomery,
2009; Gascon et al., 2010; Schmunis, 2007). While country prevalence estimates provide a
good starting point for estimating the burden among migrant populations, there are some
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substantial drawbacks. First, regional variations in migration rates and Chagas disease
burden may be masked by the use of a single prevalence estimate for an endemic country.
Secondly, these estimates do not take into account characteristics specific to migrants, who
tend to be demographically different from the average person in any given country of origin
(Weeks, 2015). Migrants often come from rural areas, have a different age profile (i.e., are
younger), and are of a different socioeconomic status than the general population (Bern and
Montgomery, 2009).

Determining accurate prevalence estimates of Chagas disease among migrants may enable
health systems to more precisely gauge the true burden of disease and target populations
most at risk. Further, given the heterogeneity of Chagas disease distribution within countries,
there remain questions as to whether migrants are at heightened personal risk for this
disease.

Therefore the purpose of this review was to: summarize current seroprevalence estimates of
Chagas disease among Latin American migrants, in both endemic and non-endemic settings
and compare seroprevalence estimates in migrants to countrywide prevalence estimates. We
also report on risk factors for Chagas disease among migrants.

2. Methods

We conducted a systematic review of the literature from January 2004 to July 2014 using the
PubMed and Scopus databases. We also searched relevant grey literature from international
and governmental organizations, including the Pan American Health Organization (PAHO),
World Health Organization (WHO), and the U.S. Centers for Disease Control and
Prevention. Search terms included combinations of the following keywords: 1) Chagas,
American trypanosomiasis, or 7rypanosoma cruzi, 2) migra*, mobil*, immigra*, or non-
endemic; 3) epidemi*, prevalence, or seroprevalence. Searches were not restricted by
language. Reference lists of selected articles were examined for additional citations.

Acrticles were included in the present analysis if they met the following criteria: (i) original
data on the prevalence of Chagas disease among human migrants in endemic or non-
endemic countries. “Migrants” were defined as individuals living in a country different than
that of their birth or who moved from an area of endemicity to one without vector
transmission. Articles were excluded if they: (i) had obvious selection bias (i.e., only
included participants with known Chagas disease, or sampled tropical disease hospital or
cardiac patients) (ii) did not have full text available (iii) did not include migration status of
participants.

First, all duplicates and papers published prior to 2004 were removed. Next, titles and
abstracts were screened for relevancy and papers that were off-topic, not original research
(e.g., review articles, guidelines, case studies), and those that were not epidemiological
studies on humans (e.g., drug development, vector studies). The full text for each of the
remaining articles was screened again for inclusion/exclusion criteria.

The following data were abstracted for the included studies, if available: first author, year of
publication, country of study, study design, study setting, population of interest, mean/
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median age of participants, number of migrants tested, prevalence, dates of data collection,
and screening tests used.

2.1. Comparison Data

We took a two pronged approach to exploring whether migrants have a higher prevalence of
Chagas disease than the general population. First, we compared whether current
countrywide prevalence estimates for non-endemic countries were similar to studies of
migrants living within non-endemic countries.

According to the UN, the top 10 destination countries for Latin American migrants are: the
United States, Spain, Italy, Canada, Japan, Portugal, France, the United Kingdom, China,
and Australia.(United Nations Department of Economic and Social Affairs, 2013a) Major
destinations from the highest Chagas disease prevalence sending countries (Bolivia,
Argentina, El Salvador, Honduras, and Paraguay) are the United States, Argentina, and
Spain.(United Nations Department of Economic and Social Affairs, 2013a)

We used three sources for non-endemic countrywide prevalence estimates. Gascon, Bern &
Pinazo (2010), Bern and Montgomery (2009), and Basile et al. (2011) were based on PAHO
prevalence estimates for endemic countries and documented and undocumented immigrant
populations by country of origin (Basile et al., 2011; Bern and Montgomery, 2009; Gascon
et al., 2010). These three sources estimated countrywide prevalence for the top 10 Latin
American migrant receiving countries (except for China), plus Belgium, Germany, the
Netherlands, and Switzerland. Additional countries were reported in this analysis only if
migrant-specific estimates in that country were found in the reviewed literature.

