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Clinical features of Chagas disease progression and severity
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Summary

Chagas disease, the most common form of nonischaemic cardiomyopathy globally, is one of the leading causes of
morbidity and mortality in Latin America. Chagas cardiomyopathy has a wide clinical spectrum and prognosis, which
is primarily determined by the severity of left ventricular dysfunction. Chagas disease also affects the brain, partic-
ularly manifesting as cardioembolic strokes and cognitive impairments. Disease progression is influenced by various
factors such as anti-parasite treatments, host—parasite interactions, and other determinants.

This review explores Chagas disease, covering clinical presentations, the range of severity of Chagas cardiomyopathy,
and neurological manifestations. We investigate factors that influence the progression of cardiomyopathy, including
anti-parasitic treatments, interactions between hosts and parasites, and the influence of social determinants on the
course of the disease. This review analyses key prognostic factors associated with the progression and mortality of
Chagas cardiomyopathy, offering insights into this potentially fatal illness.
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Overview of Chagas disease

Cardiovascular clinical presentation and severity
Chagas disease is the leading cause of infectious car-
diomyopathy worldwide,' representing the most frequent
and severe manifestation of this condition.”* Despite the
actual disease control, current estimates indicate a sig-
nificant burden, with approximately 1.2 million patients
affected by Chagas cardiomyopathy, which is the major
cause of mortality." While Chagas disease remains
endemic in Latin America, its epidemiology landscape
has been influenced by continuous migratory patterns,
elevating it to a global health concern.”

Chagas disease is caused by the protozoan parasite
Trypanosoma cruzi, which has a wide genetic variety,
including six distinct typing units (DTUs) known as Tcl-
TcVI. These DTUs are closely related to several epide-
miological, ecological, and clinical aspects of Chagas
disease throughout the Americas.’

The disease usually presents in an acute and a chronic
phase.” The acute phase has various clinical
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manifestations, the most common are nonspecific viral-
like signs and symptoms including fever, malaise, and
lymphadenopathy. The acute phase usually resolves
spontaneously after which patients remain chronically
infected if untreated, in a clinically asymptomatic chronic
phase called indeterminate form.** The acute phase
resulting from oral transmission differs significantly
from the vector-transmitted acute phase, characterised by
more severe myocarditis and a higher risk of death.’”

In the indeterminate form, sensitive diagnostic
techniques including radionuclide oesophageal scintig-
raphy, speckle tracking echocardiography, and cardiac
magnetic resonance imaging can reveal subtle alter-
ations in which prognosis value remains to be defined.®
Although this form generally carries a good prognosis,
T.cruzi infected individuals are at risk of progression to
heart or digestive disorders years after the acute phase.’
The earliest sign of progression is the development of
electrocardiographic (ECG) abnormalities, which pro-
vides the initial evidence of cardiac involvement.**

Chagas cardiomyopathy presents with a wide variety of
ECG abnormalities, ranging from nonspecific ST- and T-
wave abnormalities to advanced atrioventricular block and
ventricular tachyarrhythmias.” The most common abnor-
malities are right bundle branch block, left anterior
fascicular block, and diffuse ST-T changes.” A greater
number of typical ECG alterations are associated with the
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severity of the Chagas cardiomyopathy.® Although several
ECG changes have been reported in Chagas cardiomy-
opathy, some are more likely to be associated with left
ventricular dilation and dysfunction. Artificial Intelligence
(Al) can now understand the ECG’s digital information,
allowing for the creation of Al-powered systems capable of
diagnosing left ventricular systolic dysfunction. A previous
study using the AI-ECG algorithm to identify left ven-
tricular dysfunction in 1304 patients with Chagas disease
showed that the Al algorithm presented a high-level ac-
curacy in recognising ventricular dysfunction. Moreover,
during the course of the disease, the ECG shows pro-
gressive abnormalities that indicate worsening myocardial
damage and adverse outcomes."" Even in elderly patients
with comorbidities, the appearance of a new major ECG
abnormality predicts a higher risk of death.”

