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Background: Chagas Disease is a neglected tropical disease caused by the protozoan Trypanosoma
cruzi, with some of the most serious manifestations affecting the cardiovascular system. It is a
chronic, stigmatizing condition, closely associated with poverty and affecting close to 6 million
people globally. Although historically the disease was limited to endemic areas of Latin America
recent years have seen an increasing global spread. In addition to the morbidity and mortality asso-
ciated with the disease, the social and economic burdens on individuals and society are substantial.
Often called the ‘silent killer’, Chagas disease is characterized by a long, asymptomatic phase in
affected individuals. Approximately 30% then go on develop chronic Chagas cardiomyopathy and
other serious cardiac complications such as stroke, rhythm disturbances and severe heart failure.

Methods: In a collaboration of the World Hearth Federation (WHF) and the Inter-American
Society of Cardiology (IASC) a writing group consisting of 20 diverse experts on Chagas disease
(CD) was convened. The group provided up to date expert knowledge based on their area of
expertise. An extensive review of the literature describing obstacles to diagnosis and treatment



Art. 26, page 2 of 31 Echeverria et al: WHF IASC Roadmap on Chagas Disease

of CD along with proposed solutions was conducted. A survey was sent to all WHF Members
and, using snowball sampling to widen the consultation, to a variety of health care profession-
als working in the CD global health community. The results were analyzed, open comments were
reviewed and consolidated, and the findings were incorporated into this document, thus ensuring
a consensus representation.

Results: The WHF IASC Roadmap on Chagas Disease offers a comprehensive summary of current
knowledge on prevention, diagnosis and management of the disease. In providing an analysis of
‘roadblocks’ in access to comprehensive care for Chagas disease patients, the document serves
as a framework from which strategies for implementation such as national plans can be formu-
lated. Several dimensions are considered in the analysis: healthcare system capabilities, govern-
ance, financing, community awareness and advocacy.

Conclusion: The WHF [ASC Roadmap proposes strategies and evidence-based solutions for
healthcare professionals, health authorities and governments to help overcome the barriers to
comprehensive care for Chagas disease patients. This roadmap describes an ideal patient care
pathway, and explores the roadblocks along the way, offering potential solutions based on avail-
able research and examples in practice. It represents a call to action to decision-makers and
health care professionals to step up efforts to eradicate Chagas disease.

Keywords: Chagas disease; cardiomyopathy; neglected tropical disease; heart failure

Introduction

In 2014, the World Heart Federation (WHF) launched an initiative to develop a series of Roadmaps, which
identify potential roadblocks on the pathway to effective prevention, detection, and management of cardio-
vascular disease (CVD), along with evidence-based solutions to overcome them. The resulting documents act
as a tool to help turn strategic intent into action plans for integrating the latest knowledge and evidence
into national plans for optimal management of cardiac diseases.

The Roadmap publications have become the cornerstone of WHF activities as implementation resources,
and they guide initiatives to support heart health globally, translating science into policy and influencing
agencies, governments, and policymakers alike. They aim to provide a framework for countries that wish to
develop or update national initiatives and programmes tackling cardiac diseases.

Despite more than a century having elapsed since the discovery of CD it remains a major public health
concern with significant social and economic burdens in both Latin America and increasingly on a global
scale. CD, like other neglected tropical diseases (NTD), is a chronic, stigmatizing condition, closely associated
with poverty. Despite being infectious in origin, the predominant and most serious chronic manifestations
of CD affect the cardiovascular system. In keeping with WHFs mission to deliver cardiac health for all as a
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Figure 1: An integrated approach to patient care.
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fundamental human right and crucial element of global health justice, we have made the elimination of this
disease one of our priorities.

The WHF Roadmap on CD is a document created for all stakeholders to provide an integrated approach
to patient care (Figure 1). Its goal is to present a framework for prevention and control efforts at a national,
regional, and global level that balances the feasibility, acceptance, and accessibility of solutions presented
for local implementation.

The Roadmap on CD sheds light on the barriers to patients accessing care, and proposes evidence-based practical
solutions for healthcare professionals, health authorities and governments to help overcome these barriers. As
part of the WHF Roadmap series, it complements existing Roadmaps on rheumatic heart disease [1], tobacco
control [2], hypertension [3], the use of secondary prevention for CVD [4], atrial fibrillation [5], heart failure,
and prevention of cardiovascular disease among people living with diabetes [6]. Figure 2 outlines the design
and methodology of the WHF Roadmap series.

Expert writing group

In 2019, the WHF and the Inter-American Society of Cardiology (IASC) convened a Roadmap writing group in
joint partnership, consisting of 20 diverse CD experts: clinicians, allied health professionals, health systems
experts, and researchers representing many of the important stakeholders working on this disease. Consid-
ering CD not only as an infectious disease but as a chronic cardiac disease requiring comprehensive care
and management across the lifespan, this Roadmap provides an essential framework for all involved in the
planning, organization, patient management and implementation of approaches to CD. It includes an inte-
grated approach from a broad group of stakeholders including healthcare professionals, patients, academic
and research institutions, and policy-makers. Recommendations are identified from the standpoint of CD
experts as well as those living with CD.

Methodology

To ensure a best practice approach and a consensus document, the ‘WHF IASC Chagas Disease Roadmap’
was developed through the review of published guidelines and research papers. An extensive review of the
literature describing obstacles to diagnosis and treatment of CD along with proposed solutions was con-
ducted. A survey was sent to all WHF Members and, using snowball sampling to widen the consultation, to
avariety of health care professionals working in the CD global health community. The results were analyzed,
open comments were reviewed and consolidated, and the findings were incorporated into this document,
thus ensuring a consensus representation (Figure 2). The ‘WHF [ASC Chagas Disease Roadmap’ can be
used as a springboard to initiate a call for action and prescribe measurable steps towards a common goal, at
national and international levels.
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Figure 2: WHF Roadmaps design and methodology.
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Figure 3: Global distribution of Chagas disease cases, based on official estimates, 20062015 [9].

What is Chagas Disease?

CD is a multi-systemic disorder that can affect the cardiovascular, digestive and central nervous systems [7].
CD is caused by Trypanosoma cruzi, a hemoflagellate parasite that is transmitted through various species
of hematophagous reduviid insects (‘kissing bugs’) whose habitat ranges from Argentina and Chile to the
southern half of the United States. The parasite can also be transmitted transplacentally, as well as through
infected blood transfusions or organ donations, laboratory accidents, needle sharing among intravenous
drug users (IVDU), and orally through food and drink contaminated with triatomines or their feces.

CD is endemic to all continental Latin American countries. The most recent estimates from WHO (2015)
indicate a prevalence of 5.7 million in endemic countries, mostly concentrated in Argentina (1,505,235
cases, prevalence 3.6%), Brazil (1,156,821, 0.6%), Mexico (876,458, 0.7%) Bolivia (607,186, the highest preva-
lence, 6.1%), Colombia (437,960, 0.9%) and Venezuela (310,000, 1.1%) [8].

An estimated 10—14,000 patients with Chagas die each year, and given its poor prognosis, chronic Chagas
cardiomyopathy (CCC) is associated with substantial morbidity that correlates with an increased economic
burden for individuals and communities [9, 10]. Because CD often manifests 15-30 years after childhood
infection [7], the impact on earning potential for affected individuals is high, which is catastrophic for
socially disadvantaged individuals and their families, among whom CD is disproportionately concentrated.

Estimates of CD prevalence have decreased markedly in the last decades, from 17 million in 1980 to less
than 6 million in 2010, which has been attributed to coordinated programmes aiming to interrupt transmis-
sion of CD [11]. Indeed, as vector and blood transfusion transmission has been interrupted in many coun-
tries (Uruguay, Chile, Brazil, Paraguay, Honduras, Nicaragua, Belize, and some states of Argentina, Bolivia,
Peru, Colombia, El Salvador, Guatemala, Panam4, Costa Rica), the number of new cases has dropped substan-
tially [12]. However, there are still some areas where vector-based transmission occurs, possibly related to
the existence of high-density vector infestation and delayed implementation of vector-control interventions.
Most of these new vector-transmitted cases have been reported in Bolivia and the Gran Chaco region, as well
as in Central American countries such as Guatemala and El Salvador [8]. Figure 3 shows the global distribu-
tion of CD cases, based on official estimates, 2006—-2015.

In parallel to this trend of decreasing incidence, several additional phenomena have impacted the chang-
ing epidemiological profile of CD over the last two decades:

Globalization: Because of political and economic pressures, large numbers of infected individuals
have migrated from endemic countries to non-endemic areas, including Europe, Japan, Australia,
and the United States. CD has thus become a global health concern. It is estimated that more than
300,000 people with CD live in the USA [13], and another 42,000 reside in Spain [14]. In these coun-
tries, physicians are generally unaware of the disease and therefore do not recognize (Figure 3) or
treat it, and health system responses to care for affected people have been slow to materialize. In addi-
tion, the frequently tenuous social and economic conditions of migrants complicate access to care.
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Aging: In most places where vector transmission has been interrupted, the majority of individuals
with CD are now adults or older persons, and CCC often co-exists with other cardiac risk factors and
diseases such as diabetes, coronary artery disease and hypertensive cardiomyopathy [15]. In Brazil,
the burden of morbidity and mortality from CD is highest among males, the elderly, and in those
Brazilian states encompassing important endemic areas for vector transmission in the past [16].
The natural history of CD in the elderly has not been completely described, although we know that
Chagas cardiomyopathy remains a strong predictor of higher risk of death [15].

Congenital transmission: While other routes of transmission are decreasing in importance due to
successful interventions interrupting vector and blood transfusion routes, congenital transmission
has become proportionately more relevant. It now accounts for about one-third of new infections
[8], representing the major mode of transmission in non-endemic areas.

Oral transmission: Oral transmission is now more frequently recognized, especially in the Amazon
region and the subtropical Andes (Venezuela, Colombia and Ecuador) [17]. It is now the primary
mechanism of acute cases in the Brazilian Amazon and Venezuela [18, 19], and is characterized by
higher mortality during the acute phase than the vector-mediated acute disease [20].
Underreporting: Most estimates of the burden of CD are based on official mortality figures. However,
since CD is a neglected disease that is often not recognized by physicians, it is not included as the
cause of death in many cases [21], leading to marked under-recognition of the disease burden [22].

Natural History of the Disease

Most CD patients remain asymptomatic throughout life. As shown in Figure 4, approximately 30% progress
to clinical forms of the disease, often after a silent phase of many years, and can go on to develop severe
clinical complications, mainly cardiovascular, that may lead to incapacity and death [23].
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Figure 4: Phases of Chagas disease.
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Following an incubation period that varies from seven to fifteen days for vector-based transmission and
around thirty to forty days in the case of transfusion-related transmission, the infection passes through two
distinct phases. The initial acute phase is characterized by high levels of parasitemia, in which the parasite
assumes a trypomastigote form and invades the liver, gut, spleen, lymphatic ganglia, central nervous system,
skeletal and cardiac muscles. After the acute phase, T. cruzi assumes the dividing form (amastigote), unleash-
ing a local inflammatory reaction [8]. The acute phase generally lasts for one to two months and is followed
by an asymptomatic indeterminate phase, during which time no clinical manifestations are observed. In the
third of patients that go on to develop chronic CD, the parasite and the immune response cause damage to
end organs (Figure 4) [24].

Clinical manifestations

Acute Chagas

It is likely that many cases are asymptomatic, or that acutely infected individuals have nonspecific symptoms
that do not prompt them to seek medical care, including: fever, fatigue, rash, anorexia, headache, body
aches, diarrhea, and vomiting. Among patients who have a clinical evaluation during this phase, marked
parasitemia is noted, and clinical signs include hepatosplenomegaly, generalized or local edema (in limbs or
face), and lymphadenopathy. In vector-transmitted CD, some specific signs may be present: inflammation at
the inoculation site (inoculation chancre), and Romafia’s sign, a unilateral bi-palpebral painless edema [25,
26, 27].Severe acute disease occurs in less than 1-5% of vector-transmitted cases, and may present hemor-
rhagic manifestations, jaundice, myocarditis, pericardial effusion, tachycardia, arrhythmias, atrioventricular
block, and, in a small percentage, meningoencephalitis [28]. Severe acute disease also carries a risk of mor-
tality between 0.2—-0.5%. The acute phase of orally transmitted CD is associated with higher risk of a severe
presentation, as is also the case in immunosuppressed patients, such as patients taking chemotherapy or
those with advanced HIV infection [29]. In the case of vertical transmission, the majority of affected new-
borns remain asymptomatic; however, at least 10% present with hepatosplenomegaly, sepsis, respiratory
failure, low birth weight, or premature delivery [24]. Apart from these specific exceptions, in the majority of
cases, symptoms related to the acute phase resolve spontaneously and patients remain chronically infected
if untreated. A high index of suspicion for CD is therefore necessary to be able to make an early diagnosis
and initiate treatment in order to avoid progression to the chronic stage of the disease, which results in end
organ damage.

Reactivated Chagas disease

Pharmacological immunosuppression or HIV/AIDS, particularly with CD4 counts <200, increases the
risk of reactivation in patients with chronic T. cruzi infection [30, 31]. The overall observed prevalence of
reactivation in the absence of prophylactic treatment is 28% in transplant patients and 36—40% in people
co-infected with HIV/AIDs [32].

In immunocompromised patients, the most frequent manifestations of acute or reactivated CD are pro-
longed febrile syndrome and neurological manifestations (meningoencephalitis and/or cerebral granuloma).
Also frequent are cardiac manifestations (myocarditis, arrhythmias, and cardiac insufficiency). Dermatologic
lesions may be observed in transplant patients, including acute panniculitis in the arms, legs and abdomen
[33, 34].

Indeterminate phase

After resolution of the initial acute illness, patients generally pass into a phase of CD in which there are no
end organ manifestations of the illness in the setting of positive serology. While this often asymptomatic
stage persists for most infected patients, some will pass on to the chronic stage of the disease.

