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Anastácia Rodrigues Motta and Ana Maria Revorêdo da Silva Ventura
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de Saúde Pública/Reports in Public Health (ENSP-Fiocruz), Cadernos Saúde Coletiva (IESC-UFRJ), Revista
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Despite being described for the first time more than 110 years ago, Chagas disease
persists as one of the most neglected tropical diseases. There are limited new treatment
options, and diagnosis, surveillance, and control face major bottlenecks. Morbidity and
mortality are still high in many settings, both in endemic and non-endemic areas.

This Special Issue of Tropical Medicine and Infectious Diseases contains a total of 14 peer-
reviewed papers (one editorial, eight original papers, three reviews, one case report, and
one opinion paper). The papers span a variety of disciplines and contribute significantly
to reduce the gap in scientific knowledge on Chagas disease, towards the Sustainable
Development Goals by 2030 [1].

In their editorial, Simone Kropf and Nísia Lima (the current president of the Oswaldo
Cruz Foundation in Rio de Janeiro—the first woman in this position) highlight the impor-
tance of the recent introduction of the 14th April as the World Chagas Disease Day [2]. On
that day in 1909, human infection with Trypanosoma cruzi infection was first identified by
Carlos Chagas in Brazil. The authors make a strong point for the importance of celebrating
this day as a social symbol of science and tropical medicine, focusing on underprivileged
and neglected populations in rural hinterlands, being generated not only from European
universities, but also by scientists from endemic areas. In this context, the 14th April is also
a call for health as a right for all, and for breaking the vicious circle of infectious diseases
and poverty. This day may help to give a voice to people at risk, recently organized in an
important movement: the International Federation of Associations of People Affected by
Chagas Disease (http://findechagas.org/home-en/; accessed on 7 February 2021).

Some papers of this Special Issue focus on health systems and control programs, health
care rights, and the burden of Chagas disease for the societies in endemic areas. In most
countries, acute disease is of compulsory notification on a national level, but not chronic
Chagas disease. Thus, Rocha Siriano et al. [3] highlight the importance of mandatory
notification also of chronic Chagas disease to improve the surveillance and follow-up of
affected people for comprehensive care. They describe the implementation process of
mandatory notification of the disease in the Brazilian state of Goiás. This state lies in the
endemic region, with high morbidity and mortality burdens, and has been the pioneer
for compulsory notification of chronic Chagas disease since 2013. Since February 2020,
chronic disease is of mandatory notification nationwide in Brazil. Premature death related

Trop. Med. Infect. Dis. 2021, 6, 23. https://doi.org/10.3390/tropicalmed6010023 https://www.mdpi.com/journal/tropicalmed
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to Chagas disease not only causes suffering for individuals and their families, but also a
significant national economic burden, as shown by Olivera et al. [4]. They examined the
potential years of work lost, and productivity costs caused by Chagas disease in Colombia,
and showed the social significance, making an additional strong point for the strengthening
of control programs within the realm of early diagnosis and treatment. Sagenito et al. [5]
show that despite being an important public health problem, Chagas disease research
is heavily underfunded. Less than 1% of funding and financial support for research on
neglected tropical diseases has been allocated to Chagas disease initiatives. This paper
shows that the disease is not only being neglected by society and health care workers, but
also by policy makers and funding agencies. Another study from Brazil highlights the
importance of social, cultural, health system access, and human rights aspects regarding
Chagas disease in a highly vulnerable group—Bolivian immigrants to Brazil [6]. While
in Brazil healthcare as a human right is guaranteed by the Constitution, including for
immigrants, the authors show that in practice, immigrants encounter high barriers for
diagnosis and treatment against Chagas disease, such as the regular residency permit, and
make a call for the implementation of multidisciplinary teams considering specific social
and cultural needs, based on human rights.

Other papers focus on clinical and therapeutic aspects. In their cohort study on chil-
dren and adolescents from the Brazilian Amazon region, Neves Pinto et al. [7] describe the
clinical features of acute and chronic Chagas disease in this population, and the positive
effect of the early management of cardiac complications. Their data indicate the effective-
ness of treatment for people living in outreach areas. In another paper, Hasslocher-Moreno
et al. [8] describe a progression rate of about 7% from the indeterminate to the chronic
form of the disease, in a 22-year cohort study, which is lower than usually expected. In an
opinion paper, Mendes et al. [9] discuss the importance of the IPEC-FIOCRUZ score—a tool
for identifying patients at higher risk—for the prophylaxis against cardioembolic stroke,
in patients with Chagas disease. In a retrospective analysis also from Brazil, Rossi Neto
et al. [10] suggest that benznidazole may be an effective prophylactic treatment against
Chagas disease reactivation in immunosuppressed patients having undergone heart trans-
plantation. Incidence of Chagas disease reactivation in patients receiving benznidazole
was 11%, as compared to 46% in patients without prophylaxis. This study reinforces the
need for systematic monitoring for Chagas disease reactivation after heart transplantation,
and calls for specific randomized double-blinded controlled trials. A case report presents
a patient with leishmaniasis and Chagas disease co-infection, and the treatment with
meglumine antimoniate which modulated the patient’s immune response against both
diseases positively [11].

In an entomological survey, Tustin et al. [12] focused on the infection of triatome bugs
with T. cruzi. They showed that the prevalence of infection in bugs from residences in
Peru increased with stage, and that the prevalence in bugs is associated with the number
of bites.

In addition, there are three reviews in this Special Issue. First, José Luis Ramirez
describes the history of the discovery of the T. cruzi genome about 15 years ago, the par-
ticipation of Latin American researchers, and the implication for Chagas disease research,
such as the elaboration of new diagnostic tools [13]. Another review focuses on the reacti-
vation of Chagas disease after heart transplantation [14]. Thirdly, Moll-Bernardes et al. [15]
review imaging modalities to detect myocardial fibrosis, inflammation and sympathetic
denervation related to Chagas disease—specific factors related to ventricular arrhythmia
and sudden death.

This Special Issue provides additional insights into several aspects of Chagas disease,
which is still persisting as a public health problem in many Latin American countries.
The recently launched new WHO roadmap (Ending the neglect to attain the Sustainable
Development Goals: A road map for neglected tropical diseases 2021–2030) [1] defines
Chagas disease as one of the diseases in this group targeted for elimination as a public
health problem by 2030. This means that 15 countries will have to achieve interruption of
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transmission through the four main transmission routes (vector, transfusion, transplanta-
tion, and congenital transmission), with 75% antiparasitic treatment coverage of the target
population. Faced with these new challenges, the coming years will require strong inte-
grated approaches including different aspects, such as evidence-based guidelines, access to
healthcare, and human rights [16].

The provided information in this Special Issue will contribute to better understand-
ing several aspects of Chagas disease. The diversity of papers and the new information
provided evidence the need for further investment and interdisciplinary work. In fact,
Chagas disease is a paradigmatic example for the application of the multidisciplinary One
Health approach, to improve its control measures and to reach the elimination goals. The
disease encompasses aspects of all four One Health determinant groups related to infection
and severe morbidity [17]: firstly, Chagas disease is strongly related to factors involving
people and society (including poverty, social inequality, and inadequate living conditions);
secondly, animal health plays an important role (such as the presence of wild animals
serving as reservoirs, and destruction of natural habitats, increasing the risk of zoonotic
transmission); thirdly, governance and health systems are pivotal factors (including vul-
nerable national and local health systems, inadequate diagnostic capabilities, insufficient
surveillance systems, limited priorities of decision makers, and little research funding);
and fourthly, the environment, deforestation, and climate change are additional drivers
not only for vector transmission, but also for foodborne/oral transmission. Consequently,
intensified operational and implementation research efforts are needed to identify the
optimal interventions and bottlenecks of control programs, for each specific setting. We
are pleased to share the content with the international scientific community, and dedicate
this Special Issue to the most underprivileged populations suffering from this and other
neglected tropical diseases in Latin America and elsewhere around the globe.

Author Contributions: Writing—original draft preparation, J.H.; writing—review and editing, J.H.,
A.S.d.S., A.N.R.J.; All authors have read and agreed to the published version of the manuscript.

Funding: This work received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. WHO. Ending the Neglect to Attain the Sustainable Development Goals: A Road Map for Neglected Tropical Diseases 2021–2030; World
Health Organization: Geneva, Switzerland, 2021.

2. Kropf, P.S.; Lima, T.N. The 14th of April, past and present. Trop. Med. Infect. Dis. 2020, 5, 100. [CrossRef] [PubMed]
3. da Rocha Siriano, L.; Marchiol, A.; Certo, P.M.; Cubides, J.-C.; Forsyth, C.; de Sousa, A.F. Mandatory notification of chronic

chagas disease: Confronting the epidemiological silence in the State of Goiás, Brazil. Trop. Med. Infect. Dis. 2020, 5, 92. [CrossRef]
[PubMed]

4. Olivera, M.J.; Palencia-Sánchez, F.; Riaño-Casallas, M. The cost of lost productivity due to premature chagas disease-related
mortality: Lessons from Colombia (2010–2017). Trop. Med. Infect. Dis. 2021, 6, 17. [CrossRef] [PubMed]

5. Sangenito, L.S.; Branquinha, M.H.; Santos, A.L.S. Funding for chagas disease: A 10-year (2009–2018) survey. Trop. Med. Infect. Dis.
2020, 5, 88. [CrossRef] [PubMed]

6. Aith, F.M.A.; Forsyth, C.; Shikanai-Yasuda, M.A. Chagas disease and healthcare rights in the bolivian immigrant community of
São Paulo, Brazil. Trop. Med. Infect. Dis. 2020, 5, 62. [CrossRef] [PubMed]

7. Neves Pinto, A.Y.D.; Valente, V.D.C.; Valente, S.A.D.S.; Motta, T.A.R.; Ventura, A.M.R.D.S. Clinical, cardiological and serologic
follow-up of chagas disease in children and adolescents from the Amazon Region, Brazil: Longitudinal study. Trop. Med. Infect.
Dis. 2020, 5, 139. [CrossRef] [PubMed]

8. Hasslocher-Moreno, A.M.; Xavier, S.S.; Saraiva, M.R.; Sangenis, C.L.H.; de Holanda, T.M.; Veloso, H.H.; da Costa, R.A.; de
Mendes, S.N.S.F.; do Brasil, A.A.P.E.; da Silva, S.G.M.; et al. Progression rate from the indeterminate form to the cardiac form in
patients with chronic chagas disease: Twenty-two-year follow-up in a Brazilian urban cohort. Trop. Med. Infect. Dis. 2020, 5, 76.
[CrossRef] [PubMed]

3



Trop. Med. Infect. Dis. 2021, 6, 23

9. Mendes, F.D.S.N.S.; Mediano, M.F.F.; Silva, R.S.; Xavier, S.S.; do Brasil, P.E.A.A.; Saraiva, R.M.; Hasslocher-Moreno, A.M.;
de Sousa, A.S. Discussing the score of cardioembolic ischemic stroke in chagas disease. Trop. Med. Infect. Dis. 2020, 5, 82.
[CrossRef] [PubMed]

10. Neto, R.J.M.; Finger, M.A.; dos Santos, C.C. Benznidazole as prophylaxis for chagas disease infection reactivation in heart
transplant patients: A case series in Brazil. Trop. Med. Infect. Dis. 2020, 5, 132. [CrossRef] [PubMed]

11. Rezende-Oliveira, K.; Gómez-Hernández, C.; Silva, M.V.D.; de Oliveira, F.R.; Machado, R.J.; de Teixeira, A.S.L.; Castellano,
L.R.C.; Correia, D.; Rodrigues, V. Effects of meglumine antimoniate treatment on cytokine production in a patient with mucosal
leishmaniasis and chagas diseases co-infection. Trop. Med. Infect. Dis. 2020, 5, 69. [CrossRef] [PubMed]

12. Tustin, A.W.; Castillo-Neyra, R.; Tamayo, L.D.; Salazar, R.; Borini-Mayorí, K.; Levy, M.Z. Elucidating the mechanism of
trypanosoma cruzi acquisition by triatomine insects: Evidence from a large field survey of triatoma infestans. Trop. Med. Infect.
Dis. 2020, 5, 87. [CrossRef] [PubMed]

13. Ramirez, J.L. Trypanosoma cruzi genome 15 years later: What has been accomplished? Trop. Med. Infect. Dis. 2020, 5, 129. [CrossRef]
[PubMed]

14. Moreira, M.d.C.V.; Cunha-Melo, R.J. Chagas disease infection reactivation after heart transplant. Trop. Med. Infect. Dis. 2020,
5, 106. [CrossRef] [PubMed]

15. Moll-Bernardes, R.J.; Rosado-de-Castro, P.H.; Camargo, G.C.; Mendes, F.S.N.S.; Brito, A.S.X.; Sousa, A.S. New imaging parameters
to predict sudden cardiac death in chagas disease. Trop. Med. Infect. Dis. 2020, 5, 74. [CrossRef] [PubMed]

16. Ramos-Junior, A.N.; Sousa, A.S. The continuous challenge of chagas disease treatment: Bridging evidence-based guidelines,
access to healthcare, and human rights. Rev. Soc. Bras. Med. Trop. 2017, 50, 745–747. [CrossRef] [PubMed]

17. Heukelbach, J. One health & implementation research: Improving health for all. One Health Implement. Res. 2020, 1, 1–3. [CrossRef]

4



Tropical Medicine and 

Infectious Disease

Editorial

The 14th of April, Past and Present

Simone Petraglia Kropf * and Nísia Trindade Lima

Oswaldo Cruz Foundation (Fiocruz), Rio de Janeiro 21040-360, Brazil; nisia.lima@fiocruz.br
* Correspondence: simone.kropf@fiocruz.br

Received: 3 June 2020; Accepted: 11 June 2020; Published: 18 June 2020

In May 2019, the World Health Organization established the “World Chagas Disease Day”, to be
celebrated on the 14th of April. But why choose this date?

Those who are familiar with the history of Chagas disease know that this was the day that Carlos
Ribeiro Justiniano Chagas first identified the Trypanosoma cruzi infection in a human being, namely the
two-year-old girl Berenice Soares de Moura [1–3]. Ironically, despite going down in history as the first
described case of the new trypanosomiasis, discovered in the hinterlands of Brazil in 1909, she would
live for many decades without developing any symptoms of the disease, passing away at 72 years of
age due to neurological causes unrelated to Chagas disease.

The landmark discovery, which now frames the “World Chagas Disease Day”, has a significance
that goes beyond chronology. Like any memory rite, it recovers and monumentalizes the past from the
horizons and perspectives of the present, as well as the future that one wants to project. What, then, is
this significance? Why “celebrate” (in the sense of “remembering together”) April 14th?

First, it concerns a celebration of science, by paying homage to a long and successful tradition of
research produced in Brazil, that has achieved wide national and international recognition since the
beginning [1,3]. It represents clear evidence that Brazilian scientists were, and are, not mere consumers
or recipients of theories and ideas coming from European centers, but active subjects (albeit under
asymmetric relations) in the production of knowledge [1,3–5]. Tropical medicine, of which Chagas
disease would become an emblem, went through a decisive moment of institutionalization in the
country at the time, which was a direct result of the establishment of the Oswaldo Cruz Institute
(the origin of what is now the Oswaldo Cruz Foundation) [3,5–7]. It is worth mentioning that this
happened only a few years after the creation of the first schools and institutes dedicated to this specialty
in Europe.

If the past evoked by memory gains meaning in the present, giving global visibility to this
landmark of Brazilian science becomes a political act of affirmation to its importance, not only as an
activity that advances the frontiers of knowledge, but as a practice intended to provide solutions to
concrete social problems, which requires expertise and actions at local, but also global levels.

In this sense, it projects the value of a scientific tradition deeply committed to the health of
historically neglected populations onto the world scene. The science that described a new disease in the
small town of Lassance would also describe a different country, the ‘Brazil of the hinterlands’, marked
by abandonment and plagued by this and so many other diseases. This was a Brazil quite different
from the one that was enjoyed by the elites, who celebrated progress on the French-like avenues in the
recently remodeled capital Rio de Janeiro [8]. As Carlos Chagas said since his early work: If Europeans
studied tropical diseases because they considered them an obstacle to their colonialist enterprise,
studying American trypanosomiasis and other parasitic diseases in Brazil was important because
they affected the health of its own populations [9,10]. Understanding and fighting these diseases was,
therefore, a central element in a broader project for the construction of a new Brazil [3,8].

This takes us to the second dimension of the significance of the 14th of April: its social meaning,
literally embodied in the encounter that took place in 1909. When examining Berenice, who lived
in a miserable hut that was infested by triatomine bugs (or ‘kissing bugs’), Carlos Chagas did not
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just find the parasite he was looking for, but also the tangible and human face of poverty. It was the
first of many such faces that he would encounter from then on, which revealed to him the structural
“social parasitism” gnawing away at the country through its heritage of colonialism and slavery, as the
physician Manoel Bomfim argued in his book “Latin America: evils of origin”, an important work of
Brazilian social thought [11].

Carlos Chagas would not tire of saying that disease and poverty were two sides of the same coin,
a problem for which the solution depended on the State’s firm action in the implementation of public
health policies, aiming to serve Berenice and so many others affected by what he called “diseases
of Brazil” [3,5,10,12]. When assuming the leadership of the federal health services ten years later,
the scientist from the Oswaldo Cruz Institute would put these ideas into practice by bringing health
services and policies to remote corners of Brazil, serving populations that had never seen any sign of
public authorities [13]. Therefore, remembering the 14th of April has a political meaning, defending a
conception of health as a right of the people and a duty of the State [12].

In the 110 years that have passed since the discovery of Chagas disease, many advances have been
made in understanding and coping with this disease, not only in Brazil, but also in other countries [14].
However, despite these advances, the disease still affects an estimated 8 million people worldwide, who,
like Berenice, were and are neglected. The biggest challenge, and the main reason for the importance
of the 14th of April, is to give visibility to these people, as Carlos Chagas did. But not only that, it
is a question of giving them a voice and a leading role, so that they are able to be included as active
subjects in the collective undertaking of science and health initiatives aimed at serving them [15].

Experiencing the World Chagas Disease Day amid the COVID-19 pandemic, an emerging disease
caused by the coronavirus SARS-CoV-2, gives the date a unique and dramatic tone. May the current
health emergency, which mobilizes the world for the imperative need to support science and health, be
an occasion to reflect on the structural problems that we have been facing for so many decades as well.
May the 14th of April 2020 be an invitation to understand that the path is one: Science in service of
health and life, for people with faces and names, like Berenice.
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Abstract: Background: Economic burden due to premature mortality has a negative impact not only
in health systems but also in wider society. The aim of this study was to estimate the potential years
of work lost (PYWL) and the productivity costs of premature mortality due to Chagas disease in
Colombia from 2010 to 2017. Methods: National data on mortality (underlying cause of death) were
obtained from the National Administrative Department of Statistics in Colombia between 2010 and
2017, in which Chagas disease was mentioned on the death certificate as an underlying or associated
cause of death. Chagas disease as a cause of death corresponded to category B57 (Chagas disease)
including all subcategories (B57.0 to B57.5), according to the Tenth Revision of the International
Statistical Classification of Diseases and Related Health Problems (ICD-10). The electronic database
contains the number of deaths from all causes by sex and 5-year age group. Economic data, including
wages, unemployment rates, labor force participation rates and gross domestic product, were derived
from the Bank of the Republic of Colombia. The human capital approach was applied to estimate both
the PYWL and present value of lifetime income lost due to premature deaths. A discount rate of 3%
was applied and results are presented in 2017 US dollars (USD). Results: There were 1261 deaths in
the study, of which, 60% occurred in males. Premature deaths from Chagas resulted in 48,621 PYWL
and a cost of USD 29 million in the present value of lifetime income forgone. Conclusion: The
productivity costs of premature mortality due to Chagas disease are significant. These results provide
an economic measure of the Chagas burden which can help policy makers allocate resources to
continue with early detection programs.

Keywords: Chagas disease; cost of illness; premature; efficiency; organizational; life expectancy

1. Introduction

Chagas disease remains a serious public health problem worldwide, having serious
economic and social repercussions [1]. The infection is endemic in South America and
emergent in Europe and the United States [2]. This parasitic disease affects 6–7 million
people worldwide, causing more than 7000 deaths each year [3]. The cost of Chagas disease
was USD 13.1 million in 2017 [4].

Chagas disease generates a significant health burden for individuals and a large
economic burden in low- and middle-income countries in the Americas and in some
high-income countries over recent decades [4]. Among the working-age population, the
economic cost of illness-related productivity losses as a result of lower productivity at
work, lost workdays, and mortality can far exceed the Chagas disease-related medical
costs [5].

It is important to quantify the value of the labor productivity loss due to premature
mortality in measuring the economic burden of disease. Specially, this metric should be
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quantified for communicable diseases in that affect low- and middle-income countries.
To quantify the cost of economic losses owing to premature death in the working-age
population, this value is used as the indicator of years of potential productive life lost [6,7].
In this case, we focused on economic cost. Chagas disease has been associated with excess
mortality [8]. The most frequently used measures of economic loss due to premature death
are years of potential life lost (YPLL) and potential years of work lost (PYWL) [6,9–11].

Chagas disease is a clear threat not only to human health but also the level of family
income and economic growth in a country, particularly in rural areas [4]. It is estimated
that 752,000 working years per year are lost due to premature deaths caused by diseases in
the seven countries of South America, which corresponds to USD 1208.5 million/year [5].

Despite the high prevalence of Chagas disease estimated in Colombia 2.0% (95% CI:
1.0–4.0) [12], few studies have estimated the productivity losses associated with premature
deaths from this infection in the country [4]. Therefore, this study aimed to estimate the
PYWL associated with premature deaths caused by Chagas disease during the period from
2010 to 2017 in Colombia.

2. Materials and Methods

This study was developed based on the human capital approach to estimate the costs
of productivity derived from premature mortality due to Chagas disease in Colombia.
Premature mortality was defined as death from Chagas disease before the age of 62 (for
men) or 57 (for women), years old. The human capital approach equates the productivity
lost to an individual’s wage rate and assumes that an individual produces a stream of
output over a working lifetime cut short by premature death. All expenses were reported
as Colombian pesos (COP) and were converted to US dollars (1 USD (US$) = 2984 COP)
from 2017 [13].

2.1. Data Source

Numbers of deaths in 2010–2017 by 5-year age group and sex between the ages of
15 and 62 were obtained from the mortality database of the National Administrative
Department of Statistics (DANE) using the Tenth Revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10) code B57, including all
subcategories (B57.0 to B57.5) [14]. The database contains number of deaths of all causes
by sex and 5-year age. Economic data, including wages, unemployment rates, labor force
participation rates and gross domestic product (GDP), were derived from Bank of the
Republic of Colombia.

2.2. Estimation Methods

The number of deaths that could be attributed to Chagas from 2010 to 2017 by sex
was extracted, and from these, PYWL for men and women were determined across the
productive age groups (between 18 and 62 years old, retire at 62 (for men) or 57 (for
women)—the official pensionable age in Colombia in 2017 [15]). Premature mortality costs
involved multiplying, for each death, PYWL by age- and gender-stratified gross wages from
age of death until to the official pensionable age. Estimates were the adjusted probability
of being in work. Wage growth was calculated at 2.5% per annum, and a discount rate
of 3% annually was applied. The scenario that assessed the 2017 minimum annual salary
(USD 3301 per year) was modeled. In Colombia on average the growth of the real wage
was 2%. Statistical analysis was performed using Stata version 14.0 (Stata Corporation LP,
College Station, TX, USA). All variables included in the study were described using the
appropriate univariate statistics.

2.3. Sensitivity Analyses

One-way sensitivity analysis was conducted to assess the effects of varying the pa-
rameters: the wage growth rate varied from 1.5% to 3.5% to account for uncertainty over
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future growth in the Colombian economy, and the minimum annual salary between USD
2715 and USD 4000. In addition, the effect of extending the retirement age was explored.

3. Results

From 2010 to 2017, 1446 deaths of Chagas disease were recorded. Of these, 185 deaths
occurred in people under 18 years of age were excluded. In total, 1261 deaths were analyzed
in the study, of which 60% corresponded to males. The mean age at death was 21 years.
Table 1 presents the number of deaths of all ages for males and females. PYWL was lower
in women than men (18,384 vs. 30,237), overall PYWL was 48,621. It noticed that the deaths
each year of the analysis period.

Table 1. The number of deaths and estimated Potential Years of Work Lost (PYWL) by sex from 2010 to 2017.

Year 2010 2011 2012 2013 2014 2015 2016 2017 Total

Number of Deaths

Males 102 87 101 110 113 93 132 128 866
Females 58 51 59 71 79 85 92 85 580

Total 160 138 160 181 192 178 224 213 1446

Deaths at Working Age

Males 84 69 88 95 93 83 117 112 741
Females 52 45 51 64 72 76 84 76 520

Total 136 114 139 159 165 159 201 188 1261

PYWL

Males 3441 2822 3594 3900 3777 3348 4772 4583 30,237
Females 1854 1593 1824 2263 2521 2682 2968 2679 18,384

Total 5295 4415 5418 6163 6298 6030 7740 7262 48,621

Table 2 demonstrates the average premature mortality per PYWL by sex from 2010 to
2017. The cost per PYWL for both sexes combined was USD 29,683,913 in the study period,
and it was USD 17.3 million for males and USD 12.3 million for females from 2010 to 2017.
In the case of women, they tended to have lower wages and a shorter working life.

Table 2. Premature mortality cost by sex per death and per Potential Years of Work Lost (PYWL) (USD 2017).

Total Premature
Mortality Cost

% of the Total
Premature Mortality

Cost per Death
Premature Mortality

Cost per PYWL

Males 17,301,237 58 23,348 572
Females 12,382,676 42 23,813 674

Total 29,683,913 100 23,540 611

The total cost of lost productivity due to premature mortality was 39.7% higher in
males than females, although the cost per PYWL was higher in females.

Table 3 shows the cost of premature mortality sex in each year of the period.

Table 3. Premature mortality cost per sex 2010–2017 (USD 2017).

Year 2010 2011 2012 2013 2014 2015 2016 2017

Males 1,862,873 1,541,799 2,008,175 2,198,782 2,206,153 1,986,068 2,793,321 2,704,067
Females 1,174,136 1,023,484 1,183,187 1,509,232 1,736,916 1,846,584 2,040,400 1,868,737

Total 3,037,009 2,565,283 3,191,362 3,708,014 3,943,069 3,832,652 4,833,722 4,572,803
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We classified the people included according to age; people who died between the ages
of 18 and 25 years were categorized as young and people above 25 years old classified as
adults. Therefore, Table 4 shows the impact of the cost is bigger.

Table 4. Premature mortality cost per group age 2010–2017 (USD 2017).

Age
Group/Year

2010 2011 2012 2013 2014 2015 2016 2017

Adults 22,597 68,203 46,165 47,106 96,491 72,932 170,012 98,320
Young 3,014,412 2,497,081 3,145,197 3,660,908 3,846,578 3,759,719 4,663,710 4,474,483

Figure 1 shows a boxplot of cost of premature mortality by sex, for which the variation
was higher for men per death than for women. This is because men die younger than
women and they have a longer pensionable age. In the graph, the circles are outlier values
of the cost of PYWL.

 
Figure 1. Cost of productivity lost due to premature mortality by sex (USD 2017).

Figure 2 depicts the PYWL per occupational group; construction workers, farm work-
ers and unskilled workers were the groups with the most years lost. In the graph, the
circles are outlier values of the cost of PYWL in farm workers.
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Figure 2. Potential Years of Work Lost (PYWL) by occupation.

4. Discussion

The main finding of this study was the estimation of the monetary value of the
accumulated labor productivity losses during the 2010–2017 period due to deaths caused
by Chagas disease in Colombia. This cost amounted to USD 29 million. Despite the
magnitude of the estimated cost, the trend observed throughout the period was that of
further increasing costs. However, it should be clarified that this increase in the number
of deaths could be due to the strengthening of surveillance systems that allow for a better
counting of deaths and to the strengthening of the health system.

In recent years, Colombia has had great social, demographic, environmental and tech-
nological transformations in a sustained manner, and despite the innumerable situations of
social injustice, the living conditions of the populations have improved significantly [16,17].
However, diseases associated with contexts of social vulnerability and neglect, such as
Chagas disease, still affect a considerable part of the population for example workers such
as unskilled workers, farm worker and construction workers [12].

It is also worrying that the percentage of deaths from preventable Chagas disease
continues to be high in the younger population. This is probably associated with bar-
riers to timely diagnosis that persist in the country and the difficulties associated with
treatment [1,18,19]. This implies support for the early detection programs [20,21].

Interestingly, 60% of the estimated losses in labor productivity can be attributed to
men. This can be explained by the higher risk of death in this group and, on the other
hand, by the fact that employment rates and wages were higher for men than for women.
It could also be related to the difference between men and women. These results are
concordantwith previous studies that have consistently reported that men have a higher
risk of death than women [22,23].

Previous studies have tried to estimate the social impact of premature deaths on
workers suffering from Chagas disease, but over a short time period [4]. On the other
hand, some research has delved into the loss of health-related quality of life caused by
the consequences of the disease [24,25]. The strengthening and implementation of public
policies aimed at eliminating barriers to early diagnosis and treatment of Chagas disease
can impact on the reduction of mortality [26].

It is important to note that the theoretical approach used in the present study is
ttheory of human capital [27]. The main alternative approach is the so-called friction-cost
method [28]. Although the methodological discussion on the strengths and weaknesses
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of both approaches has been intense, there is still no agreement on which is best [27].
In this study, the human capital approach was chosen due to its greater anchorage with
economic theory and it is the most widely used method in the scientific literature on disease
cost studies.

The main limitations include, firstly, the real wages of people killed by Chagas disease
(estimated from the average wage in Colombia) were not considered. Second, there was
also no information on whether the deceased worked or not (the average employment
rates adjusted for age and sex). Third, the mortality database might have been vastly
underreported in official statistics.

5. Conclusions

Reducing premature and preventable deaths from Chagas disease is a key health
goal in the ten-year plan for Colombian public health. The size of the economic impact
and the burden on society due to premature deaths from Chagas disease reinforces the
need to continue investing in early detection programs, as well as initiatives that promote
prosperity and well-being for all.
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Abstract: Objectives: This paper presents the results of the design and implementation process
for the policy of compulsory notification of chronic Chagas disease in the Brazilian state of Goiás
(Resolution No. 004/2013-GAB/SES-GO). Methods: The narrative was based on information provided
by key actors that were part of the different stages of the process, built on contextual axes based
on participants’ reflections about the establishment of the most accurate and coherent notification
mechanisms. Results: The notification policy addressed the absence of historical data from patients
in the state Chagas program, an increase in cases identified through serology, and weaknesses
in vector control. Two key challenges involved human resources capacity and dissemination to
public agencies and health care workers. Effective training and communication processes were
key ingredients for successful implementation. Conclusions: The lack of public health measures
aimed at the epidemiological surveillance of chronic Chagas cases constitutes a significant barrier
for patients to access appropriate diagnosis, management and follow-up, and hampers the planning
of necessary activities within health systems. The implementation of the notification policy in
Goiás allows authorities to determine the real magnitude of Chagas disease in the population,
so that an appropriate public health response can be mounted to meet the needs of affected people,
thereby ending the epidemiological silence of Chagas disease.

Keywords: Chagas disease; disease notification; public policy; neglected topical diseases; healthcare
access

1. Introduction

Chagas disease is classified by the World Health Organization (WHO) as part of the Neglected
Tropical Diseases (NTDs) group [1]. NTDs are characterized not only by their substantial social impact
in various settings throughout the world but also by gaps in epidemiological surveillance and a lack of
effective diagnostic and therapeutic tools to bolster control initiatives [2]. There are relatively scarce
epidemiological data available for these often-hidden diseases, making it difficult to accurately assess
their burden, and impairing the ability of governments to respond with appropriate public policies.

The International Statistical Classification of Diseases and Related Health Problems (ICD)
systematizes data for Chagas disease and other conditions. This classification is based on a notification
system, defined as the communication to public health authorities of the existence of a disease in
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humans. The purpose of this communication is to understand the magnitude and epidemiological
characteristics, as well as establish control measures to prevent the spread of diseases. This information
also enables the planning, execution, and evaluation of publicly controlled policies. The case of Chagas
disease is especially complex due to its particular biological context (with a typically unrecognizable
acute phase and long asymptomatic period) and social dimensions (primarily affecting marginalized
populations including migrants and the rural poor). These conditions, along with severe gaps in
diagnostic coverage, make it difficult to monitor current surveillance systems.

Reporting of the acute form of Chagas disease is mandatory in Brazil, as it is for any other disease
with an acute presentation with significant morbidity and mortality [3]. However, in its chronic form,
notification of Chagas disease is not mandatory in most endemic countries. This could represent a
barrier in surveillance systems in terms of detection, monitoring, and health interventions considering
early diagnosis and treatment [4]. The occurrence of a greater socioeconomic and public health
impact of the disease is documented in its chronic phase [5]. Moreover, the vast majority of cases
are not detected during the acute phase. While the regional incidence in the Americas has declined
to around 30,000 annually [6], there are around six million people with chronic infection, the vast
majority undiagnosed. The lack of policies supporting notification of chronic cases generates a series
of limitations and loss of information for surveillance systems in endemic countries, leading to an
epidemiological silence or ignorance of the epidemiological situation of the disease, hampering public
policy responses for the benefit of affected populations.

Incomplete and non-systematized information leads to the impossibility of evaluating potential
risk scenarios, with regional implications. There are several barriers in this regard, ranging from the
problems of endemic regions to the newly emerging urban and cross-border contexts, with a high flow
of migrant populations. Other difficulties are found in the definition of specific targets for control
programs under national and international commitments and in the exchange of information for analysis
and response to new and emerging epidemiological contexts (such as oral transmission and rural-urban
and transnational migration). Currently, epidemiological data provided by countries originate mainly
from blood blanks, which since the 1980s have complied with specific legislation for universal screening.
Other sources of information include community testing activities, serological surveys, certification
initiatives for the control of vector transmission of infection and isolated interventions of academic
interest [6]. However, these sources provide a largely fragmented picture of the epidemiological
burden of the disease.