Chagas cardiomyopathy can present in a preclinical
phase characterised by asymptomatic ECG abnormalities
with preserved global left ventricular function.**** Subtle
changes in left ventricular segmental contractility were
detected either by conventional or speckle-tracking
echocardiography.' Patients then progress to left ven-
tricular dilation with dysfunction before the appearance
of heart failure symptoms. In some patients, right-sided
heart failure may be prominent. However, when clini-
cally apparent, right ventricular dysfunction is typically
linked to advanced left ventricular dysfunction.***

PROGRESSION OF CHAGAS CARDIOMYOPATHY

A classification for heart failure in Chagas cardiomy-
opathy taking into account the presence of general func-
tional and structural changes, and specifically assessing
left ventricular systolic function, facilitates the identifica-
tion of subgroups with distinct prognoses.” This classifi-
cation proves valuable in guiding patient management
strategies (Fig. 1). The incorporation of other cardiac im-
aging modalities, especially cardiac magnetic resonance
(CMR), provides relevant insights into left ventricular
function and the extent of myocardial fibrosis.

Chagas cardiomyopathy generally develops gradually
and steadily, although in some cases, it may have a more
sudden course.’ The clinical presentations of this con-
dition span a range of severity, from cases without
symptoms, known as “silent” cardiopathy, to thrombo-
embolic events, heart failure, and arrhythmias, which
are the three primary clinical syndromes."

Chagas cardiomyopathy typically manifests with heart
failure symptoms, including exertional dyspnoea leading
to a gradual reduction in physical activity. As the condi-
tion progresses, even mild exercise can induce dyspnoea,
and patients may experience orthopnoea or paroxysmal
nocturnal dyspnea.'*"* Additionally, dyspnoea may be
accompanied by fatigue, abdominal discomfort in
response to hepatic congestion, oedema, particularly in
the lower limbs, nausea, anorexia, and eventually,
cachexia.

A Stage A: Patients who are asymptomatic and have no structural heart or digestive conditions, as confirmed by ECG
and radiological studies (indeterminate form). At risk for developing cardiomyopathy.

Stage B1:Structural heart disease with normal global systolic ventricular function and no symptoms of
B 1 heart failure.

1" Stage B2: Structural heart disease with global systolic ventricular dysfunction
/ B 2 without symptoms of heart failure.

C Stage C: Global systolic ventricular dysfunction and prior

or current symptoms of heart failure.

Stage D: Symptoms of heart
D failure at rest, refractory to
optimized clinical treatment.

Fig. 1: Clinical features, electrocardiogram (ECG), and echocardiographic findings based on the stage of Chagas disease.
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Cardiac arrhythmia is a common feature in Chagas
cardiomyopathy, with ventricular ectopic activity being
predominant from the early stages of its natural course.>®
The involvement of the sinus node and atrioventricular
conduction system is also very common. Arrhythmias
can be asymptomatic or result in palpitations, dizziness,
shortness of breath, weakness, pre-syncope, syncope, or
cardiac arrest. Sudden death is the most threatening
manifestation of Chagas cardiomyopathy, frequently
caused by physical activity and can be linked with ven-
tricular tachycardia (VT), ventricular fibrillation (VF), and,
less frequently, asystole or total heart block (THB).'
Usually, the severity of ventricular arrhythmias corre-
lates with the degree of ventricular dysfunction.

Thromboembolic events are commonly observed in
Chagas cardiomyopathy, and they are a significant
contributor to mortality, ranking as the third most
common cause of death in this population.’ In a clinical
context, the main manifestation consists of thrombo-
embolic events affecting the brain, followed by embo-
lism to other systemic organs and limbs, as well as
pulmonary embolism. The prevalence of risk factors for
thromboembolic events can vary depending on the
phase of the natural history of the disease.”

Patients with Chagas cardiomyopathy frequently
report chest pain, often presenting as atypical angina,
which is triggered by physical exertion in the absence of
abnormalities in the epicardial coronary arteries. Pa-
tients with this condition may have abnormal myocar-
dial perfusion, indicating an underlying issue with the
regulation of myocardial blood flow at the microvascular
level.'®

The clinical presentation and prognosis of Chagas
cardiomyopathy have recently changed significantly due
to increased life expectancy, improved access to health-
care, and advances in heart failure treatment.”>"
Comorbidities become more common as people age,
posing new challenges for the management and risk
stratification of Chagas cardiomyopathy patients.
Furthermore, efforts have been directed toward early
disease diagnosis, to detect Chagas cardiomyopathy
before symptoms and complications.

Neurological manifestations of Chagas disease
Since his initial studies, Carlos Chagas recognised that
T. cruzi could affect the brain both acutely and chroni-
cally. As for other organs, the clinical manifestations of
acute cerebral infection are rare. Symptomatic pre-
sentations usually affect children under 2 years of age
and involve signs of meningoencephalitis (e.g., delirium,
seizures, focal neurological signs). While these cases have
high morbimortality, most patients enter into the chronic
phase without any neurological problems.