Chronic Chagas disease

Cardiac manifestations (chronic Chagas cardiomyopathy)

The 30% of infected patients who progress from the indeterminate phase of the disease develop man-
ifest damage to organs, particularly the heart or viscera [23]. Patients may suffer sudden cardiac death,
thromboembolic phenomena, syncope, and congestive heart failure (CHF). Signs and symptoms of cardiac
involvement primarily include electrical and mechanical alterations; sinus bradycardia, atrial and ventricular
arrhythmias; atrioventricular and intraventricular conduction disorders, such as right bundle-branch block
and/or left anterior fascicular block [35]; and ST-T changes. Cardiac imaging demonstrates regional wall-
motion abnormalities, apical aneurysms, mural thrombi with embolic potential, and dilated cardiomyopa-
thy with reduced LVEF [36] (Figure 5).
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Figure 5: Most common findings in patients with Chagas cardiomyopathy [23].

The extent of cardiac involvement in the chronic phase of the disease appears to be the result of the
parasite-activated immune response, but parasite persistence during the chronic stage of infection is criti-
cal. The immune response elicited in the acute phase and maintained during the chronic one seems to be
influenced by variables such as parasite load during the acute phase, parasite strain, the magnitude of the
immune response, and the presence or absence of reinfection [7].

CCC has a worse prognosis than other etiologies, with about 10% of patients progressing to terminal CHF,
and is also associated with higher rates of hospital readmissions and mortality, regardless of age and in the
absence of other comorbidities [7, 37, 38, 39, 40].

Cardiac mortality among CCC patients is mainly due to the high prevalence of life-threatening ventricular
arrhythmias, manifesting as cardiac arrest and sudden death [23]. Additionally, the association of atrial fibril-
lation and apical aneurysms, along with a hypercoagulable state from T. cruziinfection provokes higher rates
of embolic events compared to other heart failure etiologies [35, 36].

Although different clinical scoring systems, imaging modalities (Echo, MRI), and several biomarkers
including NT-proBNP and Hs-cTnT have been associated with CCC stages of severity and subsequent mortal-
ity, the development of better predictors of disease progression and prognosis is still needed [41].

Gastrointestinal manifestations

Some patients, especially those infected with strains of the parasite found in the southern countries of Latin
America (Brazil, Bolivia, Argentina) can present with the digestive form of the disease. This form, which
involves denervation of the autonomic plexuses of the digestive tract, leads to disturbances in absorption,
motility, and secretion. Motor incoordination and subsequent dilatation result in megaviscera, involving
mainly the esophagus and the colon [7]. Symptoms of megaesophagus include those typical for achalasia,
such as dysphagia (retention of food in the esophagus), and symptoms of megacolon include constipation,
often profound, with rare volvulus requiring surgical correction.
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Figure 6: Ideal patient care pathway, Chagas disease.

Central nervous system involvement in chronic CD

In chronic CD, central nervous system (CNS) involvement is rare but associated with a poor prognosis. Most
cases of CNS involvement are due to CD reactivation, especially in immuno-suppressed patients.

Patient pathway of care

Figure 6 shows an ideal patient journey for individuals affected by Chagas disease and represents a minimal
standard for comprehensive care through all levels of interventions. In the following sections of the document,
as we move along the steps of the journey and levels of intervention, we will endeavour to highlight gaps and
roadblocks in the current standard of care, make recommendations and propose evidence-based solutions.

Prevention of Chagas Disease: Primary, secondary and tertiary interventions

Primary prevention

Preventing vector-based transmission

Vector control measures have achieved substantial success at eliminating transmission by domiciliary vec-
tors in several countries, and as a result have been highly effective at reducing new vector-mediated cases
of CD (Figure 7). Nevertheless, there are some remaining foci, notably in Central America and the Chaco
region, where vector-based transmission persists. Reasons for this include reduced efficacy of pesticides in
houses made of natural materials, and cases of pesticide resistance [42, 43]. The elimination of sylvatic vec-
tors is virtually impossible and in some cases, they may occupy the niches left vacant by the elimination of
domiciliary vectors. The re-emergence of vectors is a potential issue in areas where surveillance is weak and
spraying programmes are sporadically enforced. In addition to this, political commitment to maintaining
surveillance may wane once an area is certified as free of transmission [44]. Vector-based transmission of
T. cruzi is closely associated with socioeconomic conditions, and is strongly associated with housing con-
structed of natural materials (mud, adobe, thatch).

The most sustainable way to interrupt vector-based transmission in remaining foci of infestation is
through housing improvement and community development programmes that are supplemented by regu-
lar, systematic pesticide applications [43]. Successful control strategies will address both domestic and peri-
domestic structures and raise awareness in the affected communities about the reasons for these efforts [43,
45, 46]. Strengthening of vector surveillance in endemic areas to allow for timely reporting of infestations,
ideally as a collaborative effort between communities, health systems, and vector control teams, can help
prevent re-emergence of vector-based transmission in areas where this modality of transmission has been
interrupted.
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Preventing congenital transmission
Congenital transmission is most effectively interrupted by screening all women of childbearing age and treat-
ing seropositive women with anti-parasitic agents prior to pregnancy. Several observational studies indicate
that anti-trypanosomal treatment of women is dramatically effective in preventing congenital transmis-
sion in future pregnancies [47, 48, 49]. While contraindicated during pregnancy, treatment of females of
childbearing age is now recommended in major guidelines [50, 51]. Although new national and regional initi-
atives aim at reducing congenital transmission, many gaps remain. Healthcare personnel are often unfamiliar
with the risk of congenital transmission [52]. Screening of pregnant women is far from universal, and totally
absent in some affected countries [53, 54, 55|, despite the demonstrated cost-effectiveness of these pro-
grammes in both endemic and non-endemic settings [53, 55, 56].The regional initiative Eliminating Mother
to Child Transmission Plus, launched by PAHO in 2017 [57], works to strengthen health systems in participat-
ing countries to interrupt congenital transmission of CD along with other congenitally transmitted infectious
diseases, although the recommendations in this document are far from being widely adopted in the region.
For pregnant women, a universal serological screening protocol during prenatal visits should be estab-
lished at the primary care level and integrated into existing perinatal care structures. Clear guidelines and
procedures for verified cases of infected newborns should be developed, including serological monitoring for
infection of any babies born to infected mothers who do not have overt parasitemia at birth. Decentralized
models of care, such as outreach primary care should also include local medical facilities for serologic testing
and clinical follow-up of infected adults, children and pregnant mothers, in a timely manner.

Preventing oral transmission

Orally acquired CD, an important syndrome in the Amazon region, is associated with a potentially virulent
acute phase [20]. Because oral transmission occurs primarily through food, especially fruit contaminated
with triatomine feces, implementation of safe food-handling practices combined with health promotion
activities on the prevention of oral transmission are needed to prevent continued oral CD outbreaks. Pro-
motion of safe food-handling practices among households and food vendors in areas at risk is essential,
especially for high-risk foods such as sugar cane and acai [58, 59].
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Preventing transmission via blood transfusion, organ transplant, and laboratory accidents
There has been growing acceptance of the need for screening of blood donations, in both endemic and non-
endemic countries over the past 30 years, resulting in a significant decrease in known transfusion-related
diseases. Nevertheless, screening remains only partially implemented and is essential for preventing transfu-
sion and transplant transmission [60, 61, 62]. Prevention of accidental transmission in laboratory settings is
best achieved through rigorous maintenance of safe laboratory practices in those institutions where T. cruzi
and/or infected triatomines or blood and tissue samples are handled [63, 64, 65].

CD blood bank testing protocols should be in place with specific technical guidelines, collection protocols,
reporting, and counselling and follow-up of positive cases. Special attention should be given to confirm-
ing inconclusive results with a combination of tests, given that the estimated prevalence of CD has been
reported to be 13.30% in the stratum of donors with inconclusive serology at screening, and up to two false-
negative results have also been reported, depending on the technique used for testing [32, 66].

Roadblocks to primary prevention:

- Discontinuation and interruptions of vector control interventions threaten to stall remarkable pro-
gress towards the elimination of vector-transmitted disease.

- There is inadequate focus on continued surveillance and eradication.

- Ongoing congenital transmission is facilitated by the lack of widespread adoption of screening rec-
ommendations to achieve early diagnosis and treatment.

Secondary prevention: Diagnosis and treatment

Timely diagnosis and treatment is critical in order to improve treatment success rates and prevent progres-
sion to the chronic phase of the disease. As part of a comprehensive approach, the diagnosis and treatment
process should involve screening for chronic manifestations of the disease at the point of care. A thorough
clinical review, including medical history and physical examination, should seek to elicit clinical signs and
symptoms not only of acute CD but also cardiac and gastrointestinal chronic manifestations. As a minimum,
an ECG should be performed to detect cardiac involvement in all patients with positive serology.

In order to vastly improve currently inadequate diagnosis rates, all individuals from endemic areas should
be screened for CD on at least one occasion. In endemic regions, pregnant women as well as newborns from
infected mothers should be tested. Blood donors should always be tested.

In non-endemic settings where screening is not universally offered, healthcare providers should consider
the following risk factors when determining who to test:

— Having lived in an endemic area.

— Having lived in a rural area of an endemic country, particularly in housing made of natural mate-
rials (mud, adobe, thatch, palm leaves).

— Having a family member with CD, especially a sibling with congenital CD.

— Having been born to an infected mother (if the answer is no, it is important to ask for the epide-
miological background of grandmothers and other family members, as well as a history of cardiac
disease).

— Having been in contact with kissing bugs, particularly having seen them in the home or recalling bites.

— Having received blood transfusions, or having undergone major surgery (during which a blood
transfusion may have occurred).

— Having received organ transplants in endemic areas.

— Having a history of intravenous drug use in an endemic country.

Immunocompromised patients with T. cruzi infection must be under clinical and laboratory monitoring for
acute reactivation. Any clinical signs such as fever, neurological findings or acute myocarditis must be con-
sidered as warning signs of infection reactivation [67].

Diagnosis of T. cruzi infection in the general population

In areas with endemic vector-borne transmission, acute CD is generally a disease of childhood, although
there are notable exceptions such as orally transmitted infection. Given the non-specific clinical manifesta-
tions, the diagnosis of acute CD is rarely made. However, if suspected, detection of the parasite via direct
observation in the blood and/or molecular diagnosis are the first line techniques due to the high level of par-
asitemia in this phase. Serological testing is the second option, since antibodies may not yet be detectable.
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Figure 8: Timescale of Chagas disease diagnosis and clinical status progression [68].

Regardless of the mode of transmission, without treatment CD exhibits a trend of parasitemia that peaks
around 30 days after infection (Figure 8). It then declines steadily until around 90 days after infection, when the
parasite becomes undetectable by direct microscopy and specific antibodies against T. cruzi are present in blood.

During the chronic phase of the infection, which is lifelong in the absence of successful antitrypanosomal
treatment, parasitemia remains below microscopically detectable levels, and diagnosis relies on serologic
assays to demonstrate 1gG antibodies against the parasite. To date, no single assay is sufficiently sensitive
and specific to define infection. Positive results by the screening assay must be confirmed by a second test;
hence, the diagnostic process is cumbersome. Additionally, the performance of diagnostic tools is highly
variable [69, 70]. Simplifying diagnosis with high quality rapid testing that does not require external confir-
mation is critical to timely diagnosis, ideally utilizing a test that performs acceptably with patients at risk for
infection with a variety of Trypanosoma strains.

There are currently a host of other barriers that are severely restricting access to timely and accurate diag-
nosis for at risk populations [71, 72].The awareness of CD in the population and among healthcare providers
is low, and there is a lack of knowledge on who to screen as well as a lack of clarity on the appropriate tests
and interpretation of results [73]. There is an underappreciation of the importance of early diagnosis and
treatment, especially at the primary healthcare level, and this represents a missed opportunity for treatment
in the early phases, when treatment success rates are higher, and before severe organ damage occurs.

Diagnosis of T. cruzi in special populations

Diagnosis in newborns is made by direct visualization of trypomastigotes in the blood. This method is
highly specific and confirms congenital infection, but it has low sensitivity that can be influenced by low
parasitemia or an inexperienced technician [74]. Usually, at least, two blood samples are needed, one in the
perinatal period and the second up to one month after birth. If positive, the newborn should be treated. If
negative, a serologic test is required after the tenth month of age, when maternally transferred IgG antibod-
ies have disappeared. In many regions, the required schedule of testing can make follow-up difficult, due to
barriers to healthcare as well as migratory flows of populations [55, 68, 75]. This may account in part for the
estimation that one in two of all congenital infections with CD are missed [76]. New molecular diagnostic
tools such as PCR, which is used in the United States for the diagnosis of congenital CD, may eventually
facilitate less cumbersome diagnosis of such cases if they can be successfully adapted to clinical settings
[24,77,78, 79, 80].
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In patients who are immunosuppressed, detection of the parasite by a direct parasitological test or expo-
nential increase of parasitic load on quantitative PCR must be considered a reactivation, and the affected indi-
vidual should receive anti-parasitic treatment immediately to avoid severe morbidity and/or mortality [81, 82].

Anti-trypanosomal treatment during the acute phase

Anti-parasitic treatment should be provided as soon as possible following detection of acute T. cruzi infec-
tion. Treatment during the acute phase is highly effective, producing serological cure, reducing potentially
severe clinical manifestations of the acute phase, and preventing progression to chronic CD [83, 84].

The efficacy of treatment in the acute phase is almost immediately demonstrable by negative parasitemia
with direct or indirect parasitological testing. In addition, antibodies disappear completely (sero-negativi-
zation) in at least 65% of cases, with some studies demonstrating sero-negativity in almost 100% of cases
within 18 months of follow-up after treatment. This effect is independent of patient age. The absence of
parasitemia, demonstrated by direct methods such as Strout or micro method, and negative PCR results
always precede the reduction of antibodies [85, 86, 87]. Parasitic negativization occurs in the majority of
treated newborns. Long-term follow-up studies are necessary to assess the relationship of treatment to rates
of subsequent clinical events in infants [88, 89, 90, 91, 92].