Brazil has made substantial progress in terms of controlling vector transmission in the last 25 years,
reaching the interruption of intra-household vector transmission by Triatoma infestans in 2006 [7],
although the state of Goiás received this certification in March 2000 [8]. Despite significant efforts to
achieve these objectives, Chagas disease remains a significant public health problem in Goiás. Moraes
et al. found that 14.8% of all deaths reported in the country due to Chagas disease between 2006 and
2011 were in Goiás, with the state’s mortality rate being five times higher in comparison to the rest
of the Brazilian territory [9]. There was another study on the detection of communicable diseases in
pregnant women in the state of Goiás. It revealed that between 2003 and 2009, 1768 seropositive people
were seropositive for Trypanosoma cruzi infection, representing 0.5% seroprevalence [10].

Since 2013, Goiás has implemented a mandatory public notification policy at the state level
for cases of chronic Chagas disease, which has served as a key contributor in the epidemiological
surveillance system, improving awareness of Chagas disease. This policy undoubtedly contributed to
Brazil’s decision in early 2020 to make Chagas disease reportable at the national level and provides
an example that can be replicated in other areas with a similar epidemiological profile. The objective
of this paper is to present the results of the design and implementation process for the policy of
compulsory notification of chronic Chagas disease in the Brazilian state of Goiás.
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2. Methods and Materials

A questionnaire was designed containing a total of 30 questions to obtain relevant information to
document the process of creating and implementing a notification policy in Goiás for chronic Chagas
cases. The questions were classified into main information groups based on the stages of the public
policy formulation cycle model [11].

Four main axes were chosen for data collection: the initial context, to establish how the
need/problem was identified; policy design and approval, aiming to identify key actors and actions
in the process; implementation, describing resources and capabilities; and evaluation of the current
situation in the progress of the policy. Figure 1 illustrates the elements analyzed in each information
axis. As depicted in Figure 1, the formulation of public policies is a dynamic, cyclical process.

 
Figure 1. Main information axes for interviews on notification of chronic Chagas disease in Goiás.

A total of seven key employees agreed to participate in the collection of strategic information
through the self-administered questionnaire, which was administered during November and December
of 2018. Participants were involved in the various operational and management activities of the design
and implementation processes of the chronic Chagas case notification policy in Goiás. They had
different professional profiles, including two in Biomedicine, one in Biology, one in Nursing, one in
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Pharmacy and two from Veterinary Medicine. Most of the questions were open-ended to facilitate the
inclusion of details considered pertinent/relevant by the participant.

3. Results

3.1. Initial Context

Six female and one male respondent answered the questionnaire. Respondents spent a time range
of 2–8 years in their positions, which were technical (n = 3), managerial (n = 3), or administrative
(n = 1). Most interviewees affirmed the notification improved Chagas disease patient access to
healthcare completely (n = 5) or at least partially (n = 1); one participant did not answer. Six out of seven
felt that improved data and surveillance were necessary to give visibility to the disease. When asked if
the notification resolution responded to the needs it was created to address, three completely agreed,
three partially agreed, and one did not respond. However, six of seven also affirmed the policy had
only been partly implemented as intended.

According to the interviews, the initiative to create the policy for Chronic Chagas Compulsory
Notification was consolidated in 2012, motivated mainly by the absence of historical data from patients
in the Chagas state program, the increase in cases identified through serology, and the weakening
of vector control programs. It was necessary to give visibility to people affected by the disease to
define mechanisms for medical care and monitoring and to establish a specialized care network that
adequately responded to patients’ needs. This entailed having accurate, up-to-date data available.
Along with the compulsory notification of chronic patients, a set of actions was proposed to strengthen
the state Chagas program.

At the time, the expectation of notification by the municipalities in Goiás was as hopeful as it
was challenging. There was a weakened, overloaded notification system for compulsory diseases,
characterized by few human resources and high turnover. However, the intention of the specialized
team that managed the initiative was to face the need for official data, as well as to raise awareness
among municipal teams. This was despite assuming that it would probably be a gradual and slow
process and that there was limited recognition of the importance of reporting chronic cases by state
and local authorities and managers within the health system. The work carried out to launch the policy
creation initiative at the state level took approximately one year, between April 2012 and March 2013.

3.2. Design and Approval

To implement the compulsory notification of chronic Chagas cases, it became necessary to justify
the relevance of the information and the impact it would have on epidemiological surveillance at the
state level.

The technicians of the area, through internal discussions and with partners from similar areas,
were in charge of identifying specific needs through a critical review of the conditions of the state
Chagas program. Simultaneously, the team presented potential action items and justifications both
to the management of the area and to the superintendence of health surveillance, including the
formation of a state care network for patients with Chagas disease, the need to resume work in
entomological surveillance in areas in ecosystems with a probability of vector transmission resurgence,
and the importance of data to estimate the number of prescriptions and address the inadequate release
of medications.

This information gathering instigated a process of discussion and awareness about the need
to compulsorily notify cases of chronic Chagas disease, which reached the level of a joint state and
municipal health committee. The initiative was also disseminated among the health secretaries of the
State of Goiás for their subsequent approval. The process ended with the drafting of the resolution for
publication in April 2013.

When assessing whether the public policy resolution would be in accordance with the identified
needs, the participants affirmed that it enabled the development of prevention and care actions in
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relation to the disease as planned, even though there were some initial difficulties in rolling out the
new policy. Spreading knowledge of a new policy takes time and requires the adaptation of the
professionals involved. Ideally, it would be gradually incorporated into service routines. As part
of the dissemination process, the Coordinator of Zoonoses distributed technical note No. 05/2013 to
the regional health departments of the state and, consequently, to the municipalities, with guidance
on Chagas disease in Goiás, clinical and laboratory diagnosis, control, treatment and compulsory
notification in accordance with the approved resolution.

The initiative to create a public notification policy involved several actors at different levels,
as described in Figure 2.

 

Figure 2. Main actors involved in the initiative to create the notification policy for chronic Chagas disease.

3.3. Implementation

The resolution approved by the State Department of Health went into effect on 6 May
2013, following the dissemination of the policy to regional health departments and municipalities.
Implementation was carried out through the capacity building of professionals in the region and the
technical support provided by the team responsible for the disease.

According to the experience of participants, there are ongoing limitations in the capacity to
implement the policy in different areas. Human resources are considered the most critical point in
the process due to the high turnover of health professionals, limited knowledge about the disease,
and the lack of commitment from teams. However, all 18 state regional units, and their regional
managers, and all 48 blood banks in the state (both private and public) were trained for notification
in 2013. The state also promotes systematic training for Chagas disease, which includes training
on the notification process. From 2017–2019, 960 health professionals, including doctors, nurses,
and laboratory personnel, received this training in nine of the state’s 18 regional units.
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Another challenge in implementing the policy was obtaining support from managers and state
agencies for monitoring of the notifications. Engagement of managers achieved in implementing the
compulsory notification of chronic cases in the state was motivated by the mandatory nature described
in the resolution. It was also motivated by increases in media dissemination of local cases and the
alerts presented by technicians of the zoonosis team.

The goals outlined as a result of the implementation of the notification were framed in improving
the access of patients with chronic Chagas to the public health system. Therefore, it was possible to
establish parameters for the decentralization of care and monitoring of patients; train medical teams in
diagnosis and treatment; consolidate the state network to deal with complications associated with
the disease, and resume the vector control programs and entomological research. The state’s annual
health plan supports the financial sustainability of the program. The state has provided a budget for
all activities related to notification since its implementation in 2013.

3.4. Evaluation

According to the opinions of the participants, the current notification of chronic cases of Chagas
in the state is occurring systematically and has been quite consistent since 2014. The case investigation
form has become a commonly used method for initiating laboratory diagnosis. There was a substantial
increase in the reporting of chronic cases during the first 2 years of compulsory notification: from only
7 cases annually in 2013 (prior to full implementation), to 162 in the first year of the policy (2014),
to 880 in 2015. Since then the reported cases have continued to increase by roughly 5%–10% each year,
averaging 936 annually from 2015–2019.

However, it is important to improve communication processes with the municipalities and
continuously train medical teams so that the entire notification system is effective and efficient.
The steps of the current notification process described by the interviewees are shown in Figure 3.

 
Figure 3. The current process of case notification of chronic Chagas disease in Goiás.
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Only confirmed cases are entered into the SINAN (Sistema de Informação de Agravos de Notificação,
or Information System for Notifiable Diseases). Therefore, negative samples are not included in this
database. The notification is made by the core surveillance teams, by the laboratories or other health
professionals, available through the Laboratory Environment Manager when the serology is performed
at the Dr. Giovanni Cysneiros State Laboratory of Public Health. There are results in other services,
such as those carried out by the Institute of Diagnosis and Prevention (IDP) of the Association of
Parents and Friends of Special People (APAE, Associação de Pais e Amigos dos Excepcionais), the Chagas
Laboratory at the Hospital of the Federal University of Goiás or even private laboratories.

4. Discussion

The lack of specific, complete and integrated information on the total number of people affected
by Chagas disease frustrates the definition of public health response strategies ensuring adequate care
for this population. For this reason, the creation and implementation of a public policy for notification
of chronic cases in the state of Goiás is a strategic method for addressing the epidemiological silence
of a highly neglected disease. Regionally, most epidemiological surveillance schemes for Chagas are
limited to entomological surveillance, with or without seroepidemiological support [12,13]. In Goiás,
the lack of information and activities to improve the care of people with Chagas led to the development
of a specific public policy of notification. The obligation to report chronic cases thereby addresses a
historical problem in the surveillance system of Goiás.

Public policies are the product of the government, but their construction is the result of a complex
social interaction with the participation of various actors [14]. The stages in the design of a policy cycle
correspond to a sequence of elements in the political-administrative process. They can be researched
concerning its actors, their relationships, their resources, their political and social networks and their
practices, typically found in each phase [15]. The main actors involved in the initiative identified
several critical points that defined the initial context of the proposal, justifying the need for intervention.
The cycle of neglect is fed by low visibility of people affected in the country, and limited knowledge by
professionals and authorities about the disease. This culminates in the failure to report the disease
and the lack of interest in preventive or control actions from some professionals and priority technical
areas. The identification of chronic Chagas cases in public and private services leads to obtaining a
more accurate snapshot of the population needing care, facilitating the implementation of services
adapted to the needs of patients and appropriate, timely allocation of resources.

The guidelines for compulsory notification of diseases or conditions in the national surveillance
system are usually generated and established by the Ministry of Health. However, states and
municipalities are allowed to include other diseases or conditions, according to the local epidemiological
reality. Goiás was the first state in Brazil to establish the obligation to report chronic Chagas disease.
This important state challenge was supported by federal guidelines enabling the establishment of
procedures for preparing a resolution with the support of state managers.

Notification of chronic Chagas disease has gained significant traction in Brazil following the
adoption of the policy in Goiás. A resolution supporting notification SES/MG No. 6532 was enacted in
the state of Minas Gerais in December 2018. In February 2020, an ordinance of the Brazilian Ministry of
Health called for notification of chronic cases of Chagas disease throughout the national territory [16],
which was updated in May 2020 [17]. This represents a significant opportunity to increase access
to testing and treatment for over one million people [6] living with the disease in Brazil. The Goiás
experience could serve as a guide for other states interested in strengthening local systems. Key lessons
learned from the implementation of the notification of chronic Chagas disease in Goiás are shown in
Figure 4.

According to local experience, the two biggest obstacles to implementation faced by the parties
involved in the process were the lack of human resources and dissemination of the new guideline.
Despite the recognized institutional capacity, technical knowledge, proactivity, commitment and
dedication of the state technical team, these aspects continue to be significant challenges due to the high
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turnover of professionals at the municipal level. Clear articulation with partners from similar areas
and the commitment of the technical Chagas program team have been essential to deal adequately
with these implementation difficulties. Another permanent challenge for Goiás is assuring the quality
of the data collected and its systematic analysis, as well as the ability to answer the training needs of
health professionals addressing the mandatory notification of Chagas disease.

Figure 4. Recommendations and lessons learned from the implementation of notification of chronic
Chagas disease in Goiás.

A vital contribution to the design of the guideline was the definition of key populations.
The inclusion of blood donors and pregnant women as priority surveillance populations for the disease
control process contributed to the strengthening of the system.

The notification policy has a substantial impact on the visibility of people affected by Chagas
disease and in the planning and execution of public health responses. Having consolidated information
that describes the real distribution of the disease in the population, as well as the factors that determine
the condition of neglect, allows development of tools to achieve better prevention and control actions,
reactivating the Chagas state program as a whole [18].

Chagas disease is also reportable in six states in the United States. Although the main goal of this
is to identify sources of local vector transmission, these states typically include reporting of chronic
cases as well. As in the case of Goiás, compulsory notification has served to strengthen awareness
among health professionals, although rates of diagnosed and treated patients remain very low [19].
This underscores the fact that reporting of Chagas and other neglected diseases needs to occur in
conjunction with a variety of other complementary public health actions, such as capacity building,
fortifying diagnostic capabilities, and providing information to at-risk communities.

The HIV/AIDS epidemic is another important example where a notification process played a key
role. Initially, infection by the virus was identified exclusively in the clinical stage of the disease as
acquired immunodeficiency syndrome (AIDS). The progress achieved in diagnosis and early treatment
of the infection demonstrated the opportunity and importance of surveillance for cases of HIV infection,
not being limited only to AIDS cases. Thus, several factors strengthened the increase in the number of
people diagnosed, such as greater access to antiretroviral therapies (ART), the importance of starting
treatment at an early stage, and the implementation of mother-to-child transmission prevention
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programs. In this context, the surveillance of HIV infection cases and the need for their notification
became increasingly relevant [11].

In the effort to make Chagas disease more visible, regional and global initiatives are discussing
and urging compulsory notification in the chronic phase, including the International Federation of
Associations of People Affected by Chagas Disease (FINDECHAGAS) [20], and the Chagas Disease
Clinical Research Platform [21]. Notification is a gateway to a surveillance system that should guarantee
an opportunity to timely medical care and, ideally, social and mental health support for affected
people [22]. It also reinforces and reactivates entomological surveillance and vector control activities.

Notification of chronic cases is an essential tool which, in conjunction with capacity building
of healthcare personnel, availability of diagnosis and treatment in facilities accessible to affected
people, implementation of simplified diagnostic processes, and development of safer, more efficacious
treatments, can usher in the end to the neglect of Chagas disease.
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Abstract: Background: Outbreaks of Chagas disease (CD) by foodborne transmission is a problem
related to deforestation, exposing people to triatomines infected by T. cruzi, in the Amazon region.
Once involving long-time follow-up, the treatment efficacy of the CD during its acute phase is still
unknown. The authors aim to describe the clinical and epidemiologic profile of children and adolescents
with CD, as well as treatment and cardiac involvement during the follow-up. Methods: A descriptive
cohort study was conducted from 1998 to 2013 among children and adolescents up to 18 years-old with
confirmed diagnosis of CD. All participants met the criteria of CD in the acute phase. Results: A total
of 126 outpatients were included and received treatment and follow-up examinations during a
medium period of 10.9 years/person. Most of them (68.3%) had their diagnosis established during
oral transmission outbreaks. The diagnostic method with the most positive results rate (80.9%) was
the IgM class anti-T. cruzi antibody test as an acute phase marker, followed by the thick blood
smears (60.8%). Acute myopericarditis was demonstrated in 18.2% of the patients, most of them with
favorable evolution, though 2.4% (3/126) persisted with cardiac injury observed at the end point of
the follow-up. Conclusions: Antibodies against T. cruzi persisted in 54.8% of sera from the patients
without prognostic correlation with cardiac involvement. Precocious treatment can decrease potential
cardiac complications and assure good treatment response, especially for inhabitants living in areas
with difficult accessibility.

Keywords: Chagas disease; Cohort studies; Neglected diseases; Trypanosoma cruzi; Dynamic programming

1. Introduction

Since 1996, there has been an increase in the number of cases of Chagas disease (CD) in Brazil,
especially in the states Pará and Amapá in the Brazilian Amazon. There, CD has shown different
transmission patterns from other regions, with predominant presentation in focal recurrent and
seasonal episodes affecting persons of the same family or neighbors, mainly by contaminated food.
This emerging route of transmission has been the subject of innumerous epidemiological studies
that added, over ten years, sufficient epidemiological evidence to explain some of these episodes
as a consequence of accidental food contamination involving fruits ingested in natura under poor
hygienic conditions [1].

In the past, data from most of the endemic areas of Chagas disease in Brazil recorded the acute
phase of the disease as an inapparent form among children, on contrary of those cases occurred
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in the Amazon region [2,3]. In Pará state, the disease has peculiarities that are expressed as a very
differentiated clinical entity of chronic disease with high morbidity. It is characterized by acute febrile
syndrome, with manifestations of fever, chills, headache and myalgia and subcutaneous edema, in
addition to reversible acute cardiac commitment, after treatment [4]. Chronic phase-type records of
dilated cardiomyopathy are rare in the Amazon region [3].

For epidemiological surveillance, the precocious access to diagnosis is an important strategy
regarding the precocious treatment. Nonspecific clinical features may be one of the reasons for
low suspicion and late diagnosis [5–7]. This delay also is due to the low capacity of regional health
professionals in including the patients into the diagnosis flows. In addition, since CD is inserted in a
historical context of chronic illness, frequently the physician mis suspicion the febrile acute phase of
the disease.

The description of CD related to all age groups will help the health professionals to increase
knowledge about its morbidity profile, including cardiac complications, especially in the case of
suspicious diagnosis, which will make a precocious diagnosis possible. In addition, the clinical
descriptions of endemic areas of classical vector CD transmission no longer satisfy the unusual
Amazonian epidemiology of this disease, requiring that the new descriptions be widely disseminated.
In this sense, the objective is to characterize a historical cohort of children and adolescents under
18 years of age regarding their follow-up related to immediate and mediate treatment, until the outcome.
The authors hope that a detailed description of the clinical profile of children and adolescents with CD
here reported may be an useful tool as an evidence to strengthen the trainings of professionals in the
management/diagnosis of suspected cases and thus, contribute to minimize the delay in diagnosis of
this age group.

2. Materials and Methods

Study population: It consisted in a prospective historical cohort study of patients with acute CD
phase, diagnosed since 1996. All participants were treated and followed up in the reference service for
the follow-up of CD patients in the state of Pará, which operates according to the Clinical Protocols on
Chagas Disease (PCDCha) and is located at the Unified Medical Care Service–Instituto Evandro Chagas
(SOAMU/IEC). All patients included in the study were enrolled according to the ethical precepts of
human research on a voluntary basis in accordance with their legal representatives. The project was
approved by the research ethics committee of the IEC (ethical approval code n. 655.002) in accordance
with the CD clinical protocol.

Procedures: All the participants met the criteria of acute phase: persons confirmed with clinical
(signs and symptoms of febrile acute disease), epidemiological (another member of family or neighbor
confirmed with CD) and with direct or indirect positive parasitological tests and/or a serologic reagent
test with an acute phase marker (IgM against T. cruzi).

Data collection was carried out by analysis of medical records of the individuals eligible for the
study. The following demographic data were evaluated: origin of the infection; likely transmission;
contact with insect vectors; maternal prenatal history in children under two years of age; food history in
children under two years of age; previous family history of Chagas disease; acute phase clinical data with
information on the onset and interval time of the disease, initial disease suspicion, predominant signs
and symptoms, coinfections, previous diseases, diagnostic results, nonspecific tests results and acute
myocardial damage with emphasis on electrical conduction disorders.

Three probable modes of transmission were considered by the authors: Oral (or vectorial-oral)
transmission—occurred during an outbreak of CD related to accidental ingestion of triatomines feces or
even smashed triatomine in beverages. In these outbreaks the children and their family members had
their diagnosis simultaneously made); vectorial transmission—children with history of contact with
triatomine vectors; vertical transmission—children up to one years-old whose mother was also infected.
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Two phases composed the temporal cohort data: one representing all eligible outpatients with
acute phase of CD and a second including the same patients in a phase called follow-up after treatment
corresponding to a medium period 10.5 years per person. (See Figure 1—design)

Figure 1. Study design.

The outcomes considered the following variables analyzed simultaneously: negative serologic
conversion or persistence of IgG antibodies against T. cruzi with or without disease; persistence of
IgG antibodies against T. cruzi with heart disease compatible changes in electrocardiogram or in
echocardiogram compatible with CD (See Methods).

Laboratory evaluation: The patients underwent a blood count, parasitological (quantitative buffy
coat (QBC®) or thick blood smear) and serologic tests, performed at the time of diagnosis or shortly
before starting treatment and repeated sequentially after treatment, including thick blood smear,
blood culture and serologic tests for the detection of anti-T. cruzi IgM and IgG antibodies.

Serologic techniques were carried out using the indirect hemagglutination assay (IHA) kit
Hemacruzi, Biomérieux (qualitative assay) and the indirect immunofluorescence assay (IIF)-kit
Imunocruzi, Biomérieux for titration (quantitative assay) of IgM and IgG classes of immunoglobulins.
For the latter, anti-human IgM and IgG labeled with fluorescein (BIOLAB, Brazil) were used. For IHA,
a titer of 1:40 was tested and for IIF, sera dilutions from 1:40 up to 1:1280 were tested. The reference
value for both tests was a nonreagent result at the 1:40 or less dilution.

The serologic follow-up post treatment was analyzed cumulatively according to individual
evaluations. These were performed according to service protocols on the first day of treatment
(day zero) and sequentially on the 30th, 60th, 180th, 360th, 540th, 720th, 900th, 1080th, 1440th and
1880th day after day zero.

The evaluation also included blood analysis and platelet measures. Hemoglobin rate according to
age and gender determined anemia (Hb < 11 g% in children from 6 months up 9 years of age; <12 g%
in female adolescents; <13 g% in male adolescents).

The normal reference values to the leucocyte counts ranged from 5000 to 10,000 /mm3. Values below
or above this range were defined as leukopenia and leukocytosis. The normal reference values for
platelet levels ranged from 150,000 to 300,000 /mm3. The values below or above this range defined
thrombocytopenia or thrombocytosis.
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For the clinical classifications of cardiac involvement levels during the acute phase, only the
results of electrocardiograms (EKG) and echocardiograms from this phase were evaluated.
The echocardiograms were used only to classify the acute stage, but not for the follow-up. To this
analysis, the parameters already described in Amazonian populations [5] were considered:

(1) Severe cardiac involvement: heart failure caused by chagasic infection as evidenced by
echocardiogram results demonstrating severe myopericarditis with pericardial effusion;

(2) Moderate cardiac involvement: myocarditis accompanied by sinus tachycardia or other
arrhythmias with pericarditis and pericardial effusion;

(3) Mild cardiac involvement: myocarditis accompanied by sinus tachycardia or other simple
conduction disorders.

The outcomes were classified by the analysis of three parameters: (a) negative serologic conversion,
for those with a sequence of three negative serologic antibodies test in two different methods;
(b) undefined, for those with loss of serologic follow-up; (c) persistence of IgG antibodies against
T. cruzi without evidence of disease; (d) persistence of IgG antibodies against T. cruzi with cardiac
disease compatible with CD.

Analysis: To evaluate the serologic follow-up time, the mean follow-up time per person-year was
calculated, considering the year of inclusion into the study, subtracted from the most recent evaluation
year (2013) and divided by the number of years elapsed between primary inclusion (1998) through
the most recent evaluation (e.g., 2013). Thus, from these calculations, the mean follow-up time per
year-person after treatment was 10.9 years.

The geometric means of anti-T. cruzi IgG antibody titers as measured by IIF were compared on
two different points of time, based on day zero as the start of treatment. Therefore, the measurements
were compared on days zero and 720th or two years after treatment and on days zero and 1800th or
five years after treatment, using analysis of variance (ANOVA) test, using 5% as the significance level.

3. Results

3.1. Demographic Data, Origin and Spatial Distribution

A total of 126 children and adolescents from 0 up to 18 years of age treated during the acute phase
of the disease were evaluated from 1998 to 2013.The origin of infection were located in both urban and
rural municipal areas of Pará and one city of Amapá state (Table 1, Figure 2).

Table 1. Demographic and epidemiological data from patients with Chagas disease from Amazon
region, Brazil.

Epidemiological Data Frequency %

Age (years)
0–2 4 3.2
3–7 20 15.9
8–11 40 31.8
12–17 62 49.2

Gender
Female 46 36.6
Male 80 63.4

Origin
Pará State regions
Baixo Amazonas 1 0.8

Marajó Island 26 20.8
Metropolitan area of Belém 52 41.2

Northeast 41 32.5
Southeast 2 1.6

Amapá State
Santana 4 3.2
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Table 1. Cont.

Epidemiological Data Frequency %

Transmission form
Oral 86 68.3

Vectorial 19 15.1
Vertical 2 1.6

Undefined 19 15.1

Outbreak
Yes 90 71.4
No 35 27.8

Undefined 1 0.8

 

Figure 2. Residence location of children and adolescents with acute Chagas disease, Belém, Pará,
Amazon region, Brazil.

31



Trop. Med. Infect. Dis. 2020, 5, 139

The mean follow-up time per person-year after treatment was 10.9 years. The mean period of
illness from the onset of symptoms to the diagnosis was 33.2 days.

3.2. Clinical Features

The most frequent clinical manifestations among the participants were acute febrile syndrome in
92.8% and cardiac involvement in 16.1% (Table 2).

Table 2. Main clinical manifestations in young patients with Chagas disease.

Clinical Manifestations Frequency % Clinical Manifestations Frequency %

Fever 117 92.8 Hepatomegaly 34 26.9
Headache 74 58.7 Chills 27 21.4

Pallor 64 50.8 Caught 24 19.0
Myalgia 56 44.4 Splenomegaly 24 19.0

Abdominal pain 54 42.8 Exanthema 20 15.9
Edema of face 53 42.1 Edema of lower limbs 19 15.1
Adenopathy 49 38.9 Chest pain 13 10.3

Dyspnea 45 35.7 Palpitations 13 10.3
Arthralgia 44 34.9 Nodules in lower limbs 4 3.2
Diarrhea 34 26.9 Inoculation lesion 4 3.2

Direct parasitological examinations revealed a positivity rate of 60.8% by the thick blood smears
and 54.9% by the QBC®method. The method with most high positivity rate was the IgM class of
anti-T. cruzi antibodies test as an acute phase marker (80.9%) (Figure 3). Among patients with IgM
tests nonreagent (24/126), all of them had parasitological test positive/reagent and/or serologic test IgG
positive added to a clinical signs of the disease.
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Figure 3. Diagnostic methods results rate from children and adolescents with Chagas disease.

Anemia with hemoglobin values of 7.6 mg/dL was the most frequent finding among hematological
abnormalities (Table 3).
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3.3. Acute Phase Cardiac Involvement

Among 88 patients who performed a complete evaluation with at least one of the two cardiac
exams, i.e., EKG or echocardiogram, 18.2% (16/88) revealed some cardiac involvement and were
classified according to clinical and electro- or echocardiographic results.

Table 3. Counts of blood cells according with age in young patients with Chagas disease before treatment.

Hematological Analysis
6–23

Months
2–6 y 7–9 y

≥10 y
(Female)

≥10 y
(Male)

Total
N%

Anemia 6 11 11 14 20 62 49.2
Reference hemoglobin

concentration rate 2 6 6 3 9 25 19.8

Reference leukocytes count 3 10 15 11 27 66 52.3
Leukocytosis 5 6 2 1 14 11.1
Leukopenia 1 2 3 1 7 5.5

Reference platelets count 3 7 9 9 20 48 38.1
Thrombocytosis 5 8 4 4 7 28 22.2

Thrombocytopenia 2 1 1 4 3.2

In 52.9% of the patients, the resting electrocardiogram showed a normal result during the acute
phase. Among those with altered exams, there was a higher frequency of diffuse repolarization and
sinusal tachycardia (Table 4). On those submitted to echocardiogram, we observed 18.9% (16/88) with
pericardial effusion, of whom 75.0% (12/16) had severe, 18.8% (3/16) mild and 6.2% (1/16) moderate
cardiac involvement.

Table 4. Electrocardiographic abnormalities of children patients with Chagas disease before treatment.

Electrocardiogram N %

Normal 52 59.1
Abnormal 36 40.9

Diffuse repolarization abnormalities 10 27.8
Sinusal tachycardia 6 16.7

Conduction disturbances 3 8.3
Sinusal arrhythmia 2 5.5

Incomplete right bundle branch block 2 5.5
Block in the superior division of the left branch 2 5.5

Bradycardia sinusal 1 2.8
Complete left bundle branch block 1 2.8
First degree atrio ventricular block 1 2.8

3.4. Response to Treatment, Adverse Effects and Serologic Follow-Up after Treatment

Once the children were diagnosed, they were immediately treated within a medium period of
20.8 h, with a minimum of 2 h and maximum of 72 h. A total of 123 patients (97.6%) were treated
with benznidazole and one was treated with nifurtimox, due to severe benznidazole adverse effect
(described as follow). The study revealed that 94.3% of the patients (117/124) received treatment
with drugs during 50 or more days, while only 5.6% (7/124) for less than 49 days. Among those who
were treated for less than 49 days, five of them did so for at least 30 days and two just for one day.
Those two children that have incomplete treatment were disregarded in this analysis. Adverse reactions
occurred in 20.2% (25/124) of the patients consisting of dermatologic alterations (72%); hair loss (3%);
gastric disturbances and insomnia (2%) as principal findings. Dermatological alterations included:
maculopapular rash, urticaria, morbilliform exanthema and angioneurotic edema (Figure 4).

33



Trop. Med. Infect. Dis. 2020, 5, 139

Figure 4. Face angioedema and maculopapular rush in hands post treatment with benznidazole, in
two patients.

4. Clinical Follow-Up According to Serologic and Cardiac Evaluation

Throughout the serologic follow-up, the geometric means of antibody titers after treatment
declined in medians of up to three titles (Figure 5).
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Figure 5. Follow-up geometric means of IgM and IgG antibody titers against T. cruzi, after treatment
with antichagasic drugs measured by immunofluorescence absorbent tests.
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According to the outcome evaluations which included cardiac exams and serologic tests before and
after treatment until the end point, 54.8% of the patients demonstrated sustained reactive IgG antibody
titers (low titers) without evidence of cardiac disease after the mean period of 10.9 person–years of
follow-up (Table 5). See definitions in Methods.

Table 5. Evolution observed in the end point post treatment of patients with Chagas disease.

Evolution after Treatment Frequency %

Sustained nonreactive serologic tests 21 16.7
Persistence of IgG antibodies against T. cruzi without evidence of cardiac disease 69 54.8

Persistence of IgG antibodies against T. cruzi with evidence of cardiac injury 3 2.4
Undefined 33 26.2

Total 126 100

5. Discussion

In this observational study of monitoring patients over a period of 15 years, the conglomeration of
patients in family outbreaks suggested oral transmission of 71.42%. In Brazil, there were 112 outbreaks
in conglomerates between 2005 and 2013, with ingestion of contaminated foods as the most frequent
form of transmission. However, more than 20% of the patients had no transmission information form
registered, with 87.5% of them in the Pará state, due to failures of timely outbreak investigations [8].

Despite the smallest proportion of vector transmission (6.4%) in Brazil, persistence of focal
points was observed, and entomological surveillance has been strengthened annually [8]. The national
seroprevalence survey for the evaluation of CD control in Brazil conducted between 2001 and 2008
reported an infection prevalence of 0.03% among children under five years of age, in the majority
suggesting vertical transmission due to maternal positive results and in the others indicating possible
vectorial transmission [9,10]. In our sample, vector transmission was the second most frequent mode,
as 71.4% of children and adolescents were infected during outbreaks with evidence of food transmission.

There were predominant manifestations of prolonged febrile syndrome, including the main triad of
fever (92.85%), headache (58.73%) and cutaneous pallor (50.79%). Rassi & Ferreira (1971) reported fever
as the main general manifestation, followed by ganglionic hypertrophy and subcutaneous edema in
the same proportion of 45.94% in all their patients with a mean age of 12.1 years [11]. Pinto et al. (2007)
corroborated that febrile syndrome is the principal clinical feature in 95% of patients with severe ACD,
followed by dyspnea (75%) and asthenia (65%), in addition to other signs and symptoms, although the
mean age of these patients was 46.7 years [12]. Shikanai-Yasuda et al. (1990) also registered a high
frequency of fever (91.7%), lymph node enlargement (70.8%), hepatomegaly (66.7%), splenomegaly
(41.7%), lower limb edema or generalized edema (62.5%), cutaneous rash (12.5%), cough (8.3%) and
signs of congestive heart failure (16.7%) [13].

In patients previously studied in the Amazon region, the search for IgM and IgG antibody titers
was essential for diagnosis in patients with prolonged disease because in these cases, the individual
diagnosis was delayed, reducing the chance of parasite detection in the peripheral blood (5). In the
series studied, the most effective tests to detect the infection were the serologic methods IgM and
IgG against T. cruzi measured by IIF (80.9% and 88.9%), followed by parasitological methods thick
blood smears (60.8%) and QBC®method (54.9%). This result strengths the recommended strategies
of the Brazilian Chagas consensus about simultaneous serologic and parasitological procedures in
suspected cases.

Anemia occurred in almost half (49.2%) of the patients, with a minimum value of hemoglobin
concentration of 7.0 g% and a maximum of 15.0 g%, with a mean of 10.7 g%, which is below the reference
value. Leukometry was on reference limits and therefore more frequently found than the registers
from another outbreak (37.5%) of ACD in urban areas described by Shikanai-Yasuda et al. (1990) [13].
Thrombocytosis was frequently found, both in patients from this sample as from other series [5].