The brain is a preferential site for Chagas disease
reactivation during immunosuppression, for example,
in patients with HIV infection or undergoing an
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immunosuppressant regimen for organ trans-
plantation.”” In this context, the most common pre-
sentation is a tumour-like supratentorial lesion (also
referred to as brain ‘chagoma’) with seizure and focal
neurological signs.” This presentation is clinically
indistinguishable from other tumour-like lesions, such
as neurotoxoplasmosis, that are frequently associated
with HIV infection and other immunosuppressive
conditions. Therefore, a high level of clinical suspicion
is warranted when addressing people from endemic
regions to consider a reactivated acute form of Chagas’
disease as a potential differential diagnosis.

Cardioembolic strokes are a major concern when
managing people with chronic forms of Chagas disease.
Most patients present with an abrupt onset of partial
anterior cerebral circulation syndrome that includes
varying degrees of motor and/or sensory deficits
involving the face, and limbs; homonymous hemi-
anopia; and cortical dysfunction, such as aphasia.”!
Anatomopathological studies have reported incidence
of cerebral infarction in up to 35% of cases.” In a cohort
of 213 patients with Chagas disease cardiomyopathy,
Nunes et al. reported an incidence of 2.67 ischemic
cerebrovascular events (transient ischemic attack or
stroke) per 100 patients/year.'” A similar number was
found in a recent independent cohort by Cerqueira-Silva
et al.”? These authors also reported that stroke incidence
was higher in Chagas disease cardiomyopathy when
compared to non-Chagas patients with heart failure
(20.2 vs. 13.9 events per 1000 patient-years).> Risk fac-
tors for cardioembolic strokes in Chagas disease include
atrial fibrillation, left ventricle systolic dysfunction, api-
cal aneurysm, and left ventricle thrombus.”

In endemic areas, Chagas disease is a relevant risk
factor for ischemic stroke independent of the severity of
the underlying cardiomyopathy, suggesting that factors
other than thromboembolism are involved. Other cau-
ses, such as small vessel disease and atherosclerosis,
have been identified in these patients.”* Some authors
have also postulated that infection-driven microvascular
changes and autoimmune mechanisms may contribute
to the increased risk of stroke in this population, a hy-
pothesis that remains to be confirmed.” An important
gap in the literature refers to the limited evidence to
specifically guide primary and secondary prevention of
cardioembolic stroke in Chagas disease. A scoring sys-
tem to guide the decision of anticoagulation in this
population has been proposed but not externally vali-
dated and implemented.”” Thus, general cardiology
guidelines have been applied to the management of
Chagas disease patients in clinical practice.”

The existence of a ‘chronic nervous form’ of the
disease, characterised by chronic behavioural and
cognitive symptoms, was originally proposed by Carlos
Chagas."””* This form could represent the sequelae of
the acute phase meningoencephalitis and/or infection-
related progressive neurodegeneration.””* However,
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clinical and anatomopathological evidence has not
confirmed its existence. For most authors, the neuronal
loss and brain atrophy described, respectively, in path-
ological and neuroimaging studies represent the
consequence of hypoxemia resulting from Chagas dis-
ease cardiomyopathy.”” Despite the highly controversial
nature of this ‘chronic nervous form’, it is indisputable
that patients with Chagas disease, especially those with
cardiomyopathy, display a high frequency of behavioural
(e.g., anxiety and depression) and cognitive impair-
ments.*”*" Finally, it is important to acknowledge pe-
ripheral dysautonomia as a possible neurological
manifestation of Chagas disease leading to cardiovas-
cular, gastrointestinal, among other symptoms.**

Chagas disease progression

Impact of the anti-parasite treatment on
progression

Treatment of T. cruzi infection still relies on drugs
licensed more than 50 years ago: nifurtimox (launched by
Bayer in 1965) and benznidazole (launched by Roche in
1971). The safety profile of both drugs is far from ideal,
with frequent adverse events and high rates of drug
discontinuation, mainly in adults. Although in the acute
phase of the disease and in cases of reactivation, there is
consensus on the indication for treatment, in the chronic
phase there is still a high degree of uncertainty. Currently,
parasiticidal treatment is offered to patients with chronic
Chagas disease in the indeterminate phase, especially pa-
tients under 18 years of age.”* Serological cure is achieved
in up to 100% of patients with congenital disease treated
during the first year of life and in 76% of patients with
acute disease. Moreover, the efficacy of treatment seems to
decrease as time passes since the incidence of primary
infection and is very poor when visceral involvement is
established (60-93% in children aged up to 13 years and
2-40% in adults with late chronic disease.”