Anti-trypanosomal treatment during the chronic phase

Anti-parasitic treatment during the chronic phase has an acceptable safety profile and is better tolerated in
children than adults. However, around 17-35% of adult patients suspend the treatment due to side effects
[93, 94]. The most frequent and serious are cutaneous, neurologic, hepatic, and hematologic. Anti-parasitic
therapy is contraindicated in pregnancy, but may be offered during breastfeeding if indicated [95, 96]. Other
contraindications include renal or hepatic insufficiency and advanced cardiomyopathy (Figure 9).

In the absence of a gold standard, serological tests to confirm cure and molecular tests to demonstrate
failure are the best available tools to assess response to antiparasitic treatment in the chronic phase. While
positive PCR during the first 24 months after treatment is indicative of therapeutic failure, sensitivity is
variable [97, 98]. Post-treatment sero-negativization can take several years, depending on: (i) the age of the
individual at time of treatment; (ii) the time elapsed between treatment and follow-up, and (iii) the region
where the individual was infected [98, 99, 100]. Although complete sero-negativization can be obtained
within five years in more than 70% of children treated, this rate only reaches about 30% in adult patients
after roughly 20 years of follow-up (Figure 10) [48, 101, 102, 103, 104].

Although several observational studies show that trypanocidal treatment prevents morbidity and mortal-
ity [102, 103, 104], a randomized control trial of adults with established cardiac disease did not demonstrate
clinical benefit after six years of follow-up [93]. In the absence of randomized trial evidence addressing the
reduction of clinical events associated with anti-parasitic therapy, the efficacy of anti-parasitic therapy in
indeterminate phase adults remains unknown, and demonstrates the need for further research to develop
medications with better efficacy in this patient group.

Recent clinical trials indicate a high (*80%) rate of negativization by PCR in adults undergoing treatment
with benznidazole [105, 106, 107]. In a recently concluded study, this rate was maintained after only two
weeks of treatment with the standard dose, and no adverse events occurred [108]. However, new chemi-
cal entities (posaconazole and fosravuconazole) did not successfully demonstrate anti-parasitic efficacy in
recent research [105, 106, 107].

Because of the high rate of side effects associated with current anti-parasitic therapy, treatment must
be accessible in healthcare facilities near affected communities, and integrated into the local primary care
infrastructure. This should be coupled with culturally sensitive educational health promotion programs
about the importance of treatment and information on possible side effects. Community-led patient sup-
port groups also have an important role to play in providing information regarding CD and treatments.
Healthcare staff should be adequately trained to deliver appropriate treatment and manage side effects, in
keeping with locally adapted guidelines. Comprehensive follow-up of patients should also involve assisting
them in navigating the healthcare system and addressing social or environmental hurdles that could inter-
fere with treatment adherence (Figure 10).

Improved regimens of benznidazole and nifurtimox along with more research into their efficacy in adults,
as well as development of new drugs with improved safety profiles and tolerability, are an important future
step. However, providers serving affected populations should also receive tools and training to provide opti-
mal treatment with the current drug regimens according to PAHO and national guidelines. Another crucial
need is the development of biomarkers to help clinicians assess treatment response. Testing and treatment
need to be included in public and private insurance plans, and should be available at no cost to low-income
patients in facilities that are near affected communities.
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Figure 9: Indications and contraindications for anti-trypanosomal treatment and number of people in both

categories globally.

Category PAHO Recommendation | Strength
recommendation level of evidence
Acute infection Administer Strong Moderate
anti-trypanosomal
treatment
Congenital Administer Strong Moderate
infection anti-trypanosomal
treatment
Children with Administer Strong Moderate
chronic infection anti-trypanosomal
_______________________________ treatment L.
Females of childbearing Administer Strong Moderate
age (15-44) anti-trypanosomal
treatment
Adults with chronic Offer Conditional Low
infection, no organ anti-trypanosomal
Involvemsnt ~ 1. i LN I R
Adults with chronic Do not offer any Conditional Moderate
infection, moderate to anti-trypanosomal
severe organ involvement treatment
Reactivation in Administer Strong Low
immunocompromised anti-trypanosomal
patients* treatment
Cases of laboratory or Administer Strong Low
surgical accidents anti-trypanosomal
treatment
|

Figure 10: Anti-trypanosomal Treatment Recommendation. Adapted from Guidelines for the diagnosis and
treatment of Chagas disease. Washington, DC: PAHO; 2019.



Art. 26, page 14 of 31 Echeverria et al: WHF IASC Roadmap on Chagas Disease

Roadblocks to secondary prevention:

- Inadequate screening programmes hampering early diagnosis and treatment.

- Inadequate knowledge of the diagnostic process and treatment recommendations in the healthcare
community.

- Underappreciation by healthcare professionals of the importance of early diagnosis and treatment,
and of screening for early stages of end organ damage.

- Cumbersome diagnostic process, with suboptimal test performance that requires confirmatory test-
ing. Poor availability at the point of care.

- Inadequate investment in R&D for effective anti-parasitic agents with acceptable side effect profiles.

- Prohibitive cost of medical care and other out-of-pocket expenses.

In the words of one patient who spent over 10 years seeking treatment, ‘I thought I had a doctor,
a clinic who could help me, but Chagas taught me this is not always so. Because nobody, | mean
nobody knew what CD is. My doctor didn't know, and he sent me to a specialist, and every week |
went to a different doctor, but nobody knew what to do with me. And after a year I gave up.’ [109].

Tertiary prevention

Tertiary prevention involves activities that mitigate or reduce morbidity and mortality from cardiac and
other complications caused by CD, and improve the quality of life of affected people. Often, after a long
asymptomatic phase, CCC is the most important clinical manifestation of the disease, resulting in the main
burden of CD morbidity and mortality [110].

Clinical management and treatment of chronic Chagas cardiomyopathy

When the acute phase of CD is symptomatic, treatment has two purposes: clinical stabilization of the
patient, and control of infection [7]. Management of the clinical consequences of myocarditis caused by
Trypanosoma cruzi does not differ from other types of infectious myocarditis except for the use of anti-
trypanosomal treatment [111]. Approximately 30% of individuals with positive serology without abnormal
cardiac function at baseline will eventually develop myocardial dysfunction [23]. Compared to non-infected
patients with ventricular dysfunction of other etiologies, CD patients have higher rates of conduction
abnormalities, lethal arrhythmia, thromboembolic events, and ultimately mortality [39]. In addition, CCC
has a worse prognosis in terms of impact on the quality of life, with higher rates of hospitalizations as a
result of these complications [39]. The few studies that have evaluated guideline directed medical therapy
in CCC have been compromised by small sample sizes, and most are non-randomized. However, this panel
of medical therapy is accepted as appropriate, and includes beta-blockers, angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers, angiotensin receptor-neprilysin inhibitors (ARNI), and mineralo-
corticoid receptor blockers [112]. Because of the unique pathophysiology of CCC, new protocols specifically
evaluating therapies in this population are critical, and include PARACHUTE-HF (sacubitril-valsartan) [113]
and COACH (colchicine) [114].

Diuretic therapy and digoxin use, while not studied in Chagas cardiomyopathy patients specifically, are
appropriate medical therapies to improve functional class and control symptoms in Chagas heart fail-
ure. There are theoretical concerns about digoxin effects on an already damaged conduction system, so it
should be used with caution. Amiodarone is frequently used to suppress ventricular tachyarrhythmias as
well, also in the absence of randomized trial data establishing a benefit. Stroke, systemic, and pulmonary
embolism are common in CD, more so than in heart failure of other etiologies. The incidence of ischemic
stroke in patients with CCC has been reported to be as high as 2.67 events/ 100 person-years [115]. Apical
aneurysms, found in up to 50% of symptomatic CCC patients, and higher rates of atrial fibrillation in CCC
contribute to this elevated thromboembolic risk. A score of at least four points on the well-known Sousa
Scale confers a stroke risk of 4.4% per year, which theoretically would overcome the risks of use of war-
farin or a direct anticoagulant [116]. Despite the logic of initiating anticoagulation in these individuals,
there are still no published randomized clinical trials to confirm the benefit of anticoagulants in CCC in
a primary prevention setting, particularly that acknowledge the unusual mechanisms of stroke that this
disease confers.

Because of the higher rate of arrhythmia in CCC, electrophysiologic interventions are a cornerstone of
therapy for this disease. Amiodarone is widely used, although studies are conflicting in regard to its effect
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on mortality. Device therapies used in CCC include implantable devices such as implantable cardioverter
defibrillators (ICDs) and cardiac resynchronization therapy (CRT). Although use of CRT is strongly supported
by trial evidence in heart failure in general, there have been no randomized trials to date that have evaluated
these therapies in CCC. Importantly, observational studies have not ubiquitously shown a benefit, under-
scoring the substantial need for performing studies of both ICDs and CRT in CCC patients, as well as the
usefulness of amiodarone versus ICDs in CCC [117, 118]. Any study of ICD therapy would ideally address the
higher risk among Chagas patients for lethal arrhythmias at ejection fractions that are higher than those
that usually confer risk in heart failure of other etiologies.

In the past, CCC has been considered a potential contraindication to transplantation because of concern
about reactivation of infection. Nevertheless, in spite of frequent but easily treatable acute reactivation
events after transplant, acceptable survival rates have been demonstrated. Because of these results, CCC has
not been considered a contraindication for transplantation since the 1990s [119].

Evaluation and treatment plan for CCC

Figure 11 delineates the ideal treatment algorithm for a patient with positive serology for CD. Initial cardiac
evaluation can be performed at the primary care level, but when ECG changes are present, evaluation by a
cardiologist is appropriate. In the presence of significant structural heart disease or arrhythmia, evaluation by
a heart failure/cardiomyopathy specialist with experience with Chagas disease is critical, to make sure that
appropriate emphasis is placed on risk stratification for stroke and arrhythmia. This is particularly important
in non-endemic countries where the disease is not well understood. In the presence of clinical deterioration,
patients should be assessed in a tertiary care centre with advanced heart failure treatment options.

Many critical barriers exist to timely, appropriate care for CCC. Low provider awareness, including the
frequent under-recognition of CD as the cause of cardiomyopathy, can result in substandard management.
Additionally, many imaging modalities, complementary exams and necessary devices (pacemakers, cardio-
verter-defibrillators) are not available in low-resource settings [120]. The coexistence of advanced chronic
CD with a range of other comorbidities, including diabetes, hypertension, depression, or coinfection with
HIV, means that CD may be overshadowed by other more ‘urgent’ medical needs [121, 122, 123].

Positive serology
for Chagas disease

Follow-up in
primary care,
with yearly ECG. Normal . 2
Consider Primary Care:
antiparasitic treatment Comprehensive physical exam,

ECG, chest X-ray,
Echo (if available)

Yearly follow-up and

ECG/echo. Cardiologist:
Consider antiparasitic Normal| Complete cardiovascular
treatment and return evaluation: Echo

to primary care 24 hour Holter, stress test

el Lv §ystolic dys.function and/or
heart failure, Ventricular aneurysm/WMA

Significant arrhythmia/AV block

Tertiary Care Centre

Up titration? of medjcal e Evaluation by physician
therapy with ongoing familiar with CD

careful monitoring for . . TN
N '8 Assess risk of arrhythmia and indication  Refractory or
disease progression.

Up titration of medical therapy
Consider advanced heart
failure therapies:

H worsenin;
Consider return to for amiodarone/ICD, pacemakers Aemeics LVAD, CRT, transplantation
previous level of care Assess embolic risk and indication Consider palliative
for anticoagulation care measures

Assess LVEF/HF symptoms and
initiate guideline directed medical therapy

*The graphic represents an ideal pathway and will need to be adapted in low resource settings where not all investigations or imaging modalities are available.

Figure 11: Algorithm for cardiovascular evaluation in patients with positive serology for CD.
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Clear, rapid referral pathways to tertiary care centres are needed from the primary care level in order to
access necessary imaging and investigations, as well as cardiologists and other specialists. Interventions
which increase the availability of specialized care to patients in non-urban settings (e.g. telemedicine, mobile
clinics) are useful to increase patient access. Ongoing monitoring of patients should be systematically coor-
dinated locally with patients’ primary healthcare service.

In terms of treatment for individuals with moderate to severe cardiomyopathy, R&D for new treatments
capable of reversing or negating organ damage secondary to T. cruzi infection are urgently needed, thereby
acknowledging that Chagas cardiomyopathy isa distinctive and more frequently lethal form of cardiomyopathy.

Roadblocks to tertiary care:

- Therapies for advanced disease are costly and frequently only available in urban centres, which are
often far from where patients reside.

- Inadequate research has been conducted to evaluate which individuals will progress to clinically
significant disease.

- There has not been adequate research to prove that accepted heart failure therapies are effective in
CCC, and how to address the higher risk of thromboembolic phenomenon and ventricular arrhyth-
mias in this disease.

- New therapies for advanced CCC that halt disease progression are needed.

Chagas Disease: Key Issues
Inadequate R & D
While significant progress has been made in the understanding of CD in the century since Carlos Chagas’
landmark research, there are still only two available anti-trypanosomal drugs, both having unsatisfactory
efficacy and safety profiles. Funding for R&D to improve treatments is strikingly low, given the 75 million
people at risk in Latin America alone and the significant financial and social burden of the disease. Less than
$1 million USD, representing only 0.04% of R&D funding dedicated to neglected diseases, was spent on the
development of new drugs for CD in 2007. Although there has been some improvement in the last decade,
there is still much work to be done [124, 125]. For a disease of global public health importance affecting
millions, renewed impetus to develop improved treatments is well overdue. A substantial increase in R&D
investment, preferably via product development partnerships (PDPs), will be critical to addressing the need
for better pharmacologic therapy. PDPs success in providing patients in resource-poor settings with impor-
tant therapeutic improvements against malaria demonstrate the efficiency of such collaboration [126].