Among those who underwent EKG examination during the acute phase 59.1% did not have
electrocardiographic abnormalities. However, among those with alterations, the main findings were
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diffuse repolarization abnormalities in 27.8% of patients, followed by sinus tachycardia (16.7%).
Comparatively, in the study by Noya et al. (2010) that included 77 children during an acute phase
outbreak in Venezuelan schoolchildren, the incidence of alterations was 69.7%. The abnormalities
found in 40.9% were lower than those reported by Noya et al. (2010) in an outbreak of ACD [14].

In our study, we found diffuse repolarization abnormalities (27.8%) and sinus tachycardia (16.7%),
which is also different from the study by Noya et al. (2010), whose main changes were T and P wave
segments (37.8%) and arrhythmias (32%). Additionally, in our series, sinus tachycardia proved to be a
signal during physical examination as suggestive of suspected ACD.

Another study made in the Amazon region including adults and children observed 52.3% of
electrocardiographic changes, which was three times higher than the frequency in the children of this
sample. Comparatively, the main electrocardiographic findings among adults were diffuse ventricular
repolarization abnormalities (DVRA) (43.3%) and low voltage of the QRS axis (15.6%), while in the
children studied, the findings were DVRA and sinus tachycardia [15].

Negative serum conversion is a marker used in follow-up studies after treatment.
Although controversial, anti-T. cruzi IgG antibodies persistence at low levels in serial evaluations is used
as a marker of cure. In Argentina, for example, 90% of children who completed treatment in 60 days
had a persistent decrease or disappearance of specific anti-T. cruzi antibodies [16]. Corroborating the
Argentine study, the Brazilian series studied showed an excellent response to treatment considering the
established clinical cure criteria, especially the complete resolution of the symptoms and the persistent
decrease in titration of IgG antibodies against T. cruzi. Negative seroconversion was observed at a lower
frequency. When compared to the Argentine study, the authors questioned negative seroconversion
as a potential cure marker and propose the PCR methodology in view to improve the cure rates
most faithful [17].

Currently, only two drugs have demonstrated efficacy for the treatment of CD: nifurtimox,
a nitrofuran derivative and benznidazole, a nitroimidazole derivative. Benznidazole is well tolerated
among children, being less susceptible to adverse effects than adults and tolerating higher doses [18–20].
The most frequent adverse reactions in the studied group were dermatological alterations in 14.27% of
them. Compared to the study by Altcheh et al. (2011), these adverse reactions were much less frequent
than in the 71% of the patients in the age range between 10 days and 19 years of age. The main adverse
reactions to the specific drug in Argentina consisted of dermatological complaints, such as skin rash,
eczema, pruritus, polymorphic erythema and urticaria (16). In the Brazilian series, clinical follow-up
showed that 54.8% had positive serologies without signals of disease; 16.7% were considered cured for
having negative sustained serologic conversion in serial evaluations and only 2.4% were considered to
have mild chronic cardiopathy.

Finally, it was possible to identify that the initial clinical manifestation in children and adolescents
varies from febrile syndrome to complex cases of acute myopericarditis. Among those who had cardiac
involvement, severe acute myocarditis affected 18.8% of them with faster resolution after immediate
specific treatment. When comparing the clinical manifestation of the disease in children and adults,
it is evident that in both, febrile syndrome was the most frequent manifestation. Second, dyspnea and
asthenia are frequent manifestations in adults, while pallor and headaches are predominant in children
and youth. In children, therefore, the presumed diagnosis of chagasic etiology is mandatory in those
with prolonged fever or acute myocarditis. Anemia was the most frequent nonspecific laboratory
abnormalities in children and adolescents.

We are in debt with the affected people in search for diagnostic tools that could access the cure
rates most faithful, especially in those exposed to vertical transmission. The decrease in antibodies IgG
against T. cruzi titers during the mean follow-up period of 10.5 years, after treatment and maintenance
of those in lower titers confers antiparasitic immune memory persistence, which could suggest low
potential evolution to chronic phase of the disease, after treatment with drugs received during the
acute phase.
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Abstract: Most patients with chronic Chagas disease (CD) present the indeterminate form and are at
risk to develop the cardiac form. However, the actual rate of progression to the cardiac form is still
unknown. Methods: In total, 550 patients with the indeterminate CD form were followed by means
of annual electrocardiogram at our outpatient clinic. The studied endpoint was progression to cardiac
form defined by the appearance of electrocardiographic changes typical of CD. The progression
rate was calculated as the cumulative progression rate and the incidence progression rate per 100
patient years. Results: Thirty-seven patients progressed to the CD cardiac form within a mean of
73 ± 48 months of follow-up, which resulted in a 6.9% cumulative progression rate and incidence
rate of 1.48 cases/100 patient years. Patients who progressed were older (mean age 47.8 ± 12.2 years),
had a higher prevalence of associated heart diseases (p < 0.0001), positive xenodiagnosis (p = 0.007),
and were born in the most endemic Brazilian states (p = 0.018). Previous co-morbidities remained the
only variable associated with CD progression after multivariate Cox proportional hazards regression
analysis (p = 0.002). Conclusion: The progression rate to chronic CD cardiac form is low and inferior
to rates previously reported in other studies.

Keywords: Chagas disease; heart disease; electrocardiogram; disease progression

1. Introduction

Chagas disease (CD) is considered a neglected tropical disease by the World Health Organization,
with an estimated 8 million people infected worldwide [1]. As a result of globalization, cases are
no longer restricted to Latin America and this new paradigm is a new challenge to be overcome [2].
Control programs for vectorial and transfusional transmission of CD, developed in the 1980s,
significantly decreased transmission. However, surveillance challenges remain due to new outbreaks
of oral transmission in endemic countries [3] and to the possibility of vertical transmission, even in
nonendemic areas [4]. The urbanization of the disease expanded access to healthcare services in
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endemic and non-endemic countries, changing their epidemiological profile, and together with CD
control programs, led to an increase in the age range of patients [5]. Integrated surveillance and
healthcare actions currently target the large number of patients already infected with Trypanosoma
cruzi [6], a significant portion of whom may develop chronic Chagas heart disease (CHD), a major
determinant of morbidity and mortality [7]. Studies on the indeterminate chronic form (ICF) of CD
are usually cross-sectional, most of which were performed in rural areas and were only aimed at
describing its prevalence, and rarely have prospective designs. Approximately 50% of the infected
people have ICF, which is characterized by low morbidity, patients with full working capacity, and an
excellent medium-term prognosis [8]. Despite the importance of these studies, their data should not be
extrapolated to patients who currently live in large urban centers.

The rate of disease progression from ICF to CHD is poorly known. The few prospective studies
that addressed this issue considerably differed in the study population age, number of cases, length of
follow-up, geographical area, living in endemic area with or without active vectorial transmission,
and migration to urban areas. More recent studies using methods similar to those of the present study
were conducted in different countries (Brazil, Argentina, and Venezuela) with different geographic,
climatic, and ecosystem configurations and with different vector transmission dynamics, which may
explain the differences in the reported rates of disease progression [9–22].

Thus, the objective of this study was to estimate the rate of progression from the ICF to CHD in a
large Brazilian urban cohort of chronic CD patients and to identify the factors that are associated with
CD progression.

2. Methods

This is a retrospective observational study of a historical cohort, consisting of patients diagnosed
with the ICF of CD, followed at the outpatient center of the Evandro Chagas National Institute of
Infectious Diseases (Instituto Nacional de Infectologia Evandro Chagas—INI) of the Oswaldo Cruz
Foundation (Fundação Oswaldo Cruz—Fiocruz), from November 1986 to December 2007 and followed
until December 2008. Patients who were not followed for at least one year or without a paired
electrocardiogram (ECG) during the follow-up were excluded from the study. The study was approved
by the INI/Fiocruz Research Ethics Committee (054/2011).

Serological diagnosis of CD was confirmed when two serological techniques were reactive:
Indirect immunofluorescence (titer >1/40) and enzyme-linked immunosorbent assay (reactivity index
>1.2). All patients with a confirmed diagnosis were subjected to an initial evaluation protocol,
which included: Epidemiological history, directed anamnesis, physical examination focused on
CD-related cardiovascular signs and symptoms, 12-lead ECG, and two-dimensional echocardiogram
with Doppler (ECHO).

Some patients were submitted to parasitological evaluation through xenodiagnosis (xeno) as
recommended by Cerisola et al. [23]. ECG was performed on admission to the cohort and repeated
annually in all patients. The Minnesota Code Manual of Electrocardiographic Findings [24], modified for
CD, was used to standardize the ECG interpretation. The electrocardiogram changes considered
compatible with Chagas disease followed the criteria recommended by the 2nd Brazilian Consensus
on Chagas Disease, 2015: 2nd- and 3rd-degree right bundle-branch block, associated or not to
left anterior fascicular block; frequent ventricular premature beats; polymorphous or repetitive
nonsustained ventricular tachycardia; 2nd- and 3rd-degree atrioventricular block; sinus bradycardia
with heart rate 50 bpm; sinus node dysfunction; 2nd- and 3rd-degree left bundle-branch block;
atrial fibrillation; electrical inactive area; or primary ST-T wave changes [25]. The echocardiographic
examination included parasternal and cross-sectional views and 2-, 4-, and 3- chamber apical views
and variations to identify wall motion abnormalities. Left ventricular global systolic function was
assessed by the Simpson method and classified as normal, mild, moderate, or severely depressed [26].
Patients’ follow-up included at least one annual medical visit and one annual ECG.
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3. Data Analysis

Categorical variables were described as the frequency (percentage) and numerical variables as
the mean and standard deviation. The Chi-squared test was used to compare categorical variables.
Cumulative incidence, which is expressed as the proportion between those who were exposed at
baseline and those who presented the studied end-point during the observation period, and incidence
density, which is expressed as the number of events during the time of exposure of each individual,
were described in the incidence analysis. Uni and multivariate Cox analyses were performed to
identify CD progression predictors. Kaplan–Meier survival curves stratified according to the presence
or absence of variables associated with CD progression were constructed and compared using the
log-rank test. The program IBM®SPSS®Statistics 21 (New York, NY, USA) was used, setting the
significance level at 5% for all tests.

4. Results

Of a total of 1606 patients with CD, followed at INI/Fiocruz, from November 1986 to December
2008, 701 met the inclusion criteria. Of these patients, 151 were excluded because they were not
followed for at least 1 year or because they did not perform a second ECG during the follow-up
period. The final studied population consisted of 550 patients (44.2 ± 11.5 years, 48.9% men) who were
followed for a mean period of 65 ± 42 months.

Most patients were born in the Bahia (BA) and Minas Gerais (MG) states, accounting for 23.3% and
22.9% of the subjects, respectively. Most patients had been away from an endemic area for more than
20 years (54.4%). At baseline, 519 (94.4%) patients had a normal ECHO. Xeno tests were performed in
107 patients, of whom 34.6% were positive. Of the 550 patients followed, 99 (18%) were treated with
benznidazole at baseline.

A total of 37 patients progressed to CHD according to new ECG changes, resulting in a 6.7%
cumulative incidence and 1.48 by 100 patients/year incidence density. The mean age at CHD progression
was 56.2 years. Patients who progressed to CHD were older, had a longer mean follow-up time,
a higher prevalence of associated heart disease, were more likely born in the Bahia and Minas Gerais
states, had lived more than 20 years away from endemic areas, and showed positive xeno compared to
non-progressors (Table 1).

Table 1. Baseline characteristics of progressor and non-progressor patients. Age and follow-up time
are expressed as mean ± standard deviation; ¥ n = 107 (7 progressors and 100 non-progressors);
BA: Bahia State: MG: Minas Gerais State.

Variable Total Patients (n = 550) Progressors (n = 37) Non-Progressors (n = 512) p-Value

Age (years) 44.25 ± 11.55 47.8 ± 12.2 44 ± 11.5 0.05

Follow-up time (months) 65 ± 42 73 ± 48 64 ± 42 0.25

Male 269 (48.9%) 18 (48.7%) 251 (48.9%) 0.97

Hypertension 180 (32.7%) 16 (43.2%) 164 (32%) 0.16

Diabetes 23 (4.2%) 4 (10.8%) 19 (3.7%) 0.06

Dyslipidemia 133 (24.2%) 13 (35.1%) 120 (23.4%) 0.11

Associated heart disease 16 (2.9%) 6 (16.2%) 10 (1.95%) <0.001

From State of BA/MG 254 (46.2%) 24 (64.9%) 230 (44.8%) 0.018

Living in a non-endemic area ≥20 anos 299 (54.4%) 29 (78.4%) 270 (52.6%) 0.002

Positive xenodiagnosis ¥ 37 (34.6%) 6/7 (85.7%) 31/100 (31%) 0.007

Previous benzonidazol treatment 99 (18%) 6 (16.2%) 93 (18.1%) 0.77

Altered echocardiogram 31 (5.6%) 3 (8.1%) 28 (5.5%) 0.46

Among the 37 progressors, 26 (70%) presented comorbidities: 16 patients had systemic arterial
hypertension (SAH), including 6 with left ventricular hypertrophy (LVH) on ECHO; 12 patients
had dyslipidemia; and 4 patients presented diabetes mellitus (DM). Fifteen patients presented
only one comorbidity, 6 presented with 2 comorbidities, and 5 presented with 3 comorbidities.
Four cardiovascular events occurred in these patients: Acute myocardial infarction (AMI),
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total atrioventricular block (TAVB), atrial fibrillation (AF), and heart failure (HF). One death was
associated with ischemic heart disease.

Among the new changes diagnosed on follow-up ECGs, 67.5% were intraventricular conduction
disorders (IVCD), followed by primary ST-T wave changes (32.4%). and ventricular arrhythmias
(29.7%) (Table 2). In total, 30% of patients had an abnormal ECHO at baseline, and LV wall motion
abnormalities and LVH were the predominant findings. There were no significant differences in
alterations on ECHO between progressors and non-progressors at baseline. Among the 37 progressors,
7 were subjected to xeno, including 6 positive and 1 negative, and 6 received specific treatment with
benznidazole at the beginning of their follow-up.

The five variables that initially showed differences between progressors and non-progressors at
baseline were tested by univariate Cox regression, remaining associated with progression to CHD, age,
associated heart disease, and living more than 20 years away from endemic areas. After the multivariate
Cox regression model, including these three variables, only associated heart disease remained
independently associated with progression to CHD (Table 3). Figure 1 shows the Kaplan–Meier curve
stratified according to the presence of associated heart disease (log-rank test p < 0.001).

 

Figure 1. Kaplan–Meier survival curve stratified by the presence of non-chagasic cardiomyopathy.
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Table 3. Univariate and multivariate Cox regression model for progression from the indeterminate to
cardiac form.

Variable
Univariate Analysis Multivariate Analysis

HR (95% CI) p-Value HR (95% CI) p-Value

Age 1.03 (1.00 to 1.06) 0.03 1.02 (0.98 to 1.05) 0.37

Associated heart disease 5.37 (2.22 to 13.00) <0.001 4.10 (1.65 to 10.20) 0.002

From State of BA/MG 1.68 (0.85 to 3.34) 0.14 − −
Living in a non-endemic area ≥20 years 2.44 (1.10 to 5.38) 0.03 1.81 (0.77 to 4.26) 0.18

Positive xenodiagnosis 1.07 (0.35 to 3.29) 0.89 − −

5. Discussion

Our study described a lower CD progression rate than previous studies. Among the reasons that
can ascertain this difference are the different ECG criteria used to define CHD, reinfection in endemic
areas, mean age at baseline, and follow-up time.

The changes in ECG considered as ECG progression criteria described in most previous
studies included changes, such as secondary ST-T wave changes, first-degree atrioventricular and
intraventricular conduction disorders, and isolated supraventricular and ventricular extra systoles,
which are no longer considered diagnostic of CHD, as described in the guidelines followed in the
present study. This fact may have contributed to an overestimation of CD progression in these studies.

Reinfection could influence CD progression to CHD among patients included in field studies
conducted in the 1960s and 1970s, when CD control measures were still not effective [11].

The mean age of patients at baseline may also influence the difference in results between studies.
Patients of a younger age have more time to present CD progression during their follow-up [27,28].
The mean age of the patients followed in our study was 44.2 years, while in field studies performed in
the 1960s and 1970s, the mean age was younger than 25 years, including children and adolescents,
thereby accounting for a higher number of progressions. In turn, from the 1990s, studies have tended
to include adults ≥40 years and elderly people, who likely had already progressed to chronic CHD,
thus accounting for the lower rate of progression found in our cohort.

The follow-up observation time is also a key variable, which accounts for differences in the rates
of progression to CHD found between studies considering the natural history of CD. A retrospective
cohort study of healthy blood donors showed that the rate of progression to CHD was 1.85% per year,
defining that a 10-year follow-up period would be sufficient to identify the incidence of CHD [29].
The follow-up time of published studies ranges from 3 to 13 years, while the follow-up time of our
study was 22 years, which is the longest follow-up time of longitudinal studies thus far. Even our
reported loss to follow-up of 22% did not decrease the value of our long-term follow-up, as 78% of our
patients had a follow-up of at least 10 years.

Women slightly prevailed (51.1%) in our sample, as in other studies [11,13,18,20,21]. Male sex
was associated with progression to CHD in a previous field study [30], which was not confirmed in
our study.

Most patients of our cohort were long-term residents of the metropolitan region of the state of Rio
de Janeiro, similar to those described in other urban cohorts [19,21,22]. However, they were mostly
migrants from 19 endemic Brazilian states, mainly Bahia and Minas Gerais. These states present the
highest prevalence of CD and CHD [31], which may be the result of the varying pathogenic degrees of
T. cruzi [15]. Regional differences are associated with both disease severity and the predominance of
clinical forms due to factors linked to the parasitized individual (immune status, nutritional status,
genetic factors, and physical effort) and to other factors related to the parasite (different strains of
T. cruzi, parasitism intensity, and reinfections) [32,33].

Considering the role that circulating T. cruzi can play in the evolution of CHD, we assessed the
relationship between positive xeno and ECG progression. The frequency of positive xeno in our study
was similar to that of previous studies with chronic patients [34]. Nevertheless, no association was
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found between positive parasitemia and ECG progression, most likely due to the limited number of
patients subjected to this evaluation protocol. The absence of an association between parasitemia and
chronic CD progression was also described in other longitudinal studies [35].

Regarding comorbidities, the percentage of SAH, DM, and dyslipidemia in this cohort is similar
to the estimated prevalence of these comorbidities in the Brazilian population, and, as described
in other series of patients with CD, none of them were associated with ECG progression [36,37].
Some studies demonstrated no risk in the coexistence of SAH and CD [38]. In our cohort, 16 patients
(2.9%) had associated heart disease at baseline, most often LVH, with minimal or no degree of LV
systolic dysfunction. We identified five cases of ischemic heart disease with three occurrences of acute
myocardial infarction (AMI). The electrocardiographic changes eventually associated with these events
(electrically inactive zones or isolated primary repolarization changes) were not considered criteria for
CD progression but manifestations of the associated heart disease. Although the number of patients
with associated heart disease at baseline was low, those patients had an increased risk of progression to
CHD diagnosed by ECG changes typical of CD, and associated heart disease was the only independent
risk factor for progression to CHD.

The most frequent ECG change found in those who progressed to CHD in our study was IVCD,
followed by primary ST-T wave changes, and ventricular arrhythmias. This finding corroborates
several studies in which the same ECG changes were the most frequently found in CHD [39,40].
Regarding progression to CHD, other studies described primary ST-T wave changes and ICD as the
most frequent findings [9,21].

Regarding ECHO, segmental changes predominated in those who had an altered ECHO at
baseline, whereas diffuse changes predominated in patients who had a normal ECHO at baseline.
This suggests that echocardiographic alterations indicative of an incipient process of impaired global
systolic function may be the physiopathogenic basis of the electrocardiographic changes identified
among progressors. In a previous study of the same cohort, the prevalence of LV aneurysm was 24%
among patients with an abnormal electrocardiogram and 2% among patients with a normal ECG [41].
In addition, diastolic functioning has been described as being altered in up to 10% of patients with a
normal ECG in our institution [42].

Despite the progression to CHD by ECG changes, none of the 37 patients who started the follow-up
with ICF and progressed to CHD showed symptoms or signs compatible with CD. The clinical
cardiological events (AMI, AF, TAVB, and HF) that affected progressors were apparently more related
to associated heart diseases and/or to aging. The only case of HF was related to tachycardiomyopathy
associated with AF in an elderly patient with severe SAH. AF and TAVB also occurred in two
elderly patients (66 and 85 years, respectively). The only death was recorded in a patient who
had an AMI, which corroborates the good prognosis of patients with ICF described in longitudinal
studies in which mortality rates are similar to that of individuals of the same age group without
CD [43]. Regarding age, ECG changes that occur in the general population in primary care are
associated with age and comorbidities [44]. Therefore, we should consider that in CD cohorts with
elderly patients, the onset of new cardiovascular events could be expected due to the ageing process,
including degenerative changes in the conduction system, or complications from other morbidities,
such as SAH and atherosclerotic disease. In fact, age was associated with CD progression after
univariate analysis. However, comorbidities are also highly prevalent among elderly individuals,
and after multivariate analysis, age was no longer associated with CD progression.

The increase in life expectancy observed in individuals infected with T. cruzi and the migration
of most of the population from rural areas to large urban centers exposes these individuals to
several lifestyle habits that favor the development of chronic degenerative changes, such as obesity,
insulin resistance, arterial hypertension, and dyslipidemia, which, in combination with nutritional
aspects and aging, significantly increase the risk of cardiovascular events and death [45,46]. Over the
past few decades, studies have increasingly shown that patients with CD have comorbidities that
become increasingly more frequent as this population ages [5]. The difficulty in implementing healthy
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habits makes them more vulnerable to the concomitant onset of other chronic diseases [47]. Another key
issue is that the higher the number of comorbidities is, the greater the adverse impact on prognosis
will be with the increase in morbidity and mortality. Ischemic heart disease worsens ventricular
function and can exacerbate the clinical symptoms of CD, worsening the prognosis. Importantly,
coronary artery disease increases the risk of sudden death, which is already high in CHD. As in the
general population, SAH is the most prevalent comorbidity, and these hypertensive patients are 40%
more likely to present with HF than non-hypertensive patients [36,48].

The findings of the present study indicate that the rate of ICF progression to CHD is low and lower
than the rates described in previous studies conducted in endemic and rural areas, albeit compatible
with studies conducted from the 2000s, in urban and non-endemic areas. The presence of associated
heart disease, especially LVH, was independently associated with ECG progression.

However, our study is limited by the characteristic slow progression of patients with CD and
ICF, which resulted in a low number of events during the follow-up. The low number of events
makes the identification of other potential variables associated with ECG progression difficult. Thus,
further studies with a longer follow-up period or larger number of patients are necessary to better
identify the variables associated with progression.
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Abstract: Background—Patients with Chagas cardiomyopathy (CC) have high mortality, and CC is a
common indication for heart transplantation (HTx) in endemic countries. Chagas disease reactivation
(CDR) is common after transplantation and is likely to cause adverse outcomes unless detected and
treated appropriately. This study reviews our experiences with HTx among patients with CC, and
the use of benznidazole (BZ) before transplantation. Methods—During the 18-year period from
1996 through 2014, 70 of 353 patients who underwent HTx (19.8%) had CC, and 53 patients met the
inclusion criteria. The effectiveness of prophylactic treatment with BZ (dose of 5 mg/kg/day, two
times per day, for at least four weeks and for a maximum of eight weeks) was determined based on
the observed reduction in the incidence of CDR during the post-HTx period. Results—Prophylactic
therapy was administered to 18/53 patients (34.0%). During the follow-up period, the incidence
rate of CDR in our study was 34.0% (18/53). Based on logistic regression analysis, only prophylaxis
(OR = 0.12; CI 0.02–0.76; p = 0.025) was considered to protect against CDR. Conclusion—Our study
suggests that the use of BZ may reduce the incidence of CDR in patients undergoing HTx and
warrants further investigation in a prospective, randomized trial.

Keywords: chagasic cardiomyopathy; heart transplant; chagas disease reactivation

1. Introduction

Chagas disease (CD) is a major cause of end-stage cardiomyopathy in Mexico, South America,
especially in Brazil, and Central America, with 7.7 million people currently estimated to be infected
in 18 countries [1]. The exodus from these rural communities in the late 20th century has resulted in
a marked urbanization and globalization of CD. The number of infections in the United States and
non-endemic countries in Europe and the Western Pacific Region continues to rise [2,3].

Patients with chagasic cardiomyopathy (CC) have higher mortality than patients with other
etiologies of cardiomyopathy [4]; thus, CC is a common indication for heart transplantation (HTx) in
endemic countries where this therapy is available.

Chagas disease reactivation (CDR) is common after HTx and is likely to cause adverse outcomes
unless detected and treated appropriately [5]. In addition, acute T. cruzi infection causes substantial
morbidity (allograft dysfunction) and mortality in the post-transplant setting if not recognized and
treated early [6].

Only two drugs (benznidazole (BZ) and nifurtimox) have been shown to be effective enough to
warrant widespread use in acute CD treatment [7]. Data validating the use of prophylactic therapy
with BZ in patients with CD who underwent heart transplantation are lacking in the literature.

In 1995, Fragata Filho [8] suggested the necessity of elimination of the parasite with parasiticidic
drugs in patients with a heart transplant and immunosuppression therapy. In addition, in 1999,
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Rassi [9] described the protective effect of benznidazole (5 mg/kg/day, two times per day, 4–8 weeks)
against parasite reactivation in patients chronically infected with T. cruzi and treated with corticoids for
associated diseases. Based on these assumptions, our service began using BZ as prophylactic therapy.

This study reviews our experience with cardiac transplantation in patients with CC, emphasizing
reactivation and the use of BZ before transplantation.

2. Materials and Methods

2.1. Patients and Medications

This investigation is a retrospective cohort study of heart transplant recipients with CC that
was undertaken at Dante Pazzanese Institute of Cardiology and includes data compiled over a
18-year period. Between 1996 through 2014, 70 patients with CC underwent HTx. Seventeen patients
were excluded because they died during hospitalization or had incomplete data. Clinical data were
considered until December 2016 to guarantee at least 2 years of follow-up after transplantation.

All patients were evaluated for CD using serological screening before starting conditioning
chemotherapy and transplantation.

All patients received triple drug immunosuppressive therapy that included calcineurin inhibitors
(cyclosporine or tacrolimus), corticosteroids, and a third drug, which could be mycophenolate mofetil
or sodium. Due to the lack of BZ that usually occurred during this period, BZ was used only when it
was available and in a non-randomized way. Prophylactic therapy with BZ was prescribed at a dose of
5 mg/kg/day, two times per day, for at least 4 weeks and for a maximum of 8 weeks [9].

The protocol was approved by the review boards of the Instituto Dante Pazzanese de Cardiologia
(CAAE: 47457315.8.0000.5462).

2.2. Definitions

The criteria used to diagnose CDR after HTx were evidence of parasites obtained using direct
methods, such as endomyocardial biopsies (EMB), hemoculture or real-time polymerase chain reaction
(PCR). None of the donors had CD.

The effectiveness of the treatment was determined based on the observed reduction in the incidence
of CDR after heart transplantation.

2.3. Statistical Analysis

Continuous variables are expressed as the mean ± standard error (SE), and categorical variables
are expressed as percentages. For group comparisons, the t-test was used for variables with a normal
distribution and the Mann–Whitney test was used to compare variables without a normal distribution.
For categorical variables, the χ2 test or the Fisher exact test was applied. For the multivariate analysis,
the logistic regression model was used with the Hosmer and Lemeshow test. p < 0.05 was considered
significant. All analyses were performed using GNU PSPP (Version 0.8.5-g2d71ac) (Computer Software).
Free Software Foundation. Boston, MA, USA.

3. Results

From 1996 through 2014, 353 heart transplantations were performed at Dante Pazzanese Institute
of Cardiology. Seventy (19.8%) transplants were performed in patients with CC. Table 1 shows the
observed differences in characteristics between the groups without prophylactic therapy (GP-) and
with prophylactic therapy (GP+).
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Table 1. Characteristics of patients according to benznidazole prophylactic therapy status (GP+
vs. GP−).

Variable
Total
n = 53

GP−
n = 35

GP+
n = 18

p-Value

Male (%) 32 (59.6) 19 (54.3) 13 (72.2) 0.261
Reactivation (%) 18 (34.0) 16 (45.7) 02 (11.1) 0.012

Corticosteroid therapy (%) 39 (75.0) 28 (80.0) 11 (61.1) 0.195
Tacrolimus therapy (%) 04 (7.5) 03 (08.6) 01 (05.6) 0.616

Cyclosporine Therapy (%) 31 (58.5) 22 (62.9) 08 (44.4) 0.252
Mycophenolate (%) 37 (69.8) 26 (74.3) 11 (61.1) 0.401
Age in years (m; SE) 48.8 (1.38) 50.4 (1.55) 46.0 (2.72) 0.141
Weight in Kg (m; SE) 62.1 (1.53) 61.6 (1.87) 62.9 (2.56) 0.671

Corticosteroid in mg (m; SE) 22.1 (2.62) 20.1 (3.30) 24.7 (4.27) 0.396
Tacrolimus in mg (m; SE) 7.0 (1.30) 7.3 (1.76) 6.0 (-) 0.742

Cyclosporine in mg (m; SE) 220.2 (11.21) 208.8 (18.06) 233.9 (11.30) 0.272
Mycophenolate in mg (m; SE) 1055.5 (59.08) 1058.7 (61.36) 1050.7 (119.55) 0.948
Ischemic time in min (m; SE) 146.2 (7.65) 152.0 (10.32) 134.8 (7.37) 0.333

m =mean; SE = standard error.

Prophylactic therapy was administered in 18 patients (34.6%). Of the 18 (34.6%) patients with
CDR, the diagnosis was made using EMB (44.4%), PCR (38.9%), and hemoculture (16.7%). The main
symptoms in the clinical presentation included dyspnea (33.3%), weakness (27.7%), vomiting/diarrhea
(16.6%), heart failure (11.1%), and no symptoms (11.1%).

The total incidence rate of CDR in our study was 34.0% (18/53). CDR was diagnosed in 45.7%
(16/35) of patients without prophylaxis and in 11.1% (02/18) of patients in the group with prophylaxis
(p = 0.012). The mean time for CDR was 352 days (SE = 148.4).

The univariate analysis of the characteristics of patients with (CDR+) and without (CDR-) Chagas
disease reactivation (Table 2) shows that both cyclosporine (p = 0.041) and prophylaxis (p = 0.012)
were significant, but in the multivariate analysis, which also included variables that we thought could
influence the reactivation results, only prophylaxis remained significant (p = 0.025) (Table 3).

Table 2. Characteristics of patients with (CDR+) and without (CDR−) Chagas disease reactivation.

Variable
CDR−
n = 35

CDR+
n = 18

p-Value

Male (%) 21 (58.3) 11 (61.1) 0.938
Prophylaxis (%) 16 (45.7) 02 (11.1) 0.012

Corticosteroid therapy (%) 23 (65.7) 16 (88.9) 0.700
Tacrolimus therapy (%) 03 (08.6) 01 (05.6) 0.694

Cyclosporine Therapy (%) 17 (48.6) 14 (77.8) 0.041
Mycophenolate (%) 23 (65.7) 15 (83.3) 0.177
Age in years (m; SE) 49.3 (1.73) 47.8 (2.32) 0.626
Weight in Kg (m; SE) 61.7 (1.93) 62.9 (2.56) 0.703

Corticosteroid in mg (m; SE) 20.1 (3.30) 24.7 (4.27) 0.396
Tacrolimus in mg (m; SE) 7.3 (1.76) 6.0 (-) 0.742

Cyclosporine in mg (m; SE) 208.8 (18.06) 233.9 (11.30) 0.272
Mycophenolate in mg (m; SE) 1058.7 (61.36) 1050.7 (119.55) 0.948
Ischemic time in min (m; SE) 148.0 (10.20) 144.4 (10.94) 0.826

m =mean; SE = standard error.
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Table 3. Logistic regression for CDR *.

B S.E. Wald df Sig. Exp(B) Lower Upper

Gender −1.15 0.79 2.13 1 0.144 0.32 0.07 1.48
Prophylaxis −2.13 0.95 5.04 1 0.025 0.12 0.02 0.76

Corticosteroid therapy 0.73 1.04 0.49 1 0.482 2.07 0.27 15.86
Tacrolimus therapy −0.38 1.56 0.06 1 0.805 0.68 0.03 14.41

Cyclosporine therapy 1.16 0.93 1.56 1 0.212 3.19 0.52 19.69
Mycophenolate therapy 0.97 0.95 1.04 1 0.308 2.63 0.41 16.90

Constant −0.57 1.24 0.21 1 0.648 0.57

* Hosmer and Lemeshow test = 0.620.

4. Discussion

CDR has been described in patients with leukemia and HIV and in patients with kidney, liver,
and heart transplantation. It is important to highlight that due to immunosuppression, the recipients
with CD can develop CDR, and the reactivation rate of CD after HTx for CC is variable, with an
incidence of 21–45% [5]. In the literature, the degree of immunosuppression was often correlated with
reactivation [6,7]. At our institution, reactivation occurred in 34.6% of patients with CC. The type and
dose of immunosuppression used did not differ significantly between the groups with and without
CDR. Unlike the Bacal [10] study that showed that mychophenolate mofetil increased CDR in heart
transplanted patients, our data failed to demonstrate which immunosuppressant could increase the
chance of CDR. We hypothesized that prophylaxis might have a protective effect or that our small
sample size was not powered enough to determine the effects of the immunotherapy.

Nevertheless, CDR can cause both cardiac and noncardiac (skin lesions) manifestations. The
cardiac manifestations of CDR include new conduction blocks that may require pacemaker placement,
valvular regurgitation, and most seriously, allograft dysfunction that can progress to cardiogenic shock
and death [5,7]. In the setting of CDR after HTx, we found great clinical variability, from patients with
no symptoms to patients with heart failure.