There is little evidence on the potential impact of
treatment on the course of Chagas cardiomyopathy. In
patients with cardiomyopathy, treatment should be
offered to those with mild and moderate involvement.

Observational studies have demonstrated clinical
benefit in both survival and disease progression.*—¢ A
recent meta-analysis of these observational studies
found a modest effect of treatment with benznidazole
on disease progression.” The odds ratio (OR) for the
progression of cardiac disease in patients treated with
benznidazole versus placebo was OR 0.49 (95% CI:
0.2-1.2). Only one prospective observational study
found a significant reduction of the risk of clinical
progression in those treated with benznidazole (OR:
0.27; 95% CI: 0.1-0.5).** In contrast, the single rando-
mised placebo-controlled clinical trial designed to assess
the effect of benznidazole on clinical progression failed
to demonstrate any effect in reducing the progression of
heart disease in a large adult population with moderate

to severe cardiomyopathy followed during 5 years.”
Although the conclusions of this study are not gen-
eralisable to all patients in the chronic phase of the
disease, it does suggest that treatment with benznida-
zole is not beneficial and should be contraindicated in
advanced stages of the disease.

Risk factors related to host and parasite

Over the years to decades, about 30-40% of these patients
progress to the determinate phase of the disease, charac-
terised by cardiac and/or gastrointestinal manifestations.®
The progression from the indeterminate form to the
cardiac form of the disease is due to the sum of several
factors dependent on both the host and the parasite.

There is increasing evidence on predisposing factors
to organ damage in patients with chronic Chagas disease;
especially a pivotal role of the host’s genetic background
in regulating the innate and specific immune response
against the parasite, which leads to tissue damage when it
is improperly regulated.” Different HLA class I and II
polymorphisms have been identified as protective or
predisposing factors to the development of chagasic car-
diomyopathy in different Latin-American populations.
The highly polymorphic HLA class I and II molecules
determine the efficiency of presentation of the T. cruzi
epitopes to CD8+ and CD4+ T cells, respectively. This
modulation of the immune response could have an
impact on the clinical expression of the disease.

The production of cytokines is under genetic control
and is influenced by polymorphisms in several cytokine
genes. Cytokines polymorphisms have also been asso-
ciated with Chagas disease and its progression, such as
TNF, lymphotoxin-a, I1L6, IL1B, IL-10, IL-4, TGF-8, IL-
12, macrophage migration inhibitory factor and che-
mokine ligand 9.“* Despite the data heterogeneity and
the geographical variations in the findings, it is known
that patients’ genetic background influences the pro-
duction of TH1/TH2/T regulatory cytokines, thereby
modulating the clinical progression of the Chagas dis-
ease since an immune response dysregulation leads to
the development of the cardiac form.

Recent sequencing techniques such as GWAS have
provided new data on the genetic determinants of the
disease and immunological traits. These studies have
identified new loci associated with a higher risk for
developing Chagas cardiomyopathy (locus tagged by
rs34238187 and located on chromosome 18 mnear
C180rf42 and rs2458298 near SAC3D1 NAALADLI on
chromosome 11).“** Subsequently, it has been observed
that these regions had higher methylation levels in pa-
tients with cardiomyopathy compared to controls. More-
over, other regions such as the CCDC88B gene, an
inflammation-related gene, were also hypermethylated.
This confirms the regulation of gene expression in an
area already related to Chagas cardiomyopathy and re-
veals the regulation of gene expression of an inflamma-
tion.”** Interestingly, the genetic background has not
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only been associated with disease expression. A recent
study has associated the variant of the PPP3CA gene with
a protective effect against acquiring Chagas disease in
Amazonian populations in the past, which probably led to
a reduction in the prevalence of carriers.”