The second comparison was made by stratifying migrant seroprevalence estimates from the
reviewed articles by their endemic country of origin, and comparing each to the countrywide
prevalence estimates in endemic countries. Here we refer to endemic countries as any
country within Central or South America and Mexico. Endemic countrywide prevalence
estimates were from 2006 PAHO estimates, which was regarded as the best source of
prevalence estimates during the time period most reviewed articles were conducted (Pan
American Health Organization, 2006).

When authors did not directly report prevalence among migrants, but sufficient information
was provided, prevalence was calculated and reported. To facilitate a descriptive comparison
of prevalence estimates, we calculated 95% confidence intervals for each study using the
Wilson interval method (Brown et al., 2001; Wilson, 1927). Study prevalence estimates
within this range were considered to be similar to countrywide estimates, those outside the
interval were classified as being above or below. For ease of comparison, forest charts were
generated using Microsoft Excel 2013 for countries with more than five prevalence
estimates.
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3.1. Description of Included and Excluded Studies

After duplicates were removed, the initial search identified a total of 311 original articles
and an additional 9 references were identified through other sources. Of these records, 246
did not meet initial inclusion criteria (Figure 1). A total of 74 articles were included for full
text review and 23 met the inclusion criteria for the final analysis. Among the excluded
articles: 5 did not contain original prevalence estimates; 18 had selection bias (i.e., tropical
disease hospital sample or cardiac patients); 3 did not have a full-text article available; 10
contained only Chagas disease patients; and 15 did not report prevalence among migrants. A
full list of considered articles is available upon request.

All included studies were cross-sectional: 11 were among pregnant women, 5 were among
blood donors, and 7 were among other populations of Latin American migrants (Table 1).
Study size ranged from 72 to 31,615 participants. WHO guidelines recommend the use of
ELISA for blood-bank screening and any current serological test for epidemiological
surveys (World Health Organization, 2002). Two tests are recommended if the sensitivity of
the test used is low and laboratory conditions are not ideal. Studies used a variety of
serological tests, but the majority used ELISA. All but two studies (Jackson et al., 2009;
Santiago et al., 2012) used at least one confirmatory test.

3.2. Prevalence of Chagas Disease: Migrant vs. Non-Endemic Countrywide Prevalence

Estimates

There were prevalence rates of Chagas disease reported for migrants from Chagas-endemic
countries in Canada, France, Spain, Switzerland and the United States; of these 58% were
similar (fell within the 95% confidence interval) to PAHO estimates and 28% were below.
Although Australia, Japan, Italy, Portugal, and the United Kingdom are part of the top 10
destination countries for Latin American migrants, we did not find any qualifying studies
from these countries.

Within Spain, 7 of the 12 studies with prevalence estimates of Chagas disease in migrants
were similar to the highest countrywide estimate (Del Pino and Coll, 2006; Giménez-Marti
et al., 2006; Munoz-Vilches et al., 2012; Paricio-Talayero et al., 2008; Roca et al., 2011;
Santiago et al., 2012; Soriano Arandes et al., 2009), two were lower(Piron et al., 2008;
Ramos et al., 2012a), and three(Avila Arzanegui et al., 2013; Barona-Vilar et al., 2012;
Lucas and Barba, 2009) were higher (Figure 2). One additional study was conducted in
Spain, but its results are not summarized here because it was a non-representative sample of
only Bolivian and Paraguayan participants (Ramos et al., 2012b). Most (85%) of the studies
in Spain were hospital or clinic-based and among women who were pregnant or of
childbearing age.

Studies in Canada (O’Brien et al., 2013), France (ElI Ghouzzi et al., 2010), and the United
States (Custer et al., 2012; Edwards et al., 2013) all reported prevalence estimates among
their migrant sample that were lower than PAHO estimates (Table 2) (Basile et al., 2011;
Bern and Montgomery, 2009; Gascon et al., 2010). Three out of 4 of these studies were
based on samples of blood donors (Custer et al., 2012; El Ghouzzi et al., 2010; O’Brien et
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al., 2013) and one was a sample of pregnant women from Latin America (Edwards et al.,
2013). One other study in Canada (Steele et al., 2007) used a sample of community clinics
and had a prevalence similar to the PAHO based estimate. One study in France (Lescure et
al., 2008) based on study volunteers from South American communities was above PAHO
estimates. Two studies of clinics in Geneva, Switzerland found prevalence rates among
migrants higher than that of the countrywide estimates(Jackson et al., 2009) and one found
rates that were similar (Martinez de Tejada et al., 2009).

