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Chagas Disease: An Unknown
and Neglected Disease

Ricardo Brandt de Oliveira, Cristina Ballart,
Alba Abras, Montserrat Gallego,
and J. Antonio Marin-Neto

1.1 Description of the Parasite and Taxonomy

Trypanosoma cruzi (T. cruzi) is a flagellated protozoan parasite with the follow-
ing taxonomic classification [1, 2]: kingdom: Protista, phylum: Euglenozoa,
class: Kinetoplastea, order: Trypanosomatida, family: Trypanosomatidae, genus:
Trypanosoma, subgenus: Schyzotrypanum, species: T. (S.) cruzi.

The whole-genome sequence of 7. cruzi was published in 2005 [3], providing
important information about the biology of the parasite. 7. cruzi DNA 1is distributed
among two structures, the nucleus and the kinetoplast [4]. The nuclear DNA is
located inside the cellular nucleus, enveloped by the typically porous eukaryotic
membrane, and containing a high number of repetitive sequences [4, 5]. The class
Kinetoplastea is characterized by the presence of the so-called kinetoplast, an
organelle with an extracellular DNA network corresponding to the mitochondrial
genome of the parasite [6]. Kinetoplast DNA (kDNA) represents around 30% of the
whole cellular DNA [4, 7] and is composed by two types of circular molecules,
maxicircles and minicircles [6].
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T. cruzi presents various morphological, biochemical, and genetic changes along
its life cycle that results in the differentiation of several morphological forms when
it is hosted in the vertebrate and invertebrate hosts. Non-replicative forms are trypo-
mastigotes, present in the bloodstream of mammalian hosts and in the vector’s gut,
while epimastigotes and amastigotes are the replicative forms found in the insect
midgut and mammalian cells. Intermediate forms during metacyclogenesis occur
[8]. When stained, the bloodstream trypomastigotes, of about 20 pm of length,
adopt a curved C or S shape, with a sharply pointed posterior end containing a large
subterminal kinetoplast and a long and undulating membrane, which forms a free
flagellum in the anterior region [9]. The nucleus is located centrally in the epimas-
tigote and trypomastigote stages, while the flagellum and kinetoplast are reposi-
tioned from the anterior to the posterior region of the cell body along
metacyclogenesis. Distinct kDNA topologies exist between the different stages of
the parasite [8].

Natural populations of 7. cruzi have a high level of genetic diversity. The taxon-
omy of the parasite has been always difficult and the risk of misidentification has
increased due to the lack of standardized molecular typing methods and the use of
alternative nomenclatures [10]: biodemes [11], zymodemes [12, 13], clones [14,
15], schizodemes [16], and discrete typing units (DTUs) [17], among others. This
led to a great confusion in the denomination of the proposed groups [18].

In 1999, an international consensus was finally reached on the designation of two
lineages of 7. cruzi, named as Tcl and Tcll [19]. More recently, Tcll was divided
into five subgroups (Tclla—Tclle) [20, 21], which were then re-nominated by the
current classification of the six DTUs: Tcl-TcVI [22]. Although this latest revision
did not include subdivisions for Tcl, a great genetic variability within this lineage
has been reported [23, 24]. T. cruzi genotypes present different distribution in
endemic regions and in transmission cycles [25]. Subsequently, a seventh DTU with
a single molecular pattern was first isolated from bats in Brazil and was named as
Tcbat [26]. The concept of DTU refers to a set of stocks genetically closer to each
other than to any other stock that are identifiable by common genetic, molecular, or
immunological markers [17]. Thus, strains included in a DTU should not be consid-
ered as a single clone but as multiple clones or families of clones closely related
because they share determinate patterns with groups of molecular markers but usu-
ally can be distinguished using higher resolution markers [27, 28].