The diversity of T. cruzi strains and the multiplicity
of their genotypes and phenotypes have long been rec-
ognised. Currently, these strains are grouped into seven
discrete typing units (DTUs), TcI-TcVI, and Tcbat. This
genetic diversity has been related to geographical dis-
tribution, pathogenesis, clinical features, and response
to serological tests and therapy.* Since the discovery of
this genetic diversity, attempts have been made to
correlate genotypic variability with phenotypic expres-
sion. Despite some progress, our ability to draw defin-
itive conclusions remains somewhat constrained.
Moreover, some DTUs seem to contribute to increased
risk of certain morbidities. The alignment of the dis-
tribution of T. cruzi DTUs and disease severity has led to
a general, though not absolute, association between TcIl
and acute and/or milder chronic cardiac disease and
Tcll, TcV, and TcVI and more severe chronic cardiac.”

Despite the persistence of the parasite in the tissue is
well recognised as the underlying cause of the pro-
gression to myocardiopathy, it is still controversial
whether the parasitaemia is associated with the cardiac
form.”! A recent meta-analysis failed to demonstrate a
correlation between parasitaemia through PCR and
CCC.* In only two studies, the proportion of PCR
positivity was significantly greater within Chagas car-
diomyopathy. Both studies were performed in endemic
regions, suggesting the potential role of reinfections as a
relevant factor in the progression of the disease.”

Social determinants of progression

Chagas disease is strongly associated with poor housing
conditions in rural Latin American subsistence-level
agricultural communities, providing the ideal domestic
and peridomestic habitat for the triatomine vectors.®
Thus, Chagas cardiomyopathy, including severe forms,
is more frequent among older men from endemic re-
gions and specifically among those who spent their
childhood and youth living in rural impoverished condi-
tions compared to those who grew up under more
favourable socioeconomic circumstances.” Contempo-
rary medical management of arrhythmias and congestive
heart failure, pacemaker and implantable cardioverter-
defibrillators (ICD), and cardiac transplantation have all
greatly improved quality of life and prolonged survival
among patients with Chagas cardiomyopathy.'> However,
limited or lack of access to health resources translates to a
poorer prognosis.”*

Studies comparing quality of life indicators between
groups of people with and without Chagas disease show
worse scores for people with Chagas disease, particularly
those who are living alone, obese, and with low educa-
tional attainment.” It is less clear whether socioeconomic
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vulnerability independently affects the occurrence and
progression of cardiomyopathy within the T. cruzi-infected
population. The decades-long delay between initial infec-
tion and the earliest manifestations of Chagas cardiomy-
opathy complicates analyses that attempt to establish a
causal link between social determinants and progression
risk. By the time cardiac manifestations are detected, the
individual may be living under radically different condi-
tions and/or in an entirely different location from the one
in which infection occurred. Theoretical mechanisms
through which socioeconomic disadvantage could mediate
the risk of cardiac progression include repeated exposure
to the parasite in persistently infested housing (a surrogate
for which could be the length of time living in a highly
endemic/impoverished area), access to quality healthcare
(specifically, access to anti-trypanosomal treatment early in
life), nutritional factors, and intense physical activity based
on occupation. Human data relating to these factors are
sparse, and no published data are available describing the
impact of food insecurity, unemployment, unstable hous-
ing, or structural conflict on the progression of Chagas
disease.

Repeated exposure to T. cruzi

Since the 1920s, Chagas disease experts have hypoth-
esised that repeated exposure to the parasite is a key
factor driving the risk of Chagas cardiomyopathy based
on clinical observations in highly affected villages before
and after the institution of vector control. For example,
typical village homes near the highly endemic Bolivian
and Argentine Chaco are often constructed of natural
materials (such as mud, wood, and thatch), creating
many crevices that represent an ideal habitat for the
Triatomine vector. **” Thus, people living in such
homes are likely repeatedly exposed to infected Tri-
atomines, even after vector control programs are insti-
tuted in these areas of high endemicity.”*

Elimination of parasitaemia in mouse models of
chronic infection prevents progression to end-organ
disease® while repeated infections with the same or
diverse T. cruzi strains increase the risk of cardiac pro-
gression.®’ Detection of parasitaemia in humans with
chronic Chagas disease is a risk factor for progression to
Chagas cardiomyopathy in some studies.”*

Reinfection. ~ While it is plausible that repeated T. cruzi
infection could play a role in the progression to Chagas
cardiomyopathy,® reinfection cannot be directly measured
in humans. Detection of multiple circulating T. cruzi
strains by molecular techniques has been proposed as a
proxy, but these could have been acquired simultaneously
from a vector with a mixed infection. Therefore, direct
human evidence for an association between repeated in-
fections and cardiac progression is lacking.