In Brazil, the most recent Clinical Protocol and Therapeutic Guidelines for Chagas Disease of the
Ministry of Health [11] stated that the treatment of the acute form must be immediate. In asymptomatic
cases, or when diagnostic confirmation is not possible, but with persistent suspicion, empirical
treatment may be considered. The etiological treatment of the person affected with the disease in the
chronic phase should be carried out in children and adolescents in the chronic indeterminate phase.
For adults in the chronic indeterminate phase, the benefit of antiparasitic treatment is uncertain. In
adults under 50 years old, the treatment should be considered. For Chagas heart disease in the early
stages (only have changes in the electrocardiogram, with normal ejection fraction, absence of heart
failure, and absence of severe arrhythmias), both treatment and untreatment with benznidazole are
valid alternatives, and the decision must be shared with the patients. There is no evidence to justify
the treatment of patients with advanced Chagas heart disease [11].

Prophylaxis has been demonstrated to avert transmission or reactivation in liver and renal
recipients [12,13]. In patients with CC who are treated with corticoids, Rassi [9] demonstrated that for
many reasons, benznidazole used as a primary chemoprophylaxis prevented increased parasitemia
(evaluated by xenodiagnoses) and suggested that in immunocompromised patients with chronic CD,
the use of this drug could be useful. Importantly, the myocarditis of an acute CDR patient can be easily
mistaken for allograft rejection [14], and treatment with intensified immunosuppression can lead to
more severe T. cruzi infection [7]. Unfortunately, due to a lack of raw materials or difficulty obtaining
the medication for prophylactic use, BZ was unavailable for some of the study period, making it
impossible to carry out a randomized study in our center.

When we started our study, PCR was not considered a consolidated diagnosis of Chagas
reactivation. Since then, new scientific data have demonstrated advantages of PCR monitoring over
traditional methods such as being less invasive, faster, contributing to the differential diagnosis between
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reactivation and rejection episodes, and preceding the clinical manifestations of reactivation by 2 or
more months [15–18]. Thus, PCR is a precious tool which guides physicians to decide whether patients
should begin receiving anti-parasite drugs or changes in the immunosuppression regimen. Today, the
concept of reactivation must be redefined even if the patient is asymptomatic and includes an increase
in parasitemia, detected either by direct parasitological techniques or by PCR [7].

To our knowledge, this study is the first reported series using BZ as prophylactic therapy before
HTx in patients with CC. This study found that in the presence of prophylactic therapy, reactivation
was reduced in patients with CC who were subjected to HTx (OR = 0.12, CI 0.02–0.76; p = 0.025).

Our findings reinforce the idea that monitoring for CDR should be performed routinely after HTx
and during suspected reactivation episodes [7,19]. However, no scientific data are available that define
exactly when such routine monitoring should be performed.

Our study has limitations common to retrospective analyses. First, the individuals enrolled in
the study were not randomized to BZ therapy or placebo, and the physicians and patients were not
blinded to the medical intervention. In addition, this study represents an analysis of a unique center
with a small number of patients.

5. Conclusions

Our results suggest that the use of prophylactic therapy could reduce the incidence of CDR in
patients who were subjected to HTx. These findings challenge the available data and warrant further
randomized, double-blind studies.
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Abstract: Chagas disease was discovered in 1909 by the Brazilian scientist Carlos Chagas. After
more than 110 years, many outcomes have been achieved in all research fields; however, Chagas
disease remains a serious public health problem, mainly in Latin America, being one of the most
neglected tropical diseases in the world. As a neglected disease, it receives very little financial support.
Nevertheless, how much is actually spent? With this question in mind, the goal of the present work
was to summarize all funding employed by multiple institutions in the Chagas disease field in a 10-year
survey. From 2009 to 2018, Chagas disease received only USD 236.31 million, representing 0.67% of
the total applied for all neglected diseases in this period. Mostly, the investments are concentrated in
basic research (47%) and drug development (42.5%), with the public sector responsible for 74% of
all funding, followed by the industry (19%) and philanthropy (7%). Relevantly, NIH (USA) alone
accounted for more than half of the total investment. Taking into account that Chagas disease has a
great socio-economic impact, it is clear that more investments are needed, especially from endemic
countries. Furthermore, coordinated strategies to make better use of resources and incentives for the
pharmaceutical industry must be adopted.

Keywords: Chagas disease; human illness; neglected tropical disease; global financing; annual
funding; investments

1. Chagas Disease: An Overview

The American trypanosomiasis, or Chagas disease, is listed by the World Health Organization
(WHO) as one of the 20 neglected tropical diseases (NTDs) [1,2]. The WHO estimates that 6 to 8 million
people are infected with Trypanosoma cruzi, the etiologic agent of Chagas disease, and about 12 to
14 thousand deaths are reported every year (4.5 thousand only in Brazil). If left untreated, Chagas
disease also can lead to severe digestive and heart system problems over the years [3]. Furthermore,
more than 70 million individuals are living in areas with constant risk of transmission. The main form
of contagion is through the blood-sucking triatomine insect bite; however, other forms of transmission
are also reported, such as blood transfusions or organ/bone marrow transplants without proper
control, congenital transmission (mainly in urban and non-endemic areas), laboratorial accidents, and
orally, by ingesting food or liquids (e.g., açaí berry, palm wine, and sugar cane and guava juices)
contaminated with triatomine feces containing infective T. cruzi metacyclic trypomastigotes [3,4].
This situation could have been worse if large-scale investments did not begin in the 90 s in order to
promote interventions to interrupt the transmission. Important successful examples of multinational
collaborations in Latin America must be exalted, such as the Southern Cone, Amazon, Andean and

Trop. Med. Infect. Dis. 2020, 5, 88; doi:10.3390/tropicalmed5020088 www.mdpi.com/journal/tropicalmed57



Trop. Med. Infect. Dis. 2020, 5, 88

Central America initiatives. The common goals of these coordinated programs were to eradicate the
main triatomine vectors of T. cruzi (Rhodnius prolixus, Triatoma infestans, T. brasiliensis and T. dimidiata)
in combination with mandatory serological blood-bank screening [5–8]. Indeed, as vector and blood
transfusion transmission has been combated in many countries, the incidence of Chagas disease has
dropped substantially over the last decades [9].

Chagas disease is endemic in 21 countries of Latin America (about 6 million cases), but, due to
the immigration, it is also reported in developed countries such as United States of America (USA)
and some countries in Europe, such as Italy, Spain and France, representing a significant economic
burden to the health care systems of these regions [3,10,11] (Figure 1). In Latin America, Argentina,
Bolivia, Brazil and Mexico are in the top in terms of prevalence rates, accounting for approximately
70% (4.2 million) of the estimated cases of infected people [4,12].

Figure 1. Global distribution showing the countries endemic for Chagas disease, where transmission
occurs mainly through insect vector action, as well as the countries that receive infected people from
these regions due to the migratory process [3,10,11].

There are several concerns about coping with this disease: besides the lack of an available vaccine,
it is estimated that less than 10% of the people in the world affected by Chagas disease are diagnosed
and only about 1% have access to specific treatment. The current treatment options, benznidazole
and nifurtimox (the latter used in a smaller scale), have doubtful efficacy and require continuous
monitoring. Moreover, these compounds present high manufacturing costs and they are extremely
toxic, causing several side effects due to the necessity of long-term administration, which may require
premature treatment interruption [13,14].

Despite the high morbidity and mortality rates and high costs of hospitalization and treatment, it
has been clear that the pharmaceutical sector does not have any serious interest in financing specific
research against Chagas disease, as it has for other chronic illness. Unfortunately, it is likely that
this scenario has occurred because the population affected by this trypanosomiasis lives in poverty
and, therefore, little financial return is expected with the development of diagnostic tests and new
chemotherapeutic options. In part, this historical negligence contributes to the increase of disease
morbimortality as well as to the spread poverty, and generates more social stigma [2,14–16].

The global impact of Chagas disease can be measured by Disability-Adjusted Life-Years (DALYs),
an indicator that takes into account premature deaths and long-term irreversible injuries owing to the
disease [17]. Per year, an impressive number, about 700,000, of DALYs has been attributed to Chagas
disease, resulting in an overall cost of more than USD 7.2 billion [10,18]. The highest economic impact
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occurring outside Latin America is attributed to the USA, with an estimated average cost of USD
850 million. Inside Latin America, in Brazil alone, the annual economic losses are estimated at over
USD 1.5 billion [10,18]. At the early stages of the disease, the estimated cost per patient is USD 200,
but at the chronic symptomatic stage, this value can reach USD 4000 to USD 6000 [19].

For all the reasons mentioned, it is evident that Chagas disease has a huge social and economic
global impact. Based on this scenario, it is clear that investments against the disease are extremely
necessary. However, how much is actually applied and what is the profile of these investments? In this
context, the present work aimed to briefly compile the investments applied to Chagas disease in a
10-year period (2009–2018), as well as the flow of them between the products and the main funders.

2. Data Collection for the Survey

This work was elaborated by compiling information collected from the repository of investment
data provided by the G-FINDER project, conducted by Policy Cures Research, a not-for-profit
global health think tank funded by the Bill & Melinda Gates Foundation [20]. The G-FINDER
project groups annual funding data on neglected diseases provided by hundreds of institutions of
governmental, private and philanthropic sectors. The survey was conducted from 2009 to 2018
(10 years) considering funding applied exclusively on Chagas disease, thus excluding investments in
research and development (R&D) for multiple trypanosomiasis (Chagas disease, leishmaniasis and
sleeping sickness). The year 2019 was not included in this work as data collection has not yet been
completed. Pharmaceutical industry funding is presented aggregated for confidentiality reasons. For a
better comparison of annual changes, funding data of all years were adjusted for the 2018 inflation rate
and presented in US dollars (USD) to eliminate artefactual effects caused by inflation and exchange
rate fluctuations.

3. Funds Applied to Chagas Disease over 10 Years

According to the data collected in the survey, the total amount of funds for R&D on neglected
diseases reached almost USD 35 billion in a period of 10 years (2009–2018). The global investment
in neglected diseases changed little over these years, with the exception of the year 2018, when the
investment brand passed the USD 4 billion mark (Table 1). The majority of the global investments
(USD 25 billion or 71.71%) were directed to only three diseases: AIDS, tuberculosis and malaria. In fact,
this proportion is expected, since this “evil triad”corresponded to almost 276 million registered cases
worldwide in 2018 (37.9 million of AIDS, 10 million of tuberculosis and 228 million of malaria) [21–23].
In 2018, the number of malaria deaths stood at 405 thousand (of these, an incredible 272 thousand were
deaths of children under 5 years of age). The African region continues to carry a disproportionately
high share of the global malaria burden, with 93% of malaria cases and 94% of malaria deaths [21].
Similarly, the African region accounts for more than two-thirds (25.7 million) of all people living with
AIDS. The remaining (12.2 million) cases are spread across the world, but mainly in Eastern Europe
and Central Asia. In 2018, 770 thousand people died from AIDS-related causes [22]. Tuberculosis is a
treatable and curable disease. Even so, 1.5 million people died in 2018 (including 251 thousand people
co-infected with HIV). A terrifying number of child deaths, 205 thousand, was also reported due to
the tuberculosis (including among children infected with HIV). Tuberculosis is present in every part
of the world. Therefore, the largest number of new cases in 2018 occurred in the South-East Asian
region, with 44% of new cases, followed by the African region, with 24% of new cases and the Western
Pacific with 18% [23]. Consequently, the high investment earmarked for this triad is easily justified by,
collectively, the large number of cases worldwide, the global spread of the diseases and both morbidity
and mortality rates, which mainly affect poor and developing countries as well as specific groups
living in developed countries.
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Table 1. Investments in neglected diseases over 10 years [20].

Investments in Neglected Diseases in 10 Years (USD in Million *)

Diseases 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total %

Neglected Diseases 3595 3416 3364 3469 3348 3337 3282 3437 3681 4055 34,984 100
Chagas Diseases 19.31 23.3 27.03 35.28 28.3 21.65 19.15 23.4 17.94 20.95 236.31 0.67

* Adjusted values for 2018 inflation.

Unfortunately, investments in Chagas disease do not reflect the reality described above. In 10 years,
the amount invested was USD 236.31 million, only 0.67% of the total applied for neglected diseases
overall (Table 1). Both the number of infected people and the deaths associated with Chagas disease are
inaccurate and probably underestimated [4]. For example, Chagas disease received USD 20.95 millionin
2018, which represents only from USD 2.6 to USD 3.5 per infected person and from USD 1496 thousand
to USD1745 thousand per death. The investments combined for malaria, tuberculosis and AIDS in 2018
summed to USD 2.8 billion, representing about USD 10.2 per infected person (2.9 to 3.9 higher than for
Chagas disease) and USD 1155 thousand per death (USD 340 to USD 590 less than Chagas disease).
The “evil triad” has a higher lethality rate than Chagas disease; for this reason, the amount employed
by death ends up being lower in view of the greater number of deaths. In this comparison, despite the
lower lethality rate, the chronic form of Chagas disease is considered a disabling illness responsible
for the most significant morbidity and mortality among parasitic diseases, in addition to great social
stigma [4]. Indeed, as already mentioned, 700,000 DALYs have been attributed to Chagas disease each
year (while DALYs for malaria in Latin America were estimated at 111,000), with a global cost for
health systems exceeding the USD 7 billion mark, which reinforces the constant need for attention to
this illness [2,4,12]. Therefore, appropriated investments in health care interventions should be framed
in terms of the long-term savings to healthcare systemsas well as the economy [24].

In another comparison, other trypanosomatid diseases, such as leishmaniasis and sleeping sickness
(or HAT, human African trypanosomiasis), also received much more funding in 10 years than Chagas
disease: respectively, USD 503 million and USD 425 million. Leishmaniasis is endemic in approximately
98 countries worldwide, but especially located in Latin America, East Africa and Southeast Asia, with
14 million people directly affected by the three forms of the disease (cutaneous, mucocutaneous and
visceral). By far, visceral leishmaniasis is the most important form, because it causes the most severe
disease, with 200–400 thousand cases per year with 10%–20% mortality [25]. Moreover, leishmaniasis
is also of great importance in the context of veterinary medicine: dogs have great domestic appeal as
well as being the main reservoirs for several Leishmania species. Therefore, it should be noted that
this dichotomy is responsible for part of the USD 38.87 million investment destined to the disease in
2018 [26]. HAT, on the other hand, is a more restricted disease, affecting mainly African countries
such as the Democratic Republic of the Cong, which is responsible for 70% of the cases reported in
the last 10 years. Although fewer than 977 cases were reported in 2018 in endemic countries, HAT is
still a public health problem in endemic regions, receiving USD 50.63 million of investments in the
same year [27,28]. In general, investments destined for Chagas disease summed to around the USD
20 million mark. Three years stood out: 2011, with USD 27.03 million, 2012, with USD 35.28 million,
and 2013 with USD 28.3 million. Notably, in 2012, the percentage directed to American trypanosomiasis
managed to slightly pass the mark of 1% of the total applied for neglected diseases in the same year
(Table 1). In 2008, Chagas disease received an investment of around USD 18 million. It is interesting
to note that, even with the huge world economic crisis of 2008 [29], investments in Chagas disease
continued to rise, reaching theirpeak in 2012, when they started to stabilize (Table 1).

R&D funding for Chagas disease is largely concentrated in basic research (47%) and
development/repositioning of drugs (42.5%). On a second level, the development of diagnostics
and vaccines accounts for only 10% of funding flow. All remaining products (biologics, vector control
and others) received less than 1%. In 2009 and 2010, basic research received about three times the total
applied for the development of new therapies. Thereafter, the flow of financing for drug products
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received an extraordinary increase in 2011 (up to USD 6.31 million, which corresponds to 114.1%),
even surpassing the basic research funding in the subsequent years 2012, 2013, 2014 and 2015. In 2017,
the funds for drugs went back to the level of earlier years due to many cuts (Table 2). In part,
the Brazilian Support Foundation for Research in the State of São Paulo (FAPESP) dropped out of the
top main funders because no funding was reported for Chagas disease R&D in 2017, due to the steep
cuts in Brazilian public agencies’ spending. In 2018, a notable increase in funding for drug R&D (up
USD 6.87 million, which corresponds to 154.7%), occurred again, as a result of record high industry
investment and the Mundo Sano Foundation’s USD 1.8 million grant to the Drugs for Neglected
Diseases initiative (DNDi) for pediatric benznidazole to treat Chagas disease.

Table 2. Chagas disease R&D funding [20].

Chagas Disease R&D Funding in 10 Years (USD in Million *)

Areas 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total by Product

Basic Research 13.47 14.07 11.74 14.26 9.82 8.14 8.12 12.06 11.48 7.78 110.94

Drugs 4.38 5.53 11.84 17.54 16.41 11.64 9.21 8.02 4.44 11.31 100.32

Diagnostics 0.9 2.79 3.15 3.01 1.63 1.24 1.09 2.0 1.67 1.75 19.23

Vaccines 0.53 0.86 0.26 0.26 0.21 0.42 0.63 0.92 0.26 0.02 4.37

Biologics NA 0.02 0.01 NA NA 0.02 <0.01 0.26 0.02 0.02 0.35

Vector Control <0.01 NA NA 0.01 0.03 NA NA 0.06 0.05 0.04 0.2

Other 0.02 0.01 0.01 0.18 0.2 0.17 0.09 0.04 0.02 0.03 0.77

Total by Disease 19.31 23.3 27.03 35.28 28.3 21.65 19.15 23.4 17.94 20.95

* Adjusted values for 2018 inflation; NA, not applied.

The responsibility for investing in Chagas disease falls mainly on the shoulders of the public sector.
In 10 years, governmental institutions were responsible for 74% of total funding (USD 174.77 million).
In the second place, industry funding reached 19% of total funding (USD 44.44 million), followed by
philanthropic institutions with 7% (USD 17.1 million) (Figure 2A). If only the funding from public
sectoris taken into account, 60.9% (USD 106.48 million) was applied to basic research. This amount
represents 96% of total funding designated for basic research in 10 years, demonstrating the great
dependence of this type of research on the public sector. Here, we emphasize that the investment in
basic research includes all investment for Chagas disease/T. cruzi. However, although much research
deals with the pathogen that causes the disease, this research may not have a direct influence on
combating the disease itself. The public sector also significantly funds drug development/repositioning,
designating 26.5% (USD 46.38 million) of its total investments. Although the public sector allocates
“only” about a quarter of its entire investment in drug products, this total, USD 46.38 million, represents
about 46.2% of the total investment in drugs over 10 years. Another 44.1% (USD 44.25 million) of the
total funds for drug products came from the aggregate industry. It is also interesting to note that this
portion basically represents the whole private sector investment. The remaining 9.67% of total drug
funds (USD 9.7 million) were donated by philanthropic organizations, which also represented the main
destination of resources (56.7%) from this type of funder. Finally, public agencies were also responsible
for funding 87.3% of total investments in diagnosis. The remaining funds (12.6%, USD 2.43 million)
came almost entirely from philanthropy (Figure 2B).
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Figure 2. (A) Funds invested in Chagas disease for 10 years by the three main investment sectors.
(B) Funds from the three main investment sectors distributed by product each type [20]. The values are
adjusted for 2018 inflation and are expressed in US million dollars.

In a list of more than 50 R&D funders of all types, the top 20 accounted for 96.8% of all R&D
funding for Chagas disease over 10 years. However, the top three funders alone—the US NIH, industry,
and the Wellcome Trust—provided nearly three-quarters (USD 180.26 million, 76.3%) of all funding
(Table 3). If the funds over 10 years are separated by geographic regions, excluding the aggregate
industrial sector, investors in North America are responsible for the majority (USD 124.3 million)
of R&D financing of Chagas disease. Within these, the public sector of the American government,
represented by the NIH, was solely responsible for investing USD 119.79 million of that amount, with
the remainder practically coming from Mexico (Figure 3A, Table 3). Interestingly, Europe is responsible
for the second-largest portion of all investments in Chagas disease, about USD 36.7 million. Within
this, USD 17.84 million (48.6%) was destined to basic research, followed by USD 15.32 million (41.74%)
for drug development/repositioning and USD 2.91 million (7.93%) for diagnostic products. This huge
investment is due to the great contribution of the philanthropic institution the Wellcome Trust, the
European commission, and Institute Pasteur, which reflects the European concern with Latin American
immigrants who arrive infected with T. cruzi and become a public health problem for their governments
(Figure 3A, Table 3) [3,30]. Indeed, Basile and coworkers [31] estimated the number of T. cruzi-infected
immigrants living in Europeas ranging between 68,318 and 123,078, with 4290 confirmed cases,
94%–96% remaining undiagnosed. This scenario stimulated several meetings to address the problem,
leading to recommendations, formation of coordinated working groups and adoption of various
control measures [3,30]. Finally, South America, the region with the vast majority of cases, is the
geographic region providing thethird-most R&D funds (Figure 3). This fact should be seriously
reviewed, since Chagas disease is mainly a South American problem. Therefore, it is unacceptable that
South America spends less to combat the illness than Europe, despite the fact that the gross domestic
product of some South American countries is comparable to some European countries [32].

The top 10 countries that invest in Chagas disease are listed in Figure 3B. By far, the USA appears
as the major funder, contributing USD 121.45 million. In second place is the United Kingdom (UK),
contributing USD 16.45 million, where 97.4% (USD 16.03 million) came from the generosity of the
philanthropic institution the Wellcome Trust. Brazil appears in the third position, followed very closely
by France, Argentina and Chile (Figure 3B, Table 3). It is terrifying to note that Bolivia, one of the main
countries in terms of cases and risk of infection [4,12], does not figure in the list of the main funders of
R&D to control American trypanosomiasis, perhaps due to the lack of participation of the country’s
agencies in providing data.
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Table 3. Top 20 funders in Chagas disease [20].

Top 20 Funders in Chagas Disease (USD in Million *)

1. US NIH 119.79 11. Brazilian FAPESP 2.45

2. Aggregate Industry 44.44 12. French IRD 2.16

3. Wellcome Trust 16.03 13. Mundo Sano Foundation 1.85

4. European Commission 8.9 14. Carlos III Health Institute 1.27

5. Chilean FONDECYT 6.04 15. LAFEPE 1.25

6. Colombian Colciencias 4.85 16. Brazilian FAPEMIG 1.14

7. Institute Pasteur 4.54 17. Brazilian BNDES 1.11

8. Argentinian MINCYT 4.4 18. French ANR 1.04

9. Brazilian DECIT 3.15 19. Argentinian CONICET 0.93

10. Mexican CONACYT 2.48 20. Gates Foundation 0.83

* Adjusted values for 2018 inflation.

 
Figure 3. (A) Funds for Chagas disease from the main geographic regions. (B) Fractioned funds by
each country. The colors are correlated with each geographic region in (B). The data in (A) and (B) refer
to investments coming from the public sector and philanthropic organizations in each region, thus
excluding the private sector, which has headquarters in different countries. The values are adjusted
for 2018 inflation and are expressed in USD in million. Note that the countries are grouped by their
geographic regions and not by the origin of the spoken language (like the Latin American countries); in
this way, Mexico is found in North America [20].

The major change in the last fifteen years in the Chagas disease landscape has been the appearance
of new investigators and initiatives from the pharmaceutical industry, academic groups, and consortia,
encouraging and promoting further R&D in the area [33]. In future years, global financial contributions
against Chagas disease will also come from a new partner. At the end of 2019, the international
center for the Purchase of Medicines against AIDS, malaria and tuberculosis (UNITAID), an entity
created by Brazil, Chile, France, Norway and UK, announced that it will contribute, for the first time,
USD 20 million over four years [34]. The idea is to develop strategies and tools to improve prevention
and diagnosis, reduce congenital infection, and provide faster treatments and drug formulations with
fewer side effects than the nitroderivatives. The expectation of the entity, which is also a partner of
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WHO, is that research institutions of excellence in more than one country will establish new consortia
to seek solutions. Indeed, collaborative strategies between several health and research institutions,
such as the DNDi, are a smart bet, which save time and costs and can produce relevant results [16].
Therefore, they must always be considered.

4. Topics to Be Addressed on Chagas Disease Funding

For an illness surrounded by stigma, affecting millions, funding for Chagas disease R&D is far from
ideal. Although the last 15 years have seen considerable evolution, there are still several issues to be
worked on to overcome the problems associated with limited treatment [4,33]. New advances in R&D
from recent clinical trials have been made in the last decade; however, it is urgent to review the current
evidence and define future research priorities. A focused and collaborative effort from the entire research
community would ensure the development of appropriate and efficacious anti-T. cruzi drugs [24].
Collaborative efforts are also welcome for developing other products and pursuing important strategies.
For instance, vaccine candidates for Chagas disease are at the pre-clinical stage [35], representing a
future front in the battle. Moreover, it is also crucial to scale efforts up to provide easier access to
diagnostic testing and medical therapy for chagasic patients. Finally, the designation of resources
to triatomine vector control was a rational and the cost-effective approach to drastically reduce the
incidence of the disease, but continuation of these public health programs is needed to maintain
success [2,36]. While increasing spending may cause acute strain on research budgets, it is clear that
improving preventative efforts on Chagas disease can effectively reduce this spending over time [24].

Usually, development agencies focus their spending majority on operational and field research,
not R&D. This statement also appears at the basic level of global health planning with the premise that
new technologies would divert attention and funding away from real concerns [36]. Global health
agencies, including the WHO, do not consider R&D a core indicator that the global community
prioritizes. They take the position that scarce funds should be primarily spent on traditional public
health issues such as infrastructure, the workforce, health data and health services. This is extremely
unfounded and unhelpful since promising innovation does not compete with program health funding.
The initial cost of R&D, which seems high during the innovation process, becomes smaller and
smaller over decades of use, especially when set against the saving of lives and health resources [36].
The imperative for public health programs was to prioritize the resources already available, employing
low-cost tools for many neglected health problems (more than 95% of drugs on the WHO’s Essential
Medicines List were older off-patent drugs) [37]. Moreover, pharmaceutical companies seek firstly profit
maximization, not global public health improvement. To contextualize, of the 1556 new compounds
brought to market between the period from 1975 to 2004, only 20 (1.28%) were for neglected diseases,
and none of them for Chagas disease [38]. Even with little investment in innovation, it is no surprise
that all of these 20 compounds were developed with public-sector involvement [2]. It is critical that
the international community take it upon themselves to address the predictable gap in R&D (that
disproportionately affects developing countries) conducted by the pharmaceutical industry. However,
the public sectors also cannot exempt themselves from responsibility and must promote actions that
maximize results as well as encourage the private sector to supportthe cause.

To address the structural R&D gap, coordinated strategies should be employed between global
health and development agencies in order to produce new tools and treatments for Chagas disease.
For this, the maintenance of a medical R&D agenda driven by Chagas disease needs is crucial, besides
serious international and local financing to support this R&D, not just for traditional operational and
health systems research. Governments should also cautiously promote market-based incentives that
seek to stimulate pharmaceutical R&D. It is also important torapidly increase innovation expertise
(with open access to the resultant knowledge) in order to achieve effective R&D prioritization and
smart funding decisions. Moreover, all subjects of the equation need to engage far more closely with
each other, to secure better sequencing of their activities and a better strategic alignment between what
the Chagas disease community needs and what the science community does [2,24,36].
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5. Conclusions

The present work summarized the investments applied to Chagas disease over a period of
10 years. As we have seen, little funding has been directed towards to this specific parasitic illness
when compared to other neglected diseases. For a human disease that is responsible annually for
about 700,000 DALYs, with an economic impact of more than USD 7 billion, receiving just 0.67%
(USD 236.3 million) of the total budget for neglected diseases (considering the period from 2009 to
2018) is unacceptable and meaningless. Therefore, allocating more funds to fight Chagas disease is
urgently necessary in terms of saving lives, restoring quality of life and reducing the economic impact
coming from health care systems.

Regarding Chagas disease, clearly, funding depends much more on the public sector (74%) than
on other areas (private and philanthropic). However, public agencies in Latin American countries
contribute very little compared to NIH-USA, a situation that needs to be reviewed. In addition,
development agencies, governments and the Chagas disease community must work in unison to
ensure that the (scarce) resources are well applied. In parallel, there is a need to adopt strategies and
market incentives to attract the pharmaceutical industry more to the Chagas disease cause, since the
sector contributed only USD 44.4 million over 10 years. Other relevant issues to be addressed include
the low investment in important tools such as diagnostics, vaccines and vector control, which together
received just 10% of the total budget, with the remaining equally distributed in basic research and
drug development/repositioning.

Finally, we hope that this survey helps to support the work of many other groups in the Chagas disease
community, facilitating decision-making and even more effective application ofthe available resources.
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Abstract: Blood-sucking triatomine bugs transmit the protozoan parasite Trypanosoma cruzi,
the etiologic agent of Chagas disease. We measured the prevalence of T. cruzi infection in
58,519 Triatoma infestans captured in residences in and near Arequipa, Peru. Among bugs from
infected colonies, T. cruzi prevalence increased with stage from 12% in second instars to 36% in
adults. Regression models demonstrated that the probability of parasite acquisition was roughly
the same for each developmental stage. Prevalence increased by 5.9% with each additional stage.
We postulate that the probability of acquiring the parasite may be related to the number of feeding
events. Transmission of the parasite does not appear to be correlated with the amount of blood
ingested during feeding. Similarly, other hypothesized transmission routes such as coprophagy fail
to explain the observed pattern of prevalence. Our results could have implications for the feasibility
of late-acting control strategies that preferentially kill older insects.

Keywords: Trypanosoma cruzi; Triatoma infestans; Chagas disease; parasite prevalence; coprophagy

1. Introduction

Trypanosoma cruzi, the protozoan parasite that causes Chagas disease, is transmitted to humans
via the feces of blood-sucking triatomine insects (Hemiptera: Reduviidae) such as Triatoma infestans,
the major vector of Chagas disease in much of South America [1]. Triatomines pass through five nymphal
instar stages before becoming adults. All triatomine stages are at risk for acquiring T. cruzi because
they all ingest blood meals. Insects may also become infected when they engage in behaviors such as
coprophagy [2]. Once acquired, infection with T. cruzi is persistent [3]. Therefore, in well-stablished
colonies with stable transmission patterns, T. cruzi prevalence is expected to increase monotonically
with the insects’ developmental stage. The general shape (e.g., linear, exponential, logarithmic) of the
rising prevalence curve may give clues as to the method of transmission. With respect to Chagas disease
control, it may be important to ascertain the shape of this relationship between T. cruzi prevalence
and stage.

In this report we show the stage-prevalence of T. cruzi in a large sample of T. infestans captured
during vector control and surveillance activities in Arequipa, Peru. These data allow us to test three
hypotheses of T. cruzi acquisition by triatomines. Our first hypothesis, hereafter called the Blood
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Hypothesis, is that the probability of infection with T. cruzi depends upon the amount of blood
ingested. Observations of laboratory-reared insects indicate that the quantity of blood ingested by
T. infestans increases rapidly and nonlinearly with stage [4] Thus, if the Blood Hypothesis is correct,
there might be a rapid nonlinear rise in T. cruzi prevalence with stage (Figure 1A). A second possibility
is that an insect’s risk of infection depends upon the number of opportunities to acquire the parasite
(Bites Hypothesis), rather than the amount of blood ingested. Under this hypothesis, T. cruzi prevalence
among instars might rise in a roughly linear fashion with stage (Figure 1B), as all nymphs probably
take roughly equal numbers of bites.

Figure 1. Hypothetical shapes of the relationship between triatomine stage and prevalence of infection
with Trypanosoma cruzi under three hypotheses. (A) Acquisition of the parasite depends upon the
quantity of blood ingested (Blood Hypothesis); (B) Parasite acquisition depends upon the number of
exposure opportunities (Bites Hypothesis); (C) Early instar nymphs frequently acquire the parasite
via coprophagy, while older instars acquire the parasite at a lower rate via ingestion of blood from
mammalian hosts (Coprophagy Hypothesis). Note: the scale of the vertical axis is for illustrative
purpose only and does not correspond to actual data; rather, panels (A) through (C) demonstrate three
different theoretical shapes that could each produce 25% prevalence in fifth instars.

The third hypothesis is that triatomines frequently acquire T. cruzi via coprophagy
(Coprophagy Hypothesis). Triatomines ingest small amounts of feces of older insects in order to
acquire bacterial symbionts necessary for digestion of blood meals [5]. Presumably, it is the early
instars that ingest feces, as nymphs of some species fail to mature in the absence of symbionts [6].
An isolated experiment has suggested that T. infestans may also acquire T. cruzi by this route [2].
If parasite transmission via coprophagy is common under field conditions, then T. cruzi prevalence
may increase relatively quickly among first and second instars, followed by a less rapid increase in
older nymphs that acquire the parasite only via blood feeding (Figure 1C).

2. Materials and Methods

Between 2008 and 2014, workers from the Arequipa Ministry of Health and the Universidad
Peruana Cayetano Heredia/University of Pennsylvania (UPCH/Penn) Zoonotic Disease Research
Laboratory collected triatomines from urban and peri-urban households in and around the city of
Arequipa. Located at 2300 m above sea level in an arid zone, Arequipa is the second largest city in Perú,
home to 1,008,290 people [7]. Since the 1960s, the population has been growing rapidly due to an influx
of immigrants, most of whom have settled on hillsides in the periphery of the city. These settlements
are characterized by poorly built housing, mostly constructed with volcanic stone and bricks without
mortar, where there is a greater presence of food animals such as guinea pigs or chickens [8]. On the
other hand, closer to the center are the oldest neighborhoods (dating back to the late 19th and early
20th centuries), which are inhabited by people with a higher socioeconomic status [9]. The prevalence

70



Trop. Med. Infect. Dis. 2020, 5, 87

of Triatoma infestans-infested houses between these two types of zones are different: Households in
hillside neighborhoods are more likely to be infested than are households in neighborhoods close to
the center of the city [10]. In general, the distribution of Triatoma infestans, the only insect vector of
T. cruzi in the city, occurs both by active dispersal, through flying and walking, where the streets are
barriers, and by passive dispersal through human movement and migration [10–12].