1.2  History of Chagas Disease

The first evidence of T. cruzi infection in humans comes from 9000-year-old
Chinchorro mummies from Pre-Columbian Andean countries [6, 29, 30].
Chinchorros were the first civilization to establish themselves along the South
American coastal region of the Atacama Desert, in southern Peru and northern Chile
[31, 32]. The description of lesions compatible with Chagas disease with PCR-
positive results demonstrates the antiquity of the infection and disease in humans [6,
29, 31, 33, 34]. Further evidence of American trypanosomiasis in Pre-Columbian
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times comes from Peruvian ceramics dated to the thirteenth to sixteenth centuries
showing possible representations of Chagas disease [35]. Beginning in the sixteenth
century, and coinciding with the Spanish conquest, patients with symptoms compat-
ible with Chagas disease began to be described [36, 37]. There were also stories
about the insect vector, long before discovering its role in the transmission of the
disease, such as the one written in 1835 in the diary of Charles Darwin (1809-1882)
during his trip aboard the Beagle [37].

In 1908 the Brazilian hygienist and bacteriologist Carlos Ribeiro Justiniano das
Chagas (1879-1934), during one of his campaigns against malaria in Lassance
(State of Minas Gerais, Brazil), was warned by the workers who were building the
Brazilian Central Railway of the presence of large blood-sucking insects that bite
them at night. Observing preparations of the insects in the microscope, he discov-
ered the presence of a flagellated protozoan in his feces. After consulting his teacher,
the doctor, bacteriologist, and epidemiologist Oswaldo Gongalves Cruz (1872-1917),
he inoculated the parasite in healthy monkeys and later observed the protozoan in
the blood. He also managed to isolate the parasite from other laboratory animals and
named it Schizotrypanum cruzi, known today as 7. cruzi, in honor of his mentor
Oswaldo Cruz. Thus, the classic postulates of an infectious disease were fulfilled:
isolating the parasite, identifying the vector, associating with disease in inoculated
animals [37, 38].

Chagas was convinced that he had discovered a pathogenic organism that
caused a disease in humans, but he did not know what pathology it was. In 1909,
he extracted blood from numerous people in Lassance in search of the parasite
and, finally, managed to find it in the blood of a 2-year-old girl, named Berenice,
who had fever, facial edema (later called Romafa’s sign), hepatosplenomegaly,
and swollen lymph nodes [39, 40]. Chagas communicated the disease and it was
soon known by the name of its discoverer, Chagas disease [41]. In 1912, Chagas
identified the parasite in an armadillo and gradually it was found in other wild
reservoirs, evidencing the zoonotic nature of the disease. However, other
researchers have also contributed to related findings [42, 43]. Carlos Chagas was
nominated for the Nobel Prize in 1913 and 1921 but was never awarded, possibly
due to the hard opposition of some of his contemporary physicians and research-
ers [37, 40].

1.3  Natural History of Chagas Disease

Chagas disease presents a zoonotic character, in which the parasite 7. cruzi circu-
lates between triatomine insects and sylvatic and domestic mammal reservoirs as
well as humans [44, 45]. Human infection with 7. cruzi occurs through contact with
the vectors, that transmit the parasites when defecating while biting their hosts, or
through their feces that contaminate juices or other foods that are ingested [46, 47].
Other transmission routes are by congenital transplacental infestation and blood
transfusion, and less frequently by organ transplants, laboratory accidents, handling
of infected animals, ingestion of uncooked meat from infected animals, or it has
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even mentioned the sexual route [47, 48]. After an initial blood phase, the survival
of the parasite depends on its ability to invade nucleated cells of the host [49].

Chagas disease occurs naturally in Latin-American countries where the disease
is still considered mostly rural, harbored by people with lower socioeconomic status
and poor domestic hygiene habits, wherever the kissing bugs could find the best
conditions to live [50, 51]. Nevertheless, migratory movements and globalization
have made it present in other regions, mainly in the United States and Spain in
Europe [52, 53]. The possibility of the other transmission routes has allowed the
presence of autochthonous cases of Chagas disease in these non-endemic countries
where the disease can occur in urban settings [54].