3.3. Prevalence of Chagas Disease: Migrant vs. Endemic Countrywide Prevalence

Estimates

We compared reviewed literature on prevalence rates of Chagas disease among Latin
American migrants stratified by birth country to countrywide prevalence estimates in these
endemic countries. Overall, there were a total of 43 prevalence rates of Chagas disease by
endemic country; 44% were above endemic countrywide prevalence estimates and 49%
were similar.

Seventeen of the studies had prevalence estimates specifically among Bolivian migrants (12
from Spain, 3 from Switzerland, and 2 from France) (Figure 3). Of these studies, 11 reported
higher prevalence estimates as compared to PAHO (Barona-Vilar et al., 2012; Jackson et al.,
2010; Jackson et al., 2009; Lucas and Barba, 2009; Paricio-Talayero et al., 2008; Roca et al.,
2011) and 6 had similar estimates (El Ghouzzi et al., 2010; Ramos et al., 2012a; Ramos et
al., 2012b). For Paraguayan migrants, 3 studies had similar prevalence estimates to
countrywide estimates (Ramos et al., 2012a; Ramos et al., 2012b), while 3 were higher
(Figure 4) (Avila Arzanegui et al., 2013; Barona-Vilar et al., 2012; Lucas and Barba, 2009).
However, it should be noted that one sample that was higher was only based on 6
individuals, and thus was very imprecise (95% CI: 3.0-56.4) (Lucas and Barba, 2009).
Prevalence estimates were also availabile for Argentina, Brazil, Chile, Colombia, Ecuador,
El Salvador, Honduras, Mexico, Nicaragua, and Peru (Table 2).

3.4. Intraregional Migration Prevalence

We only found one study among migrants within Latin America. It compared the
seroprevalence of Chagas disease in migrants to locals in a primarily enzoonotic area of
Brazil. The prevalence among agricultural settlers born in the state was 0.9, compared to 1.6
in migrants (Luitgards-Moura et al., 2005). This migrant prevalence was not significantly
different from the PAHO countrywide estimates of 1.02 (Pan American Health Organization,
2006).

3.5. Risk Factors for Chagas Disease Among Migrants

Of the 23 studies, 8 conducted significance testing for risk factors of 7. cruziamong
migrants. Older age was significantly (p<0.05) associated with Chagas disease in two studies
(Jackson et al., 2010; Ramos et al., 2012b). Contrary to most Chagas literature, younger age
was associated with Chagas disease in 1 study(Lucas and Barba, 2009) and had no
association in another (Roca et al., 2011). Other variables found to be significantly
associated with Chagas disease included: living in a rural area (Custer et al., 2012; Mufioz et
al., 2009; Roca et al., 2011), living in a mud/adobe house (Avila Arzanegui et al., 2013;
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Custer et al., 2012; Mufioz et al., 2009; Roca et al., 2011), hearing about Chagas disease
(Roca et al., 2011), knowing someone with Chagas disease (Roca et al., 2011), having lived
in a place with a thatched roof (Custer et al., 2012), having a mother or grandmother born in
an endemic country (Custer et al., 2012), having a mother or family member who has had
Chagas disease (Jackson et al., 2010; Lescure et al., 2009; Lucas and Barba, 2009; Ramos et
al., 2012b), being bitten by a triatomine (Custer et al., 2012), or knowledge of the vector
(Avila Arzanegui et al., 2013).

Having had a previous transfusion was only found to have a positive association with Chagas
disease in one Swiss study (Jackson et al., 2010). No studies found an association between
disease status and gender.

Descriptively, three other studies found higher percentages of infected migrants than non-
infected migrants living in mud or adobe houses or a rural area, but they did no formal
significance testing (Piron et al., 2007; Ramos et al., 2012b; Roca et al., 2011). A sample of
migrants in Switzerland found that only 8% of Latin American migrants had ever previously
been tested for Chagas disease.(Jackson et al., 2010) Finally, within a sample of migrants
from Paraguay and Bolivia living in Spain, 40% lacked knowledge about Chagas disease
(Ramos et al., 2012b).