The collection methods have been described previously [13,14]. All insects were categorized by
sex (for adults), stage, and site. A site was defined as all rooms and peri-domestic areas, such as animal
enclosures, associated with a single dwelling. First instar insects did not undergo further analysis.
The remaining triatomines were inspected for T. cruzi at the UPCH/Penn Zoonotic Disease Research
Center in Arequipa, using standard techniques [15]. Briefly, we extracted feces by applying pressure
to each insect’s abdomen with forceps. Feces were diluted in 10 μL normal saline and examined
microscopically at 400×magnification for the presence of parasites.

We built regression models to explore the relationship between T. cruzi prevalence and
developmental stage. Due to uncertainty surrounding the total number and size of blood meals taken
by adult insects, we excluded adults from our analysis. To avoid biasing our results by including a
large number of insects with no potential exposure, we also excluded vectors captured at sites with no
infected triatomines.

Under the Bites Hypothesis, in which the risk of acquiring the parasite is the same for each stage,
the stage-prevalence relationship is given by the following cumulative binomial probability distribution:

P(S) = 1 − (1 − pbite)S (1)

where P is the observed infection prevalence in nymphs of stage S (i.e., 1 ≤ S ≤ 5), and pbite is the
probability of acquiring the parasite during any given stage (Note that when S ≤ 5 and p is sufficiently
small, Equation (1) can be approximated by the linear function P(S) ≈ pS. For example, if p = 0.01
and S = 5, then P(S) = 0.049 and pS = 0.05. This is why we hypothesized that the stage-prevalence
relationship might appear roughly linear if the Bites Hypothesis were correct). To test the Bites
Hypothesis, we used nonlinear least squares regression to fit Equation (1) to the observed data.

To test the Blood Hypothesis, we assumed that the risk of acquiring the parasite is the same for
each milligram of blood ingested. If B(S) represents the cumulative quantity (mg) of blood ingested by
the average nymph of stage S, then the stage-prevalence relationship under the Blood Hypothesis is
given by:

P(S) = 1 − (1 − pblood)B(S) (2)

where pblood is the probability of acquiring the parasite after ingesting 1 mg of blood. The primary
difference between Equations (1) and (2) is that the exponent of Equation (1) increases linearly with
stage, whereas the exponent of Equation (2) increases nonlinearly. We estimated B(S) from T. infestans
feeding data in a prior study [4]. Our estimates were B(1) = 7.1 mg, B(2) = 25.4 mg, B(3) = 87.8 mg,
B(4) = 302.8 mg, and B(5) = 1072.8.0 mg (see Appendix A for derivation). We then used nonlinear least
squares regression, with B(S) fixed at these values, to fit Equation (2) and estimate pblood given the
observed data [4].

Because the mathematical relationship between feces ingestion and infection transmission is
unknown, we did not create a specific model to test the Coprophagy Hypothesis. Instead, we made a
qualitative assessment of the importance of feces-mediated transmission by examining whether the
other two models underestimated the infection prevalence in early-stage insects.

We used the Akaike information criterion (AIC) [16] to guide model selection. Analyses were
performed in R version 3.6.3 (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

We captured and analyzed 58,519 triatomines from 4138 sites. There were 188 sites (4.5%), harboring
15,252 insects, with at least one T. cruzi-infected triatomine. The stage distribution and T. cruzi prevalence

71



Trop. Med. Infect. Dis. 2020, 5, 87

of captured insects varied considerably between sites, as can be seen in Figure 2, which shows the nine
infected sites with the highest number of insects. Second instars were underrepresented at most sites,
possibly because it is difficult to find and capture these small nymphs. The population structure of third
instars through adults was flat in some colonies (e.g., Figure 2A,C), while other colonies were skewed
toward younger (Figure 2F) or older (Figure 2D) insects. These differences may be due to the age of
the colonies, or they may represent heterogeneity, across sites, in stage-dependent survival. T. cruzi
prevalence was high in some colonies (e.g., Figure 2E,I), while other colonies had only one or a few
infected insects (e.g., Figure 2B–D). We speculate that the colonies with very few infected insects may
represent sites where T. cruzi was recently introduced, perhaps via a newly infected host or migration of
an infected triatomine from a nearby household. Averaged across all 188 sites, the mean prevalence of
T. cruzi infection rose monotonically from 12% in second instars to 36% in adults (Table 1 and Figure 3).

Figure 2. Distribution of developmental stage and Trypanosoma cruzi infection status in Triatoma infestans
from nine households in Arequipa, Peru. Shown are the nine infected sites with the largest number of
captured insects. White and black bars and left vertical axis labels: total number of insects. Black circles
and right vertical axis labels: fraction of insects with T. cruzi.

Regression modeling demonstrated that the Bites Hypothesis was a better fit to the observations of
mean T. cruzi prevalence versus stage (Table 2 and Figure 4). In the Bites Hypothesis model, the best-fit
parameter was pbite = 0.059, indicating a 5.9% probability of acquiring the parasite during any given
stage. Visual inspection revealed that the Bites Hypothesis model fit the data well (Figure 4), and the
model had an AIC of 11,672. In contrast, the Blood Hypothesis regression model was a very poor
visual fit with a significantly higher (i.e., worse) AIC of 12,302. The observations of mean prevalence
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versus stage did not exhibit the excess prevalence in early nymphs that would occur if coprophagy
were a primary driver of infection.

Table 1. Trypanosoma cruzi infection status by developmental stage, for 15,252 triatomines captured in
188 infected colonies in Arequipa, Peru.

Stage Number Infected/Total Insects (%)

Second instar 125/1037 (12.1)
Third instar 512/3352 (15.3)
Fourth instar 687/3310 (20.8)
Fifth instar 1060/3838 (27.6)
Adult 1326/3715 (35.7)

Male 853/2225 (38.3)
Female 473/1490 (31.7)

Total 3710/15,252 (24.3)

Figure 3. Fraction of nymph Triatoma infestans infected with Trypanosoma cruzi at 188 sites with at least
one infected insect. Black circles represent individual sites; sizes of circles are proportional to the
logarithm of the number of insects captured. The bottom edges of the gray triangles show the mean
fraction of insects with T. cruzi across all infected sites.

Table 2. Results of regression modeling to test two hypotheses of T. cruzi transmission to T. infestans.

Model Name Fitted Parameter
Best-Fit Parameter

(95% Confidence Interval)
AIC

Bites Hypothesis pbite: probability of parasite acquisition
during any given stage pbite = 0.059 (0.057 to 0.061) 11,672

Blood Hypothesis pblood: probability of parasite acquisition
with each milligram of blood ingested pblood = 0.00036 (0.00035 to 0.00038) 112,302

Abbreviation: AIC, Akaike information criterion.
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Figure 4. Fraction of triatomines infected with Trypanosoma cruzi as a function of stage. Filled circles:
mean values observed in 15,252 insects captured at 188 infected sites. Dashed line: Best-fit regression
model under the Blood Hypothesis that assumed an equal probability of infection with each milligram
of blood ingested (Pr(infection) = 1 − (1 − 0.00036)ˆNblood, where Nblood is the number of mg of blood
ingested). Solid line: Best-fit regression model under the Bites Hypothesis that assumed an equal
probability of infection during any given stage (Pr(infection) = 1 − (1 − 0.059)ˆN).

4. Discussion

In a large field survey of Triatoma infestans captured in Arequipa, Peru, we demonstrate that
the probability of Trypanosoma cruzi acquisition is the same at each developmental stage. This result
suggests that acquisition of T. cruzi depends on the number of feeding opportunities (i.e., bites)
and not on the quantity of blood ingested. A possible explanation for this finding is that newly
infected mammalian hosts may undergo a rapid logistic increase in the number of circulating parasites.
In other words, hosts may go from no parasitemia to a high level of infectiousness very quickly [17,18].
Vectors that feed on such hosts may be almost certain to acquire the parasite, regardless of the size
of the blood meal they ingest. Hosts may spend only a brief amount of time at intermediate levels
of parasitemia, during which time vectors acquire the parasite in proportion to the amount of blood
ingested. Although this interpretation assumes that instar stage is proportional to the number of blood
meals, we note that the exact relationship between these two quantities is uncertain. Some nymphs
may take only one blood meal per molt, while others may take multiple blood meals per developmental
stage, particularly if their feeding is interrupted before engorgement [19,20].

Our results are in general agreement with those of a prior study that reported increasing T. cruzi
prevalence with stage in a smaller sample of wild-caught T. infestans nymphs and adults [21]. As in
the previous study, a vector control program was ongoing in Arequipa during the time period
when we collected insects. These control efforts reduced transmission of T. cruzi to humans [14] and
decreased the population of vectors. We also confirm the results of a previous small study (n < 200) of
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laboratory-reared fifth instar triatomines used for xenodiagnosis, in which there was no correlation
between blood meal size and the probability of T. cruzi infection [22].

Several reports have cast doubt on the importance of coprophagy as a route of T. cruzi
acquisition [17,23,24]. The present study provides complementary epidemiologic evidence,
from T. infestans captured in natural habitats, against the coprophagy route of transmission.
However, since we were unable to examine first instars, more work is needed to quantify the precise
role, if any, of coprophagy. It should also be noted that triatomines’ need for bacterial symbionts and
coprophagy have not been established with certainty. Wild-caught triatomines harbor diverse gut
bacteria [6], which suggests they can acquire symbionts from routes other than coprophagy, and many
triatomine species (including T. protracta, T. rubida, and Rhodnius prolixus) develop normally when
raised in sterile environments [25].

Limitations of this study include our inability to measure the infection prevalence among first
instars; our averaging of the infection prevalence across all sites, which may have oversimplified a
more complex pattern of parasite transmission such as may occur in a metapopulation; and uncertainty
in our assumptions regarding the number and size of blood meals consumed by triatomines of different
stages. Also, the number of infected insects may have been underestimated due to the method used to
detect the presence of infection in this study, which has been reported to be less sensitive than other
methods such as complete insect dissection or PCR. Another limitation is that migration of infected
triatomines could have biased our prevalence estimates by causing us to include colonies without
well-established stable patterns of infection versus stage.

The observed pattern of T. cruzi prevalence versus stage could have implications for Chagas
disease control strategies. Insecticides and biological control methods that preferentially kill older
insects have relatively less effect on an insect’s reproductive fitness and, in theory, are less likely
to be rendered obsolete by evolution of resistance mechanisms [26]. Late-acting agents have been
suggested as a means to combat infections including malaria [27] and Chagas disease [28]. Had we
observed a highly linear increase in T. cruzi prevalence with stage, with few infected early-stage
nymphs, we could have made a strong case for such late-acting methods. Instead, we found a
substantial rate of T. cruzi infection in second and third instars. Although our results suggest that
disproportionate killing of older triatomines may not be useful, these findings should be interpreted
with caution. The probability that T. cruzi will be transmitted to humans depends upon several factors
that we did not measure. Behavioral and physiological factors may make younger triatomines less
likely to transmit the parasite. Younger instars may be less likely than adult insects to defecate on
hosts [29]; may defecate longer after taking a blood meal [30]; and may be less likely to survive the
parasite’s incubation period, since survival of infected triatomines appears to be affected by the ratio
of ingested blood to body weight [31]. Further studies will be needed to determine the relative risk of
feces-mediated transmission posed by younger and older triatomines, which in turn would inform the
decision of whether to pursue late-acting control strategies.

Author Contributions: Conceptualization, A.W.T., R.C.-N. and M.Z.L.; Formal analysis, A.W.T., R.C.-N.
and M.Z.L.; Funding acquisition, M.Z.L.; Investigation, L.D.T., R.S. and K.B.-M.; Methodology, A.W.T. and
M.Z.L.; Project administration, R.C.-N. and M.Z.L.; Supervision, R.C.-N. and M.Z.L.; Visualization, L.D.T.;
Writing—original draft, A.W.T.; Writing—review and editing, L.D.T., R.C.-N. and M.Z.L. All authors have read
and agreed to the published version of the manuscript.

Funding: Funding for this study came from National Institutes of Health NIAID P50 AI074285 and 5R01 AI101229.

Acknowledgments: We would like to thank the following members of the Zoonotic Disease Laboratory in
Arequipa who assisted with this work: Jenny Ancca, Carlos Condori, and Jesus Pinto Caballero. We gratefully
acknowledge the invaluable contributions of the Ministerio de Salud del Perú (MINSA), the Dirección General
de Salud de las Personas (DGSP), the Estrategia Sanitaria Nacional de Prevención y Control de Enfermedades
Metaxenicas y Otras Transmitidas por Vectores (ESNPCEMOTVS), the Dirección General de Salud Ambiental
(DIGESA), the Gobierno Regional de Arequipa, the Gerencia Regional de Salud de Arequipa (GRSA), the Pan
American Health Organization (PAHO/OPS), and the Canadian International Development Agency (CIDA).

75



Trop. Med. Infect. Dis. 2020, 5, 87

Conflicts of Interest: The authors declare no conflict of interest. The funding sources had no involvement in the
study design; collection, analysis, and interpretation of data; writing of the report; or decision to submit this article
for publication.

Appendix A

Juarez [4] measured blood meal sizes of laboratory-reared T. infestans under a variety of conditions
of feed source, ambient temperature, and T. cruzi infection status. Of the eight groups of insects studied
by Juarez, the group that was uninfected, fed on chicken, and maintained at 25 ◦C (77 ◦F) was closest to
the natural conditions encountered by wild insects in Arequipa. Under these conditions, Juarez found
that the quantity of blood ingested during each stage increased from 7.1 mg in first instars to 770 mg
in fifth instars. We used these data to estimate the cumulative quantity of blood, B(S), ingested by
captured wild T. infestans nymphs (Table A1). We assumed that insects we captured just before a molt
had already ingested the stage-specific quantity of blood reported by Juarez. Under this assumption,
the mean cumulative blood ingested by captured insects is simply the sum of the blood ingested during
the current and all prior stages.

Table A1. Blood meal sizes observations for laboratory reared insects [4] and estimates of cumulative
blood ingested by captured wild Triatoma infestans nymphs.

Stage
Median Quantity of Blood

Ingested during this Stage (mg)
Estimated Cumulative Blood Ingested
during Lifetime Prior to Capture (mg)

First instar 7.1 7.1
Second instar 18.3 25.4
Third instar 62.4 87.8
Fourth instar 215.0 302.8
Fifth instar 770.0 1072.8
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Abstract: Chagas disease (CD) poses a major public health challenge for the Americas and non
endemic regions around the world. This study discusses the legal framework surrounding access to
healthcare for CD for Bolivian migrants living in São Paulo, Brazil. While recent guidelines stipulating
care for CD exist, there is a lack of legal provisions to ensure they are regularly implemented.
Bolivian migrants in SP have specific needs, including language differences and a high level of
mobility. Interviews were conducted with ten participants representing public health institutions or
organizations working with the Bolivian migrant community. Additionally, a review was conducted
of legal, official, and health policy documents pertaining to rights of Bolivian migrants in SP. Although
the right to healthcare is constitutionally guaranteed for all, in practice, immigrants, especially those
without documentation, encounter barriers to initiating treatment for CD. Providing the primary
health care system (SUS) card would not only improve access to healthcare for Bolivian migrants,
but also provide a potential pathway toward regularization of status. The approval of clinical
protocols and therapeutic guidelines for CD (2018) represents an opportunity to improve care for all
Brazilians with CD. Programs with multidisciplinary teams should be developed taking into account
the specific social and cultural needs of this population.

Keywords: Chagas disease; neglected tropical diseases; migration; healthcare rights

1. Background

Over six million people are infected with Trypanosoma cruzi, the parasite that causes Chagas
disease (CD) [1–3]. Like other neglected tropical diseases (NTDs), CD is concentrated among poor,
marginalized populations with limited access to healthcare. Moreover, there are substantial gaps in
both research and development and public health infrastructure; effective new drugs for CD have
not been developed in nearly 50 years, and less than one percent of people with the infection have
received diagnosis and treatment in the Americas [4–6]. This leads to a considerable burden of
morbidity and mortality, since, in the absence of timely identification and treatment, CD leads to
serious, life-threatening complications (most often heart disease) in 30%–40% of those infected with
T. cruzi. These complications most frequently manifest in individuals who are at the peak of their
productive years (30–50 years old), creating immense voids in families and communities [7,8]. Brazil,
where CD was originally discovered by Carlos Chagas in 1909, has the second-largest burden of the
disease worldwide, with over 1.1 million people infected, and incurs the highest annual healthcare
costs from CD, estimated at $129 million in 2013 (equivalent to $143 million in 2020) [1,9].
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CD’s epidemiological profile has transformed in recent decades [10]. In the twentieth century,
CD was principally confined to rural areas of Latin America. However, at the millennium’s close,
political violence and economic necessity fueled rural–urban migration within Latin America as well
as international migration to Europe, North America, and Asia [10,11]. Migrants in these new settings
face significant political, economic, and sociocultural challenges to accessing healthcare for CD [12–15].

São Paulo, the world’s fifth largest city [16] and a major destination for immigrants from across
the globe, illustrates the changing epidemiology of CD. Annual immigration to Brazil increased from
143,600 in 2000 to 268,400 a decade later [16]. Bolivia stands out as the fifth country with the highest
flow of immigration to Brazil, and the city of São Paulo (SP) is the most common destination for
Bolivian migrants. In effect, although the presence of Bolivian immigrants in the border areas of Mato
Grosso do Sul, Mato Grosso, Rondônia, and Acre is significant, there is a high concentration of Bolivian
immigrants in the metropolitan region of São Paulo.

Estimates indicate there are over 350,000 Bolivians living in SP [17]; 44.1% work in the garment
industry, while others work as street vendors, doctors, and dentists [16,18]. The majority of Bolivian
immigrants in São Paulo are men, who have been living in the country for more than 10 years.
When arriving to São Paulo, Bolivian migrants confront a new reality of life, full of cultural, linguistic,
and social differences. This situation places them in a condition of physical, psychological, and social
vulnerability, which can directly influence their health status [16,19]. This vulnerability is further
compounded for people who lack required documentation [20].

Bolivia, where over 600,000 people are infected with T. cruzi, has the highest global CD prevalence
(6.1%) [1]. CD is also a major concern for Bolivian migrants living in SP. A recent study found a
seroprevalence of 4.4% in this population [21]. Other major global cities where migrants face healthcare
access challenges for CD include Los Angeles [22], Munich [23], Rome [24], London [25], Buenos
Aires [26], and Barcelona [27].

Brazil has a long history of public health efforts devoted to CD, and domiciliary vector transmission
in SP state was interrupted in the 1960s. Nevertheless, access to etiological treatment for CD via
the primary healthcare system (Unified Health System, Sistema Único de Saúde, or SUS) remains
a significant challenge, not only for large numbers of Brazilians who have migrated to SP from
endemic areas, but for Bolivian migrants, who present unique social, political, legal, and cultural
needs, and represent a new reality for SP’s healthcare system in terms of demand for health services,
morbidity, and vulnerability.

The World Health Organization has made the right to health a fundamental pillar of its global
strategy to combat neglected tropical diseases, while universal health coverage is considered essential
to achieving the United Nations Sustainable Development Goals [28]. Nonetheless, gains in extending
health coverage to vulnerable groups, especially immigrants, are in jeopardy from the rise of far-right,
authoritarian-leaning governments across the globe, a phenomenon that has recently impacted Brazil.
This article identifies the extent of migrants’ right to health in Brazil, and analyzes how this impacts
utilization of the SUS and other public services for CD management. This work aims at improving
understanding of migrants’ therapeutic itinerary for CD. The research was conducted as part of a
larger study on the socioepidemiological and clinical characteristics of CD and access to healthcare
among Bolivian migrants in SP [21,29,30].

2. Methods

Two types of primary data were used for this study: interviews of key respondents and relevant
legal, technical, and policy documents.

2.1. Participants

Ten semistructured interviews (see semistructured interview script in the supplementary file)
were conducted with respondents from the following institutions: The Secretaries of Health of the
State and Municipality of SP; Bolivia’s Consul in SP; the Federal Prosecutor and Public Defender;
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Pastoral Migrants Service in SP, the Association of Bolivian Residents (ADRB), and the Kantuta
Bolivian Association.

2.2. Data Collection

Interviews focused on Bolivian migrants’ health rights were conducted in 2014 and 2015 by
a researcher with expertise on human rights and public health issues. The interviews followed a
semistructured guide (annex) with 10 questions about respondents’ activities, particularly regarding
migrants, and opinions/perspectives regarding the Bolivian community in São Paulo. Participants were
selected based on their professional background and strategic position in institutions with public or
official activities and programs related to Bolivian migration and the health system. Content analysis
of the interviews suggested that the method reached saturation once data collection began to be
repetitive. The interviews were recorded after obtaining consent from participants. Interviews were
transcribed as Word documents, then analyzed and coded for themes related to interviewees’ activities,
opinions, and perspectives related to the health care for migrants in SP, as well as suggestions of key
documentation and references.

In addition to the interviews, we conducted a review of official legal and technical documents.
From March 2014 to March 2016, we reviewed legislative and normative guidelines pertaining to
the legal status of Bolivian immigrants in Brazil, as well as their health rights and possibilities to
freely access Brazilian public health services, especially as pertains to CD. The review included only
official government websites and legislative data from the Federal Government (www.planalto.gov.br),
the Ministry of Health (http://portal2.saude.gov.br/saudelegis and http://portalms.saude.gov.br/prot
ocolos-e-diretrizes), the Health Secretariat of the State of SP (www.saude.sp.gov.br), and the Health
Secretariat of the Municipality of SP (MSP) (http://www.prefeitura.sp.gov.br/cidade/secretarias/saude/).
Special attention was given to the current legal and normative technical documents that organize and
structure the Brazilian public health system at the national, regional, and local levels, and to specific
public policies regarding immigrants and CD.

For the documents search, key words were immigrants, immigration, Chagas disease, Clinical
Protocols, Clinical Guidelines, right to health, and health rights. Our search resulted in 141 records;
62 legal and normative documents related to immigrants and 79 clinical protocols and guidelines
approved by the Ministry of Health. We reviewed each record and only retained legal and normative
documents related to immigration status, public policies on CD, or health surveillance (n = 12).

The Research Ethics Committee of the Clinical Hospital of the School of Medicine, University of SP
approved the research, and the interviewees signed the respective Terms of Free and Informed Consent.

3. Results

The healthcare rights of Bolivians with CD living in SP depend on three important frameworks:
(1) their legal status in Brazil, particularly as it pertains to accessing healthcare via the SUS; (2) policies
and legal requirements regarding provision of testing and treatment for CD; and (3) capacity of the
health system to provide care for Bolivians with CD.

3.1. Legal Status Considerations for Bolivian Migrants in SP

The legal and normative documents related to immigrants, collected during the research provided
insight on how Brazilian legislation treats Bolivian immigrants regarding the right to health.

Brazilian Law 6.815/1980 (known as the Foreigners’ Statute) [31] indicates visas may be granted to
foreign nationals who enter Brazil and meet certain legal requirements. Article Five of the Federal
Constitution affirms that foreign nationals living in Brazil enjoy the same legal status and rights as
Brazilians. However, whenever required by any authority or agent, foreigners must show official
documentation attesting to their legal permission to reside in Brazil. In cases of irregular entry
or unauthorized residence of a foreign national in Brazilian territory, authorities will first demand
voluntary removal, and failing this, will initiate deportation procedures.
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Obtaining the necessary documents to remain in Brazil poses a significant challenge, putting
at risk migrants’ right to access healthcare. First, to obtain official residence in Brazil, a migrant
must first produce original personal documents from their country of origin. These documents can
sometimes only be obtained through the Bolivian Consulate. After that, a series of bureaucratic
processes including forms and payments must be completed through the Brazilian Federal Police
Department. This includes going in person to the local police office. These cumbersome and potentially
intimidating processes can make it very difficult for migrants to regularize their status. According to
one respondent from an NGO working with Bolivian migrants, “there are some bureaucratic obstacles
in the Brazilian and Bolivian governments that make it difficult to obtain documents, and this ends up
having repercussions on the enjoyment of rights”.

Brazil’s Migration Amnesty Law [32] provides an opportunity for undocumented migrants who
had entered the country prior to February 1, 2009, to regularize their status and obtain freedom
of movement, the right to work, and access to public services, including healthcare. While this
represented a potentially strong advance in the protection of the rights of Bolivian and other immigrants,
interviewees report that a lack of documentation continues to be a major concern. The Bolivian
General Consul estimates there are around 50,000 Bolivians in SP in need of regularizing their status,
and not having proper documentation represents a major barrier to accessing public health services.
Interviewees indicated Bolivian immigrants often feel strong apprehension or fear that attempts
to access healthcare will expose their status, subjecting them to repercussions including fines and
deportation. As reported by one Bolivian migrant representative, “if I give my address and this kind
of information in the hospital, not being legal in the country, they will go after me as soon as they
realize I do not have the proper visa to be in Brazil and they will want to send me back”. One of the
public officials interviewed confirmed this reality: “Migrants without proper documents can legally be
submitted to some enforcement measures such as arrest or deportation”.

Thus, although immigrants’ access to healthcare is guaranteed as a constitutional right, this is in
large part negated by the difficulty of obtaining the documentation needed to secure legal residency.
As reported by a public official responsible for immigration issues, “sometimes the migrant comes to us
to ask for a kind of document assuring that they have the right to be treated in SUS facilities even if they
do not have legal status in the Country . . . ; and they come to us because they have already tried to be
treated and the public service denied access because they do not have the proper documents to show”.
It is important to state that migrants in Brazil, even undocumented, have the constitutional right to
access public health services (even if they do not show any identity document and proof of residence).
In these cases, they can go to public defenders or to the Public Ministry to ask for a document able to
protect their right to health. Although this documentation can improve access from a legal standpoint,
other linguistic, sociocultural, and CD-specific healthcare barriers, remain.

3.2. Legal Status and Healthcare Access

According to articles 5 and 196 of the Brazilian Constitution, the access of Bolivian migrants
to public health services must occur in the same way as for Brazilian citizens. Migrants in Brazil,
regardless of status, have the same health rights as Brazilians, including access to health services
and treatments. Table 1 outlines the major portals of entry by which Brazilians or Bolivians living in
SP might enter the SUS [33] as defined by governmental laws, which standardize the entry process.
Whenever a new patient enters through one of these doors, they will receive a SUS card, entitling the
recipient to: primary care services from Family Health Strategy facilities; office visits for primary care
services, including vaccinations; home visits conducted by the Family Health Strategy; emergency
care; and mental health services [34].

The Family Health Strategy (FHS) seeks to promote the quality of life of the Brazilian population
and address factors that put health at risk, such as lack of physical activity, poor diet, and the use
of tobacco. With comprehensive, equitable, and continuous care, the FHS serves as a gateway to
the public Unified Health System (SUS) in Brazil. The FHS is composed of a multidisciplinary team
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that has at least one general practitioner or family health doctor, one nursing assistant, two nursing
technicians and several community health agents (CHAs) to cover 100% of the registered population
with a maximum of 750 people per agent and 12 CHAs per Family Health team [34]. There can also be
an oral health team, consisting of a general dentist and a technician in oral health. Each Family Health
team is responsible for a maximum of 4000 people from a given area [34].

Table 1. Entry points to the Unified Health System (Sistema Único de Saúd—SUS) for Bolivian
immigrants in the city of São Paulo, Brazil.

SUS Entry Points Health Services

Primary Healthcare Facilities

• Outpatient care
• Laboratory tests
• Pharmacies
• Vaccination programs
• Other basic health services

Family Health Strategy (FHS) • Home visits by FHS teams
• In-person care at SUS clinics generated by FHS home visits

Emergency Units • Emergency services (emergency room)

Center for Psychosocial Care •Mental health services

Many facilities within the health system will provide the card needed to utilize SUS healthcare
services regardless of documentation status. In fact, all interviewees reported the SUS card was often
the first official Brazilian document obtained by Bolivian migrants from a public authority, emphasizing
that access to the health system may represent the first contact with the State and a potential starting
point for status regularization. Within the SUS, there is no regulation stipulating that foreigners receive
different types of care than Brazilian nationals. Municipal and state health authorities in SP also
indicate that there is no specific therapeutic protocol pertaining to care for immigrants.

3.3. Legal and Policy Framework for CD Healthcare

In 2011, Brazilian Law 12.401 mandated the creation of official clinical protocols and therapeutic
guidelines for specific diseases [33]. While Brazilian experts had published two consensus documents
on CD [8], the Ministry of Health had not put forth a clinical protocol for CD during the period of
data collection. Aside from the consensus documents, there were basic manuals of care for CD [35],
and regional guidelines for care of CD cardiomyopathy [36] and oral CD [37], but there were no legal
provisions to enforce the recommendations in these documents. However, on 30 October, 2018, a clinical
protocol for diagnosis and therapeutic guidelines (Protocolo Clinico de Diretrizes Terapeuticas, PCDT)
for CD was approved by the National Commission for Incorporation of Technology into the SUS
(Comissão Nacional de Incorporação de Tecnologias no SUS, or CONITEC) [38]. The PCDT contained
several provisions to strengthen access to healthcare for people with CD, including obligatory reporting
of chronic cases, measures to reinforce referral pathways and provision of etiological treatment at the
primary level, and strengthening of recommendations to etiologically treat chronically infected adults
up to age 50, especially women of childbearing age. The PCDT does not contain special provisions
for migrants in the main document, so its recommendations are valid for all individuals registered
in the SUS. However, the tone of the PCDT’s supporting annexes suggests that routine treatment
would not be recommended for migrants, based on a lower rate of PCR conversion after antiparasitic
treatment in Argentina, Bolivia, and Colombia compared to Brazil [39]. As this data is based on the
analysis of only one study population, whereas other observational studies in different contexts do
suggest clinical benefits from antiparasitic treatment in various populations [40–44], it deserves further
discussion, lest this provision impede the ability of migrants to enjoy the right to healthcare in the
form of antiparasitic treatment.
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3.4. Needs within the Health System

Interviews revealed several challenges within the health system regarding provision of care for
CD to Bolivian migrants. Table 2 displays the challenges highlighted by the interviewees, identifying
the major gaps and related outcomes.

4. Discussion

Requiring documentation poses a major deterrent for Bolivian immigrants who do not enjoy
regular status, as Brazilian health facilities require one document of identification and one proof of
residence in the city to proceed with treatment. This protocol can be more flexible when the Family
Health Team visits the patient, since in these cases proof of residence is not required. Additionally,
the different epidemiological profile of the disease in Bolivia could create different clinical issues;
for example, women who have resided in endemic areas may have a greater risk of transmitting
CD to their infants in utero. In fact, prior research found a 6.1% prevalence of T. cruzi infection
in Bolivian women of reproductive age living in São Paulo [21], substantially higher than reported
prevalence among Brazilian women in endemic areas (1.1%) [45]. Moreover, some clinical parameters
including morbidity may differ between people infected in Bolivia or Brazil, as reported [29], largely
due to the younger age of the Bolivian migrant population with CD. Interviewees also stressed
provider–patient language differences as an important barrier, rendering it difficult for patients to
understand explanations of their diagnosis or instructions for treatment. In addition, like other
migrant populations, Bolivians with CD are highly mobile, which can make long-term follow-up
challenging. Mobility from São Paulo to Bolivia or from one district to another in the city of São Paulo
has contributed to a high rate (42.1%) of abandonment of antiparasitic treatment [29].

One of the main gaps revealed in our research was the lack of a specific therapeutic protocol
(PCDT) for CD, despite the stipulation in favor of creating such a protocol by Brazilian Law 12.401
in 2011. The approval of the PCDT for CD in October, 2018 [38], presents an opportunity to increase
access to care for CD for all affected people in Brazil. However, neither the PCDT, nor the prior legal
framework, contain special provisions relating to the care of migrants. Respondents indicated that
there are no provisions or programs in place to ensure migrants from known endemic areas receive
timely diagnosis and care.

As the results illustrate, another important gap is related to the right of immigrants to obtain
healthcare on an equal footing with Brazilian citizens, as affirmed by Brazil’s Constitution. In practice
the requirement for producing documentation in order to receive services poses a key barrier,
even considering that this is not a uniform practice. Some providers related to Family Health Teams
do not require documentation prior to seeing patients, whereas others, related to Health Facilities,
turn away undocumented patients.

In different countries and health systems, migrants with CD have faced key challenges to accessing
care and often represent a particularly vulnerable group. In the United States and Europe, for example,
immigration status can pose a major barrier to obtaining care for people with CD [12,14,46,47]. In Brazil,
bureaucratic processes to obtain legal documents are potentially intimidating and make it very difficult
for migrants to regularize their status.
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Moreover, CD has persistently remained a neglected disease despite the existence of universal
health coverage in endemic [6] as well as nonendemic countries [46]. In addition to legal barrier and
gaps in healthcare systems, migrants with CD must navigate linguistic and cultural differences with
healthcare personnel. People diagnosed with CD may experience fear regarding the implications of
the disease and stigma because of its association with poverty and rurality [13].

It is worth highlighting that the health system of the MSP has the capacity to treat CD in both
immigrants and Brazilians. There is, therefore, the practical possibility of creating well-defined
therapeutic itineraries for CD in SP and, thereby reducing the risks of aggravation of this disease in
diagnosed patients. We propose positioning the public health system as a port of entry to guarantee
immigrants’ right to health, and other rights, through the Family Health Strategy [34]. Through this
channel, the SUS card could be provided, not only assuring better access to health services but, in many
cases, also providing the first official document in Brazil, facilitating a pathway toward regularization
of status. Ideally, coverage through the Family Health Strategy in the city of São Paulo will allow teams
to identify the immigrant population and their health needs, strengthening the health relationship
with this group.

Significant improvements in access to treatment for CD for the Bolivian community will depend
on collaboration and dialogue between health services; municipal, state, and federal authorities; the
Bolivian Consulate, and organizations working within SP’s Bolivian community. Special programs that
take into account the sociocultural needs of the Bolivian community are needed, and such programs
should include training of local healthcare personnel to improve interactions with Bolivian patients.