The disease occurs in two clinical phases, acute and chronic; the latter may
present a long initial asymptomatic period, characterized as the indeterminate form
of Chagas disease [51, 54, 55]. The routes of entry of the parasite can influence the
host immune response, the incubation period, and the mechanisms of the natural
history of the disease [49]. After an incubation period lasting from 1 to 2 weeks, an
acute phase takes place, with abundant parasites present in bloodstream [50, 51].
When symptomatic, unspecific signs such as fever, headache, lymphadenopathy,
shortness of breath, myalgia, swelling, and abdominal or chest pain could be pres-
ent [49]. If the parasite enters through the ocular mucosae, the typical Romafia sign
with conjunctivitis, unilateral palpebral edema, and preauricular satellite adenopa-
thy can be seen [51]. If not treated, patients undergo a chronic phase in which,
usually after a long asymptomatic period, they can develop cardiac symptoms or,
less frequently, digestive symptoms which show regional differences [48]. Infants,
immunosuppressed patients, and patient acquiring infection by oral route and
organ transplantation route could manifest more severe symptoms including neu-
rological alterations [50, 53, 56, 57]. The pathology during the chronic phase is
associated with the invasion and persistence of the parasites in the cardiac or diges-
tive tissues where the typical mega-syndromes occur. In the chronic cardiac form,
the complications include high-grade conduction blocks, arrhythmia and ventricu-
lar aneurysm, thromboembolic complications, heart failure, and sudden death. In
the digestive form alterations of the motility, secretion, and absorption occur in the
digestive tract, especially the esophagus and the colon [51, 52]. Variations in the
disease’s severity may be the effect of genetic polymorphism or the action of
T. cruzi molecules and of host cell adhesion molecules and inflammatory immune
response [49, 51, 58]. However, it has not yet been possible to determine a cause-
effect association between the parasite genotype and the clinical stage in the
chronic phase [45].

The knowledge of epidemiological background together with the physical exam-
ination of a patient with suspected Chagas disease and the availability of screening
methods are crucial for the diagnosis, and therefore also for the assessment of prog-
nosis, decisions about forms of treatment and to evaluate the efficiency of the epi-
demiological control measures [44, 59, 60]. Laboratory diagnosis of Chagas disease
depends on the phase of the disease, with parasites being detected by parasitological
methods in blood during the acute phase, while during the chronic phase serological
methods are of choice [61, 62]. Molecular methods are also available [63, 64].
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The etiologic treatment of Chagas disease has not changed over the years. It is
based on administering nifurtimox and benznidazole, although there are other com-
pounds under study in clinical trials as well as new therapeutic regimens of the older
drugs are being tested [65, 66]. These drugs are effective during the acute phase of
the disease and their efficacy to reduce the severity of symptoms during the chronic
phase remains controversial and seems to be of greater effectiveness in younger
patients [65, 67].

1.4  Pathogenesis and Pathophysiology of Cardiac
Involvement in Chagas Disease

Although the pathogenesis of Chagas cardiomyopathy has not been completely elu-
cidated, most of its pathophysiological features can be understood on the basis of
the main pathogenesis mechanisms operating in acute and chronic phases of the
disease.

1.4.1 Pathophysiologic Alterations in Acute Chagas Disease

Organ damage during the acute phase is associated with high-grade parasitemia,
intense direct tissue parasitism, and the immuno-inflammatory response to the para-
site. From experimental models of 7. cruzi infection it is known that most organs
may harbor the parasites, but the most typically affected sites include the muscle
system in the heart, esophagus and colon, and the central nervous system [68—70].
A study using an “in vitro” experimental model to observe 7. cruzi passage through
the vascular barrier showed that the parasite does not always cause disruption of the
endothelial monolayer, but uses a special transmigration process that is facilitated
by bradykinin and CCL2 chemokine [71]. Histopathology demonstrates intense tis-
sue parasitism, with prominent inflammatory changes near ruptured infected cells
[72, 73]. Myocarditis is intense and diffuse with myocyte necrosis, vasculitis and
capillary dilation, and mononuclear and polymorphonuclear infiltration [68-70, 72,
73]. Marked cardiomegaly and pericardial effusion leading to heart failure have
been reported by investigators using echocardiography [74]. Lymphadenopathy and
splenomegaly accompany the widespread immunologic reaction that on the one
hand acts to control parasite multiplication but on the other hand may exacerbate
tissue damage. Various host innate mechanisms act to detect and control parasite
tissue invasion, including the activation of CD4*, CD8* T, and B cells that induce
direct antitrypanosoma cytotoxicity, as well as cytokine secretion and production of
specific antibodies against the parasite [75]. Death resulting from myocarditis and/
or meningo-encephalitis is uncommon in patients infected through the classical vec-
torial sting, but mortality rates are higher in cases of infection through the oral route,
with ingestion of massive amounts of parasites [74].