4. Discussion

An estimated 94-96% of migrants living with Chagas disease in non-endemic areas are
unaware of their disease (Basile et al., 2011). Underestimating the burden of disease among
Latin American migrants likely means a continued lack of priority for a neglected disease
and migrant health generally.

We found a trend that the prevalence of Chagas disease in migrant groups, when stratified by
birth country, was generally higher than endemic countrywide estimates of prevalence. In
non-endemic countries, the trend was that prevalence estimates based on blood donors were
lower than PAHO estimates of Chagas disease and those based on hospital or clinic samples
were the same or higher.

Because the prevalence of Chagas disease in non-endemic countries is inherently dependent
on the prevalence in migrant groups from endemic countries, we would have expected
similar patterns in trends. One explanation for the discrepancy is that blood donation centers
are not representative of the population as a whole. A study of characteristics of US blood
donors found that Hispanics (vs. non-Hispanic whites) and individuals born outside the
United States (vs. native-born) were less likely to donate blood (Gillum et al., 2008).
Additionally, undocumented migrants or migrants who have Chagas disease and are aware
of their status or risk may self-select not to donate blood. Thus the reliance on blood donor
data in generating non-endemic countrywide estimates is likely underrepresenting the
burden of disease among migrants (Sedyaningsih-Mamahit et al., 2004). This is in line with
findings of a recent review of Chagas disease in Europe (Requena-Mendez et al., 2015).

Studies of disease prevalence in interregional migrants were sparse, with only one study
uncovered. While we found two additional studies conducted in non-endemic areas of
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Bolivia and Northern Mexico, they did not capture the migration history of the participants
and therefore were excluded (Brutus et al., 2008; Galaviz-Silva et al., 2009). Given the
potential risk of transmission from rural to peri-urban or urban areas, this dearth of data is
concerning (Bayer et al., 2009; Pinazo and Gascon, 2015).

Risk factors for Chagas disease were similar to those published in studies of non-migrants
and included living in mud or adobe housing, living in a rural area, having a family member
with Chagas disease, or knowing of either the vector or disease. It is hypothesized that the
burden of Chagas disease is higher among migrants than the general population in endemic
countries, however we did not identify any studies directly testing for risk factors of Chagas
disease between migrants and non-migrants.

Past qualitative research suggested migrants would have less access to healthcare and lower
health knowledge than non-migrants and descriptive statistics in studies from this literature
review supported that finding. However, the difference between access to care and
knowledge among migrants and non-migrants was not formally tested in any study.
Additionally, none of the studies quantitatively reported on migrant occupation or
socioeconomic status, however one study did anecdotally note that most of their sample
travel from endemic zones to non-endemic zones for seasonal work (Brutus et al., 2008).
Given that Latin American migrants are a highly heterogeneous group, well designed
epidemiologic studies controlling for age, location and other confounding factors are needed
to determine if migrants are at increased risk of contracting the disease.

A major limitation of this review is that there was high heterogeneity in prevalence estimates
by the type of study. Most of the studies utilized convenience samples and therefore the
proportions of migrants in the studies were likely not representative of the country as a
whole. Thus this review was limited to a more descriptive summary of the literature.

This literature review was also subject to publication bias, which might favor studies that
show an association between migration and Chagas disease. Finally, although we restricted
our sample to exclude studies that recruited among tropical infectious disease or cardiac
patients, we did allow for participants recruited from general hospitals or clinics. This may
have overestimated the prevalence of Chagas disease if symptoms prompted patients to
come in to their provider. However, because chronic Chagas disease is often asymptomatic
for long periods and because the primary group sampled was pregnant women, this bias was
likely minimal.

Despite the limitations, the results of this review raise some recommendations for future
studies. First, there is a clear need for more accurate epidemiologic data on migrants. In
receiving communities, the more complete capture of place of origin (i.e., state or region) for
Latin American migrants is suggested. This would serve the dual purpose of strengthening
estimates of disease in the receiving country as well as informing control efforts in regions
of the sending country. In many studies, even country of origin was not captured and
individuals were only identified as being from “Latin America”. Establishment of better
measures for tracking migrant health are informative to other conditions beyond Chagas
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disease and reflect a prioritization of understanding and caring for migrant communities
(Cabieses et al., 2013).