In the interest of promoting an open society supporting those seeking better lives and working
conditions, the Federal Constitution assures immigrants the same rights as Brazilian citizens, and also
guarantees healthcare as a human right [48]. The management/treatment of Bolivian immigrants by
the SUS is therefore a duty of the state and society. A legal framework exists supporting the right of
Bolivian migrants to obtain healthcare for CD, which could potentially produce an important reduction
in morbimortality and an improvement in quality of life. However, important challenges remain before
Brazil’s immigrant community can freely exercise their right to treatment for CD and other diseases.

Finally, a key limitation of this work is the low number of interviewees, although data analyses
suggested that the saturation level was reached since some information became repetitive. This is
possibly explained because the invited responders are in strategic positions concerning health care
access in the city of São Paulo. Nonetheless, further ethnographic research with people affected by CD
in São Paulo, as well as workers within the health system, could illuminate other important aspects of
migrants‘ access to health.
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Abstract: On 15 July 2020 was the 15th anniversary of the Science Magazine issue that reported
three trypanosomatid genomes, namely Leishmania major, Trypanosoma brucei, and Trypanosoma
cruzi. That publication was a milestone for the research community working with trypanosomatids,
even more so, when considering that the first draft of the human genome was published only
four years earlier after 15 years of research. Although nowadays, genome sequencing has become
commonplace, the work done by researchers before that publication represented a huge challenge
and a good example of international cooperation. Research in neglected diseases often faces obstacles,
not only because of the unique characteristics of each biological model but also due to the lower funds
the research projects receive. In the case of Trypanosoma cruzi the etiologic agent of Chagas disease,
the first genome draft published in 2005 was not complete, and even after the implementation of
more advanced sequencing strategies, to this date no final chromosomal map is available. However,
the first genome draft enabled researchers to pick genes a la carte, produce proteins in vitro for
immunological studies, and predict drug targets for the treatment of the disease or to be used in
PCR diagnostic protocols. Besides, the analysis of the T. cruzi genome is revealing unique features
about its organization and dynamics. In this work, I briefly summarize the actions of Latin American
researchers that contributed to the first publication of the T. cruzi genome and discuss some features
of the genome that may help to understand the parasite’s robustness and adaptive capabilities.

Keywords: Trypanosoma cruzi; genome; parasite; neglected diseases

1. Chagas, the Disease

Chagas disease or American trypanosomiasis is considered a zoonosis caused by the flagellate
Trypanosoma cruzi. The parasite has a wide range of mammalian hosts and insect vectors of the
Triatominae family. According to the WHO [1,2], there are around 6 to 10 million people affected by the
disease and 12,000 deaths per year, and due to migration, the disease is now present in non-endemic
countries of Europe, Canada, and Australia. Infected patients can transition from an acute infection
to a chronic and often lethal phase of the disease. Hitherto, however, the only drugs widely used to
treat the disease are nifurtimox and benznidazole, which are very effective, when given at the early
stages of the infection. Non-vectorially transmitted infections, such as oral or congenital, present new
challenges for treatment [3], and the great variability of T. cruzi surface antigens has precluded the
development of effective vaccination.

Trypanosoma cruzi populations are complex and using molecular markers seven distinct taxonomic
units (DTUs) [4] have been reported, out of which two, namely DTU V and VI are hybrids. However,
its population dynamic is currently a subject of debate [5].
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2. The Years before the 2005 Publication, a Brief Description of Latin America’s (LA) Participation
in the Sequencing of the Trypanosoma cruzi Genome

When the sequencing of the human genome [6] was proposed, funding agencies and the public
showed serious concerns about the sizable funds dedicated to this task when more urgent needs
were not properly funded [7–9]. These concerns, when applied to the genome of pathogens causing
neglected diseases, are magnified. For basic researchers working on Chagas disease, it was evident
that despite many years of biochemical, clinical, epidemiological and immunological studies, no new
tools for the diagnostic or treatment of the disease were available, and the successful vector control
measurements implemented in Latin America South-Cone countries were not as successful when
applied to sylvatic environments where Reduvii bugs are not limited to domestic environments [10].
Hence, what makes Trypanosoma cruzi such a difficult organism to control or eliminate? Is the key to
answering all these problems in its genome?

Without sharing the reductionist view held by some proponents of the Human Genome Project
Initiative (HGP) [6,11], that the key to understanding all genetic diseases was in the genome,
LA researchers decided to launch a Trypanosoma cruzi genome initiative [12] hoping to piggyback on the
successful Brazilian Xyllela fastidiosa genome project [13]. This initiative was justified, having in mind
the following arguments: the training of young LA scientists in the emerging technologies of genomics
and bioinformatics and preparing them to take advantage of public databases to foster innovation.
Second, to achieve a better understanding of this parasite whose infestations negatively impact LA
society. Third, to facilitate molecular biology studies in T. cruzi by providing a draft sequence that any
laboratory could use to develop diagnostic tools or discover new therapeutic targets. Fourth, to reach
out and unite efforts of researchers working on Chagas.

In 1993, Dr. Mariano Levin of INGEBI, Buenos Aires, proposed one of the first genome projects
for T. cruzi to the Biotechnology Program III of the Ibero American Science and Technology Program
(CYTED). CYTED sponsored meetings bringing together molecular biologists from Spain, Sweden,
and LA to design a strategy to sequence the genome [10,14]. Later, the WHO made a call for
trypanosomatid genome research, and in 1994 on the premises of the Fundacao Oswaldo Cruz in Rio
de Janeiro, Brazil, the most important meeting on Trypanosomatidae genome research took place [15].
For the occasion researchers from all over the world working on trypanosomatids converged to discuss
a genome sequencing strategy for some of the most important pathogens of the Trypanosomatidae
family, namely Leishmania, Trypanosoma brucei, and Trypanosoma cruzi. As an outcome, Leishmania
major, Trypanosoma brucei, and Trypanosoma cruzi strain CL Brener (CLB) were selected as model species
for genome projects. Furthermore, a more extended network led by Carlos Frasch of San Martin
University, Argentina, was created including researchers from Sweden, the US, the UK, and France [16].
The approach to sequence the T. cruzi genome was the chromosome-by-chromosome or map-as-you-go
strategy of the Human Genome Project (HGP) [6]. The work was divided among participant laboratories
using the limited funding of local agencies. In three years, the laboratories constructed genome libraries
either from DNA (genomic libraries) or mRNA (expression libraries). The work of these early years
generated important information about the CLB genome, such as (i) the electrokaryotype profile
revealing a large number of chromosomal bands and homologous chromosomes presenting size
polymorphisms, and extra-numbers (aneuploidy) [17,18]; (ii) large non-syntenic zones of the genome
containing multigene families e.g., the trans-sialidases gene family [19]; (iii) numerous putative
transposons [20,21]; (iv) the mapping and expression of important infectivity genes; (v) and that T. cruzi
telomeres and subtelomeres were enriched in transposon sequences and members of other large gene
families [22]. When these actions were well underway, the initiative was confronted with the hard
reality of the DNA sequencing costs at that time. The cost of the 3 × 109 bp human genome was
calculated to be between 500 million to 1 billion USD. Taking as a reference the HGP lower estimate,
for the CLB ~6 × 107 bp genome the approximate cost was 20 million USD. Fortunately for L. major
and T. brucei the Welcome Trust provided support for these projects, whereas T. cruzi received no
funding. A simplistic approach for T. cruzi was to develop end-linking maps with bacterial artificial
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chromosomes (BACs) or Yeast artificial chromosomes (YACS) recombinants (and assume that, given the
taxonomical proximity to T. brucei, the gaps could be closed using the T. brucei synteny information.
The work for the CLB genome continued using the original strategy until Dr. Najib El Sayed of the
Institute for Genomic Research (TIGR), teaming up with colleagues of the Karolinska Institute (Sweden)
and Seattle Biomedical Research Institute (USA), sequenced the whole T. cruzi genome using the Whole
Genome Shotgun (WGS) approach developed by Venter [11] for the alternative human genome project.
This approach consists of the random cloning of DNA fragments to generate libraries with different
fragment sizes, and then carry out an automated computer assembly. Through WGS, the first draft of
the CLB genome was accomplished in record time, the rest of the participant laboratories engaged in
gene annotation and mapping their contigs and clones on this raw draft.

3. A Brief Description of the Initial Findings in the CLB Genome

With the 2005 publication of the first draft [23], scientists realized how complex the T. cruzi genome
was; the automated annotations revealed a much higher degree of sequence repetitions, including large
multigene families, out of which the Mucin Associated Surface Protein (MASP) family was detected
for the first time. Repeated sequences comprised about half of the total genome. These repetitions
often caused the collapse of the automatic assembling. Even though the CLB genome was diploid,
it turned out to be a hybrid of two T. cruzi strains, namely Esmeraldo and non-Esmeraldo. In the current
taxonomical classification, CLB is included in the hybrid DTU VI [4,23]. Despite all these obstacles,
syntenic groups were assembled, confirming previous studies [19] about the lack of synteny for some
surface protein genes. Although a final assembly was not achieved, the genome draft presented
non-syntenic blocks or islands containing highly repeated genes and blocks made up of simple genes
interrupted by a few copies of retrotransposons and genes from surface protein families. At the start of
each syntenic block, there were breakpoints made up of simple repeated sequences being the origins of
the bidirectional polycistronic transcription.

Similar to T. brucei, T. cruzi had a large number of transposons and transposon-associated sequences,
but in T. cruzi the non-LTR transposons have the potential to be functional [24,25], and there is no
RNAi machinery to control their activities.

The subtelomeres were confirmed as complex and different among all Trypanosmatids [24,26],
and in the case of CLB they were non-syntenic and often enriched in highly repeated sequences.

A comparative analysis with the L. major and T. brucei genomes revealed that 32% of T. cruzi
proteins were species-specific [23]. Another interesting feature was the expansion of the kinome
(body of kinases), and the presence of enzymes necessary for meiotic recombination. Surprisingly,
important genes for end joining non-homologous recombination (EJNHR) were missing in the three
typanosomatids sequenced [24]. One the major contributions of the 2005 genome draft was that for the
first time a large scale integration of T. cruzi metabolism networks was made possible, which opened
the way for whole proteome analysis [27,28] and the application of system biology approaches [29].

4. What is New and What is Challenging

Even today, despite the refinements of new sequencing and bioinformatics technologies we still do
not have a solid T. cruzi chromosomal map and considering the heterogeneity and genome variability
of T. cruzi populations, we might never have one. Perhaps, a less noisy view of the T. cruzi genome
could be obtained by single-cell genome sequencing [30–32]. So far, it seems that the best chromosomal
map assembled for CLB was obtained by Weatherly et al. (2009) [33] using the information from the
parental strains of the two haplotypes that make up the CLB genome, and closing the gaps with the
synteny information derived from other trypanosomes, and/or BAC end joining. These authors defined
41 pairs of chromosomes as well as two artificially assembled contigs that could not be assigned at any
chromosome. More recently, through long sequence reads obtained by the PACBio technology several
laboratories have succeeded in closing some of the gaps in the original genome draft [30,34–38].
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Despite not having a firm chromosomal map, the availability of the original genome blueprint,
plus the speed and affordability of current DNA sequencing techniques, the genomes from all DTUs
(distinct taxonomic units or near-clades) have been sequenced, and population analysis is now being
done with whole genomes instead of isolated makers. The comparative analyses of T. cruzi isolates
have shown variations in gene copy numbers and aneuploidy not only between the DTUs but also
within DTUs from sympatric geographic areas [30,39]. Using the same tools, sexual recombination and
parasexual hybrid formation have been detected in some T. cruzi populations [37,39–42].

Aneuploidy and variable gene copy numbers of genes [30,42,43] are at the base of the expansion
of important genes for infecting and evading the host’s immune system, such as surface proteins,
glycosidases, amastins, and GP63 proteases [44,45]. Aneuploidy, a condition that in other eukaryotes
causes cell growth retardation [46], does not seem problematic for T. cruzi, and likewise, in Candida
glabrata [47] an increase in gene dosage may serve as a dynamic mechanism to generate variability for
adaptive purposes. Although there is the possibility that T. cruzi aneuploids are laboratory artifacts,
aneuploids have been found in clones from non-aneuploid sympatric populations [30].

Copy Number Variations [3,34,35,37,38,44,48–50] originated by gene duplication, ectopic
recombination, unequal-crossing-over, gene mobilization via transposons, chromosome duplications,
and others, may contribute to variants with a selective advantage. As stated before, T. cruzi’s genes
coding for surface proteins are notably expanded [30,34–36,49,50] and some variants have already
been adapted to processes related to the infectivity and interaction with the host [51–54]. In addition to
complete genes, the T. cruzi genome harbors an enormous repertoire of pseudogenes, which could
be seen as a futile waste of energy and are likely to be reservoirs for the generation of gene variants.
However, another possibility is that they [55–58] act as transcription regulators [59]. One of the keys to
the understanding of T. cruzi genome dynamics might reside in the role that pseudogenes might play.
As mentioned, the participation of transposons and repeated sequences in shaping the T. cruzi genome
is supported by their presence in regions where gene synteny is broken and polycistronic transcription
starts. Furthermore, it has been suggested that transposon may provide these sites [24,60].

The characteristics of the T. cruzi genome raises some questions: how can the parasite keep its very
precise form and differentiation program with a very variable genome, including many non-syntenic
groups of genes? How can mitotic and meiotic mechanisms efficiently operate with extra chromosomes
and non-syntenic chromosomal blocks? Finally, how can transcription processes be regulated in
rearranged syntenic blocks?

The block structure of the T. cruzi genome allows the parasite to preserve in syntenic groups
of polycistronic transcription the core functions (housekeeping genes) necessary for the parasite
differentiation, metabolism, and division, whereas the blocks containing genes for important surface
determinants display constant reshuffling generating variability. These two blocks appear to have
different evolution patterns [23,34,36,37].

The generation of variability through non-sexual processes such as ectopic recombination has been
experimentally assessed between T. cruzi subtelomeres [61], and given the large sequence variability
registered at the subtelomeres, together with their enrichment in contingency genes such as the
transialidases; transposons and transposons associated sequences seem to be important locations for
the generation of variability [22,37,62,63]. The mobilization of variants may occur either by ectopic
recombination and/or mediated by a transposon (gene transduction) [64,65]. In all these events
homologous recombination (HR) seems to play an important role, and perhaps targeting some of the
enzymes involved in HR may help to solve some of these questions.

Considering sexuality and the occurrence of meiotic processes, most genes necessary for meiotic
recombination are present in T. cruzi [23], but a cytological study of meiosis is precluded, not only
by the small size of the chromosomes but also by its lack of condensation and non-dissolution of
the nuclear membrane during division processes. Therefore, pieces of evidence for hybridization
and sexual exchanges come from the molecular mapping of genetic markers [43] and, more recently,
through whole-genome analysis [30,34,39–42]. With this type of approach, researchers have accrued
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pieces of evidence of sexual recombination in T. cruzi populations from Brazil, Peru, Ecuador,
and Colombia.

A different aspect of sexual or parasexual exchanges in T. cruzi has to do with the inheritance of
mitochondrial DNA. The kinetoplast, a DNA body common to all Kinetoplastida, is an intricate mesh
of mini and maxicircles; the former participate in the editing process of the encrypted genes encoded in
the maxicircle, which is the equivalent of the mitochondrial DNA in other organisms. There are claims
of the uniparental contribution of K-DNA in parasexual hybrids [23,66] but with pieces of evidence
of exchanges with other clades or DTUs. Little is known about how these inter-DTUs introgression
processes occur [30,67,68].

Many questions about sexuality remain, such as when and where sexual recombination occurs?
Are gametes ever produced? Are both gametes contributing with mitochondrial DNA, in which
differentiation forms, and in which host does it take place?

5. Clonal or Not Clonal, is That the Question?

A panmictic evolution with sexual exchanges through gametes or parasexual fusion of cells [5,69]
does not appear to contradict the general hypothesis that the T. cruzi population structure appears
to be clonal [69,70], or as more recently coined, has a predominantly clonal signal [70]. Either way,
the apparent infrequency of sexual exchanges indicates it is not obligatory for T. cruzi. Clonality can
result from genome instability since aneuplody and variable gene copy numbers could be obstacles for
efficient meiotic recombination. However, under challenging situations, this instability can generate
gene variants with adaptive advantages at a faster rate when compared to sexual recombination.
This fact agrees with the low frequency of sexual recombination registered in whole genomic analysis
or the limited recombination between hybrid strain chromosomes [23,34,70]. Sexual recombination
has been detected mainly in closely related populations, and rarely between strains from different
near-clades. Some authors claim that sexual recombination occurs more frequently but remains
undetected because it happens in closely related parasites (endogamy) [40]. The key to alternatives
ways of evolution may reside in the heterogeneity of T. cruzi populations, which even under in vitro
culturing are very heterogeneous [71,72]. Within the population, some members may retain the
ability for sexual exchanges, while the majority stays clonal and adapted to a given environment.
The accumulation of deleterious mutations during clonal propagation may drive a cell to its death and
be eliminated from the population (Muller Rachet) [73]. However, since T. cruzi populations do not
divide synchronously, not all cells will reach this end simultaneously, and some of the survivors with
fewer genome alterations or those that have reversed to the diploid [30] condition by chromosomal
loss, can engage in sexual or parasexual exchanges to replenish population fitness. Although it
has been suggested that sexual recombination occurs inside the vertebrate host [68], it seems to the
parasite’s advantage to be able to generate variants at all stages of differentiation, as well as in all hosts,
so populations can go either way, panmictic or clonal.

Genome-wise, T. cruzi seems to be the master of variation, a property that explains its resilience,
its capacity to infect a wide range of hosts and vectors, the utilization of multiple ways of infection,
its capacity to recover its karyotype after a massive Gamma ray irradiations [74], and the rapid
acquisition of surface protein variants to escape the host’s immune system, a fact that makes the
attainment of an effective vaccine very difficult.

6. Final Considerations

One indisputable fact is that despite the many genetic variations and polymorphisms recorded
among T. cruzi strains, the parasite is a pathogenic entity that keeps its basic cell architecture and
differentiation programs and infects humans causing Chagas disease. For practitioners, infections by
T. cruzi, regardless of the considerations about the parasite types, are treated in the same classical way,
which involves the drugs nifurtimox or benznidazol.
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Nonetheless, the information provided by the 2005 publication paved the way for the generation
of new diagnostic tools, the discovery of important metabolic routes, the publication of nearly
2000 research papers, and the production of a wealth of information that allows a more systemic
approach to T. cruzi biology and a large scale search for druggable targets [75–77].

The genetic experimentation with T. cruzi has lagged behind Leishmania and T. brucei due to the
lack of cloning vectors with inducible promoters and/or an RNAi machinery that could allow for
checking the importance and function of genes, and although the recent use of CRISPR technologies
has facilitated this task [78,79], we are far from what is known about T. brucei. A more in-depth insight
into the causes of T. cruzi genome plasticity and genetic variability may lead to understanding how the
parasite generates diversity and provide us with better tools to effectively tackle Chagas disease.

Last, but certainly not least, the Trypanosomatid genomes contributed to the generation of a
new cohort of young LA researchers in genomics and bioinformatics, some of whom are currently
successfully engaged in fighting other diseases.
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Abstract: Chagas disease, caused by a Trypanosona cruzi infection, is one of the main causes of heart
failure in Latin America. It was originally a health problem endemic to South America, predominantly
affecting residents of poor rural areas. With globalization and increasing migratory flows from these
areas to large cities, the immigration of T. cruzi chronically-infected people to developed, non-endemic
countries has occurred. This issue has emerged as an important consideration for heart transplant
professionals. Currently, Chagas patients with end-stage heart failure may need a heart transplantation
(HTx). This implies that in post-transplant immunosuppression therapy to avoid rejection in the
recipient, there is the possibility of T. cruzi infection reactivation, increasing the morbidity and mortality
rates. The management of heart transplant recipients due to Chagas disease requires awareness for
early recognition and parasitic treatment of T. cruzi infection reactivation. This issue poses challenges
for heart transplant professionals, especially regarding the differential diagnosis between rejection
and reactivation episodes. The aim of this review is to discuss the complexity of the Chagas disease
reactivation phenomenon in patients submitted to HTx for end-stage chagasic cardiomyopathy.

Keywords: chagasic cardiomyopathy; heart transplantation; Chagas disease reactivation; cardiac
allograft rejection; treatment of reactivation

1. Brief Historical Context

The first human heart transplantation (HTx) was performed by Christian Barnard in
December 1967 [1]. The patient was treated for rejection and died 18 days after HTx due to pneumonia
and sepsis [2]. The available data today show that, in spite of fantastic scientific and technological
developments, the problems of rejection, infection, allograft failure, cardiac allograft vasculopathy
(CAV), and Chagas reactivation still constitute major problems faced by heart transplant centers.

The introduction of new immunosuppressive agents, such as cyclosporine A in 1980 and
FK 506 (tacrolimus) in 1989, improved survival rates for all heart transplant recipients and definitively
qualified HTx as the treatment of choice for end-stage heart failure [3]. In addition, advances in
donor procurement, surgical techniques, post-HTx care, organ preservation, and the big jump
in technological development (bringing great positive impacts in anesthesia, surgical interventions,
and immunosuppression protocols), in conjunction with the accumulated experience at heart transplant
institutions, have contributed to a great decrease in acute rejection episodes and an improvement of the
overall results of HTx [3]. However, the donor shortage is still a worldwide problem [4]. To overcome
this difficulty, the concept of donation after circulatory death donors and the extended criteria donors
have been used as mechanisms to increase the donor pool [5,6]. Currently, not only has the number
of advanced heart failure patients risen, but the heart transplant candidates are more complex [5,7].
In spite of the great advances in the field of transplantation, heart transplant professionals and patients
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still have to face many challenges. Regarding HTx in chagasic patients, the experiences in Brazil
in the 1980s established the viability of HTx for Chagas cardiomyopathy as an alternative form
of treatment [8,9]. In spite of this, a worldwide spread of Chagas disease and the complexity of
reactivation of the Trypanosoma cruzi infection have brought major problems to the field. Therefore,
more than 50 years later, the differential diagnosis between rejection and T. cruzi reactivation poses
similar challenges as those faced by Dr. Barnard.

2. The Economic Burden of Chagas Disease

At present, Chagas disease poses a major public health challenge for the Americas, as well as
for non-endemic regions around the world, including the United States, Canada, Countries in the
European Union, Australia, and Japan [10].

A model for studies of the economic burden of Chagas-disease expansion beyond tropical
and sub-tropical zones has been proposed to calculate the healthcare costs and disability-adjusted
life-years (DALYs) for individuals, countries, and regions, resulting in an estimate of 7,968,094 infected
individuals across the word [10].

For each chronic Chagas disease-infected individual, the calculated cost per year has shown
an average cost of USD 383, USD 1762, and USD 2162 in Latin America, Europe, and USA, respectively.
The calculated annual cost per person is USD 4660 with a lifetime cost per person of USD 27,684.
The global costs per year are estimated to be USD 7,190,000,000, and the cost per lifetime around
USD 188.8 billion. This summary of economic burden suggests more attention and effort is needed in
the control of Chagas disease [10].

3. Peculiarities of Chagas Disease in the Heart Transplant Setting

Chagas disease infects nearly seven million people in the world, the majority in Latin America [11].
The clinical course of the disease is characterized by an acute phase with patent parasitemia and
proliferation of amastigote forms in several tissues. Symptoms subside in a few months and most
patients pass to an asymptomatic form of the chronic phase, named the indeterminate phase, with low
parasitemia in the blood and tissues. Decades after an initial infection, 20% to 30% of the patients
develop chronic cardiopathy, including arrhythmias, conduction defects, sudden cardiac death,
and heart failure [12]. The mortality of heart failure patients due to Chagas disease is higher than that
observed in other cardiomyopathies [13].

Despite the fact that Chagas disease is a long-life infection, the anti-trypanosomal therapy
for infected people during the chronic phase of the disease is not clearly effective and remains
a challenge [14].

Heart transplantation is a therapeutic option for those patients with advanced heart failure
refractory to medical therapy. Reactivation of Chagas disease is a common finding under
immunosuppressive conditions, such as AIDS, autoimmune diseases, cancer (and the chemotherapy
used to treat it), and obviously, pharmacological immunosuppression to avoid allograph rejection [7,15].

3.1. Patient Selection

The experience in Brazil in the 1980s established the viability of HTx for Chagas cardiomyopathy
as an alternative form of treatment. Currently, HTx is an important therapeutic tool for chagasic
patients with advanced heart failure and constitutes the third leading indication for HTx in Brazil [8,9].

The indications and contraindications for HTx follow the classic criteria for other etiologies of
heart failure, but some peculiarities are often observed [7,8]. Chagasic patients have lower pulmonary
artery pressure, pulmonary vascular resistance, and transpulmonary gradient, which can reduce
right ventricular dysfunction, a frequent complication in the post-operative period of HTx [8]. Thus,
some transplant centers do not perform cardiac manometry by right cardiac catheterization if the systolic
pressure in the pulmonary artery, as estimated by the Doppler-echocardiogram, is <50 mmHg [8].
In general, chagasic patients have a less favorable social and cultural profile, which makes the
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feasibility of complex procedures such as HTx a challenge. However, there does not seem to be
a relationship between the socioeconomic situation and the evolution after HTx [16]. The possibility of
megaesophagus and megacolon should be evaluated, which, depending on the severity, may constitute
contraindications to HTx [17].

Serology for T. cruzi infection in all potential donors and recipients from endemic areas is
mandatory, and a donor who tests positive is not accepted for heart recipients. Potential organ
donors and recipients should always be screened for the possibility of Chagas disease in endemic
countries as well as in non-endemic countries, where the potential donor/recipient ratio has a positive
epidemiology [12].

3.2. Immunosuppression Strategies

One of the goals of transplantation science is to equilibrate the immunosuppression, to prevent
rejection, and to reduce infection with the occurrence of drug toxicity. Immunosuppressive regimens
to prevent rejection can be done by induction (i.e., intense early perioperative/post-operative
techniques) and maintenance (i.e., for life) [18–20]. Some categories of recipient candidates
(juvenile patients, patients with history of pregnancy or multiple blood transfusions, those on mechanical
circulatory support (MCS), and sensitized patients) are supposed to benefit from induction therapy;
whereas calcineurin inhibitors, antimetabolite agents, proliferation signal inhibitors, and glucocorticoids
are used for maintenance immunosuppression [4].

The main inducing agents are polyclonal anti-thymocyte immunoglobulins (polyclonal
antibody—thymoglobulin) and interleukin 2 receptor inhibitors (IL-2), such as daclizumab and
basiliximab, which have low immunogenicity [4].

Basic immunosuppressive therapy for the maintenance of cardiac transplant patients in general
necessarily includes a calcineurin inhibiting agent, namely, cyclosporin A or tacrolimus. These agents
must be associated with mycophenolate mofetil (MMF), mycophenolate sodium, azathioprine,
rapamycin, or everolimus. Prednisone is associated with this standard regimen, and in most patients,
it can be suspended 6 months after transplantation, in the absence of rejection [4].

In the context of Chagas disease, induction and/or maintenance immunosuppressive therapy can
reactivate the T. cruzi infection [8,20]. There are no studies comparing the various immunosuppression
regimens in chagasic patients, however, a greater number of reactivations have been diagnosed
with the use of MMF [21]. Therefore, it would be recommended that chagasic patients receive
immunosuppressive therapy with the lowest possible doses, as long as there is no rejection. To prevent
rejection-induced reactivation, strategies based on generic principles have been proposed [8]:

1. Reduction in the immunosuppression (which facilitates graft rejection);
2. The use of low doses of several drugs whenever feasible;
3. The avoidance of excessive doses of immunosuppressive agents.

4. Allograph Rejection following Heart Transplantation

Allograft rejection is an important cause of death after heart transplant, in spite of the scientific
advances in the field [22–24].

The main types of rejection are as follows: hyperacute, acute cellular (ACR),
and antibody-mediated (AMR).

The International Society for Heart and Lung Transplantation (ISHLT) has redefined the
pathological diagnosis of both ACR and AMR rejections by grading their severity. ACR is graded as:
0R (no rejection), 1R (mild), 2R (moderate), or 3R (severe). AMR is graded based on immunological
(I) or histopathological (p) parameters as follows: pAMR 0 (negative); pAMR1(H+) (p positive and
I negative); pAMR1(I+) (p negative and I positive), pAMR2 (both I and p positive), and pAMR3
(severe p) [22,23]. Antibody-mediated rejection has not been frequently reported after HTx in chagasic
patients but it can occur [8].
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Acute cellular rejection seems to be the predominant type of rejection in such patients.
A 70% occurrence of ACR was reported within the first year after HTx, with a 10% mortality
rate in chagasic recipients [9,15,25]

The incidence of rejection in chagasic and non-chagasic recipients does not seem to be different [8].
Endomyocardial biopsy, in spite of its invasiveness, is the most used method to monitor and diagnose
ACR. Under routine histopathological staining techniques, parasites may not be seen, and the
inflammatory infiltrate of rejection (grade 2R or 3R) and reactivation episodes are quite similar;
thus, the differential diagnosis between inflammation caused by rejection or reactivation is a difficult
task. The protocols for treatment of allograft rejection in both chagasic and non-chagasic recipients
are similar. The majority of cases presenting ACR respond properly to pulse corticosteroid therapy,
although rescue therapy may be required for selected cases [8].

In addition, a high percentage (up to 43%) of inflammatory infiltrates found to be compatible
with the diagnosis of 2R or 3R rejection do not respond to immunosuppressive therapy, but show
a good response to antitrypanosomal drugs. Therefore, the detection of an inflammatory mononuclear
infiltrate in the endomyocardial biopsy is not enough to rule out the diagnosis of Chagas disease
reactivation and poses a challenge, as the most common drug to abort rejection (corticosteroid) may
facilitate Chagas disease reactivation. Over 85% of patients have at least one rejection episode before
reactivation occurs [8,25].

5. Reactivation

T. cruzi reactivation after HTx is closely related to aggressive immunosuppression. As high
immunosuppression protocols induce more frequent Chagas disease reactivation episodes after HTx
and affect 20% to 45% of recipients in the first year, an early diagnosis of reactivation is necessarily
aimed at pre-emptive therapy. Type I T helper immune response is an important mechanism involved
in the T. cruzi infection. It is well established that high-dose corticosteroid is able to modify the cytokine
profile of type I T helper lymphocytes and is associated with the antiproliferative effect of MMF on
T lymphocytes. This environment constitutes a favorable condition for Chagas disease reactivation,
which properly treated results in less than 1% mortality. Current evidence indicates that the probability
of reactivation could be as high as 90% at 2 years following HTx. Symptoms may be quite similar
to those seen in the acute phase of Chagas disease as well as in rejection episodes and include fever,
anorexia, myalgia, diarrhea, panniculitis, myocarditis, meningoencephalitis, and encephalic vascular
accident [26–29].

Different regimens using immunosuppressive drug associations have not been tested in HTx
for chagasic cardiomyopathy. MMF in maintenance immunosuppression seems to be more closely
associated with reactivation episodes than the regimens that do not use this drug. Therefore, strategies to
change the immunosuppression regimen, such as replacement of MMF by azathioprine or decreasing
MMF, have been proposed [21], although no randomized clinical trials are yet available. An early
reduction in immunosuppressant agents (especially corticosteroids) is recommended to prevent
reactivation, but this approach may facilitate rejection episodes [20,30].

It should be remembered that Chagas disease may affect non-chagasic patients receiving organs
from donors with chronic Chagas disease [17,31].

5.1. Reactivation Diagnosis

Reactivation episodes of Chagas disease after HTx have been described as myocarditis, panniculitis,
meningoencephalitis, and brain abscess (Figure 1). Myocarditis, the most frequent manifestation,
may be asymptomatic or present severe symptoms compatible with heart failure or cardiogenic
shock. New skin nodules are characteristic of reactivation. These nodules may ulcerate and the
presence of nests of amastigotes is a common skin biopsy finding. Cardiac allograft involvement can
manifest as tachycardia, cardiac arrhythmias, A-V blocks, ventricular dysfunction, and cardiogenic
shock. Reactivation episodes may induce clinical acute Chagas disease-like symptoms, including fever,
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anemia, jaundice, liver function test alterations, myocarditis, and neurologic symptoms, secondary to
the parasitic effects on the central nervous system. [12,29,32]. However, reactivation episodes may
occur without symptoms.

Figure 1. Illustration of Chagas disease reactivation in heart (A), skin (B), and brain (C) in
chagasic patients submitted to HTx). (A)—Myocarditis in an endomyocardial biopsy showing
a nest of amastigotes in the transplanted heart (hematoxylin-eosin staining). (B)—Skin lesions in
a heart-transplanted chagasic patient. The histology of a biopsied lesion demonstrated a nest of
amastigotes (Not shown). (C)—Brain lesions in Chagas disease reactivation after heart transplant.
(C1)—Post-mortem examination showing chagasic encephalitis in a brain macroscopic slice (arrow).
(C2)—Nests of amastigotes as demonstrated by histopathologic examination (histochemistry:
immunoperoxidase technique staining).

Asymptomatic individuals, with tissue or blood samples persistently showing the presence
of T. cruzi are strong candidates for infection reactivation. The Latin American Guideline for
the Diagnosis and Treatment of Chagas Heart Disease has listed some risk factors associated
with T. cruzi infection reactivation as follows: the number of rejection episodes; the presence of
malignancy; immunosuppression grade; use of MMF; autoimmune diseases; HIV infection; and other
immunosuppression status [8,30].

The diagnosis of reactivation episodes can be made when symptoms of Chagas disease infection
are present. However, diagnosis from only the clinical features is insufficient, i.e., both clinical
symptoms and the positive detection of parasites in the blood, cerebrospinal fluid, endomyocardial
biopsy, or other tissue samples must coexist. The detection of parasites is made by direct examination
of the blood or cerebrospinal fluid, or by biopsies of any infection site which show T. cruzi forms under
conventional, immunohistochemistry, or immunofluorescence techniques [8].