The neuronal depopulation of the Meissner and Auerbach plexuses and nerve
degeneration that occur in esophageal and colon tissues during the acute phase are
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a key factor favoring the appearance of megaesophagus and megacolon in the
chronic phase [76, 77]. Direct damage of smooth muscle may also be a contributory
factor, but this has been much less studied in humans and experimental models of
Chagas disease.

1.4.2 Pathophysiologic Alterations in Chronic Phase of Chagas
Cardiomyopathy (CCC)

Four main mechanisms are thought to contribute to the pathogenesis of chronic
Chagas heart disease: neurogenic disturbances; microvascular derangements;
parasite-dependent inflammation; and immune-mediated injury [78].

The first two mechanisms are considered to play only an ancillary role in the
development of the cardiac lesions and clinical complications observed in patients
with CCC, as opposed to the other two mechanisms, that most investigators now
believe to be critically dependent on a previously neglected, but that is in fact a
crucial factor for the installation and progression of chronic Chagas myocarditis:
the parasite persistence.

1.4.2.1 Disturbances of the Cardiac Autonomic Control

Impaired cardiac autonomic function and neuronal depopulation have been clearly
shown in patients with Chagas disease [76, 79, 80]. Parasympathetic dysfunction is
an early finding, preceding the occurrence of left ventricular dysfunction [79-81].
In fact, systematic studies carried out in the 1950s showed striking depopulation of
intramural parasympathetic cardiac cells in deceased patients with Chagas disease;
these findings led to a postulated neurogenic (“parasympathicopriva”) theory [82],
implying that a long-lasting autonomic imbalance would lead to a catecholamine-
induced cardiomyopathy characterized by myocardial hypertrophy and cardiac dila-
tion. Other studies have shown that because of the dysautonomia most Chagas
disease patients are deprived of the tonic inhibitory action normally exerted by the
parasympathetic system on the sinus node and they also lack the vagally mediated
fast chronotropic control mechanism to respond to transient changes in blood pres-
sure or venous return [83]. However, several conceptual obstacles and clinical find-
ings have challenged the neurogenic theory and, despite some anatomical and
functional alterations that are deemed to accompany dysautonomia caused by
Chagas disease, no clear clinical syndrome has been reported in the context [78]. In
fact, there is considerable subtleness and variability of the intensity of cardiac
denervation in CCC patients. Also, there is no correlation between the severity of
the autonomic derangement and the extent of left ventricular dysfunction and no
correlation has yet been found between the degree of autonomic impairment and
any prognostic indicator [84]. Moreover, sympathetic denervation has also been
shown at the sinus node level and in myocardial regions during early stages of dis-
ease [78, 85] and impaired sympathetic innervation at the myocardial level is
involved in the genesis of complex ventricular arrhythmia [86]. The complex dysau-
tonomia that occurs in patients with Chagas disease is further compounded by the
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possibility that the parasympathetic impairment may also trigger malignant arrhyth-
mia and sudden death, disturb the control of the coronary microcirculation, and/or
exacerbate the mechanical consequences of ventricular dyssynergy [78]. It is indeed
plausible that malignant ventricular arrhythmia may result from the combination of
parasympathetic impairment and adrenergically denervated myocardium identified
by using MIBG-1123 scintigraphy [86]. The extent of cardiac sympathetic denerva-
tion is also correlated with the occurrence of severe ventricular arrhythmias and
scattered areas of myocardial fibrosis [87].