Although there have been some new developments in R&D from recent clinical trials, there is an urgent
need to review and challenge the current evidence and define clinical research priorities for the immedi-
ate future. This would ensure that appropriate, efficacious drugs for CD are developed, but will require a
focused and collaborative effort from the entire CD research community [127].

Additional anti-trypansomal drugs are currently under development, and there are also CD vaccine (immu-
notherapeutic) candidates at the pre-clinical stage [128]. In this respect, a PDP is exploring an approach that
links therapeutic vaccination to pharmacotherapy [129].

Scaling up access to diagnostic testing and treatment

The last decades have seen significant changes in approaches to the treatment of CD. Anti-trypanoso-
mal treatments were previously reserved for acute cases and children, but improved knowledge of the
pathophysiology of CD and a subsequent shift in thinking has meant that recommendations for testing
and treatment now cover a much larger population group, including adults in the indeterminate phase.
While randomized trial evidence is not yet available to assess efficacy of anti-parasitic therapy in indetermi-
nate phase adults, recommendations suggest consideration of therapy in this population based on expert
consensus. The prioritization of public health resources to focus on vector control programmes as the most
cost-effective mechanism to reduce the burden of CD was a rational approach, and continuation of these
programmes remains critical to maintaining success. However, it is now time to scale efforts up to provide
easier access to diagnostic testing and medical therapy for those with established CD.

Recent PAHO guidelines recommend more widespread treatment of adults in the indeterminate phase
of the illness, but to date the ‘treatment gap’ remains vast. With the exception of Spain, non-endemic
countries do not have an organized approach to screening or treatment, largely due to a lack of aware-
ness that individuals with CD now reside outside of endemic. Additionally, despite the widespread
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acceptance of the benefits of prenatal screening, such programmes are not widespread across the Latin
American region.

Several examples of local multi-stakeholder initiatives involving national and local governments
provide successful models to scale up diagnosis and treatment in the adult population. In collabora-
tion with the Spanish organization IS Global, the Chagas Platform in Bolivia provides an example of
scaling up diagnosis and treatment in adults [130]. Under the umbrella of the National Healthcare
System'’s Chagas National Programme (ChNP), the platform created several specialized centres for CD.
The centres used clinical protocols, in which healthcare workers were trained and which involved robust
data collection. The Platform demonstrates the possibility of dramatically scaling up access and pro-
vides a robust model for national adoption in Bolivia. The 4D (Diagnose, Design, Deliver, Demonstrate)
approach utilized in Colombia provides another example of a multi-stakeholder pilot project which
delivers a comprehensive model of care [131]. This model is also based on a collaborative approach
with government and stakeholders, and aims to deliver a model of care which is needs based and data
driven, with associated health care system and health care worker capacity building to ensure sustain-
ability of the project. The Precede-Proceed model upscaling prenatal screening in Guatemala has also
demonstrated that a data driven comprehensive approach involving professionals from all aspects of
care can improve diagnosis/treatment rates [132].

Future regional and multinational efforts to address the shortfall in diagnosis and treatment should build
upon these local and regional efforts, with strong educational components for both physicians and public
health officials that promote the cost-efficiency of such interventions while highlighting the moral impera-
tive of addressing the needs of this generally indigent and marginalized patient population.

Why do only some patients develop cardiac disease?

A critical knowledge gap exists as to why only 30% of infected individuals will progress to CCC [23]. Several
host and parasite factors have been evaluated to understand this phenomenon. Thus far, the main factors
identified as being related to cardiac damage are: Immune response to antigens of the parasite leading to
fibrosing inflammation (T CD8 lymphocyte response), direct damage to myocytes by the presence of the
parasite, damage of the neuronal cardiac system, autoantibodies against neuro-receptors, microvascular
abnormalities, non-specific damage due presence of eosinophils and neutrophils, and oxidative stress. More-
over, different T. cruzi strains may be associated with different levels of cardiac toxicity [133, 134]. While
these factors likely act at least simultaneously, if not synergistically, there is growing evidence that parasite
persistence is a necessary factor for disease progression.

A genetic susceptibility to develop CCC has been proposed, which may result from polymorphisms in
genes related to the IFN-V axis that can lead to variations in the intensity of the immune response involved
in the pathogenesis of the disease [135]. Further research is necessary to reveal the profile of patients who
would benefit the most from trypanocidal treatment.

Why are there poor cure rates in chronic patients?

Without a reliable measure of parasitological eradication, it is difficult to know true cure rates of chronically
infected Chagas patients, hence serologic cure is a surrogate endpoint for treatment success. The reasons
that there are much lower rates of sero-negativization in a treated infected adult relative to treated children
remain unknown. Identification of biomarkers that more accurately measure efficacy could revolutionize
clinical research and practice, and are a current subject of research initiatives [136]. Although potentially
these would be improved indicators of ‘cure’, there are still surrogate endpoints in the absence of data that
demonstrate a correlation with reduction in clinical event rates.

Age has been identified as an important predictor of cure; anti-parasitic treated children have higher rates
and a prompter response to therapy than adults [98]. In addition, studies suggest a differential response
to therapy depending on country of origin, suggesting variations in susceptibility to anti-parasitic agents
depending on the parasite strain.

Host and parasite biology may also have additional implications for the response to anti-parasitic ther-
apy. Research to date has also hypothesized that the quality of T-cell responses and immune-regulatory
mechanisms might determine the pattern of cellular responses and the severity of disease in chronic T.
cruzi infection. The quality of T-cell responses might be a key factor, not only in disease evolution but also
in chemotherapy responsiveness [137]. This may also explain the differing response rate to anti-parasitic
treatment among children in comparison with adults, as children have a T-cell profile associated with a more
robust clinical response [138].
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Additionally, animal model research demonstrates that a small proportion of trypomastigotes are
dormant at any given time during infection, and are likely to be protected from anti-parasitic compounds
in this state [139].

Psychological aspects in comprehensive care of CD
“The patient with Chagas seeks something more than a tablet.” —Nilce Mendoza, an individual
affected by CD residing in Spain [140]

Diagnosis of CD produces a range of reactions in individuals, from scepticism to fear and anxiety [141, 142].
Those affected may feel understandable doubts about their diagnosis, given the lack of noticeable symp-
toms, and may not remember having been exposed to triatomines or other risk factors. Particularly in non-
endemic areas, many newly diagnosed individuals have never heard of CD and encounter health care pro-
fessionals who are similarly unaware of the disease and may be dismissive of its importance [143]. Often,
individuals feel devastated by the knowledge that they have a potentially life-threatening disease, which can
lead to depression, especially in those who suffer debilitating chronic symptoms [144]. For many, thoughts
of CD have to be pushed to the background in light of a host of other social, economic, and emotional
challenges involved in the daily struggle to survive. Further, affected individuals who have immigrated to
non-endemic countries may be isolated from their traditional support networks and could find it difficult to
engage with healthcare providers in host countries because of political, linguistic and cultural barriers [109].
Finally, health systems rarely offer support for the emotional and social challenges of living with CD, which
are exemplified below in the words of an affected person:

“[-] I have family with Chagas. And of course, when they said I have Chagas, and at any moment I
could die, of course [ became sad. I thought a lot about the disease. [ worried a lot.” [109]

Patient and community involvement and empowerment in tackling CD
“It's a fatal disease, and yet you don't hear anything about it, it's like a phantom disease that is
killing people but nobody knows it exists, until they tell you, you have it. You always hear about
diabetes, cancer, but [Chagas| disease is something that's never heard anywhere, not even in the
media.” —Sara, 60, El Salvador [109]

CD is largely a hidden disease, not only due to its long asymptomatic phase but also because it primarily
(but not exclusively) affects politically and economically marginalized people [145]. This, combined with
extremely low awareness of the disease among both providers and the general public, poses challenges for
the organization and empowerment of people with CD. Nonetheless, patient organizations have a long his-
tory of being actively engaged in efforts to raise awareness of the disease, increase access to healthcare, and
provide social and emotional support for affected people. For instance, the Pernambuco Association of Cha-
gas and Heart Disease Patients in Brazil has worked since 1987, not only in educating community members
but also providing social support to patients, operating in close collaboration with local healthcare services
[146]. Patient organizations have emerged in endemic countries from Argentina to Mexico, and also in non-
endemic countries. In 2010, the International Federation of Associations of People Affected by Chagas was
formed and now consists of over 20 patient organizations. The road ahead for these patient organizations
remains arduous, as the public profile of the disease, political commitment of governments, and access to
political power of affected people all remain low.

Improving access to resources for clinical decision support?
Clinical management resources and clinical guidelines have been written and updated in different regions
and settings, but require further updating and a broader discussion of comprehensive CD care.

To date, three types of guidelines have been published:

1. Regional guidelines. The most recent regional clinical guideline is the one published by the Pan-
American Health Organization/WHO (PAHO/WHO) [32]. This document focuses on evidence-
based recommendations for the diagnosis and treatment of CD in adult and paediatric patients.
Whom to screen, management of cardiomyopathy, and how to implement the recommendations
are not addressed.



Echeverria et al: WHF IASC Roadmap on Chagas Disease Art. 26, page 19 of 31

2. Endemic country national guidelines. Several Latin American countries have developed clini-
cal guidelines for screening and treatment [147, 148, 149, 150]. In general, these documents
contain consistent guidelines and recommendations about prevention, epidemiological sur-
veillance, vector control, and medical therapy. In particular, the Brazilian Ministry of Health
has developed a very comprehensive Clinical Protocol (Protocolo Clinico e Diretrizes Tera-
péuticas em Doenca de Chagas) [151], which includes a comprehensive consultation of key
stakeholders and health professionals in order to help implement Brazil's Consensus Guide-
lines [43].

3. Non-endemic country guidelines. Several guidelines, consensus documents, and review articles
have been published during the last decade in non-endemic countries to address specific clinical
topics [23, 67, 152, 153, 154], related to CD and catering to clinicians with no previous knowledge
of the disease. However, these guidelines do not address whom to screen.

To address the need for a more comprehensive, up-to-date, and broadly applicable guideline document, the
Chagas Coalition has formed a CD Guidelines Review Board. The aim of this committee is to address the gaps
in prior guideline documents and to update existing recommendations based on new evidence. This docu-
ment will use PAHO guidelines as a general framework, harmonizing when appropriate individual country
guidelines to a general standard. The document also aims to be comprehensive in addressing all levels of
CD care, incorporating recommendations from a diverse group of clinicians from a variety of specialties and
communities.

Roadblocks on the Roadmap to Chagas disease prevention, diagnosis and
treatment

Figure 12 overcoming the roadblocks to appropriate and timely prevention, diagnosis, and treatment for
CD cannot be separated from the overarching goal of providing universal health coverage (UHC). Access to
comprehensive, community-centred health services is the cornerstone of UHC and also to delivering appro-
priate care to individuals affected by CD. In addition, strategies to address the social determinants of health
should underpin any comprehensive strategy on CD. At the policy level, there is a need for strengthening
stewardship and governance to ensure that CD is embedded in government programmes and Ministry of
Health policies. Financing policies should acknowledge that prevention and early diagnosis are cost-efficient
programmes to reduce the burden of disease. Figure 12 summarizes the main roadblocks at four levels of
intervention: prevention, diagnosis, treatment, and management of the clinical complications of the disease
in its chronic stage.

Four factors common to all four steps on the pathway of care are discussed below: governance and advo-
cacy, healthcare financing, the interaction between patients and caregivers, and information technology and
registries.

Factors influencing all four levels of care

Governance and advocacy

Since the term ‘Neglected Tropical Diseases’ was first coined in 2003, global advocacy actions address-
ing CD as one of this diverse group of diseases have been gaining momentum and are a vital com-
ponent in addressing the unmet needs of patients with CD. As a disease surrounded by stigma and
affecting marginalized populations, CD has been slow to gain the attention of governments and policy
makers. Its inclusion within this group of neglected diseases, with an organized and concerted advo-
cacy strategy, has meant an unprecedented rise in awareness over the last 10 years. The London Decla-
ration of 2012 was the first global multi-stakeholder commitment on NTDs, bringing together civil soci-
ety organisations, development agencies and private enterprise with an ambitious statement to control
or eliminate 10 NTDs by 2020 [155]. This declaration ran in parallel to the second WHO 2020 Roadmap
on NTDs, which is due to be updated in 2020 [156]. Chagas patient groups have also played an impor-
tant role in recent years, by giving a voice to CD patients. Prompted by the International Federation of
Associations of People Affected by Chagas (FINDECHAGAS), the 72nd World Health Assembly in Geneva
marked the adoption of April 14th as World Chagas Day in 2019. The formation of the Chagas Coalition
in 2012, which is a collaborative alliance of stakeholders working on the disease, has added cohesion
to individual actors’ advocacy efforts and is also a valuable vehicle for pooling knowledge and technical
expertise on CD.
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Level of

intervention

Prevention

Diagnosis

Treatment

Diagnosis and
treatment of
the clinical
complications
the disease

Roadblock

Lack of awareness and prioritization of CD by policy-makers and
limited understanding of disease burden and cost to society

Inadequate data on disease burden hinders effective policy making
and design of effective healthcare systems interventions.