At present, polymerase chain reaction (PCR) analysis of the blood, endomyocardial biopsy (EMB),
or other tissue biopsies are reliable methods to confirm the presence of T. cruzi as compared to other
techniques. However, EMB is an invasive approach and although being considered a safe procedure,
when performed by an experienced operator, complications and sequelae, such as: access site
hematoma, right ventricular perforation, chordae tendineae damage, right bundle branch block,
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arrhythmias, tricuspid regurgitation, may occur. In addition, coronary artery-to-right ventricular
fistula, permanent tricuspid valve regurgitation and scarring of the right interventricular septum,
compromising the amount of retrieval tissue in future biopsies may occur [33]. One advantage of PCR
analysis is that the T. cruzi detection precedes the clinical manifestations of reactivation by two or more
months. As a consequence, the time required to reach a diagnosis is less than that required by standard
parasitological methods. The evolution of the PCR method has led to the appearance of a number of
PCR variants. For example, quantitative PCR has a 95.7% sensitivity and a 100% specificity for parasite
detection in the acute phase of Chagas disease. Currently, PCR diagnosis is a precious tool which
guides physicians as to whether patients should begin receiving anti-parasite drugs or changes in the
immunosuppression protocol [26,34,35].

It is well recognized that the isolation of T. cruzi from the blood of chagasic recipients (xenodiagnosis,
blood culture) is not considered pathognomonic for the diagnosis of Chagas disease reactivation.
The same tests may be positive in patients with the chronic form of Chagas disease. In addition,
the Strout test is also an alternative for reactivation diagnosis. On the other hand, serological tests
are useless for reactivation diagnosis. Their main indication in organ transplantation is when
seronegative patients receive organs from seropositive donors, with the most frequently used
being ELISA, indirect immunofluorescence (IIF), and indirect hemagglutination (IHA) [8,12,30,35].
A tendency to substitute the immunofluorescence assay (IFA) for a new test, named the trypomastigote
excreted–secreted antigens (TESA) immunoblot, in some centers in the U.S.A. has been observed [36].

In countries where Chagas disease is not endemic, failure to identify patients with Chagas disease
reactivation constitutes a major medical and social problem, as severe or fatal outcomes may supervene
the incapacity to establish a proper diagnosis. [37,38].

The concept of reactivation must, therefore, be redefined as even if no clinical symptoms are evident,
reactivation can be diagnosed by an increase in parasitemia, detected either by direct parasitological
techniques or by PCR. In this context, a patient may be considered to be presenting reactivation if
a current PCR is positive and the previous PCR result was negative. Similarly, if the former test
showed lower parasitemia than the current one, the reactivation diagnosis can be accepted [17,34].
Considering that rejection and reactivation may occur several times, that rejection usually precedes
reactivation episodes, that symptoms of each condition are similar, and that both conditions may
coexist, a differential diagnosis is fundamental for the treatment. Reactivation may then occur several
times even if the first episode was properly treated. Despite the possibility of several reactivation
episodes in the transplanted heart, no chagasic chronic cardiomyopathy in the recipient has been
described [8], and so the role played by T. cruzi itself in the infection reactivation is not clear.

There exists an obvious need to monitor for T. cruzi reactivation in order to allow the start of
specific treatment, mainly in patients without clinical symptoms [29,39]. Chagasic recipients must be
followed-up after HTx and monitored for T. cruzi infection reactivation, much as they are monitored
for rejection, not only routinely but also at any time when the presence of clinical suspicion occurs.
Variations in the protocol occur depending on the transplantation center policy. One such policy
suggests monitoring for reactivation by histological demonstration of amastigotes at 1, 3, 5, 6, 9,
and 12 months after HTx, or whenever the presence of signs or symptoms are present, such as new skin
lesions, fever, or overt acute myocarditis [8]. However, no scientific definition about when and how the
monitoring protocol should be applied is available. Some centers agree that monitoring for reactivation
should take place during the same time that biopsies aiming at allograph rejection detection are done;
others prefer monitoring for reactivation every week for 2 months after HTx, then every 2 weeks until
the sixth month, and then, once a month from 6 to 12 months [40].

Differential diagnosis between acute cellular rejection and chagasic myocarditis due to reactivation
episodes is not an easy task and poses difficulties. The histopathological findings in both conditions are
represented by the presence of lymphocytes surrounding the cardiac muscle cells. Slight differences
between the morphology of the infiltrate may be seen. Histological diagnosis of reactivation is
confirmed if tissue nests of amastigote forms or antigens are detected. The possibility of toxoplasmosis
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should always be discarded, which makes the use of immunohistochemistry mandatory to establish
the diagnosis of reactivation; skin nodule biopsies showing lymphocytes and histiocytes accumulation
may be the clue for confirmation of Chagas reactivation. Intense proliferation of T. cruzi amastigotes
inside macrophages and endothelial cells warrant the diagnosis. However, in the absence of amastigote
forms, it is often difficult, even for experienced pathologists, to diagnose the etiology of skin lesions.
If parasitic nests of amastigotes are not found in histological sequential sections, the diagnosis of
reactivation remains presumptive [18,41]. In the presence of parasitic nests, the way to confirm the
etiological nature of the nests is to detect T. cruzi antigens by immunohistochemistry. PCR analysis helps
a lot in this context. If PCR can distinguish between living and dead trypanosomes after reactivation
treatment, it is not known, but certainly parasite DNA and antigen may persist for a period of time in
lesions and thus a positive PCR may not always be indicative of an active site of infection [29,41].

Polymerase chain reaction seems to be the topline laboratory method contributing to the diagnosis
of reactivation, but both conditions may coexist, and one or more episodes of rejection usually precede
the reactivation process. Surveillance for life by a multidisciplinary team is therefore fundamental
to the outcome of HTx. The major challenge is to monitor laboratory evidence of Chagas disease
reactivation, allowing for etiological treatment before the onset of clinical manifestations, and to
prevent severe symptoms and damage to the transplanted heart. [26,34,35,42]

5.2. Results of Heart Transplantation in Chagasic Cardiomyopathy Concerning Reactivation

Evaluation for Chagas reactivation was conducted in 107 adult patients submitted to HTx at
InCor, São Paulo, Brazil. The diagnosis of reactivation was accepted only in the case of histological
confirmation. In 43 out of the 107 studied patients (40.2%), Chagas reactivation was confirmed.
Twenty-three of these 43 patients (53.5%) had the diagnosis confirmed by endomyocardial biopsy,
11 (25.6%) by blood samples testing, 8 (18.6%) by skin, and 1 (2.3%) by brain biopsy. The majority
of patients used corticosteroids and MMF. No death or severe graft dysfunction were related to the
reactivation episodes [9].

A similar study was conducted in the U.S.A. for Chagas disease after HTx in 31 recipients.
Evidence of T. cruzi infection reactivation was found in 19 (61%). The median time for reactivation was
3 weeks after HTx (from <1 to 89 weeks). PCR monitoring allowed the diagnosis before manifestation
of clinical symptoms in 18 patients, and in only one patient reactivation was diagnosed after the
onset of clinical manifestation. No death in this reactivation group was reported after a median of
60 weeks [43].

The HTx in patients with chagasic cardiomyopathy seems to present a better outcome than in
non-chagasic recipients. Several factors have been suggested to contribute to this outcome: lower age,
less co-morbidities, lower severity grade of rejections, lower incidence of CAV, lower prevalence of
pulmonary hypertension, and no history of cardiac surgery before HTx [8,42]. The reported higher
incidence of neoplasms after HTx for Chagas disease has not been confirmed in transplanted patients,
possibly because of the use of lower doses of immunosuppressive agents, with the aim of avoiding
Chagas disease reactivation. The advent of malignancy in HTx of chagasic recipients contributes to
death in about 2% of them [8,42–44].

At present, infection and rejection are the major causes of death amongst chagasic recipients
of HTx, occurring in 21% and 10–14% of patients, respectively. Cardiac allograft vasculopathy and
neoplasms do not seem to be frequent causes of death in HTx chagasic recipients [9].

The native heart may present myocarditis secondary to the presence of T. cruzi parasites.
This finding does not seem to be associated with Chagas disease reactivation after HTx [8].

5.3. Etiological Treatment of Reactivation

The etiological treatment of Chagas disease is an attractive approach as it could modify the
evolution of the disease. Benznidazole and nifurtimox are the anti-trypanosomal drugs of choice,
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which have been shown to be effective when administered to patients in the acute phase of the
disease [12,45]. However, their efficacy on the chronic phase has been a subject of debate [45–48].

Benznidazole seems to be effective in children with T.cruzi chronic infection (early chronic phase,
less than 15 years), as demonstrated in two placebo-controlled trials, that showed cure rates of
approximately 60%, on the basis of conversion to negative serologic test results after treatment [49,50]
A large prospective randomized multicenter study on Chagas cardiomyopathy, benznidazole treatment
was unable to prevent the cardiac clinical progression although have reduced the parasitemia [51].

The etiological treatment of adults in the indeterminate phase, or very early signs of cardiac
involvement, remains unanswered [52,53]. Antiparasitic treatment is not recommended for patients in
the chronic phase with advanced Chagas heart disease, as is the case of the heart transplant candidates,
since there is no evidence of benefit [12].

The recommendation of benznidazole as a prophylactic agent for all chagasic patients submitted
to HTx is questionable due to the lack of available scientific data to support this practice. Besides this,
only a percentage of the recipients develop reactivation, and the toxicity and side effects of the drugs
might, in some circumstances, be prohibitive. The current recommendation for chagasic HTx is to start
anti-trypanosoma treatment whenever Chagas reactivation is confirmed [17,40,41].

Benznidazole and nifurtimox are the trypanocidal drugs of choice, as both compounds are
active against trypanosoma. The therapeutic regimens for reactivation are typically made with
benznidazole as the first-line drug and nifurtimox as the second option (i.e., for parasite strains resistant
to benznidazole) [40–42].

Benznidazole tablets contain 100 mg of active substance. The drug is absorbed in the intestine,
processed by the liver cytochrome P-450 system, and excreted predominantly in the urine with a half-life
of 12 hours. The recommended posology is 2.5–5 mg·kg−1 two times a day (bid). The proposed
duration of treatment is 60 days, with a possible extension, depending on the case, to 90 days [51].
The more prominent collateral effect is an urticariform rash, occurring in about 30–60% of patients,
usually appearing in the first week of treatment and treated with anti-histamine drugs or with low
doses of corticosteroids. If fever and lymph node enlargement appear, benznidazole intake should
be interrupted. Less common adverse effects include a late peripheral polyneuropathy manifesting
as pain and tingling in the legs, anorexia, insomnia, and bone marrow suppression (which is of
rare occurrence), which also imply treatment interruption. Another option is the use of nifurtimox
(120 mg/tablet, 8–10 mg/kg), but this medicine is not available in Brazil. The capacity of benznidazole
(and nifurtimox) to eliminate the circulating parasites in about 2 weeks and to affect the host immune
response is well known, due to its cytotoxic effects on T-cells. These considerations reinforce the
importance of benznidazole as a treatment of Chagas disease reactivation [12,30,48].

Both benznidazole or nifurtimox have been contraindicated in pregnant women, as well as in
patients with hepatic or renal failure.

It should be reinforced that the same recipient may evolve with more than one episode of Chagas
reactivation, needing multiple treatments and increasing the possibility of adverse effects.

6. Heart Transplantation Complications and Survival

The clinical outcome, morbidity, and mortality rates after HTx are similar when chagasic and
non-chagasic recipients are compared in the early post-operative period. The major complications
after HTx are related to graft dysfunction (20%); rejection (grade 2R or 3R) (10–20%); acute kidney
failure (up to 70%) [54]; bleeding (10%); non-T. cruzi infection, mainly those located in the respiratory
tract (20–30%) [21]. The MCS for chagasic patients with severe cardiomyopathy is not common in
Brazil, but when used, no difference in survival was noticed, as compared to patients without bridged
MCS [25]. Right ventricular insufficiency, in general, improves with time.

The survival rate of HTx in chagasic patients is better than that for HTx in patients with no
Chagas disease. A lower incidence of post-transplant cardiac allograph rejection and a low mortality
related to reactivation of Chagas disease have been reported [44]. The actual overall survival of HTx
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patients with Chagas cardiomyopathy at 1, 5, and 12 years is better than the survival of recipients of
HTx with either ischemic or idiopathic cardiomyopathy (the first and second causes of HTx in Brazil,
respectively). The survival rates of HTx for Chagas disease have been reported as 76%, 71%, and 46%,
at 6 months, 1 year, and 10 years, respectively [21,26,44].

7. Conclusions

Chagas disease (American trypanosomiasis) was originally a health problem endemic to
South America, predominantly affecting residents of poor rural areas. The migration of T. cruzi-infected
individuals to large cities and to developed, non-endemic countries has promoted the worldwide
dissemination of Chagas disease. Some of these emigrants are submitted to HTx in the new host
non-endemic country, and as a consequence, many reports of reactivation of Chagas disease in HTx
patients have been published.

Chagas disease reactivation may occur as a consequence of immunosuppression from several
causes, but most published reports of this condition have focused on HTx recipients.

The high number of HTx for chagasic cardiomyopathy in Brazil has meant that there is
an accumulation of experience in this field, and thus, has brought the attention of international
scientific organizations looking for partnerships to build global recommendations for prevention,
early diagnosis, and treatment approaches concerning Chagas disease.

The diagnosis of rejection and/or reactivation in chagasic patients submitted to HTx is not an easy
task. PCR seems to be the topline laboratory method, contributing to the differential diagnosis between
reactivation and rejection episodes. A complication factor in this issue is the occurrence of one or more
episodes of rejection, usually preceding the Chagas disease reactivation process.

Efforts to find laboratory evidence of Chagas disease reactivation, thus allowing therapeutic
maneuvers before the onset of clinical manifestations, are intended to prevent severe symptoms and
damage to the transplanted heart.

Benznidazole and nifurtimox, in spite of their adverse effects, are the drugs currently eligible for
the treatment of Chagas disease reactivation following HTx.

The etiological treatment of HTx recipients without clinical manifestations of Chagas reactivation
but showing a positive PCR assay for T. cruzi deserve further investigation and a multicenter trial.
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Abstract: Chronic Chagas’ cardiomyopathy is the most severe and frequent manifestation of Chagas
disease, and has a high social and economic burden. New imaging modalities, such as strain
echocardiography, nuclear medicine, computed tomography and cardiac magnetic resonance imaging,
may detect the presence of myocardial fibrosis, inflammation or sympathetic denervation, three
conditions associated with risk of sudden death, providing additional diagnostic and/or prognostic
information. Unfortunately, despite its high mortality, there is no clear recommendation for early
cardioverter-defibrillator implantation in patients with Chagas heart disease in the current guidelines.
Ideally, the risk of sudden cardiac death may be evaluated in earlier stages of the disease using new
image methods to allow the implementation of primary preventive strategies.
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1. Introduction

Chronic Chagas’ cardiomyopathy is the most severe and frequent manifestation of Chagas disease
and occurs in 25–30% of infected people. Patients may develop severe clinic manifestations, such as
congestive heart failure, malignant arrhythmias or thromboembolism [1,2].

The disease is endemic in Latin America, where it is responsible for a high social and economic
burden, however, due to the migration of affected individuals and the increased number of patients
infected through other forms of transmission, such as blood transfusion, organ transplantation or
vertically from mother to infant, the disease has become a global health concern. Non-endemic
countries have reported increasing numbers of patients and are particularly worried about the limited
awareness in medical community [3]. Cardiac involvement is the main cause of death. The clinical
course of Chagas heart disease (CHD) is variable, and the identification of patients at risk for death
remains a challenge [4].

The pathogenesis of chronic CHD involves a progressive inflammatory process and adverse
immune response with myocardial necrosis and damage to the conduction tissue, leading to
electrocardiographic changes, such as atrioventricular and intraventricular blocks, sinus node
dysfunction, ventricular arrhythmias and sudden cardiac death. The presence of myocardial
inflammation, necrosis and fibrosis may result in left ventricular (LV) segmental wall motion
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abnormalities and congestive heart failure. Derangements in the coronary microcirculation are
likely to cause ischemic-like symptoms, electrocardiographic (ECG) abnormalities and perfusion
defects [5].

Patients with CHD are classified according to symptoms and presence of myocardial abnormalities.
The presence of typical ECG abnormalities usually defines the diagnosis of chronic CHD (Table 1).
The most common initial findings are conduction disorders, and/or ventricular arrhythmias [6].

Table 1. Definition and progression of chronic Chagas heart disease.

Stage ECG Echocardiogram Heart Failure

A abnormal Normal Absent
B1 abnormal abnormal, LVEF ≥45% Absent
B2 abnormal abnormal, LVEF <45% Absent
C abnormal Abnormal Reversible
D abnormal Abnormal Refractory

Adapted from: Xavier SS et al. [7]. LVEF = left ventricle ejection fraction.

Chronic CHD carries a worse prognosis when compared to ischemic and other non-ischemic causes
of heart failure [8]. The presence of chronic persistent myocardial inflammation plays a central role in
the genesis of arrhythmias, due to irreversible cell damage, fibrosis and scar formation. Ventricular
arrhythmias are a major cause of morbidity and mortality in patients with Chagas disease, and may
occur even before significant LV systolic dysfunction, leading to sudden cardiac death (SCD) [9,10].
In addition, active inflammation may increase the automaticity within inflamed areas and act as a
trigger for reentry in the presence of fibrosis. Besides fibrosis and inflammation, autonomic dysfunction
can also be related to the genesis of ventricular arrhythmias.

Identifying patients with chronic CHD at increased risk of SCD is crucial, as they could benefit
from prophylactic implantation of cardioverter-defibrillators [11–13]. ECG, 24 h Holter and exercise test
are extremely useful to diagnose and manage these patients. In addition, new imaging modalities such
as strain echocardiography, nuclear medicine and cardiac magnetic resonance (CMR) imaging with
late gadolinium contrast enhancement may detect the presence of myocardial fibrosis, inflammation
or sympathetic denervation, providing additional diagnostic and/or prognostic information. Acute
Chagas disease will not be analyzed here.

2. ECG/Holter Monitoring/Exercise Test

2.1. Eletrocardiogram (ECG)

Electrocardiogram (ECG) is the most important exam to characterize in which phase Chagas
disease patient is. It is an easy method to perform, widely available worldwide and with high
sensitivity. If the ECG remains normal, the prognosis of those patients is similar to the general
population. It is important to perform ECG on a serial basis annually to assess possible disease
progression. Asymptomatic infected patients with normal ECG (chronic indeterminate form) should
be followed annually with clinical evaluation and ECG. In the presence of symptoms and/or ECG
abnormalities, patients should be ideally submitted to 24-h Holter, exercise test and echocardiography.
Usually, the ECG is the first exam to undergo changes when there is cardiac involvement in the chronic
phase of Chagas disease. The presence of typical ECG abnormalities is associated with increased risk
of progression to more severe cardiomyopathy.

There are some unspecific findings in ECG that need individualized evaluation, as they alone
are not sufficient to diagnose cardiac involvement such as: sinus bradycardia, low voltage QRS,
incomplete right bundle branch block, anterosuperior hemiblock, first-degree atrioventricular block
and unspecific ST-T findings. The most commons early findings are right bundle branch block with
or without left anterior fascicular block, second- and third-degree atrioventricular block. Other
alterations associated with CHD are complex ventricular arrythmias, atrial fibrillation, complete
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atrioventricular block and left brunch block. ECG changes associated with worse prognosis are
frequent premature ventricular contractions (PVCs), increased QT-interval dispersion, low-voltage
QRS, QRS fragmentation, polymorphous or repetitive non-sustained ventricular tachycardia and
prolonged QRS.

When an electrocardiographic alteration compatible with Chagas’ disease is identified, the patient
is reclassified from chronic undetermined benign form to a cardiac form with a poorer prognosis and
additional cardiac and gastrointestinal check-up is recommended (Table 1) [6].

2.2. 24 h Holter

A 24 h Holter is recommended when available and in patients with symptoms suggestive of cardiac
arrhythmias, such as palpitations, presyncope and syncope, or ECG abnormalities like bradyarrhythmia,
second degree atrioventricular block and multiple PVCs. Often, brady and tachyarrhythmias are
identified in the same patient, and this differential diagnosis is important for indicating a pacemaker
implant associated or not with the implantable cardioverter defibrillator (ICD). A 24 h Holter is useful to
identify an increased risk of sudden cardiac death and unmask signs of autonomic dysfunction, such as
reduced heart rate variability. The presence of non-sustained ventricular tachycardia on the 24 h Holter
is one criterion that worsens the prognosis of patients with CHD. Major electrocardiographic changes
are sinus node dysfunction, atrioventricular block, or frequent PVCs that becomes more complex and
frequent with the disease progression. The presence of ventricular tachycardia is associated with left
or global ventricular dysfunction and, when sustained, configures a worse prognosis. The main cause
of sudden death in CHD is ventricular fibrillation, which is more frequent when there are previous
episodes of ventricular tachycardia, but it can be the first manifestation of the disease or its terminal
event in patients with severe ventricular dysfunction and heart failure. CHD is one of the most common
indications of artificial pacemaker implants in Brazil, and a 24 h Holter is important to help the clinician
to confirm the need of the device, indicate the best type and the follow-up after the implant, as this can
detect faulty functioning of the stimulation system or orientate better programming [14]. Regarding the
autonomic function, a 24 h Holter can assist using spectral analysis. CHD is associated with a reduction
in the sympathetic response (reduced LF—low frequency), as well as an overall decrease in autonomic
function observed by the reduction of Standard deviation of sequential 5-min N-N interval means
(SDANN). The increased rMSSD (square root of the mean of the square of the differences between
adjacent normal RR intervals, in a time interval) and pNN50 (percentage of absolute differences in
successive normal sinus values >50 ms) values reflect malfunction in their vagal tone.

2.3. Exercise Test

When available, exercise tests should be performed to understand the responses of Chagas disease
patients to hemodynamic stress and to assess the functional capacity. The most important finding
to observe on ECG during the exam are ventricular arrhythmias, which are independent predictors
of mortality [1,15]. They indicate progression of CHD and worsening of cardiomyopathy. The
chronotropic response and the heart rate in the first minute of recovery can show how sympathetic and
parasympathetic act, since there is an autonomic dysfunction in Chagas disease patients. The assessment
of functional capacity is important to guide professional and activity restrictions, to follow the worsening
on function capacity and beginning of heart failure. In advanced heart failure patients, the exercise test
can suggest a cardiac transplantation indication when the peak oxygen uptake ≤10 mL/kg/min. Finally,
exercise test could also useful to access ST changes in differential diagnosis in patients with classical
chest pain, to exclude coronary disease and to elucidate patient’s symptoms during exercise.

3. Echocardiography

Echocardiography has become the most common method to assess and follow up patients with
CHD. The presence of echocardiographic abnormalities allows us to stage disease progression (Table 1).
In early stages, echocardiography may demonstrate segmental wall motion abnormalities, particularly
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in the apex or basal segments of inferior and inferolateral walls, usually without associated obstruction
in epicardial coronary arteries [16]. These lesions usually occur due to microcirculatory derangements.
Diastolic dysfunction is also a common early finding.

The landmark lesions of CHD are LV apical aneurysms. In order to identify these aneurysms, it is
important to use not only standard but also angulated views such as modified four- and two-chambers
views, aiming posteriorly and avoiding foreshortening, dropout or near-field artifacts. Aneurysms
are not limited to the apex or inferolateral walls, the most common sites, and may be associated
to the presence of intraventricular mural thrombi. Right ventricular (RV) aneurysm is uncommon.
The prevalence of LV aneurysm is inferior to 10% in asymptomatic patients but has been reported as
superior to 50% in patients with more advanced stages, with moderate to severe LV global systolic
dysfunction. Symptomatic patients may present regional wall motion abnormalities, LV or biventricular
dilatation with diminished LV ejection fraction.

Echocardiograms should be performed at least once in every patient with positive serology and
can be repeated each 3–5 years or anytime if ECG abnormalities are detected and should follow the
European Association of Cardiovascular Imaging/American Society of Echocardiography task force’s
recommendations on chamber quantification, LV function and morphology, RV function and valvular
analysis [17].

Chamber volumes and global ventricular function should be evaluated by bidimensional
(2D) echocardiography through biplane method of disks (Simpson’s) and tridimensional (3D)
echocardiography, whenever possible. Tridimensional is more accurate than 2D echo for assessing LV
volumes and ejection fraction (EF), particularly in the presence of wall motion abnormalities when
there is a distorted LV geometry, as it allows visualization of cardiac chambers without geometric
assumptions. It can also avoid foreshortening, being more accurate to detect the presence of aneurysms
or thrombus. Regional wall motion abnormalities are most often located in the apex, inferior and
inferolateral walls and should be assessed in multiple angles. Evaluation should include valvular
structure and function, as functional mitral and tricuspid valve regurgitation are common in advanced
cases with ventricular remodeling and valve annular dilation.

Strain is a measure of myocardial deformation, defined as the change of length of the myocardium
that allows a more precise and quantitative measurement of the regional myocardial function,
overcoming the subjective evaluation by conventional echocardiography. Strain obtained by
speckle-tracking is the method of choice because it is not angle dependent. Regional strain is
of particular interest in CHD due to the frequent segmental myocardial involvement (Figure 1),
being particularly useful for increased recognition of subclinical myocardial dysfunction during
indeterminate form of CHD [18,19]. Global longitudinal strain is the most validated method and is
correlated with the amount of myocardial fibrosis, as shown is a study including 125 patients with
Chagas disease, which found that longitudinal strain was reduced in the patients who had cardiac
fibrosis on CMR, despite no significant difference in LV ejection fraction compared with patients
without cardiac fibrosis [20].

Echocardiography may potentially be used to study ventricular dyssynchrony in CHD [21,22].
Duarte et al. [22] reported that the prevalence of interventricular dyssynchrony was 34% and of
intraventricular dyssynchrony was 85%. However, dyssynchrony was not a strong predictor of clinical
events, and the ECG remains the most important tool for indicating cardiac resynchronization therapy.
Contrast echocardiography can be useful to enhance LV endocardial border and increase detection of
aneurysms and thrombus [15].

Echocardiography is an inexpensive and readily available method, being very useful to stage and
follow these patients, giving hemodynamic information that can be extremely helpful in advanced
heart failure. On the other hand, the method is less sensitive to evaluate the presence of fibrosis and is
not able to detect inflammation.
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Figure 1. Global longitudinal strain of the left ventricle and strain curves depicting increased mechanical
dispersion. Abnormal findings of left ventricular (LV) longitudinal strain in apical three-chamber view
(top left); apical two-chamber view (bottom left); apical four-chamber view (bottom right); “Bull’s-eye”
plot of strain values for each myocardial segment evidences anteroseptal and inferolateral akinesia
represented by blue areas in the polar map (top right).

4. Computed Tomography

Cardiac computed tomography (CT) has an excellent negative predictive value to exclude coronary
artery disease through coronary computed tomography angiogram (CTA), being extremely useful
in patients with low to intermediate pre-test probability. Cardiac CT can also be used to plan
electrophysiologic procedures, evaluate LV morphology, including the detection of regional wall
motion abnormalities, apical aneurysms and intracardiac thrombi, and to calculate LV function in
patients with difficult echocardiographic windows and contraindication to CMR, such as the presence
of an implanted cardiac device [1,5].

5. Cardiovascular Magnetic Resonance

CMR has a superior capability for anatomic and functional evaluation of cardiac chambers and
measurement of right and left ventricular EF. LV systolic dysfunction is the strongest predictor of
morbidity and mortality in CHD, and detection of subclinical dysfunction may orient therapeutic
measures that would help in delaying the progression of the disease. Regional wall motion
abnormalities, thrombus and aneurysms can be easily recognized (Figure 2).

 

Figure 2. Cardiac magnetic resonance (CMR) four chamber image showing a typical left ventricular
mamillar apical aneurysm (arrow). CMR: cardiac magnetic resonance.

Myocardial fibrosis is a histopathological finding common to several types of cardiovascular
diseases and is associated with morbidity and mortality [23,24]. The mechanisms leading to fibrosis
are variable and there may be an imbalance between collagen production and degradation or myocyte
death [25].
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The presence of fibrotic myocardial lesions is associated to reentrant circuits, which are the main
pathophysiologic mechanism of ventricular tachyarrhythmias. Recent studies reveal that the degree
of myocardial fibrosis increases progressively from the mildest to the most severe disease stages and
late gadolinium contrast enhancement (LGE) evaluated on CMR is currently the best non-invasive
method to assess it, being a marker of subclinical involvement with proven prognostic value [26–28].
The presence of scar by LGE is strongly associated with high risk of SCD [29].

Development of fibrosis in Chagas disease patients predominates in territories of distal circulation,
particularly in apical and inferolateral regions, and the pattern of LGE is usually meso-epicardial or
transmural (Figure 3), which differs from ischemic cardiomyopathies, in which LGE with a characteristic
subendocardial fibrosis pattern matches a coronary territory distribution [11].

Figure 3. CMR images in four chamber (A) and three chamber (B) views showing meso-epicardial
(arrows) and apical transmural (arrowheads) late gadolinium enhancement (LGE). CMR: cardiac
magnetic resonance; LGE: late gadolinium enhancement.

Nonetheless, LGE fails to account for interstitial and diffuse collagen distribution, which leads to
underestimation of the total myocardial fibrosis mass [30]. The capability of tissue characterization
with detection of myocardial edema and interstitial fibrosis has been recently reported in ischemic and
non-ischemic cardiomyopathies and may be helpful in risk assessment [31]. New CMR techniques, such
as native T1 mapping (Figure 4) and myocardial extracellular volume (ECV) calculation quantify diffuse
myocardial fibrosis with close correlation with histological studies [32]. Avanesov et al. [31] reported
that global ECV was superior to other CMR parameters, including LGE, to identify hypertrophic
cardiomyopathy patients with syncope and non-sustained ventricular tachycardia, and presumably
with increased risk of SCD. Future studies are necessary to evaluate the usefulness of these techniques
in Chagas disease.

 

Figure 4. Four chamber image with color-coded native (non-contrast) T1 map, indicating the presence
of mesocardial septal fibrosis (arrow) and apical transmural fibrosis (arrowheads). Increased native T1
is represented by yellow areas within the myocardium.
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6. Nuclear Medicine

Patients with chronic CHD have an increased risk of SCD compared to other cardiomyopathies.
The presence of fibrosis, dysautonomia and persistent cardiac inflammation could contribute to the
risk of SCD, offering a substrate for ventricular tachycardia (VT). Molecular imaging with single
photon emission computed tomography (SPECT) or positron emission tomography (PET) using a
variety of radiotracers are valuable tools to identify changes that predispose to arrhythmia, such as
hypoperfusion, inflammation and abnormal sympathetic innervation.

Myocardial perfusion imaging may be performed with SPECT or hybrid SPECT-CT equipment,
using technetium-99m labeled radiopharmaceuticals such as tetrofosmin or sestamibi (Figure 5), or with
PET and hybrid PET-CT using radiopharmaceuticals such as Rubidium-82. A disturbance due to
microvascular ischemia participates in the mechanisms, causing myocardial injury and can occur in
the early stages of CHD [33]. The use of hybrid SPECT-CT and PET-CT equipment allows attenuation
correction, reducing artifacts.

 

Figure 5. Automatic quantification (polar map) from rest 99m-Technetium sestamibi scintigraphy
demonstrating reduced myocardial perfusion in apical region in a patient with a small aneurism of the
left ventricular apex.

It has been demonstrated that histogram bandwidth and phase-derived standard deviation may
be analyzed in gated-SPECT myocardial perfusion imaging (Figure 6), which allows the assessment of
intraventricular synchronism. In comparison to echocardiography, nuclear medicine techniques have
the advantage of lower interobserver variability and higher reproducibility. Peix et al. [34] studied
myocardial perfusion and intraventricular synchronism in the indeterminate phase of Chagas disease
which presented tissue Doppler imaging-derived strain. A total of 8% of subjects had perfusion
defects, 28% had a post-stress LVEF reduction of >5%. The authors found that histogram bandwidth
and phase-derived standard deviation indicated a significant difference between post-stress and rest.
In these cases, there was a minor dyssynchrony at rest that normalized at post-stress.

Abnormalities in cardiac sympathetic innervation may play a central role in the mechanism
triggering serious ventricular arrhythmias and SCD in patients with non-ischemic cardiomyopathy.
The work of Miranda [35] showed that regional myocardial sympathetic denervation assessed with
Iodine-123 metaiodobenzylguanidine (123I-MIBG) scintigraphy is associated with sustained ventricular
tachycardia in CHD, concluding that viable although denervated myocardial areas were associated to
the genesis of sustained ventricular arrhythmias (Figure 7). Cardiac autonomic sympathetic modulation
detected with 123I-MIBG SPECT can also be affected in subjects with early forms of CHD with preserved
ventricular function, as reported by Landesmann [36]. Recently, Gadioli [37] used 123I-MIBG SPECT
to assess the extension of the sympathetic denervation, and showed its association with the severity
of the ventricular arrhythmias. It is necessary to design prospective studies for the assessment of
cardiac sympathetic innervation. Results could be used for risk stratifications of sudden death, which
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would be extremely useful if we consider the lack of consensus related to the stratification and primary
prevention of sudden cardiac death in patients with Chagas disease.

 

Figure 6. Multigated acquisition (MUGA) scan demonstrating reduced ejection fraction (EF = 21%) in
a patient with Chagasic cardiomyopathy. This radionuclide ventriculography technique is a highly
accurate test, used to determine the heart’s pumping function, and it shows substantial reproducibility
and low intraobserver and interobserver variability.