Finally, a pathophysiological link between impaired cardiac parasympathetic
control and abnormal neuroimmunomodulatory regulation has been recently sug-
gested on the basis of the protective effects of pyridostigmine, a cholinesterase
inhibitor, in a murine model of chronic experimental 7. cruzi infection. A reduction
of myocardial inflammation, fibrosis, and hypertrophy was reported in association
with a decrease in serum levels of IFN-gamma, and no change in IL-10 levels, fol-
lowing the cholinergic stimulation treatment; these investigators postulated that the
autonomic dysregulation caused by 7. cruzi infection could cause an impairment of
neuroimmunomodulatory anti-inflammatory role normally played by the parasym-
pathetic nervous system [88].

1.4.2.2 Microvascular Derangements

Various coronary microvascular abnormalities, including increased platelet activa-
tion, microthrombi, microvascular spasm, and endothelial dysfunction have been
reported in animal models of 7. cruzi infection [89] and also in pathological and
clinical studies in humans [85, 90-92].

These abnormalities indicate the presence of vascular endothelial cell damage
caused by inflammation directly related to the 7. cruzi persistence or mediated by
immune effector cells [89, 92]. It has been suggested that endothelin-1, a potent
vasoconstrictor, which is also a pro-inflammatory cytokine, may be involved in
causing the microvascular dysfunction [93]. Abnormal epicardial coronary artery
reactivity to vasodilating and vasoconstricting stimuli has also been reported in
Chagas disease, but the role of such disturbance in causing myocardial damage has
not been determined [94]. In contrast, it is quite likely that microvascular derange-
ments contribute to the exacerbation of myocardial ischemic damage and subse-
quent development of fibrosis. These abnormalities may participate in the genesis of
ischemic-like symptoms exhibited by 30-50% of patients, electrocardiographic
changes, and perfusion defects described in CCC patients with angiographically
normal coronary arteries [90, 95]. In support to this theory is the longitudinal obser-
vation in CCC patients using Tc-99m-sestamibi myocardial perfusion scans which
showed that the deterioration of LV systolic function over time was associated with
both the presence of reversible ischemic defects at the initial assessment and an
increase in the extent of irreversible perfusion defects during long-term follow-up
[91]. It is also a plausible hypothesis that coalescent micro-infarctions may evolve
into the typical Chagas disease-related ventricular aneurysms occurring in water-
shed coronary areas [96]. Also, recent investigations using the 7. cruzi-infected
hamster have shown that in the chronic phase of Chagas cardiomyopathy
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myocardial resting perfusion abnormalities are associated with left ventricular areas
of inflammatory changes and contractile dysfunction, in the absence of significant
degrees of regional fibrosis [97, 98]. In summary, there is convincing evidence for
the occurrence of microcirculatory derangements producing ischemic myocardial
damage [95]; in addition, current ongoing research in humans employing therapeu-
tic interventions to antagonize the microvascular abnormalities may be expected to
exert a positively impact on the natural history of Chagas cardiomyopathy [99].

1.4.2.3 Parasite-Dependent Inflammation

CCC is a dilated form of cardiomyopathy characterized by sparse inflammatory
infiltrates, minimal parasitemia, low-grade tissue parasitism, and intense and exten-
sive reparative and reactive fibrosis [100]. Classical histologic techniques usually
fail to detect the parasite but 7. cruzi antigens have been identified, using immuno-
histochemistry and PCR based methods, in inflammatory foci in biopsy and autopsy
specimens of patients with chronic Chagas disease [101, 102]. A recent consensus
has grown among most investigators that parasite persistence directly causing cell
death and parasite-driven immune response are the key mechanisms for the devel-
opment of CCC [103-105]. The low-grade, but virtually incessant myocarditis is
the pivotal mechanism for the late appearance of biventricular heart failure (because
of myocardial loss), with widespread fibrosis (the main trigger of malignant arrhyth-
mias and sudden death), and systemic and pulmonary embolic events.