Vector control programs. Residence in poor housing
(which facilitates human exposure to the Triatomine
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vector) may be an independent predictor of Chagas
cardiomyopathy severity.”> Many studies show a shift in
the pattern of age-specific prevalence of cardiac findings
attributable to Chagas disease as vector control pro-
grams have become widespread and effective at elimi-
nating house infestation.’ In a community survey after a
successful vector control program in Venezuela, severe
Chagas cardiomyopathy was observed to be less preva-
lent and to occur at older ages.* Nevertheless, the
post-vector control survey showed no difference in age-
specific prevalence of ECG abnormalities among infec-
ted individuals, compared to historical surveys prior to
institution of vector control.

Length of residence in an endemic area. A Brazilian case—
control study of people with Chagas disease and charac-
teristic ECG changes versus those with normal ECG* did
not show an association between cardiomyopathy and
length of residence in an endemic area. However, an
association was found between cardiomyopathy risk and
having a sibling with one of the following factors: heart
disease, death due to heart disease, sudden death or
pacemaker, suggesting a possible genetic link. A study in
Bolivia compared people with Chagas disease and a low
versus normal left ventricular ejection fraction; the final
multivariable model demonstrated that more severe dis-
ease was associated with male sex, older age, and decades
living in housing with earthen walls and floor; no asso-
ciation was found with overweight, hypertension, coro-
nary artery disease, diabetes or positive results by PCR.*
In a more recent analysis conducted as part of a
congenital Chagas disease study, years of living in a
house infested with triatomes was used as a proxy for the
likelihood of repeated exposure.” The study was con-
ducted in the Bolivian Chaco, where intense house
infestation was still widespread in rural villages and
>20% of children had T. cruzi infection in a survey con-
ducted around the same time,”” as well as in the city of
Santa Cruz. Among women with Chagas disease aged
13-46 years, 28 (9.3%) had ECG abnormalities consistent
with Chagas cardiomyopathy. The risk of cardiomyopathy
rose by 6% per year of living in an infested house with a
strong dose-response relationship, supporting the hy-
pothesis that chronic exposure to the parasite may play a
role in pathogenesis.

Access to healthcare

Adequate access to health services, specifically to anti-
trypanosomal treatment, is necessary to reduce the
risk of progression to Chagas cardiomyopathy. Unfor-
tunately, healthcare access is challenging for a variety of
reasons in many endemic regions. A Brazilian cohort
study of 1637 people with Chagas disease suggested that
those residing in areas with fewer physicians per thou-
sand inhabitants, those living in municipalities with

lower Primary Health Care coverage, and (with border-
line significance) those who had never used benznida-
zole had a higher likelihood of developing cardiac
complications.”® An Argentine cohort study of 801
Chagas disease patients found that those with medical
insurance and more years of education were less likely
to progress to Chagas cardiomyopathy.®

Nutritional factors

The typical diet of people living in rural highly endemic
parts of the Chaco typically comprises primarily complex
carbohydrates with occasional meat (ranging from game
to goats to beef), though inclusion of cheap processed
foods is gradually becoming more common.”””" While
nutritional factors have not been extensively studied as
potential factors in Chagas cardiomyopathy, diet and lipid
metabolism may be important factors that influence pro-
gression from indeterminate form to Chagas cardiomy-
opathy.”” These factors are challenging to interpret as
determinants of cardiac progression given that significant
variability exists in the diet and nutritional status of people
from different socio-economic backgrounds and those
who have migrated from rural to urban communities.

Diabetes risk factors. Hyperglycaemia appears to be
more common in people with Chagas cardiomyopathy
compared to age, sex, and BMI-matched groups with
indeterminate chronic Chagas disease and people
without Chagas disease.”” This observation could be
related to diet and/or food insecurity. Importantly, a
simple carbohydrate-rich diet is often associated with
both poverty”* and cardiovascular disease.”

Additional evidence supports other metabolic risk
factors for Chagas-related heart disease. In some
studies, patients with Chagas cardiomyopathy are re-
ported to have increased myocardial lipid levels.”” Mu-
rine models indicate that consumption of a high-fat diet
during indeterminate chronic Chagas disease may alter
lipid metabolism, facilitating progression to Chagas
cardiomyopathy.” A Brazilian cross-sectional study of
361 people with chronic Chagas disease reported a high
prevalence of metabolic syndrome.”