Inadequate proportion of the at risk population screened

Lack of integration within community centered healthcare

Poor level of disease awareness among healthcare workers and
physicians

Poor levels of awarenessamong general population due to lack of
information as well as social and cultural barriers

Inadequate access to diagnosis at point of care
Unsatisfactory performance of diagnostic tools and high incidence
of inconclusive results

Lack of understanding by healthcare workers of the diagnostic
pathway

Out of pocket expenses for diagnostic tests

Lack of therapeutic options with acceptable side effect profile and
efficacy

Stockouts and shortages of medications in some settings

Out of pocket expenses for treatments

Lack of healthcare worker and physician knowledge on treatment and
side effects

Low levels of patient awareness on the importance of adherence to
treatment and side effects, leading to discontinuation

Lack of tertiary cardiac care facilities outside urban centers

Low level of understanding among healthcare workers and physicians
regarding chronic manifestations of the disease, including early
identification of cardiomyopathy

Insufficient understanding of which patients are at risk of disease
progression

Insufficient evidence to guide appropriate medical therapy for CCC
that acknowledges the CD as a distinct entity from other forms of
heart failure

Potential Solutions

Increase advocacy by all stakeholders, NGO’s and patient advocacy groups.
Establish CD (acute and chronic cases) as a reportable disease, with clear
protocols for follow up

Establish and disseminate clear reccommendations on which at risk
populations to screen and work with local and national health systems to
implement these recommendations

Integrate CD into existing primary care, reproductive health, and maternal
child health care programs to ensure streamlined delivery of services and

maximise cost cutting efficiencies

Raise awareness and knowledge about the disease among healthcare
professionals and physicians through education and training

IEC (information, education, communication) activities in at risk populations

Integrate services in primary care and strengthen local healthcare
infrastructure. Develop effective point of care diagnostic technologies

Development of improved diagnostic tools to simplify diagnostic process
Increase education for healthcare workers to better understand diagnostic
processes

Ensuring diagnostic tests are covered by health insurance programs

Minimize associated out-of-pocket expenses for patients (travel, missed
employment)

Increased R&D to develop new molecules/treatments with improved efficacy
and better side effect profiles. Continue research in to reformulations of
existing molecules, and shorter treatment regimes.

Registration of medications in all affected countries and improve procure-
ment practices to ensure supply stability

Ensure treatments are free of charge

Improve healthcare worker education and training on indications for treat-
mentand how to manage side effects

Design and disseminate clinical guidelines that are locally adapted
Increase culturally-sensitive patient education and support

Ensure adequate healthcare system infrastructure and staff to support follow
up during treatment

Ensure rapid referral systems for cardiologist review and to tertiary centers

Increase availability of complementary tests in non-urban areas for both
cardiovascular and gastrointestinal complications of the disease (eg ECG,
Echo) potentially via mobile or telemedical programs

Disseminate clinical guidelines which outline diagnosis, treatment and
management of CCC

Increase healthcare professional and physician education and training on
chronic disease management, treatments and tertiary interventions

Promote research initiatives focused on clinical and diagnostic predictors
of disease evolution

Develop innovative treatments for the chronic phase of the disease, increase
funding for research to ascertain which medical therapies are appropriate for

this population.

Figure 12: Roadblocks and proposed solutions at different levels of interventions.

Advocacy is a key component to enable the embedding of CD interventions and programmes in Ministries
of Health and other public institutions. Such a structure favours the sustainability of health programmes
and promotes better national coordination and financing. NGOs and other stakeholders also have an impor-
tant role to play in encouraging this ‘buy in’ from governments. Where government participation is absent,
advocacy is needed to raise CD in political agendas.
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Financing

Fragmentation isacommon characteristic of most Latin American healthcare systems, leading to inefficiencies
in financing and increased expenditure. Healthcare budgets are also all experiencing increased strain due to
aging populations, and the increasing prevalence of non-communicable diseases. While increasing health-
care spending on any individual disease may cause acute strain on healthcare budgets, it is clear that improv-
ing preventative efforts on CD as well as many other diseases, can effectively reduce this spending over time.
In addition to these direct costs, CD has a substantial impact on worker productivity, by causing premature
disability and death. It has been reported to represent a large economic burden [157], especially in endemic
countries, with a global lifetime estimated burden of over $ 188 billion USD [10]. Therefore, financial invest-
ment in health care interventions to tackle CD should be framed in terms of the long-term savings to the
economy as well as the healthcare system. Efforts to streamline expenditure that is already in place for CD,
and maximising cross-cutting efficiencies by integrating interventions into existing health care infrastruc-
ture, are necessary and important measures to better use available funds.

Individuals affected by CD and their caregivers

CD is rarely discussed in mass media or health education campaigns, despite the fact affected people suffer
stigma and even exclusion from jobs [145].In addition to this, in non-endemic countries, a lack of docu-
mentation of Chagas patients may cause affected individuals to be reticent to draw attention to themselves
or their medical needs. The marginalisation and stigmatisation of the disease exerts a significant toll, both
practically in terms of access to care as well as psychologically.

Both patients and caregivers benefit from support in navigating the social and emotional impacts of the
disease. This should ideally involve social workers and mental health professionals as well as community
based support groups [146]. The geographic distance of facilities from patients’ communities can also be a
major barrier in accessing care. Solutions such as providing transportation to referral centres or employing
mobile clinics can help bridge this gap.

“Before, I couldn’t go [to the doctor], because I didn't know how to drive. I had to wait for someone
to take me; I depended on someone giving me a ride as a favour. And then I didn't have money to
pay for the appointment or the ride, or sometimes for lack of time, and I've had to neglect other
tasks so I could go to the doctor.” -Renata, 36, Mexico [109]

Many of the populations most affected by CD are migrant populations. Given this characteristic, these
groups may be indirectly or overtly excluded from healthcare systems in host countries and may face lin-
guistic, political, and cultural barriers that hamper their efforts to access services and also to organize and
advocate for the right to healthcare. Information about CD and its treatment options should be accessible to
individuals affected by the disease and their caregivers, available in their preferred language, and written in
a straightforward, culturally appropriate manner without unnecessary medical jargon.

Registries, information technology and digital health

Registration of patients with CD is the starting point not only for clinical follow-up and as a mechanism
for improving treatment adherence, but also as the foundation for healthcare planning and popula-
tion health initiatives, allowing for the allocation of resources and evaluating the impact of healthcare inter-
ventions over time. In some cases, national registries represent less than 1% of the total expected cases
based on estimates of prevalence [71].

Up-to-date, interlinked information systems are also a key element of an integrated approach to patient
care within the healthcare system, offering an important opportunity to make clinical information acces-
sible to all health care professionals and health authorities involved in the pathway of care. Furthermore,
such a system has the potential to eventually provide information that can be used by the health sector and
related sectors to develop truly integrated approaches to health in all policies.

Health professionals working in remote and resource-limited places will benefit from the development of
digital and web-based tools to access expert advice through teleconsultations on diagnostic tools [158], such
as electrocardiogram [159] and echocardiogram [160]. Mobile health interventions, such as the use of text
messaging, can also be useful for both health professionals in the care of CD patients and for improving the
adherence of patients to clinical care [161].

Platforms for e-learning are also a valuable tool to expand access to medical education, online access to
guidelines and medical updates.
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In the future, cognitive computing combined with artificial intelligence offers the prospect of readily
accessible tools for patient self-assessment, including symptom status and side effects of therapy. Such tools
may also be beneficial in monitoring adherence to treatment and improving patient health literacy and
awareness of the disease [162].

Conclusions

CD is a complex but entirely preventable and treatable disease. The barriers affecting access to diagnosis,
treatment and care are complex, and a strategic and comprehensive approach is required to address these
roadblocks in the various settings where they exist.

This Roadmap provides an example of an ideal patient care pathway for CD (Figure 6), and explores the
roadblocks along this pathway, considering potential solutions based on available research and evidence in
practice. To move from prescribed global recommendations to local and national implementation, a number
of specific actions are required to plan, design, and implement change.

The challenge remains of how to move from recommendations to practice implementation, and in that
sense, it is crucial to adapt these recommendations to each particular framework at the national level. This
means considering the particularities of the healthcare system and policy environment, and identifying
specific barriers and potential strategies on a regional, national and local level.

The WHF implementation framework in Figure 13 offers a step-by-step approach to specific action areas
and highlights the importance of an integrated approach across multiple care settings. Moving from a global
roadmap initiative to a national call for action requires involvement and concerted action from national
ministries of health, health care system decision-makers, and health care professionals. Patients are a pivotal
part of these efforts, with the support of their families and caregivers, and civil society has an important role
to play as well.

Bringing key leaders and stakeholders together for national roundtable discussions to consider a unified
CD agenda based on national and global needs should be considered a necessary first step.

Set priorities
Situational analysis

Define purpose
Statement of intent
and project scope

Specify key stages
of development <
Design tframework

Identify needs
Resources for
development

and implementation [
Identify key

stakeholders ‘
Development,

dissemination

and implementation

Define project as

a long term initiative
Monitoring

and evaluation tools

Define scale-up
plan 4

Figure 13: WHF Implementation framework.



Echeverria et al: WHF IASC Roadmap on Chagas Disease Art. 26, page 23 of 31

Acknowledgements

The authors thank the World Heart Federation, the Inter-American Society of Cardiology and Novartis, as
well as the World Heart Federation's Members and Partners, for their contributions throughout the develop-
ment of this roadmap.

Competing Interests

MLF has received financial support for inscription to an international meeting from Philips/Agimed
Argentina. RM previously worked in a consultancy role for Exeltis and Bayer. GM has received grants for
global health research and projects from Novartis. LEE has received a research grant for work on Chagas
cardiomyopathy from Roche. He is also a member of the steering committee of the PARACHUTE-HF trial.

References

1. Palafox B, Mocumbi A, Krishna Kumar K, Sulafa A. The WHF Roadmap for Reducing CV Morbidity
and Mortality Through Prevention and Control of RHD: A World Heart Federation Roadmap. Global
Heart, 2017; 12(1): 47-62. DOL: https://doi.org/10.1016/j.gheart.2016.12.001

2. Grainger Gasser A, Welch C, Arora M, et al. Reducing Cardiovascular Mortality Through Tobacco
Control: A World Heart Federation Roadmap. Global Heart. 2015; 10: 123-133. DOI: https://doi.
org/10.1016/j.gheart.2015.04.007

3. Adler A, Prabhakaran D, Bovet P, et al. Reducing Cardiovascular Mortality Through Prevention and
Management of Raised Blood Pressure: A World Heart Federation Roadmap. Global Heart, 2015; 111—
122: 10. DOLI: https://doi.org/10.1016/j.gheart.2015.04.006

4. Perel P, Avezum A, Huffman M, et al. Reducing Cardiovascular Mortality Through Tobacco Control:
A World Heart Federation Roadmap. Global Heart. 2015; 10: 99—110. DOI: https://doi.org/10.1016/].
gheart.2015.04.003

5. Murphy A, et al. The World Heart Federation Roadmap for Nonvalvular Atrial Fibrillation. Global
Heart. 2017; 12(4): 273-284. DOL: https://doi.org/10.1016/j.gheart.2017.01.015

6. Mitchell S, et al. A Roadmap on the Prevention of Cardiovascular Disease Among People Living With
Diabetes. Global Heart. 2019; 14(3): 215-240. DOI: https://doi.org/10.1016/j.gheart.2019.07.009

7. Rassi A Jr., Rassi A, Marin-Neto J. Chagas Disease. The Lancet. 2010; 375(9723): 1388—1402. DOI:
https://doi.org/10.1016/S0140-6736(10)60061-X

8. Chagas Disease in Latin America: An epidemiological update based on 2010 estimates. Weekly Epide-
miological Record. 2015; 90(6): 33—43.

9. WHO Department of Control of Neglected Tropical Diseases. Integrating neglected tropical dis-
eases in global health and development. Fourth WHO report on neglected tropical diseases. 2017.

10. Lee BY, Bacon KM, Bottazzi ME, Hotez PJ. Global economic burden of CD: A computational
simulation model. Lancet Infect Dis. 2013; 13: 342-348. DOI: https://doi.org/10.1016/S1473-
3099(13)70002-1

11. Moncayo A, Silveira A. Current epidemiological trends for CD in Latin America and future challenges
in epidemiology, surveillance and health policy. Mem Inst Oswaldo Cruz. 2009; 104(1): 17-30. DOI:
https://doi.org/10.1590/50074-02762009000900005

12. Chuit R, Meiss R, Salvatella R, Altcheh J, Freilij H. Epidemiology of Chagas Disease. 2019: 351. DOI:
https://doi.org/10.1007/978-3-030-00054-7_4

13. Manne-Goehler J, Umeh CA, Montgomery SP, Wirtz VJ. Estimating the Burden of CD in the United
States. PLoS Neg Trop Dis. 2016; 10(11). DOI: https://doi.org/10.1371/journal.pntd.0005033

14. Gascon J, Bern C, Pinazo M. CD in Spain, the United States and other non-endemic countries. Acta
Trop. 2010; 115(1-3): 22—27. DOI: https://doi.org/10.1016/j.actatropica.2009.07.019

15. Lima-Costa M, Peixoto S, Ribeiro A. CD and mortality in old age as an emerging issue: 10 year
follow-up of the Bambui population-based cohort study (Brazil). Int J Cardiol. 2010; 145(2): 362—-363.
DOI: https://doi.org/10.1016/].jjcard.2010.02.036

16. Martins-Melo F, Carneiro M, Ribeiro A, Bezerra J, Werneck G. Burden of CD in Brazil, 1990-2016:
findings from the Global Burden of Disease Study 2016. Int J Parasitol. 2019; 49(3—4): 301-310. DOI:
https://doi.org/10.1016/j.ijpara.2018.11.008

17. Organizacion Panamericana de la Salud. Guia para vigilancia, prevencion, control y manejo clinico
de la enfermedad de Chagas aguda transmitida por alimentos. Rio de Janeiro, 2009.