Additional evidence supporting this viewpoint can be summarized as follows:
(1) a good correlation has been found between tissue parasite burden and inflamma-
tory intensity in experimental models of 7. cruzi infection [106]; (2) reinfection or
continued exposure (due to continuing residence in areas of active transmission)
seems to increase the parasite load and disease severity in experimental models and
in human cases [107, 108]; (3) interventions that lessen the parasite burden, such as
etiological treatment with benznidazole or nifurtimox, attenuate the cardiomyopa-
thy in experimental animals [109, 110]; (4) in children (mostly with the indetermi-
nate form of chronic Chagas disease), trypanocidal treatment has been associated
with better host—parasite relation outcomes, but, for obvious reasons, without dem-
onstration of benefit in terms of hard clinical events [111, 112]; (5) A meta-analysis
of observational studies with long-term follow-up and of small randomized (in chil-
dren) studies described positive effects of trypanocidal therapy [113-115]; (6)
despite the fact that the BENEFIT trial could not confirm such findings, the
BENEFIT investigators acknowledge that the study limitations may have prevented
them from obtaining a more definite evidence for a positive response to trypanocidal
therapy [116]; (7) they also recognize that these findings do not challenge the guide-
lines for the etiologic treatment of patients with some forms of Chagas disease, and
recommend that alternative therapies with new (better) drugs or combination of
drugs should be envisaged [117]; (8) T. cruzi genetic material has been observed
consistently in cardiac specimens from patients with chronic Chagas cardiomyopa-
thy, but not in cardiac specimens from seropositive patients who died without clini-
cal signs of cardiac disease [118]; (9) T. cruzi DNA was detectable by PCR in the
peripheral blood of 86% subjects with well-defined CCC [119]; (10) finally, recent
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guidelines recommend etiologic treatment for various groups of patients with
Chagas disease on the basis of current scientific evidence for benefit [120, 121].

As pointed out above, there is marked phenotype and genotype diversity among
the various 7. cruzi strains, comprising Tcl to TcVI classes based on their discrete
typing units [122]. This may be responsible for the remarkable differences detected
in the pathological and clinical manifestations of Chagas disease (e.g., virtual
absence of gastrointestinal disease, or discrepant incidences of sudden death) in
various geographical regions [54]. 7. cruzi genetic diversity, possibly coupled with
human genomic and phenotypic diversity responsible for the reaction to the infec-
tion, may also be responsible for the heterogeneous natural history of Chagas dis-
ease among individuals and geographical regions and could also cause the
inconsistent response to trypanocidal therapies in experimental and clinical stud-
ies [123].

1.4.2.4 Immune-Mediated Tissue Injury

Experimental and clinical investigations have shown immune-mediated cardiac
injury by infiltrating mononuclear cells and release of damaging cytokines; how-
ever, myocardial damage through this mechanism is mostly triggered by parasite-
driven immunopathology [69, 75, 78, 103105, 124]. Autoimmunity mechanisms,
involving polyclonal activation, molecular self-mimicry by parasite antigens or
cryptic epitopes shared by the host and parasites have also been described, in exper-
imental models and human cases of Chagas disease, and postulated to contribute to,
or aggravate myocardial damage [125-127]. However, this hypothesis remains con-
troversial and difficult to validate, since data supporting the direct involvement of
either molecular mimicry or polyclonal activation in the pathogenesis of myocardial
lesions ascribed to 7. cruzi infection are sparse and inconclusive [128, 129]. Thus,
although anti-self-responses are encountered in 7. cruzi infection, the nature of anti-
self-antibodies in experimental and human chronic Chagas disease is heterophilic,
with a poor correlation with the heart lesions (i.e., there is no direct and definitive
evidence that the immune reactions against the mimicked auto-antigens are actually
pathogenic) [104, 128].

Another possible mechanism for autoimmune response in the absence of para-
sites was recently suggested by the observation that mitochondrial DNA from
T. cruzi is capable of insertion into the genome of a chicken model system in which
infection was induced at the egg stage, but parasite persistence was precluded [127].

In summary, despite the mixed evidence from those studies, the role, relative
contribution, and clinical relevance of autoimmunity in triggering myocardial
degeneration in the chronic phase of Chagas disease remain to be determined [124].