Trace minerals, specifically selenium.  The association of
deficiency of the essential trace element selenium with
other heart diseases led researchers to investigate its
potential role in the progression of Chagas cardiomyop-
athy. Major dietary sources of selenium include meat,
fish, and eggs. Poverty is therefore likely to be associated
with lower selenium intake, although this connection has
not been explicitly evaluated in studies of Chagas disease.
In an observational study in Brazil, Chagas cardiomyop-
athy patients with NYHA class II-IV had significantly
lower selenium levels than those in NYHA class I-II and
healthy controls.”* However, a subsequent clinical trial
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among 66 patients in Chagas cardiac class B1 and B2
failed to demonstrate a significant impact of selenium
supplementation on maintenance of LVEF at 1 year.”

Alcohol, tobacco, and recreational drug use. The influ-
ence of alcohol, tobacco, and recreational drug use on
progression to Chagas cardiomyopathy have been eval-
uated by few studies®**; no independent association has
yet been identified.

Physical activity
Physical exercise has been hypothesised to prevent
progression to Chagas cardiomyopathy, and this hy-
pothesis is supported by murine studies such as one
comparing T. cruzi infected sedentary mice to mice
undergoing an exercise program; while both groups
showed similar cardiac parasite loads, the exercised
mice developed less cardiac fibrosis.*" Limited available
human studies variably support physical activity as a risk
factor for progression to Chagas cardiomyopathy.
While data on the social determinants impacting the
progression of Chagas disease are sparse, important
goals for clinicians and public health officials caring for
populations at risk for Chagas disease should include (1)
improving housing quality to prevent infection/rein-
fection, (2) strengthening vector control programs, and
(3) facilitating healthcare access.

Chagas cardiomyopathy risk stratification

Chagas cardiomyopathy exhibits significant variability in
its clinical course and prognosis. The classification,
based on the severity of ventricular dysfunction and
adapted from the American Heart Association (AHA), is
employed to assess prognosis (Table 1). While many
patients remain asymptomatic in the indeterminate
form throughout their lives, there is a risk of progres-
sion to cardiomyopathy at a mean annual rate of 1.9%.%
Individuals who experienced the acute phase of Chagas
disease have a higher risk of developing chronic car-
diomyopathy, with a global estimate of 4.6% annually.*

Clinical-ECG

Imaging

Other methods

Male gender

Advanced age

NYHA functional class Ill/IV*
High heart rate

Atrial fibrillation
Pathological Q waves
Increased QRS duration
Increased QT dispersion

Reduced LVEF*

RV dysfunction

LV diastolic dysfunction
Myocardial fibrosis

Low speckle tracking strain
Mechanical dispersion
Perfusion defects

Impaired sympathetic

Cardiomegaly

Anti-T. cruzi antibody titer
Increased BNP/NT-ProBNP
T wave amplitude variability
Non-sustained VT*

Decreased exercise time

Reduction of maximal O, consume

VT at the EF study

innervation

Abbreviations: EF, electrophysiological study; LV, left ventricular; LVEF, left ventricular ejection fraction; NYHA,
New York Heart Association; RV, right ventricular; VT, ventricular tachycardia. *Three key risk factors are NYHA
functional class 11I/IV, left ventricular systolic dysfunction, and ventricular electrical instability, mainly
determined by the presence of non-sustained ventricular tachycardia (NSVT) on 24-h Holter.

Table 2: Risk factors reported to be associated with mortality in Chagas cardiomyopathy.

In recent decades, the occurrence of cardiomyopathy
linked to Chagas disease has been consistently
decreasing due to successful vector control. A study with
499 blood donors with Chagas disease found that the
annual progression to cardiomyopathy was 0.92%.%
Nevertheless, if the patient develops cardiomyopathy,
the prognosis worsens with an increased likelihood of
mortality. An estimated annual mortality rate of 7.9%
was found in a meta-analysis of 52 studies on patients
with cardiomyopathy.* There was significant variation
in mortality rates based on the specific characteristics of
the populations in each study. Patients in stages C and
D with left ventricular systolic dysfunction and overt
heart failure have a mortality rate of 22.4% per year.*

Prognostic factors in Chagas cardiomyopathy have
been increasingly recognised, allowing to identify pa-
tients at different risk levels. Several variables derived
from different methods including clinical examination,
ECG, Holter monitoring, stress testing, cardiopulmo-
nary testing, chest X-ray, echocardiogram, and CMR are
used to assess the severity of cardiomyopathy and guide
mortality risk assessment (Table 2). Three key patho-
physiologic characteristics of the disease should be
considered. These risk factors consist of overt heart

Indeterminate form

Chagas cardiomyopathy

Segmental contractility abnormalities Usually absent

Complex ventricular arrythmia®
Myocardial fibrosis on CMR

Usually absent
Can be detected

beats occurring in pairs or runs on a 24-h Holter monitor.