18. Silva-Dos-Santos D, Barreto-de-Albuquerque J, Guerra B, Moreira O, Berbert L, Ramos M,
Mascarenhas B, Britto C, Morrot A, Serra Villa-Verde D, Garzoni L, Savino W, Cotta-de-Almeida



Art. 26, page 24 of 31 Echeverria et al: WHF IASC Roadmap on Chagas Disease

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

V, de Meis J. Unraveling CD transmission through the oral route: Gateways to Trypanosoma cruzi
infection and target tissues. PLoS Negl Trop Dis. 2017; 11(4). DOI: https://doi.org/10.1371/journal.
pntd.0005507

Altcheh JM, Freilij H. Chagas Disease: A Clinical Approach. Springer International Publishing; 2019.
DOI: https://doi.org/10.1007/978-3-030-00054-7

Shikanai-Yasuda MA, Carvalho NB. Oral Transmission of CD. Clinical Infectious Diseases. 2012; 54(6):
845-852. DOI: https://doi.org/10.1093/cid/cir956

Capuani L, Bierrenbach A, Pereira Alencar A, Mendrone A Jr., Ferreira J, Custer B, Ribeiro A,
Cerdeira SE. Mortality among blood donors seropositive and seronegative for CD (1996-2000) in
Sdo Paulo, Brazil: A death certificate linkage study. PLoS Negl Trop Dis. 2017; 11(5). DOI: https://doi.
org/10.1371/journal.pntd.0005542

Stanaway J, Roth G. The burden of CD: estimates and challenges. Global Heart. 2015; 10(3): 139—-144.
DOI: https://doi.org/10.1016/j.gheart.2015.06.001

Nunes M, Beaton A, Acquatella H, et al. Chagas cardiomyopathy: An update of current clinical
knowledge and management: A scientific statement from the American Heart Association. Circulation,
138(12): e169—e209. DOI: https://doi.org/10.1161/CIR.0000000000000599

Carlier Y, Torrico F, Sosa-Estani S, et al. Congenital CD: recommendations for diagnosis, treatment
and control of newborns, siblings and pregnant women. PLoS Negl Trop Dis. 2011; 5(10): e1250. DOI:
https://doi.org/10.1371/journal.pntd.0001250

Prata A. Clinical and epidemiological aspects of CD. Lancet Infect Dis. 2001; 1: 92—100. DOI: https://
doi.org/10.1016/S1473-3099(01)00065-2

Laranja F, Dias E, Nobrega G, Miranda A. Chagas’ disease. A clinical, epidemiologic, and pathologic
study. Circulation. 1956; 14: 1035—-1060. DOI: https://doi.org/10.1161/01.CIR.14.6.1035

Pinto A, Valente S, Valente V, Ferreira A Jr., Coura J. Acute phase of CD in the Brazilian Amazon
region: Study of 233 cases from Para, Amapd and Maranhdo observed between 1988 and 2005. Rev
Soc Bras Med Trop. 2008; 41: 602. DOI: https://doi.org/10.1590/S0037-86822008000600011
Echeverria L, Morillo C. American Trypanosomiasis (Chagas Disease). Infectious Disease Clinics of
North America. 2019; 33(1): 119—134. DOI: https://doi.org/10.1016/].idc.2018.10.015

Lewis MD, Francisco AF, Jayawardhana S, Langston H, Taylor MC, Kelly JM. Imaging the
development of chronic CD after oral transmission. Scientific Reports. 2008; 8(1). DOI: https://doi.
org/10.1038/541598-018-29564-7

Almeida E, Lima J, Lages-Silva E, Guariento M, Aoki F, et al. Chagas’ disease and HIV co-infection in
patients without effective antiretroviral therapy: prevalence, clinical presentation and natural history.
Trans R Soc Trop Med Hyg. 2010; 104: 447—452. DOI: https://doi.org/10.1016/j.trstmh.2010.02.004
Pierrotti L, Carvalho N, Amorin J, Pascual J, Kotton C, Lopez-Vélez R. CD Recommendations for
Solid-Organ Transplant Recipients and Donors. Transplantation, 2008; 102(2S): S1-S7. DOL: https://
doi.org/10.1097/TP.0000000000002019

Organizacion Panamericana de la Salud. Guia para el diagndstico y el tratamiento de la enfermedad
de Chagas. Washington, DC: OPS; 2018.

Pinazo M, Espinosa G, Cortes-Lletget C, et al. Inmunosuppression and CD: A management chal-
lenge. PLoS Negl Trop Dis. 2013; 7(1): e1965. DOLI: https://doi.org/10.1371/journal.pntd.0001965
Lattes R, Lasala MB. CD in the immunosuppressed patient. Clinical Microbiology and Infection. 2014;
20(4): 300-309. DOI: https://doi.org/10.1111/1469-0691.12585

Rojas L, Glisic M, Pletsch-Borba L, et al. Electrocardiographic abnormalities in CD in the general
population: A systematic review and meta-analysis. PLoS Negl Trop Dis. 2018; 12(6). DOI: https://doi.
org/10.1371/journal.pntd.0006567

Acquatella H, Asch F, Barbosa M, et al. Recommendations for Multimodality Cardiac Imaging in
Patients with CD: A Report from the American Society of Echocardiography in Collaboration With
the InterAmerican Association of Echocardiography (ECOSIAC) and the Cardiovascular Imaging
Department. Journal of the American Society of Echocardiography. 2018; 31(1): 3—25. DOI: https://doi.
org/10.1016/j.ech0.2017.10.019

Presence of parasite. Am. J. Trop. Med. Hyg. 2004; 70(2): 210-220.

Schijman AG, et al. Trypanosoma CruziDna In Cardiac Lesions of Argentinean Patients with End-Stage
Chronic Chagas Heart Disease. The American Journal of Tropical Medicine and Hygiene. 2004; 70(2).
DOI: https://doi.org/10.4269/ajtmh.2004.70.210

Shen L, Ramires F, Martinez F, Bodanese L, Echeverria L, Gomez E, et al. Contemporary
Characteristics and Outcomes in Chagasic Heart Failure Compared with Other Nonischemic and



Echeverria et al: WHF IASC Roadmap on Chagas Disease Art. 26, page 25 of 31

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

Ischemic Cardiomyopathy. Circ Heart Fail. 2017; 10(11). DOIL: https://doi.org/10.1161/CIRCHEART-
FAILURE.117.004361

Bocchi E, Bestetti R, Scanavacca M, Cunha Neto E, Issa V. Chronic Chagas Heart Disease Manage-
ment: From Etiology to Cardiomyopathy Treatment. / Am Coll Cardiol. 2017; 70(12): 1510-1524. DOI:
https://doi.org/10.1016/j.jacc.2017.08.004

Echeverria L, Rojas L, Calvo L, et al. Profiles of cardiovascular biomarkers according to severity
stages of Chagas cardiomyopathy. Int J Cardiol. 2017; 227: 577-582. DOI: https://doi.org/10.1016/].
ijcard.2016.10.098

Gurevitz JM, Gaspe MS, Enriquez GF, Vassena CV, Alvarado-Otegui JA, Provecho YM,
Mougabure Cueto GA, Picollo MI, Kitron U, Giirtler RE. Unexpected Failures to Control CD Vec-
tors With Pyrethroid Spraying in Northern Argentina. Journal of Medical Entomology. 2012; 49(6):
1379-1386. DOI: https://doi.org/10.1603/ME11157

Giirtler RE, Kitron U, Cecere C, Segura EL, Cohen JE. Sustainable vector control and management
of CD in the Gran Chaco, Argentina. Proceedings of the National Academy of Sciences. 2007; 104(41):
16194-16199. DOI: https://doi.org/10.1073/pnas.0700863104

Abad-Franch F, Diotaiuti L, Gurgel-Gongalves R, Giirtler R. Certifying the interruption of CD trans-
mission by native vectors: cui bono? Mem Inst Oswaldo Cruz. 2013; 108(2): 251-254. DOI: https://doi.
org/10.1590/0074-0276108022013022

Samuels A, Clark E, Galdos-Cardenas G, et al. Epidemiology of and impact of insecticide spray-
ing on CD in communities in the Bolivian Chaco. PLoS Negl Trop Dis. 2013; 7(8). DOI: https://doi.
org/10.1371/journal.pntd.0002358

Rojas-de-Arias A. CD prevention through improved housing using an ecosystem approach to
health. Cadernos de Saide Publica, 2001; 17: S89-S97. DOI: https://doi.org/10.1590/50102-
311X2001000700017

Sosa-Estani S, Cura E, Velazquez E, Yampotis C, Segura E. Etiological treatment of young women
infected with Trypanosoma cruzi, and prevention of congenital transmission. Revista da Socie-
dade Brasileira de Medicina Tropical. 2009; 42(5): 484—487. DOI: https://doi.org/10.1590/S0037-
86822009000500002

Fabbro D, Danesi E, Olivera V, Codeb6, M, Denner S, Heredia C, et al. Trypanocide Treatment
of Women Infected with Trypanosoma cruzi and Its Effect on Preventing Congenital Chagas. PLOS
Neglected Tropical Diseases. 2014; 8(11): e3312. DOI: https://doi.org/10.1371/journal.pntd.0003312
Moscatelli G, Moroni S, Garcia-Bournissen F, Ballering G, Bisio M, Freilij H, et al. Prevention of
congenital Chagas through treatment of girls and women of childbearing age. Memorias do Instituto
Oswaldo Cruz. 2015; 110(4): 507-509. DOI: https://doi.org/10.1590/0074-02760140347

Dr. Mario Fatala Chaben, Instituto Nacional de Parasitologia. Pautas para la atencion al paciente
infectado con Trypanosoma cruzi (Enfermedad de Chagas). Buenos Aires: Ministerio de Salud; 2015.
Dias J, Ramos A Jr., Gontijo E, Luquetti A, Shikanai-Yasuda M, Coura J, et al. Second Brazilian
Consensus on CD. Revista da Sociedade Brasileira de Medicina Tropical. 2016; 49(3): 60. DOI: https://
doi.org/10.1590/0037-8682-0504-2016

Verani J, Montgomery S, Schulkin J, Anderson B, Jones J. Survey of obstetrician-gynecologists in
the United States about CD. Am J Trop Med Hyg. 2010; 83(4): 891-895. DOI: https://doi.org/10.4269/
ajtmh.2010.09-0543

Sicuri E, Muiioz J, Pinazo M, Posada E, Sanchez J, Alonso P, Gascon J. Economic evaluation of
Chagas disease screening of pregnant Latin American women and of their infants in a non endemic
area. Acta Trop. 2011; 118(2): 110-117. DOI: https://doi.org/10.1016/j.actatropica.2011.02.012
Edwards MS, Stimpert KK, Bialek SR, Montgomery SP. Evaluation and Management of Congenital
CD in the United States. Journal of the Pediatric Infectious Diseases Society. 2019; 8: 461-469. DOI:
https://doi.org/10.1093/jpids/piz018

Picado A, Cruz I, Redard-Jacot M, et al. The burden of congenital CD and implementation of molec-
ular diagnostic tools in Latin America. BMJ Global Health. 2018; 3. DOI: https://doi.org/10.1136/
bmjgh-2018-001069

Stillwaggon E, Perez-Zetune V, Bialek S, Montgomery S. Congenital CD in the United States: Cost
Savings through Maternal Screening. Am J Trop Med Hyg. 2018; 98(6): 1733—1742. DOI: https://doi.
org/10.4269/ajtmh.17-0818

Pan American Health Organization. EMTCT Plus, Framework for elimination of mother-to child trans-
mission of HIV, Syphilis, Hepatitis B, and Chagas. Washington, DC: PAHO; 2017.



Art. 26, page 26 of 31 Echeverria et al: WHF IASC Roadmap on Chagas Disease

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Ferreira R, Cabral M, Martins R, et al. Detection and genotyping of Trypanosoma cruzi from acai
products commercialized in Rio de Janeiro and Pard, Brazil. Parasit Vectors. 2018; 11(1): 233. DOL:
https://doi.org/10.1186/s13071-018-2699-6

Nobrega A, Garcia M, Tatto E, Obara M, Costa E, Sobel J, Araujo W. Oral Transmission of CD
by Consumption of Acai Palm Fruit, Brazil. Emerging Infectious Diseases. 2009; 15(4): 653—655. DOI:
https://doi.org/10.3201/eid 1504.081450

Casadei D. Chagas' disease and solid organ transplantation. Transplant Proc. 2010; 42(9): 3354—3359.
DOI: https://doi.org/10.1016/j.transproceed.2010.09.019

Organizacion Panamericana de la Salud. Suministro de sangre para transfusiones en los paises de
Latinoameérica y el Caribe 2012 y 2013. Washington, DC: OPS; 2015.

Reporte del grupo de trabajo cientifico sobre la enfermedad de Chagas. Buenos Aires: Programa Espe-
cial de Investigaciones y Ensefianzas sobre Enfermedades Tropicales (TDR). 2005.

Requena-Méndez A, Albajar-Viiias P, Angheben A, Chiodini P, Gascon J, Muiioz J. Health policies
to control CD transmission in European countries. PLoS Negl Trop Dis. 2014; 8(10): e3245. DOI:
https://doi.org/10.1371/journal.pntd.0003245

Hofflin JM, Sadler RH, Araujo FG, Page WE, Remington JS. Laboratory-acquired CD. Transactions
of the Royal Society of Tropical Medicine and Hygiene. 1987; 81(3): 437—440. DOI: https://doi.
org/10.1016/0035-9203(87)90162-3

Salvatella R. Una vision de la enfermedad de Chagas desde su propia historia. Organizacion Panameri-
cana de la Salud y Fundacion Mundo Sano. 2006: 19-22.