In contrast, following on the evidence provided by early investigators in the
field [130, 131], it is now believed that immune pathological responses are
directly dependent on parasite persistence and constitute a crucial mechanism for
the development of CCC [124]. The immune-mediated pathology of CCC is a
rather complex process, probably involving several interactive factors. This com-
plexity starts from the paradox finding that natural or iatrogenic immunosuppres-
sive conditions usually lead to exacerbation of 7. cruzi parasitemia and may
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aggravate the inflammatory process [132, 133]. This epitomizes the double-
edged sword type of immune response to the parasite, because the inflammatory
lesions found in the myocardium of patients and animals chronically infected
with the T. cruzi exhibit the typical composition of macrophages and a predomi-
nant profile of CD8* over the CD4* Thl cells [134]. The pathogenic picture is
further compounded by the enhanced expression of genes responsible for an
increased release of several pro-inflammatory cytokines and chemokines, espe-
cially INF-y and TGF-a [135], and, simultaneously, a reduced production of Treg
cells and their related cytokines IL-10 and IL-17. This shows the occurrence of
an immunological imbalance related to upregulation of Th-1 cells, and deficient
suppressor activity of regulatory T cells that otherwise would act to control myo-
cardial inflammation [136].

Immunopathology in chronic Chagas cardiomyopathy is also influenced by
genetic polymorphisms of the host, thus modulating the expression of immune
inhibitory molecules and potentially altering the equilibrium between host and para-
site. For instance, alleles, genotypes, and haplotypes associated with enhancement
of the regulatory CTLA-4 system expression have been shown to predominate in
patients with the indeterminate form of Chagas disease, probably averting the devel-
opment of cardiomyopathy [137]. In contrast, a genetic and proteomic study in
Chagas disease patients who were either asymptomatic or had CCC, documented
that polymorphism in the alfa cardiac actin-1 gene (ACTC1) was associated with an
increased susceptibility to maintenance of the inflammatory status, possibly by
modulating transcription factor binding to ACTC1 promoter regions [138]. These
results and others from several investigators confirm previous evidence of familial
aggregation of cases with chronic Chagas cardiomyopathy and may explain why
only around one-third of infected patients develop the clinically significant compli-
cations of the disease, based on a genetic component that confers susceptibility to
disease after the infection [139].

Finally, corroborating the observation from the murine models of 7. cruzi infec-
tion, that complete eradication of the parasite remains an elusive target, an interest-
ing hypothesis was developed to explain why the immune system is not usually
capable of sterilizing the human host: instead of an inherently deficient immune
response, it is possible that the parasite could escape the cytotoxic CD8* cells kill-
ing effects due to his ability to remain unnoticed within myocardial and other har-
boring structural cells [140].

1.5 Involvement of the Gastrointestinal Tract
in Chagas Disease

In the light of today’s knowledge, it is surprising that it took so long for digestive
form of Chagas disease to be recognized. In fact, in 1913, in Lassance, Carlos
Chagas masterly described the swallowing troubles of a patient with Chagas dis-
ease. He speculated about the possible association of the symptoms with the disease
that he first recognized but, cautiously, preferred to wait for further evidence before
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drawing a definite conclusion [141]. From then on, until 1934, Carlos Chagas did
not turn back to the issue. Still, in the year of 1913, Belisario Penna and Arthur
Neiva reported high prevalence of dysphagia (“mal de engasgo”) and severe consti-
pation in regions where they encountered human 7. cruzi infection in epidemic pro-
portions. Again, the possibility of connection between digestive symptoms and
Chagas disease was not raised [142]. Even not intending to offer a complete solu-
tion for the riddle, a number of features of both the natural history and clinical pre-
sentation of Chagas disease, to be presented below in this chapter, might have
averted the sight on the chronic digestive form, thereby precluding its early
recognition.

The diffusion of knowledge about the gastrointestinal tract (GI) features of
Chagas disease is important because it is no longer just a matter of concern for
practitioners and health authorities in endemic areas only. Strong rural-urban migra-
tory trends were created by social moves and economic changes in Latin America
that pushed thousands of 7. cruzi-infected persons from endemic areas into wealth-
ier regions where the transmission of the disease by classical vectorial route is
absent. As a consequence, the estimated number of 7. cruzi-infected persons living
in South American metropolitan areas (Buenos Aires, Rio de Janeiro, and Sao
Paulo) is about one million [121]. Over the last decades, the destinations of migra-
tion have been increasingly scattered worldwide, mainly in the North America and
Europe, where the immigrants can become ill or transmit the disease by blood or
organ donation [50, 143]. Emphasizing the importance of Chagas disease as a seri-
ous public health problem, recent data reveal that some 50,000-80,000 Chagas dis-
ease patients are living in Spain [144]. Moreover, the study of epidemiologic and
clinical aspects of Chagas disease may yield information useful for mounting strate-
gies to face the challenges posed by the risks of other pandemics fostered by
globalization.