Secondly, we believe the global response to Chagas disease is not proportional to the burden
of disease, especially in non-endemic countries. Studies in non-endemic countries have
found that knowledge of Chagas disease is limited in both providers (Stimpert and
Montgomery, 2010; Verani et al., 2010) and patients (Minneman et al., 2012; Pérez de Ayala
Balzola et al., 2009; Sanchez et al., 2014). Supplying more accurate estimates of the burden
of disease among migrants will help countries appropriately scale up their response to the
disease. A recent economic evaluation of Chagas disease screening programs in Spain found
that a no-screening strategy was the most costly course of action (Imaz-Iglesia et al., 2015).
Tension between the belief that this disease has been controlled through the vector spraying
campaigns and the reality of individuals who are asymptomatic and chronically infected
mean it may not get the attention it deserves in non-endemic countries. Without improved
education on Chagas disease, especially in the fields of obstetrics-gynecology and
cardiology, patients will remain unaware of their status.

Lastly, the ascertainment of accurate estimates of Chagas disease in migrants is especially
important in areas with the potential for vector-borne transmission. Differences in
prevalence of Chagas disease in non-endemic countries may be due to differences in country
of origin, regional differences within countries, as well as factors related to migration (e.g.,
poor housing conditions, outdoor occupations). Determining where these differences lie
have implications for establishing the true burden of disease in receiving communities, as
well as establishing if interventions targeted towards helping migrants within an endemic
country are necessary. ldeally, region-specific surveillance data are needed in addition to
studies comparing prevalence of migrants to that of individuals remaining in sending
communities. Given that the disease cannot likely be eradicated, improved surveillance and
reporting is vital to continuing control efforts in areas with the potential for transmission.

5. Conclusions

Our findings from this literature review, along with recent work by others to establish more
accurate prevalence estimates in Europe, are that Chagas disease estimates among migrants
are generally poor (Requena-Mendez et al., 2015). No longer only a disease of Latin
America, control of Chagas disease now requires the joint collaboration of endemic and non-
endemic countries.

Despite challenges, the benefit of better estimates and surveillance are manifold and include
improved distribution of scarce public health resources to combat Chagas disease, finding
cases at earlier stages in order to prevent long-term sequelae or secondary transmission, and
providing data vital to the control of this disease. Improved estimates of Chagas disease
among migrants would likely serve to highlight the real need for better screening,
diagnostics, and treatment of individuals living with the disease.
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Highlights

Human migration has transformed Chagas disease into a global
problem

We led a systematic review of prevalence estimates of Chagas disease
among migrants

Improved surveillance and epidemiologic studies among migrants are
needed
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Unique records identified Additional records
through database identified through other
searching sources
(n=311) (n=9)

Initial Exclusion
Clinical/drug/diagnostic= 65
Out of date range= 22
Off topic=7
Not original research/no
prevalence=134
Vector/animal=18
(n =246)

Full-text articles assessed
for eligibility
(n=74)

Full-text articles excluded:
No original prevalence =5
Selection bias =18
Article unavailable = 3
Only Chagas patients = 10
No migrant prevalence = 15
(n=50)

y

A4

Studies included in
qualitative synthesis
(n=23)

Figure 1.
Flow chart of study selection process
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Figure 2.

Forest plot of prevalence estimates of Chagas disease among migrants in Spain from

systematic review articles compared to estimates of countrywide prevalence (dashed grey

lines indicate the range of countrywide prevalence estimates for Spain)
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Forest plot of prevalence estimates of Chagas disease among migrants from Bolivia from

Acta Trop. Author manuscript; available in PMC 2017 April 01.

systematic review articles compared to estimates of countrywide prevalence (dashed grey
lines indicate the countrywide prevalence estimate for Bolivia)
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Figure 4.
Forest plot of prevalence estimates of Chagas disease among migrants from Paraguay from

systematic review articles compared to estimates of countrywide prevalence (dashed grey
lines indicate the countrywide prevalence estimate for Paraguay)
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