Pereira G, Louzada-Neto F, Barbosa V, Ferreira-Silva MM, de Moraes-Souza H. Performance of six
diagnostic tests to screen for CD in blood banks and prevalence of Trypanosoma cruziinfection among
donors with inconclusive serology screening based on the analysis of epidemiological variables. Revista
brasileira de hematologia e hemoterapia. 2012; 34(4): 292—297. DOI: https://doi.org/10.5581/1516-
8484.20120074

Pinazo M, Miranda B, Rodriguez-Villar C, Altclas J, Brunet Serra M, Garcia-Otero E, de
Almeida E, de la Mata Garcia M, Gascon J, Garcia Rodriguez M, Manito N, Moreno Camacho
A, Oppenheimer F, Puente S, Riarte A, Salas Coronas J, Salavert Lleti M, Sanz G, Torrico H, Tor-
ras Tendero D, Ussetti P, Shikanai-Yasuda M. Recommendations for management of CD in organ
and hematopoietic tissue transplantation programs in nonendemic areas. Transplant Rev. 2011; 25(3):
91-101. DOI: https://doi.org/10.1016/j.trre.2010.12.002

Alonso-Padilla J, Cortés-Serra N, Pinazo M, Bottazzi M, et al. Strategies to enhance access to diag-
nosis and treatment for CD patients in Latin America. Expert Review of Anti-infective Therapy. 2019:
145-157. DOI: https://doi.org/10.1080/14787210.2019.1577731

Cucunuba Z, Manne-Goehler ], Diaz D, Nouvellet P, Bernal O, Marchiol A, et al. How universal is
coverage and access to diagnosis and treatment for CD in Colombia? A health systems analysis. Soc Sci
Med. 2017; 175: 187—198. DOLI: https://doi.org/10.1016/j.socscimed.2017.01.002

Verani J, Seitz A, Gilman R, LaFuente C, Galdos-Cardenas G, Kawai V, et al. Geographic variation
in the sensitivity of recombinant antigen-based rapid tests for chronic Trypanosoma cruzi infection.
Am ] Trop Med Hyg. 2009; 80(3): 410-415. DOI: https://doi.org/10.4269/ajtmh.2009.80.410

Manne J, Snively C, Ramsey J, Salgado M, Barnighausen T, Reich M. Barriers to treatment access
for CD in Mexico. PLoS Negl Trop Dis. 2013; 7(10): e2488. DOI: https://doi.org/10.1371/journal.
pntd.0002488

Manne-Goehler J, Reich M, Wirtz V. Access to Care for CD in the United States: A Health Systems
Analysis. Am J Trop Med Hyg. 2015; 93(1): 108—113. DOI: https://doi.org/10.4269/ajtmh.14-0826
Stimpert K, Montgomery S. Physician Awareness of CD. Emerg Infect Dis. 2010; 16(5): 871-872. DOI:
https://doi.org/10.3201/eid 1605.091440

Pérez-Molina JA, Molina 1. Chagas Disease. The Lancet. 2018; 391(10115): 82-94. DOI: https://doi.
org/10.1016/S0140-6736(17)31612-4

De Rissio A, Riarte A, Garcia M, Esteva M, Quaglino M, Ruiz A. Congenital Trypanosoma cruzi
infection. Efficacy of its monitoring in an urban reference health center in a non-endemic area of
Argentina. Am J Trop Med Hyg. 2010; 82(5): 838—845. DOI: https://doi.org/10.4269/ajtmh.2010.08-
0383

Bern C, Verastegui M, Gilman R, et al. Congenital Trypanosoma cruzi transmission in Santa Cruz,
Bolivia. Clin Infect Dis. 2009; 49(11): 1667—1674. DOL: https://doi.org/10.1086,/648070



Echeverria et al: WHF IASC Roadmap on Chagas Disease Art. 26, page 27 of 31

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

Mora M, Sanchez Negrette O, Marco D, et al. Early diagnosis of congenital Trypanosoma cruzi infec-
tion using PCR, hemoculture, and capillary concentration, as compared with delayed serology. J Para-
sitol. 2005; 91(6): 1468—1473. DOI: https://doi.org/10.1645/GE-549R.1

Rivero R, Bisio M, Velazquez E, et al. Rapid detection of T. Cruzi by colorimetric loop-mediated
isothermal amplification (LAMP): A potential novel tool for the detection of congenital Chagas
infection. Diagn Microbiol Infect Dis. 2017; 89: 26—28. DOI: https://doi.org/10.1016/j.diagmicro-
bi0.2017.06.012

Cura C, Ramirez J, Rodriguez M, Lopez-Albizu C, Irazu L, Scollo K, Sosa-Estani S. Comparative
Study and Analytical Verification of PCR Methods for the Diagnosis of Congenital CD. J Mol Diagn.
2017; 19(5): 673-681. DOLI: https://doi.org/10.1016/j.jmoldx.2017.05.010

Besuschio S et al. Analytical sensitivity and specificity of a loop-mediated isothermal amplification
(LAMP) kit prototype for detection of Trypanosoma cruzi DNA in human blood samples. PLoS Negl Trop
Dis. 2017; 11(7). DOI: https://doi.org/10.1371/journal.pntd.0005779

Schijman AG. Molecular diagnosis of Trypanosoma cruzi. Acta Tropica. 2018; 184: 59—-66. DOI: https://
doi.org/10.1016/j.actatropica.2018.02.019

Riarte A, Luna C, Sabatiello R, Sinagra A, Schiavelli R, De Rissio A, Maiolo E, Garcia MM, Jacob
N, Pattin M, Lauricella M, Segura EL, Vazquez M. Chagas’ Disease in Patients with Kidney Trans-
plants: 7 Years of Experience, 1989-1996. Clinical Infectious Diseases. 1999; 29(3): 561-567. DOL:
https://doi.org/10.1086/598634

Altcheh J, Moscatelli G, Moroni S, et al. Adverse Events After the Use of Benznidazole in Infants and
Children With CD. Pediatrics. 2011: 127. DOI: https://doi.org/10.1542/peds.2010-1172

Pan American Health Organization. Guidelines for the diagnosis and treatment of Chagas disease.
Washington, DC: PAHO; 2019.

Cerisola JA. Chemotherapy of Chagas' infection in man. Scientific Publication PAHO. 1977; 347:
35-47.

Russomando G, De Tomassone M, De Guillen I, et al. Treatment of congenital chagas’ disease diag-
nosed and followed up by the polymerase chain reaction. American Journal of Tropical Medicine and
Hygiene. 1998; 59(3): 487—-491. DOI: https://doi.org/10.4269/ajtmh.1998.59.487

Schijman AG, Altcheh J, Burgos JM, et al. Aetiological treatment of congenital Chagas' disease diag-
nosed and monitored by the polymerase chain reaction. Journal of Antimicrobial Chemotherapy. 2003;
52(3): 441-449. DOLI: https://doi.org/10.1093/jac/dkg338

Moscatelli G, Moroni S, Garcia Bournissen F, Gonzalez N, Ballering G, Schijman A, Corral R,
Bisio M, Freilij H, Altcheh J. Longitudinal follow up of serological response in children treated for
CD. PLoS Negl Trop Dis. 2019; 13(8). DOI: https://doi.org/10.1371/journal.pntd.0007668
Alonso-Vega C, Billot C, Torrico F. Achievements and challenges upon the implementation of a
program for national control of congenital Chagas in Bolivia: results 2004-2009. PLoS Negl Trop Dis.
2013; 7(7). DOLI: https://doi.org/10.1371/journal.pntd.0002304

Moya PR, Paolasso RD, Blanco S. Treatment of CD with nifurtimox during the first months of life.
Medicina. 1985; 45(5): 553-558.

Blanco SB, Segura EL, Cura EN, et al. Congenital transmission of Trypanosoma cruzi: An operational
outline for detecting and treating infected infants in northwestern Argentina. Tropical Medicine and
International Health. 2000; 5(4): 293-301. DOI: https://doi.org/10.1046/j.1365-3156.2000.00548.x
Fragata-Filho A, Franca F, Fragata C, et al. Evaluation of parasiticide treatment with benznidazole
in the electrocardiographic, clinical, and serological evolution of CD. PLoS Negl Trop Dis. 2016; 10(3).
DOI: https://doi.org/10.1371/journal.pntd.0004508

Morillo C, Marin-Neto J, Avezum A, Sosa-Estani S, Rassi A Jr., Rosas F, et al. Randomized Trial
of Benznidazole for Chronic Chagas’ Cardiomyopathy. N Engl ] Med. 2015; 373(4): 1295-1306. DOI:
https://doi.org/10.1056/NEJMoa1507574

Sperandio da Silva G, Mediano M, Hasslocher-Moreno A, Holanda M, Silvestre de Sousa A,
Sangenis L, et al. Benznidazole treatment safety: The Medecins Sans Frontieres experience in a large
cohort of Bolivian patients with Chagas' disease. J Antimicrob Chem. 2017; 72(9): 2596—-2601. DOI:
https://doi.org/10.1093/jac/dkx 180

Garcia-Bournissen F, Moroni S, Marson M, Moscatelli G, Mastrantonio G, Bisio M, Cornou
L, Ballering G, Altcheh J. Limited infant exposure to benznidazole through breast milk during
maternal treatment for CD. Arch Dis Child. 2015; 100(1): 90-94. DOI: https://doi.org/10.1136/arch-
dischild-2014-306358



Art. 26, page 28 of 31 Echeverria et al: WHF IASC Roadmap on Chagas Disease

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.
109.

110.

111.

112.

113.

Moroni S, Marson M, Moscatelli G, Mastrantonio G, Bisio M, Gonzalez N, Ballering G, Altcheh
J, Garcia-Bournissen F. Negligible exposure to nifurtimox through breast milk during maternal treat-
ment for CD. PLoS Negl Trop Dis. 2019; 13(8). DOI: https://doi.org/10.1371/journal.pntd.0007647
Sguassero Y, Cuesta C, Roberts K, Hicks E, Comandé D, Ciapponi A, Sosa-Estani S. Course of
Chronic Trypanosoma cruzi Infection after Treatment Based on Parasitological and Serological Tests:
A Systematic Review of Follow-Up Studies. PLoS One. 2015; 10(10): e0139363. DOI: https://doi.
org/10.1371/journal.pone.0139363

Sguassero Y, Roberts K, Harvey G, Comandé, D, Ciapponi A, Cuesta C, Aguiar C, Castro
A, Danesi E, de Andrade A, de Lana M, Escriba J, Fabbro D, Fernandes C, Flores-Chavez M,
Hasslocher-Moreno A, Jackson Y, Lacunza C, Machado-de-Assis G, Maldonado M, et al. Course
of serological tests in treated subjects with chronic Trypanosoma cruzi infection: A systematic review
and meta-analysis of individual participant data. Int J Infect Dis. 2018; 73: 93—101. DOI: https://doi.
org/10.1016/j.ijid.2018.05.019

Sosa-Estani S, Segura E. Etiological treatment in patients infected by Trypanosoma cruzi. Experi-
ences in Argentina. Current opinion in infectious diseases. 2006; 19(6): 583-587. DOI: https://doi.
org/10.1097/01.qco.0000247592.21295.a5

Miiller Kratz J, Garcia Bournissen F, Forsyth CJ, Sosa-Estani S. Clinical and pharmacological pro-
file of benznidazole for treatment of CD. Expert Review of Clinical Pharmacology. 2018; 11(10): 943—
957. DOL: https://doi.org/10.1080/17512433.2018.1509704

Sosa Estani S, Segura E, Ruiz A, Velazquez E, Porcel B, Yampotis C. Efficacy of chemotherapy with
benznidazole in children in the indeterminate phase of CD. The American Journal of Tropical Medicine
and Hygiene. 1998; 59(4): 526—529. DOI: https://doi.org/10.4269/ajtmh.1998.59.526

Viotti R, Vigliano C, Lococo B, et al. Long-term cardiac outcomes of treating chronic CD with ben-
znidazole versus no treatment: A nonrandomized trial. Annals of Internal Medicine. 2006; 144(10):
724-734. DOI: https://doi.org/10.7326,/0003-4819-144-10-200605160-00006

Fabbro D, Streiger M, Arias E, Bizai M, del Barco M, Amicone N. Trypanocide treatment among
adults with chronic CD living in Santa Fe city (Argentina), over a mean follow-up of 21 years: Parasito-
logical, serological and clinical evolution. Revista da Sociedade Brasileira de Medicina Tropical. 2007,
40(1): 1-10. DOI: https://doi.org/10.1590/S0037-86822007000100001

Cardoso C, Ribeiro A, Oliveira C, Oliveira L, Ferreira A, Bierrenbach A, Silva J, Colosimo E, Fer-
reira J, Lee T, Busch M, Reingold A, Sabino E. Beneficial effects of benznidazole in CD: NIH SaMi-Trop
cohort study.. PLoS Negl Trop Dis. 2018; 12(11). DOIL: https://doi.org/10.1371/journal.pntd.0006814
Morillo C, Waskin H, Sosa-Estani S, et al. Benznidazole and Posaconazole in Eliminating Parasites in
Asymptomatic T. Cruzi Carriers: The STOP-CHAGAS Trial. Journal of the American College of Cardiology.
2017; 69(8): 939-947. DOI: https://doi.org/10.1016/].jacc.2016.12.023

Torrico F, Gascon J, Ortiz L, et al. Treatment of adult chronic indeterminate CD with benznidazole
and three E1224 dosing regimens: A proof-of-concept, randomised, placebo-controlled trial. The Lan-
cet Infectious Diseases. 2018; 18(4): 419-430. DOI: https://doi.org/10.1016/S1473-3099(17)30538-8
Molina I, Gomez I, Prat J, Salvador F, et al. Randomized Trial of Posaconazole and Benznidazole for
Chronic Chagas’ Disease. New England Journal of Medicine. 2014; 370(20): 1899-1908. DOI: https://
doi.org/10.1056/NE]Moa1313122

DNDi. Chagas BENDITA Study Briefing Document. 2019.

Forsyth C, Hernandez S, Flores C, Roman M, Nieto J, Marquez G, et al. “It's Like a Phantom
Disease”: Patient Perspectives on Access to Treatment for CD in the United States. The American Journal
of Tropical Medicine and Hygiene. 2018; 98(3): 735—741. DOL: https://doi.org/10.4269/ajtmh.17-0691
Andrade J, et al. Latin American guidelines for the diagnosis and treatment of Chagas’ heart disease:
Executive summary. Bras Cardiol. 2011; 96(43).

Filigheddu M, Gorgolas M, Ramos J. Orally-transmitted CD. Med Clin (Barc). 2017; 148(3): 125-131.
DOI: https://doi.org/10.1016/j.medcli.2016.10.038

Botoni FA, et al. ARandomized Trial of Carvedilol after Renin-Angiotensin System Inhibition in Chronic
Chagas Cardiomyopathy. American Heart Journal. 2007; 153(4). DOI: https://doi.org/10.1016/].
ahj.2006.12.017

Novartis Pharmaceuticals. Efficacy and Safety of Sacubitril/Valsartan Compared With Enalapril on
Morbidity, Mortality, and NT-proBNP Change in Patients With Chagas Cardiomiophaty (PARACHUTE-
HF). ClinicalTrials.gov. 2019.