 

Figure 7. A 123I-MIBG scintigraphy planar scintigraphy in anterior view at 3 h (A) to evaluate the
sympathetic innervation a patient with Chagasic cardiomyopathy and ventricular arrhythmia. Heart to
mediastinum ratio at 3 h was reduced and radiotracer washout was increased. Single photon emission
computed tomography (SPECT)-computed tomography (CT) images in coronal (B), sagittal (C) and
transversal (D) planes demonstrated reduced cardiac uptake of 123I-MIBG in apical, inferior and lateral
regions indicating sympathetic denervation in these areas and a worse prognosis.

The presence of persistent cardiac inflammation may also be related to ventricular tachycardia and
the risk of sudden death. Persistent subclinical inflammation in areas adjacent to fibrotic regions may
act as a trigger for reentry in the presence of fibrosis. In addition, active inflammation may increase
the automaticity within inflamed areas. Radionuclide imaging can allow the identification of areas of
inflammation of the myocardium in patients with non-ischemic cardiomyopathies [38].

18F-fluorodeoxyglucose (18F-FDG) is a glucose analogue being physiologically captured by
cardiomyocytes which can be used to evaluate the pathologic uptake by inflammatory cells. Recently,
the use of 18F-FDG PET-CT has been studied in patients with sarcoidosis, demonstrating that the
presence of focal perfusion defects and increased FDG uptake in patients with suspected cardiac
sarcoidosis identified subjects at higher risk of death or ventricular tachycardia [39].

The use of PET-CT in Chagas disease has not yet been systematically studied. There are several
similarities between Chagas disease and sarcoidosis, so the use of this imaging technique could
potentially be useful in assessing the presence of inflammation and prognosis. Both are associated
with changes in the conduction system and complex ventricular arrhythmias and with the presence of
meso-epicardial fibrosis.

Currently, patients with chronic Chagas disease are not routinely evaluated for the presence of
inflammation. Three case reports have described increased uptake of 18F-FDG PET in patients with
Chagas disease and ventricular tachycardia, suggesting that the presence of inflammation could be
involved in the genesis of the arrhythmia [40,41]. Recently, the use of new radiotracers that are not
physiologically accumulated in the normal myocardium, including somatostatin receptor imaging

120



Trop. Med. Infect. Dis. 2020, 5, 74

radiopharmaceuticals such as gallium-68 (68Ga) labeled-DOTATOC may overcome some limitations of
the 18F-FDG, as has been reported for cardiac sarcoidosis and CHD [42,43], as illustrated in Figure 8.

 

Figure 8. Increased cardiac volume in a patient with Chagasic cardiomyopathy. Mild increase in
uptake of 18F-FDG (A,B) and of 68Ga-DOTATOC (C,D) in positron emission tomography (PET)-CT
images was restricted to the basal anterolateral segment, indicating the presence of inflammation in
this segment.

PET-CT has the advantage of a higher spatial resolution when compared to scintigraphy and,
unlike CMR, it can be used in patients with implantable cardiac devices. Better understanding of the
role of inflammation in these patients may provide novel treatment strategies, such as localization of
the anatomic substrate before ablation of VT, and improved risk stratification and orientation about
primary prevention with ICD implantation.

Unfortunately, despite its significant mortality, there is no clear recommendation for early ICD
implantation in patients with CHD in the current guidelines. Ideally, the risk of SCD should be
evaluated in earlier stages of the disease. New imaging parameters that are useful to identify factors
involved in the genesis of arrhythmia such as fibrosis, inflammation and dysautonomia (Figure 9) can
be a promising strategy.

Figure 9. New imaging modalities can detect abnormalities involved in the genesis of ventricular
arrythmia. SCD: Sudden cardiac death.

7. Conclusions

Fibrosis, inflammation and dysautonomia are involved in the genesis of ventricular arrhythmia in
CHD. Due to the risk of sudden death, it is important that such events are early identified, so that
SCD preventive measures can be taken. Myocardial fibrotic areas leads to a macro reentry circuit that
triggers ventricular tachycardia and CMR is an accurate method to identify these areas. The presence of
inflammatory process, detected through PET-CT with FDG or DOTATOC, may be involved in the genesis
of the arrhythmia in CHD. Finally, studies of myocardial dysautonomia identified using myocardial
SPECT-CT with MIBG have reported an association between denervated areas and ventricular electrical
instability, even in the presence of viable myocardium. Echocardiography, despite not being sensitive
enough to identify fibrosis and denervation, can indicate severe ventricular dysfunction, which is also
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associated with an increased risk of sudden death. Other non-invasive tests such as ECG, 24 h Holter
and exercise test can identify both dysautonomia, and the presence of ventricular electrical instability,
demonstrating an increased risk of sudden death in CHD patients. Thereby, traditional non-invasive
diagnostic methods associated to new image parameters obtained through CMR, SPECT-CT and
PET-CT can improve risk stratification of SCD and play a promising role in the implementation of
primary preventive strategies.
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Abstract: Chagas disease is an important infection in Latin America but it is also reported in
non-endemic countries all over the world. Around 30% of infected patients develop chronic Chagas
cardiopathy, which is responsible for most poor outcomes, mainly heart failure, arrhythmias and
thromboembolic events. Of all thromboembolic events, stroke is the most feared, due to the high
probability of evolution to death or disability. Despite its importance, the actual incidence of
cardioembolic ischemic stroke in Chagas disease is not completely known. The Instituto de Pesquisa
Evandro Chagas/Fundação Oswaldo Cruz (IPEC-FIOCRUZ) score aims to propose prophylaxis
strategies against cardioembolic ischemic stroke in Chagas disease based on clinical risk–benefit.
To date, the IPEC-FIOCRUZ score is considered the best tool to identify patients for stroke prophylaxis
in Chagas disease according the Latin American guideline and Brazilian consensus. It can prevent
many cardioembolic strokes that would not be predicted, by applying the current recommendations
to other cardiopathies. However, the IPEC-FIOCRUZ score still requires external validation to be
used in different Chagas disease populations with an appropriate study design.

Keywords: Chagas disease; stroke; risk assessment

1. Chagas Disease and Stroke

Chagas disease (CD) is an important protozoan infection in Latin America where it remains one
of the most important public health problems due to the high morbidity and mortality associated with
the chronic cardiac form of the disease [1]. Nowadays, CD cases are also being reported worldwide
due to international migration and autochthonous cases outside Latin America that may occur due to
organ transplantation, blood transfusion and congenital transmission. The World Health Organization
estimates that around six million people are infected by Trypanosoma cruzi [2]. Around 30% of infected
patients develop the chronic cardiac form of the disease, responsible for most of the poor outcomes,
mainly heart failure, arrhythmias and thromboembolic events [3,4]. Thromboembolic events in Chagas
heart disease are more frequent than in other cardiopathies, even with similar degrees of systolic
dysfunction [5], inferring that chagasic cardiopathy has a higher emboligenic potential. For instance,
a much higher frequency of chagasic stroke in patients without vascular risk factors is observed when
compared to the non-Chagas cohort [6]. According to De Paiva Bezerra et al., in a 32-patient cohort,
it was found that 87.5% had cardioembolic stroke, 9.4% had large intracranial artery atherosclerotic
stroke and 3.1% had an undetermined cause [7]. Of all thromboembolic events, stroke is the most
feared, due to the high probability of death or disability. Additionally, chagasic cardiopathy has unique
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characteristics such as apical aneurism, an important risk factor for cardioembolic events [6], which
can limit the efficacy of prophylaxis in cardioembolic ischemic stroke (CIS). Thus, it is important to
identify the main factors associated with an increased risk of cardioembolic ischemic stroke in CD and
their mechanisms in order to propose tailored strategies to prevent it.

One study estimated that the annual incidence of CIS in a cohort of patients with CD was 3% in
all subjects, and 4.4% in the high-risk subgroup, with a mean follow-up period of 5.5 years [8]. In a
large Brazilian study [9], 24.4% of the stroke patients had positive serology for CD. A Colombian
case-control study found similar results, detecting that T. cruzi infection was more frequent and
statistically significant in stroke cases (24.4%) than controls (1.9%) [10]. Moreover, CD stroke patients
had lower rates of cardiovascular risk factors but higher rates of multiple cerebrovascular events than
non-Chagas patients did. In Colombia [11], CD was much more frequent among patients with stroke
than in those with other diseases (OR = 12.13; 95% CI, 3.64 to 71.4). The cumulative incidence of death
due to stroke among patients with CD was described to be 4.8% in a 10-year follow-up study [10],
but new studies are needed to establish the mortality associated with stroke due to CD. Therefore, it is
fundamental to identify strategies to prevent these events in patients with CD.

2. The IPEC-FIOCRUZ Stroke Score for Patients with Chagas Disease

The Instituto de Pesquisa Evandro Chagas/Fundação Oswaldo Cruz (IPEC-FIOCRUZ) score
was developed, proposing prevention strategies for CIS in CD based on a risk–benefit analysis [9].
In the validation study, consecutive patients with positive serology for CD were followed for at
least one year. The investigators studied two specific treatments: oral anticoagulation drugs and
acetylsalicylic acid. The events were all cases of ischemic stroke or transient ischemic attack, defined
as the cardioembolic type according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST)
classification [12]. Currently, the only group with a well-established proposal of prophylaxis, despite the
CD diagnosis, is atrial fibrillation. The IPEC-FIOCRUZ score was built to fulfill the lack of knowledge
of the individual risk–benefit of prophylaxis for cardioembolic stroke in the Chagas cardiopathy
population not covered by the available scores. In this way, patients with previous ischemic stroke,
intracavitary thrombus or atrial fibrillation were not included in this analysis because they already
had a prophylaxis indication according to the in-force recommendations [13]. In this setting, fifty-two
patients were observed, to evaluate the hemorrhagic risk of anticoagulation.

Four items were relevant in the IPEC-FIOCRUZ score: age>48 years, primary change of ventricular
repolarization, systolic dysfunction and apical aneurysm of the left ventricle. The score ranges from
zero to five points, and the group suggested primary prophylaxis with anticoagulants for those scoring
≥4 [6]. A total of 7.3% of the cohort was in a high-risk group (4–5 points) and 45% of them had the
CIS diagnostic. This score was included in the Brazilian consensus and Latin American guideline for
treatment of CD as an important strategy for detection of patients at increased risk of CIS [3,8,14].

Recently, Montanaro et al. [14] conducted a retrospective study that aimed to evaluate the
performance of the IPEC-FIOCRUZ score in identifying patients at high risk of CIS. The authors
included patients admitted to the SARAH Hospital of Rehabilitation from 2009 to 2013, diagnosed
with ischemic stroke and CD. The mean time from ictus to inclusion was three years, and the mean
follow-up time in the rehabilitation program was five years. By the TOAST etiological classification,
45% of the events were cardioembolic, 8.2% were atherothrombotic and in 45% the etiology of the event
was not determined. The authors calculated the current IPEC-FIOCRUZ score of the patients and
showed that 69.6% of the stroke patients had an IPEC-FIOCRUZ score of 1 or 2, and only 30.4% had a
score of 3 or more. In addition, from those with cardioembolic etiology, 55% of patients were classified
as low risk (IPEC-FIOCRUZ score <3). The authors concluded that more than half of the patients with
cardioembolic strokes were misclassified as low risk and suggested that the current guidelines for
stroke prevention in CD should be reviewed. However, there are several issues regarding population
type, study design and data analysis that limited the authors’ conclusions. The IPEC-FIOCRUZ score
was built to predict individual cardioembolic risk and the benefit of each available treatment (i.e.,
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warfarin and acetylsalicylic acid); however, Montanaro et al. [14] used this score in a population with
known ischemic stroke from all etiologies (not only cardioembolic cases), in a retrospective analysis
to check if the patients had a high score. As 55% of the cardioembolic events occurred in patients
in the low-risk strata, Montanaro et al. supposed that if the score would have been applied before
the occurrence of vascular ictus, the number of patients at risk would have been underestimated.
However, the rationale used by the authors may be misleading, as discussed below. There were
also no data regarding the previous use of anticoagulant or antiplatelet therapy by the patients who
suffered stroke.

The purpose of a risk assessment tool (i.e., risk score) is to assess individual risk and propose
recommendations of actions according to the estimated risk. In most cases, the group with the highest
individual risk is much smaller than the low-risk group, which results in a higher absolute number of
outcomes in the low-risk group. This apparent paradox has been described for many years in relation
to sudden death [15,16]. Although the patients at high relative risk for sudden cardiac death can
be identified by their risk factors, the greatest number of sudden death cases occurs in patients not
previously determined to be at high risk. This paradox makes it difficult to adopt preventive measures
on a large scale [17]. Using the example of Geoffrey Rose in his paper [18], when we think of the
occurrence of Down’s syndrome births in regards to maternal age, younger mothers are at minimal
risk; but because they are the majority, they generate half the cases. The lesson is that “a large number
of people with small risk may give rise to more cases of disease than the small number who are at high
risk”. If we think with this approach in cardioembolic stroke in CD, most of the cases are in the low-risk
population. This is one of the reasons why it is not right to validate the risk score by applying it to the
prevalent cases. To validate a score, we need to apply it to the whole population that is at risk of the
event—in this case, people with CD free of cardioembolic stroke—and compare the predicted events
with the observed ones. This will enable the estimation of discrimination and calibration measures.

The second important issue: Is it appropriate to include all patients with cardioembolic stroke,
even those with previous stroke and atrial fibrillation, and apply the IPEC-FIOCRUZ score? These
predictors were not included in the score because they already had an indication for stroke prophylaxis
before the risk assessment. From a practical point of view, it does not make sense to use a score in
helping to decide whether to prescribe anticoagulants when the patient should already be taking this
therapy [19].

3. Perspectives for Scoring Stroke Risk in Chagas Disease

The IPEC-FIOCRUZ score was validated in a single center with a relatively small sample size.
Therefore, it requires external validation to be used in different populations with CD, but an appropriate
study design is necessary. The area under the Receiver Operating Characteristic (ROC) curve of this
model was 0.90 (95% CI 0.86 to 0.94), which is the best parameter to evaluate score accuracy until an
external validation in a different cohort is done. There are increasingly acceptable standards in the
literature regarding development, validation and update of prediction/decision models [20]. A study
to validate the IPEC-FIOCRUZ stroke score should include subjects with CD, initially stroke-free,
but at potential risk of stroke occurrence in the future. Additionally, the subjects should represent the
population where a decision to introduce preventive therapy is required. A prediction score in this
case should be applied when observation starts, where potential courses of actions are in discussion,
and not for those that should be already taking prophylactic therapy, i.e., for previous cardioembolic
stroke, intracavitary thrombus or atrial fibrillation. Later, the discrimination ability and calibration
would be estimated when comparing the predictions with the observed events.

The validation and update of useful prediction/decision models are always advisable, mainly
where the model may be applicable in several different settings (e.g., rural cohorts, non-endemic
countries, different health units, etc.). However, this effort should follow standards currently acceptable
for an appropriate interpretation. These appropriate validation studies are welcome and expected for
all models of a devastating neglected disease.
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4. Conclusions

Until now, the IPEC-FIOCRUZ score remains the best stroke prophylaxis tool in CD according to the
Latin American guideline and Brazilian consensus [3,8], which is capable of identifying patients at risk
and avoiding cardioembolic strokes that would not be avoided by applying the usual recommendations
for stroke prophylaxis in other cardiopathies.
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Abstract: The influence of antimoniate treatment on specific anti-protozoan T-cell responses was
evaluated in a 48-year-old male patient diagnosed with mucosal leishmaniasis and Chagas disease
infection. Before and after treatment, PBMC (peripheral blood mononuclear cells) were cultured in
the absence or presence of Leishmania braziliensis or Trypanosoma cruzi live parasites, their soluble
antigens, or PHA (phytohaemagglutinin). Cytokines were measured and Treg (T regulatory) cell
percentages were quantified. Before treatment, PBMC were able to produce higher amounts of TNF-α,
IL-6 (Interleukin-6), and IL-10 (Interleukin-10) but lower amounts of IL-12 (Interleukin-12) in response
to culture stimulation. However, after treatment, there was a down-modulation of TNF-α, IL-6,
and IL-10 cytokines but an up-modulation in IL-12 production. PBMC had the ability to produce
TNF-α only against live parasites or PHA. There was an overall decrease of circulating Treg cells after
treatment. In mixed Leishmaniasis and Chagas disease infection, treatment with antimoniate could
modulate immune responses toward a more protective profile to both diseases.

Keywords: mucosal leishmaniasis; Chagas disease; co-infection; antimoniate therapy

1. Introduction

American Tegumentary Leishmaniasis (ATL) and Chagas disease (CD) are protozoan infections
caused by Leishmania sp. and Trypanosoma cruzi, respectively. These neglected diseases occur in the
tropics with an overlapping distribution of endemic areas, especially in South America [1]. Both diseases
show diverse clinical presentations varying from localized cutaneous form to mucosal manifestations
(ML) for ATL and from asymptomatic individuals to patients with digestive abnormalities to patients
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with severe heart failure for CD [1]. Immune response against CD is characterized by pro-inflammatory
cytokine production, while in ATL, significant anti-inflammatory cytokine production has been
observed. Furthermore, a particular role developed by T regulatory cells (Tregs) has been considered.
Treatments for both diseases are very complex and some effects of the first-choice drugs remain unclear.
Drugs indicated for CD treatment are nifurtimox and benznidazole, both presenting an average
cure rate from 80% in acute disease to less than 20% in chronic infections [2]. In the case of ML,
the pentavalent antimonial drugs still are the first option, although they present important side effects
and variable efficacy. Amphotericin B and pentamidine are also suggested; however, their cost and the
toxicity observed in clinical studies restrict their use in ATL treatment [3].

There are few reports in the literature providing evidences of patients with suspected or confirmed
mixed infections [4–9]. Usually, these reports explore the cross-reactivity among parasite’s antigens
used in serodiagnostic by ELISA (Enzyme-Linked Immunosorbent Assay) kits or the establishment
of a more specific molecular tool rather than patients’ clinical status. However, the immunological
responses of patients with mixed L. braziliensis and T. cruzi infections still need to be evaluated. In this
context, we aimed to evaluate the influence of treatment with meglumine antimoniate on the specific
anti-protozoan T-cell response in a case of mixed mucosal leishmaniasis and Chagas disease infection.

2. Case Report

A 48-year-old male was admitted to the Clinical Hospital of Federal University of Triângulo
Mineiro, with a four-month progressive mucosal lesion on his septum. The patient reported itching and
occasional epistaxis. At the time of admission, physical examination revealed a septal perforation and
a roundish scar on his left leg as a consequence of a previous ulcerative lesion spontaneously healed
3 years ago. Immunohistochemical analysis of the nasal biopsy was positive for Leishmania amastigotes,
whereas histology was negative for Mycobacterium sp. and fungi (Figure 1A). The patient presented
normal blood pressure and heart rate. Chest and abdominal radiography (Figure 1C) as well as
abdominal ultrasound were normal. Electrocardiography (ECG) revealed a T-wave inversion on V4, V5,
V6, and diffuse ventricular repolarization abnormalities (Figure 1B). Transesophageal echocardiography
demonstrated a left ventricular ejection fraction (EF) = 50% and shortening fraction of 26%, right and
left atrial and right ventricular normal dimensions. Increased left ventricular size with decreased
systolic performance and diffuse hypokinesis. As a result of the patient’s origin from an endemic area
for Chagas disease and due to his altered ECG, serology for T. cruzi was performed and was positive in
all tests: indirect hemagglutination assay, indirect immunofluorescence, and TESA-blot (BioMérieux,
Brazil) is an immunoblotting assay that uses secreted and excreted trypomastigote antigens (Figure 1E).
In order to discriminate from a serological cross-reactivity with Leishmania antigens, the molecular
detection of T. cruzi DNA was performed by PCR (Figure 1D) using the following primers that amplify
a 330 bp fragment: 121 (5′-AAA TAA TGT ACG GGK GAG ATG CAT GA-3′) and 122 (5′-GGT TCG
ATT GGG GTT GGT GTA ATA TA-3′) [10]. Serology for HIV was negative. The patient was diagnosed
with mucosal leishmaniasis (ML) and Chagas disease co-infection, chronic fase with cardiac form
(functional class II of the New York Heart Association). The patient’s treatment was in accordance
with standard Brazilian Ministry of Health clinical practice. Meglumine antimoniate (Glucantime®)
treatment was started for 30 days, being 20 mg Sb + 5/kg/day for 13 days and 15 mg Sb + 5/kg/day
for 17 days due to detectable hepatotoxicity. The patient remained hospitalized for 40 days and was
discharged and sent to the Plastic Surgery Division for evaluation and outpatient follow up.
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Figure 1. Clinical data and laboratorial findings of a patient with Chagas disease and Leishmaniasis
co-infection. (A) Immunohistochemistry for the detection of Leishmania’s antigens in nasal septum
biopsy. Brown areas indicate the presence of Leishmania sp. antigens (B) Electrocardiographic alterations
showing V4, V5, and V6 derivations with T-wave inversion indicating chronic chagasic cardiopathy.
(C) Chest radiography. (D) Molecular detection of T. cruzi DNA using specific primers 121–122 by
PCR. Lines MM- 100 bp molecular marker; C+ positive control; patient-patient’s sample; C− negative
control. (E) TESA-blot positive for T. cruzi before and after treatment of patient. Lines 1—positive
control; 2—patient’s sample before treatment; 3—patient’s sample after treatment; 4—negative control.

Venous blood was collected in two different time periods: (1) at the moment of patient’s admission,
just after clinical evaluation and before any treatment regimen and (2) at the end of specific treatment
for mucocutaneous leishmaniasis (40-day period of Glucantime® regimen). In both periods, peripheral
blood mononuclear cells (PBMC) were separated using Ficoll-PaqueTM Plus gradient (GE Health
Care, Uppsala, Sweden) and cultured in RPMI 1640 (GIBCO, Grand Island, NY, USA) in 8 different
culture conditions: medium alone, 2 ug/mL Phytohaemagglutinin (Sigma, St. Louis, MO, USA),
3:1 T cruzi (Y strain) or 3:1 L. braziliensis (Lb2904 strain) live parasites, as well as 5 ug/mL T. cruzi
and 5 ug/mL L. braziliensis soluble proteins, in a 5% CO2 atmosphere at 37 °C for 24 h, as described
elsewhere [11,12]. The supernatants were used for cytokine quantification, IL-6, IL-10, TNF-α and
IL-12, by ELISA assay as previously described [11,13]. Briefly, for each cytokine quantification, 96-well
flat-bottomed polystyrene microtiter ELISA plates (Costar, Corning, NY) were coated with indicated
monoclonal antibody 1 μg/mL (BD Pharmingen, San Diego, CA, USA). Non-reactive sites in the
wells were blocked with 2% BSA (bovine serum albumin) in coating buffer. Culture supernatants
were added at 100 μL/well and incubated for 2 h at room temperature. Horseradish peroxidase
conjugated anti-cytokine monoclonal antibodies (BD Pharmingen, San Diego, CA, USA) were added
at 1 μg/mL. After, TMB (tetramethylbenzidine) substrate solution (BD Pharmingen, San Diego, CA,
USA) was used for assay revelation, which was read on a microplate reader at 750 nm (Bio-Rad
Microplate reader-Benchmark, Hercules, CA, USA), and sample concentrations were determined by
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simple regression over a standard curve and values were obtained in pg/mL (Figure 2A−D). The results
expressed on Figure 2E,H were elaborated considering the equation:

(cytokine levels in stimulated cells − cytokine levels in medium alone)
cytokine levels in medium alone

Figure 2. Cytokine’s production by peripheral blood mononuclear cells (PBMC) stimulated in vitro
before and after patient’s treatment with meglumine antimoniate. Graph (A–D) depicts the level of
(A) TNF-α; (B) IL-6; (C) IL-10, and (D) IL-12 detected by ELISA in culture supernatants before and after
treatment. Graphs (E–H) depict the fold induction capacity of antigens and live parasites on cytokine
production over basal stimulation (medium alone). Open bars represent results before treatment and
full bars represent results after treatment.
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Another fraction of isolated PBMC was subjected to ex vivo immunophenotyping. Cells were
suspended in 100 μL of Hanks’ balanced salt solution (Sigma, St. Louis, MO, USA) at a final
concentration of 5 × 105 cells/mL and incubated with 5 μL of fluorochrome-conjugated antibodies
(BD Pharmingen, San Diego, CA, USA) against the following surface markers: CD4-PE-Cy7 (clone
RPA-T4) and CD25-FITC (clone PC61). For intracellular staining, cells were permeabilized with
BD Cytofix/CytopermTM Plus (BD Biosciences) and then incubated with 10 μl of the FoxP3-PE
(clone 259D/C7) antibody. Multiparameter flow cytometry was performed using a FACScalibur flow
cytometer (Becton Dickinson, Mountain View, CA, USA) compensated with single fluorochromes.
Data were analyzed using Cell Quest Pro software (Becton Dickinson). Dead cells were omitted by
side scatter/forward scatter (SSC/FSC) gating, and isotype-matched control antibodies were used to
determine background levels of staining (Figure 3).

Figure 3. Percentage of circulating cells with T regulatory phenotype before and after treatment.
Graph depicts the ex vivo percentage of CD4+CD25+ T cells (�) and the percentage of Foxp3+ cells on
CD4+CD25+ T cells subpopulation (�) from the patient’s PBMC collected before and after treatment
with meglumine antimoniate.

3. Results and Discussion

The occurrence of an overlapping distribution of ATL and CD in endemic areas would be
detrimental for a large number of patients to be diagnosed with mixed infections [1]. However, few
reports on the literature demonstrated these two diseases affecting the same group of patients at
the same time [4–9]. All these studies were drowning to promote accurate diagnostic tests that are
capable of eliminating serological cross-reactivity between Leishmania sp. and T. cruzi. Despite their
relevancy to the field, some important issues still need attention. The present study aimed to deal with
one of the missing aspects by evaluating the potential effects of meglumine antimoniate treatment
on cellular immune responses of a patient with ATL/CD co-infection. Soon after the case definition
but still before any treatment, it was decided to analyze the patient’s immunological response by
evaluating the production of some cytokines (TNF-α, IL-6, IL-10, and IL-12) that might have an impact
in both ML and CD pathogenesis. The blood sample was collected before the patient’s treatment with
meglumine antimoniate and just before patient discharge; another venous blood sample was collected
and processed in order to evaluate the possible immunomodulatory effects of treatment.

The capacity of cells to respond to the various stimuli was affected by the treatment with
meglumine antimoniate; there seemed to be TNF-α increasing levels when cells were stimulated with
AgLb and AgLb + Lc and decreasing production with stimuli of live Lc and live Lc + Lb. In contrast,
stimulation with live parasites induced high levels of TNF-α and antigens (Figure 2A). IL6 increased
in production when stimulated with parasite antigens and decreased when stimulated with live Lb
(Figure 2B). There were decreasing levels of IL-12 with any stimuli (Figure 2C). The IL10 had increased
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production except with live Tc stimuli. Considering the importance of circulating Treg cells in patients
with one of each disease when presented alone [13–15], it was decided to evaluate the effect of the
meglumine antimoniate treatment over Treg cell counts in this patient, presenting a mixed infection.
There was an overall decrease in the number of CD4+CD25High+ T cells as well as in the percentage of
Foxp3+ cells within this population after treatment.

In general, treatment with meglumine antimoniate seemed not to induce changes in TNF-α levels,
thus increasing the production of IL-6 and IL-10 and decreasing the levels of IL-12 (Figure 2A−D).
The capacity of cells to respond to the various stimuli was also observed when the basal levels were
subtracted, considering the cultured cells in medium alone (Figure 2E,H). Before treatment, patient’s
peripheral blood cells were stimulated by live parasites, and their soluble proteins or PHA produced
higher levels of TNF-α, IL-6, and IL-10 but lower IL-12 cytokines in comparison to culture medium
alone (basal production). However, after treatment, there was a remarkable change in the ability of
cells to respond to stimuli; this was observed by the down-modulation of TNF-α, IL-6, and IL-10
cytokines but the up-modulation in IL-12 production, which recovered the ability to achieve baseline
levels. Cytokine levels were quite often detected at equal or below the amount measured in a medium
condition alone. Interestingly, cultured cells still had the ability to produce TNF-α only against live
parasites (Live-Tc and Live-Lb) or phytohaemagglutinin (PHA), but not against parasite antigens
(Figure 2E). Considering the importance of circulating Treg cells in patients with one of each disease
when presented alone [13–15], it was decided to evaluate the effect of the meglumine antimoniate
treatment over Treg cell counts in this patient, presenting a mixed infection. There was an overall
decrease in the number of CD4+CD25High+ T cells as well as in the percentage of Foxp3+ cells within
this population after treatment.

There is strong evidence showing that an unbalanced production of inflammatory/modulatory
cytokines is crucial to tissue damage and worse prognosis in both ML and CD. Studies conducted in ATL
patients with localized cutaneous lesions (LCL) had shown that treatment with meglumine antimoniate
decreased the IL-4 and IL-10 production by antigen-stimulated PBMC [11,13,16,17]. The reactive
CD4+ T cells still produced significant IL-10 levels, even after the treatment of ATL patients [17].
In addition, it has been shown that genetic polymorphisms in the promoter region of the il10 gene
induced elevated amounts of IL-10 independently of IFN-γ (Interferon-γ) production in patients with
LCL [13]. Increased IFN-γ and TNF-α production was observed in both CD4+ and CD8+ T cells
post-chemotherapy [17]. Higher levels of specific anti-Leishmania CD4+ and CD8+ T cells had been
observed in patients with ML in comparison to individuals with LCL. The IFN-γ production did not
change in ML after treatment and was always higher than that observed in patients with CL [16].
Again, a functional polymorphism in the IFN-γ gene induced lower INF-γ production in ATL patients.
However, the allele frequencies studied could not distinguish between healthy control subjects and ATL
patients or between CL and ML forms of the disease, nor could it be associated to disease susceptibility
or worse prognosis [18]. On the other hand, polymorphism in the intron region of the TNF gene was
associated to elevated cytokine levels in sera from ATL patients in comparison to healthy subjects.
In addition, it was associated with a higher risk for mucosal involvement in infected patients [19].
These data indicate that strong TNF-α response in treated patients might predict unfavorable outcomes
in the evolution from CL to ML forms of the disease, whereas a down-modulation in IL-4 and IL-10
production would play an important role in infection control and disease better prognosis. Our results
reinforces data regarding the role of meglumine antimoniate treatment decreasing TNF-α and IL-10
production in the ML/CD patient, which would be beneficial to clinical cure and disease remission.
Considering the Treg cells, it has been demonstrated that this population recovered from the infected
skin of LCL patients produces IL-10 and exerts an immunomodulatory phenotype that is capable of
inhibiting the proliferation of CD4+ effector T cells [14]. Patients with active LCL lesions presented
a higher percentage of circulating CD4+CD25+Foxp3+ T cells in comparison to both patients with
healed lesions and endemic area inhabitants with a resistant phenotype [13]. The decrease in the
percentage of circulating CD4+CD25+Foxp3+ T cells observed in the case related here indicates that
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successful healing would be partially dependent on the decrease of this cell population induced by the
meglumine antimoniate chemotherapy. Previous work has shown that treatment with meglumine
antimoniate interferes with phagocytosis in monocytes from LCL patients [20]. The authors reported
that meglumine antimoniate increased IFN-γ serum levels, while it up-regulated the phagocytic
function of monocytes in association with the increase in production of TNF-α but not IL-10 by
these cells. Together with our results, it suggests a strong immunomodulatory effect of meglumine
antimoniate in distinct cell subsets.

Chagasic patients with an indeterminate form or presenting less aggressive cardiomyopathy have
an increase in IL-10 and IL-17 production as well as in the number and in the suppressive function of
CD4+CD25highFoxp3+ Treg cells than patients with severe cardiomyopathy. Moreover, it was shown
that Treg cells from cardiac patients were able to produce elevated levels of IL-6, IFN-γ, and TNF-α
and are unable to modulate the TNF-α and IFN-γ production from leukocytes [15,21]. Interestingly,
it has been observed that the proper TNF-α itself induces IL-10 production in human monocytes as
a negative feedback loop [22]. Higher cytokine production together with genetic polymorphisms in
the promoter region of the TNF-α gene was associated with human infection with T. cruzi [23]. An in
situ analysis of cytokine production in the heart tissues of subjects who had died during the chronic
phase of Chagas disease suggested a pivotal role of TNF-α and IFN-γ-producing cells in promoting
heart failure and fibrosis [24,25]. One might infer that circulating Treg cells would bring protection to
indeterminate patients. Thus, the fact that these cells are not enough to dampen the inflammatory
response in more severe cardiac forms of the disease suggests that diminishing the levels of Treg
cells in cardiac patients would not be immediately associated with a worse prognosis. In this way,
our results seem to be promising by the fact that treatment decreased the percentage of circulating
CD4+CD25+Foxp3+ T cells, concomitantly to the decreased ability of leukocytes to produce TNF-α,
IL-6, and IL-10 in response to live parasites or their antigens. Live trypomastigotes of the same T. cruzi
Y strain used in our study were able to induce TNF-α and IL-12 but not IL-10 production in PBMC
of CD seronegative healthy individuals [12]. This suggests an important in vivo clonal expansion of
parasite-specific IL-10-producing T cells.

The administration of antimoniate may induce cardiac alterations that are observed in ECG [26].
This would be detrimental to patients already presenting altered ECG. However, in the patient
studied here, who was diagnosed with Chagas disease, the treatment with meglumine antimoniate
did not promote any enhancement on cardiac commitment already existent. Additional studies with
a larger number of patients are needed to evaluate a possible role of meglumine antimoniate in
chagasic cardiomyopathy.

4. Conclusions

The results presented here highlight the importance of a complete clinical and laboratorial
investigation of patients coming from geographical regions that present overlapping endemic areas
for parasitic diseases. In case of a mixed Leishmaniasis and Chagas disease infection, treatment with
meglumine antimoniate would be beneficial to modulate patient’s immune responses toward a more
protective profile to both diseases.
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