Stage A® Stage Bl Stage B2 Stage C Stage D
NYHA functional class | | | 1, 11, 1l or IV \%
Electrocardiogram Normal Abnormal Abnormal Abnormal Abnormal
Cardiomegaly on radiography Absent Absent May be present Usually present Present

May be present
Left ventricular ejection fraction (%) >55% >55%

May be present
Usually detected

Abbreviation: CMR, Cardiac magnetic resonance. “At risk of developing cardiomyopathy in the absence of structural heart and digestive disease. bVentricular premature

May be present
<55% (41%-54%)
Usually present
Usually detected

May be present
<55% (<40%)
Present
Detected

May be present
Usually <25%
Present
Detected

Table 1: Chagas disease classification based on clinical stages.
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Search strategy and selection criteria

The material covered was sourced from searches conducted
in PubMed, Scopus, and Google Scholar. The search utilised
combinations of MeSH terms such as “Chagas Disease,”
“Trypanosoma cruzi infection,” “Disease Progression,” and
“Chagas cardiomyopathy,” alongside free text terms like
“Neurological manifestations,” “Risk factors progression,”
and “Social determinants of progression.” Filters applied
included language restrictions to English, Portuguese, and
Spanish and study types including reviews, clinical trials,
cohort studies, and case-control studies. Additionally,
reference lists of selected key articles were reviewed to
identify further relevant studies.

failure, NYHA functional class III/IV, left ventricular
systolic dysfunction, and ventricular electrical insta-
bility, mainly determined by the presence of non-
sustained ventricular tachycardia (NSVT) on 24-h
Holter monitoring.*

Several studies have examined the prognosis of
Chagas cardiomyopathy, identifying different risk fac-
tors, such as reduced left ventricular ejection fraction,
right ventricular systolic dysfunction, left ventricular
diastolic dysfunction, increased left atrial volume, and
alterations in myocardial strain indices. Certain alter-
ations in the electrocardiogram were also indicative of
adverse outcomes, particularly variability in T-wave
amplitude, QT interval dispersion, reduced heart rate
variability, and prolonged QRS complex duration. The
Selvester QRS score is a useful clinical tool for assessing
changes in ventricular depolarization recorded by a 12-
lead ECG, which are associated with myocardial scar-
ring and prognosis.®

Cardiac magnetic resonance (CMR) imaging plays a
pivotal role in risk stratification for patients with Chagas
cardiomyopathy. The presence and extent of myocardial
fibrosis were correlated with poor prognosis. Similarly,
elevated plasma levels of B-type natriuretic peptides
(BNP and NT-proBNP) were significant predictors of
mortality. When considered individually, variables
associated with a worse prognosis generally exhibit low
positive predictive value, limiting their use. Therefore,
there has been a shift towards investigating risk scores
prognostic models constructed from diverse combina-
tions of demographic, clinical, and laboratory parame-
ters. However, these scores can be challenging to
integrate into daily practice.

Rassi et al.* developed and validated a widely used
risk score for predicting all-cause mortality in Chagas
cardiomyopathy. In the original cohort of 424 patients
followed for an average of 7.9 years, the overall mortality
rate was 31%. Patients were divided into low, medium,
and high-risk groups, with 10-year mortality rates of
10%, 44%, and 84%, respectively. Another risk score has

been developed to predict death during 2 years in pa-
tients with Chagas cardiomyopathy.” This score in-
cludes five variables that can be easily assessed at public
health primary care units, making it a reliable tool for
risk stratification in community-based patients. How-
ever, the proposed scores have limitations to use in
routine medical care as complementary exams are not
readily available in the limited-resource setting. Thus,
diagnosis at a subclinical stage is the best approach to
therapeutic decision-making in patients with Chagas
cardiomyopathy to prevent disease progression.

Summary and conclusions

We provide an overview of the clinical manifestations of
Chagas disease, with a particular focus on cardiovascu-
lar and neurological presentations. This aims to improve
understanding of the wide range of clinical aspects of
the disease. Moreover, we meticulously outline the main
factors that impact the disease progression and severity.
Through the identification of these determinants,
healthcare providers can accurately categorise risk and
tailor therapies accordingly, leading to improved patient
care and overall prognosis.
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