Echeverria et al: WHF IASC Roadmap on Chagas Disease Art. 26, page 29 of 31

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Fernandes F. Colchicine for Patients With Chagas’ Disease (B1 Stage) (COACH). University of Sao Paulo
General Hospital; 2018.

Cardoso R, Macedo F, Garcia D, Benjo A, Aguilar D, et al. Chagas cardiomyopathy is associated
with higher incidence of stroke: A meta-analysis of observational studies. / Card Fail. 2014; 20(12):
931-938. DOL: https://doi.org/10.1016/j.cardfail.2014.09.003

de Sousa A, Xavier S, de Freitas G, Hasslocher-Moreno A. Prevention strategies of cardioem-
bolic ischemic stroke in Chagas’ disease. Argq Bras Cardiol. 2008; 91(5): 306—310. DOI: https://doi.
org/10.1590/S0066-782X2008001700004

Villar J, Rodriguez D. A Trial Testing Amiodarone in Chagas Cardiomyopathy (ATTACH). Identifi-
cation No. NCT03193749, 2017. [Online|. Available: https://clinicaltrials.gov/ct2/show/NCT031
93749.

Martinelli M. Amiodarone Against ICD Therapy in Chagas Cardiomyopathy for Primary Prevention of
Death (CHAGASICS). Identification No. NCT01722942. 2014. [Online]. Available: https://clinicaltrials.
gov/ct2/show/NCT01722942.

Kransdorf E, Zakowski P, Kobashigawa J. CD in solid organ and heart transplantation. Curr Opin
Infect Dis. 2014; 27(5): 418—424. DOI: https://doi.org/10.1097/QC0.0000000000000088

Clark E, Sherbuk J, Okamoto E, Jois M, Galdos-Cardenas G, et al. Hyperendemic CD and the Unmet
Need for Pacemakers in the Bolivian Chaco. PLOS Neglected Tropical Diseases. 2014; 8(6): e2801. DOI:
https://doi.org/10.1371/journal.pntd.0002801

Jackson Y, Alirol E, Getaz L, Wolff H, Combescure C, Chappuis E Tolerance and safety of
nifurtimox in patients with chronic CD. Clin Infect Dis. 2010; 51(10): e69-e75. DOI: https://doi.
org/10.1086,/656917

Hidron A, Gilman R, Justiniano J, Blackstock A, LaFuente C, et al. Chagas Cardiomyopathy in the
Context of the Chronic Disease Transition. PLOS Neglected Tropical Diseases. 2010; 4(5): e688. DOI:
https://doi.org/10.1371/journal.pntd.0000688

de Almeida AE, et al. Co-infection Trypanosoma cruzi/HIV: Systematic review (1980-2010) Rev Soc
Bras Med Trop. 2011; 44(6): 762—-770. DOI: https://doi.org/10.1590/S0037-86822011000600021
Ribeiro I, Sevcsik A, Alves F, Diap G, Don R, Harhay M, Chang S, Pecoul B. New, improved treat-
ments for CD: From the R&D pipeline to the patients. PLoS Negl Trop Dis. 2009; 3(7): e484. DOL:
https://doi.org/10.1371/journal.pntd.0000484

Kong A, Warren M, Edwards D, Karrar K, lyer JK. Are pharmaceutical companies making progress
when it comes to global health? Access to Medicine Foundation. May 2019.

Pratt B, Loff B. Linking Research to Global Health Equity: The Contribution of Product Development
Partnerships to Access to Medicines and Research Capacity Building. American Journal of Public Health.
2013; 103(11): 1968-978. DOI: https://doi.org/10.2105/AJPH.2013.301341

Sanchez-Valdéz F, Padilla A. In Situ Detection of Dormant Trypanosoma cruzi Amastigotes Using
Bioluminescent-Fluorescent Reporters. Methods Mol Biol. 2019; 1955: 179-186. DOI: https://doi.
org/10.1007/978-1-4939-9148-8_13

Beaumier C, Gillespie P, Strych U, et al. Status of vaccine research and development of vaccines for
CD. Vaccine. 2016; 34: 2996-3000. DOI: https://doi.org/10.1016/j.vaccine.2016.03.074

Jones K, Versteeg L, Damania A, et al. Vaccine-linked chemotherapy improves benznidazole efficacy
for acute CD. Infect Immun. 2018; 86. DOI: https://doi.org/10.1128/1A1.00876-17

Pinazo M-J, Pinto J, Ortiz L, et al. A strategy for scaling up access to comprehensive care in adults
with Chagas disease in endemic countries: The Bolivian Chagas Platform. PLOS Neglected Tropical Dis-
eases. 2017. DOI: https://doi.org/10.1371/journal.pntd.0005770

Batista C, Forsyth C, Herazo R, Certo M, Marchiol A. A four-step process for building sustainable
access to diagnosis and treatment of Chagas disease. Rev Panam Salud Publica. 2019; 43: e74. DOI:
https://doi.org/10.26633/RPSP.2019.74

Pennington P, Juarez J, Arrivillaga M, De Urioste-Stone S, Doktor K, Bryan J, Cordon-Rosales
C. Towards Chagas disease elimination: Neonatal screening for congenital transmission in rural
communities. PLoS Negl Trop Dis. 2017; 11(9): e0005783. DOI: https://doi.org/10.1371/journal.
pntd.0005783

Engam D, Engam B, Engam K. Chagas Heart Disease Pathogenesis: One Mechanism or Many? Current
Molecular Medicine. 2008; 8(6): 510-518. DOI: https://doi.org/10.2174/156652408785748004



Art. 26, page 30 of 31 Echeverria et al: WHF IASC Roadmap on Chagas Disease

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.
148.

149.

150.

151.

152.

153.

154.

155.

156.

Tanowitz HB, et al. Developments in the Management of Chagas Cardiomyopathy. Expert Review of
Cardiovascular Therapy. 2015; 13(12): 1393-1409. DOI: https://doi.org/10.1586/14779072.2015.110
3648

Chevillard C, et al. Disease Tolerance and Pathogen Resistance Genes May Underlie Trypanosoma
cruzi Persistence and Differential Progression to Chagas Disease Cardiomyopathy. Frontiers. 2018. DOI:
https://doi.org/10.3389/fimmu.2018.02791

Pinazo M, Thomas M, Bua J, Perrone A, Schijman A, Viotti R, Ramsey J, Ribeiro I, Sosa-Estani
S, Lopez M, Gascon J. Biological markers for evaluating therapeutic efficacy in Chagas disease: A sys-
tematic review. Expert Rev Anti Infect Ther. 2014; 12(4): 479-496. DOI: https://doi.org/10.1586/1478
7210.2014.899150

Albareda M, Laucella S. Modulation of Trypanosoma cruzi-Specific T-Cell Responses after Chemo-
therapy for Chronic Chagas Disease. Memorias Do Instituto Oswaldo Cruz. 2015; 110(3): 414—421. DOL:
https://doi.org/10.1590/0074-02760140386

Albareda M, et al. Distinct Treatment Outcomes of Antiparasitic Therapy in Trypanosoma cruzr-
Infected Children Is Associated With Early Changes in Cytokines, Chemokines, and T-Cell Phenotypes.
Frontiers in Immunology. 2018; 9. DOI: https://doi.org/10.3389/fimmu.2018.01958
Sanchez-Valdéz F, Padilla A, Wang W, Orr D, Tarleton R. Spontaneous dormancy protects Trypano-
soma cruzi during extended drug exposure. Elife. 2018; 7. DOI: https://doi.org/10.7554/eLife.34039
Mendoza N, de la Torre Avilé L. Chagas Workshop. Pasa la Voz project. 2016.

Sanmartino M, Saavedra A, Prat J, Barba M, Albajar-Vifias P. Que no tengan miedo de nosotros:el
Chagas segln los propios protagonistas. Interface — Comunicagdo, Saude, Educagdo. 2015; 19: 1063—
1075. DOI: https://doi.org/10.1590/1807-57622014.1170

Forsyth C. I Cannot Be Worried: Living with CD in Tropical Bolivia. PLoS Negl Trop Dis. 2017; 11(1).
DOI: https://doi.org/10.1371/journal.pntd.0005251

Sanchez D, Traina M, Hernandez S, Smer A, Khamag H, Meymandi S. CD awareness among Latin
American immigrants living in Los Angeles, California. The American Journal of Tropical Medicine and
Hygiene. 2014; 91(5): 915-919. DOI: https://doi.org/10.4269/ajtmh.14-0305

Ozaki Y, Guariento M, de Almeida E. Quality of life and depressive symptoms in CD patients. Qual
Life Res. 2011; 20(1): 133-138. DOI: https://doi.org/10.1007/s11136-010-9726-1

Ventura-Garcia L, Roura M, Pell C, Posada E, Gascon J, Aldasoro E, et al. Socio-Cultural Aspects of
CD: A Systematic Review of Qualitative Research. PLOS Neglected Tropical Diseases. 2013; 7(9): e2410.
DOI: https://doi.org/10.1371/journal.pntd.0002410

Oliveira W, Jr. All-around care for patients with CD: a challenge for the XXI century. Memorias do Insti-
tuto Oswaldo Cruz. 2009; 104(1): 181-186. DOI: https://doi.org/10.1590/S0074-0276 2009000900024
2nd Brazilian Consensus on CD. In Epidemiol. Brasilia; 2015.

Manual de procedimiento para la atencién de pacientes con enfermedad de Chagas. Plan Nacional de
Control y Prevencion de Enfermedad de Chagas Ministerio de Salud de Chile; 2017.

Ministerio de Salud de la Nacion. Chagas: Atencion del paciente infectado con Trypanosoma cruzi.
BAJA: Direccién de Epidemiologia, Buenos Aires; 2018.

Guia para el Diagnéstico, Atencion y Manejo Clinico de la Enfermedad de Chagas en Venezuela.
Republica Bolivariana de Venezuela Ministerio del Poder Popular para la Salud; 2014.

Ministério da Saude, Secretaria de Ciéncia, Tecnologia e Insumos Estratégicos. Protocolo
Clinico e Diretrizes Terapéuticas em Doenca de Chagas. Brazilian Ministry of Health, 2018.

Pérez- Molina J, Rodriguez-Guardado S, Soriano A, Pinazo M, et al. Guidelines on the treatment of
chroniccoinfection by Trypanosoma cruzi and HIV outside endemic areas. HIV Clin Trials. 2011; 12(6):
287-298. DOI: https://doi.org/10.1310/hct 1206-287

Pinazo M, Caiias E, Elizalde J, Garcia M, et al. Diagnosis, management and treatment of chronic
Chagas’ gastrointestinal disease in areas where Trypanosoma cruzi infection is not endemic. Gastroen-
terol Hepatol. 2010; 33(3): 191-200. DOI: https://doi.org/10.1016/j.gastrohep.2009.07.009

Gascon J, Albajar P, Caiias E, Flores M, et al. Diagnosis, management and treatment of chronic Cha-
gas’ heart disease in areas where Trypanosoma cruzi infection is not endemic. Rev EspCardiol. 2007,
60(3): 285-293. DOI: https://doi.org/10.1016/51885-5857(07)60153-4

Abbott, AstraZeneca, Bayer, Becton Dickinson, Bill & Melinda Gates Foundation, et al. London
Declaration on Neglected Tropical Diseases. London; 2012.

World Health Organization. Accelerating work to overcome the global impact of Neglected Tropical
Diseases. A Roadmap for Elimination. WHO; 2012.



Echeverria et al: WHF IASC Roadmap on Chagas Disease Art. 26, page 31 of 31

157. Mathers C, Ezzati M, Lopez A. Measuring the burden of neglected tropical diseases: The global bur-
den of disease framework. PLoS Negl Trop Dis. 2007; 1: e114. DOI: https://doi.org/10.1371/journal.
pntd.0000114

158. TDR, the Special Programme for Research and Training in Tropical Diseases. MosquitiaMed:
Shortening Distances Through Telemedicine. Social Innovation in Health Initiative; 2019. [Online].

159. Marcolino M, Palhares D, Ferreira L, Ribeiro A. Electrocardiogram and CD: A large population
database of primary care patients. Global Heart. 2015; 10(3): 167—172. DOI: https://doi.org/10.1016/j.
gheart.2015.07.001

160. Nascimento BR, Beaton AZ, Nunes MCP, et al. PROVAR+ (Programa de RastreamentO da VAlvopatia
Reumatica and Other Cardiovascular Diseases) investigators. Integration of echocardiographic screen-
ing by non-physicians with remote reading in primary care. Heart. 2019; 105(4): 283-90. DOI: https://
doi.org/10.1136/heartjnl-2018-313593

161. Cormick G, Ciganda A, Cafferata M, Ripple M, et al. Text message interventions for follow up of
infants born to mothers positive for CD in Tucuman, Argentina: A feasibility study. BMC Res Notes.
2015; 8. DOLI: https://doi.org/10.1186/s13104-015-1498-9

162. Jiang F, Jiang Y, Zhi H, Dong Y, Li H, Ma S, et al. Artificial intelligence in healthcare: past, present and
future. Stroke and Vascular Neurology. 2017; 2(4): 230-243. DOL: https://doi.org/10.1136/svn-2017-
000101

How to cite this article: Echeverria LE, Marcus R, Novick G, Sosa-Estani S, Ralston K, Zaidel EJ, Forsyth C, Ribeiro
ALP, Mendoza I, Falconi ML, Mitelman J, Morillo CA, Pereiro AC, Pinazo MJ, Salvatella R, Martinez F, Perel P, Liprandi
AS, Pifieiro DJ, Molina GR. WHF IASC Roadmap on Chagas Disease. Global Heart. 2020; 15(1): 26. DOI: https://doi.
org/10.5334/gh.484

Submitted: 27 December 2019 Accepted: 17 January 2020 Published: 30 March 2020
Copyright: © 2020 The Author(s). This is an open-access article distributed under the terms of the Creative Commons

Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited. See http://creativecommons.org/licenses/by/4.0/.

]U[ Global Heart is a peer-reviewed open access journal published by Ubiquity Press, OPEN ACCESS a