1.5.1 Digestive Manifestations During the Acute Phase

During the acute phase of Chagas disease, abdominal pain, vomiting, and diarrhea
may occur [141] and are ascribed to the systemic inflammatory response in patients
with high number of parasites circulating in the blood. Those digestive symptoms
have been reported by nearly one-third of patients with acute Chagas disease
acquired by oral transmission [145].

Dysphagia, the cardinal manifestation of the digestive form in the chronic phase,
may also ensue shortly after 7. cruzi infection. Four of 115 patients studied during
the acute phase presented transient dysphagia [146]. Rassi and Rezende [147] car-
ried out clinical assessment and radiologic study of the esophagus in 94 patients
with acute Chagas disease; eight of them (8.5%) reported mild dysphagia. The
radiological examination revealed transient esophageal aperistalsis in one of them,
and also in 5 of the 86 patients without dysphagia. Barium enema performed in 59
of these patients revealed normal colon in 54, dolichosigmoid in 4, and sigmoid
dilation in another one.
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1.5.2 Gastrointestinal (Gl) Involvement in the Chronic Phase

1.5.2.1 Pathophysiology

Abnormalities of the enteric nervous system, namely degeneration and reduction in
number of intrinsic neurons, are considered essential elements in the pathogenesis
of gastrointestinal disorders of chronic Chagas disease [76] (Fig. 1.1). These abnor-
malities are found along the entire length of the gastrointestinal tract, although the
most frequent clinical manifestations are due to involvement of esophagus and
colon. In addition, reduction in number of interstitial cells of Cajal [148] and
enteroglia of myenteric plexuses have been described but their pathophysiologic
roles remain to be elucidated [149].

The relevance of damage of the enteric nervous system is reinforced by aber-
rant motor responses of esophageal smooth muscle to certain stimuli seen in
Chagas disease patients, such as the hypersensitivity to cholinergic agents [150]
and the paradoxical response to cholecystokinin-like peptides [151]. Also,
impairment of certain physiological reflexes, namely, relaxation of the lower
esophageal sphincter, gastric accommodation to distension [152] and motor
response of the colon to a caloric meal [153] as well as abnormal responses to
physiological stimuli such as exaggerated secretion of gastrin in response to a

Fig. 1.1 Histochemical identification of NADPH-diaphorase activity in the esophagogastric junc-
tion. Dark blue stained neuronal cells and fibers stained in the myenteric plexus (left, upper panel
250x) and circular muscle layer (right, upper panel, 400x) of a patient with gastric cancer; these
histological components are absent from the myenteric plexus (left, lower panel, 250x) and circu-
lar muscle layer (right, lower panel, 400x) in the material obtained from a patient with Chagas
disease. Sections were counter-stained with van Gieson stain
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meal [154] are attributable to faulty neural influences on digestive organs, there-
fore consistent with enteric nervous system damage.

1.5.2.2 Pathogenesis

Exactly how the injury to intrinsic nerves in Chagas disease is caused has not yet
been completely clarified. Conventional histopathology analysis shows hypertrophy
of muscle layers, mononuclear infiltrates and fibrosis in smooth muscle and intra-
mural ganglia of esophagus, the intensity of inflammation and fibrosis being signifi-
cantly higher in dilated esophagi than in non-dilated ones [155]. Immuno-histochemical
characterization of the inflammatory cells revealed a large proportion of CD3* lym-
phocytes, a variable number of macrophages, and a few B lymphocytes [156]. The
presence of both T cruzi kinetoplast DNA (kDNA) and cells with cytolytic potential
was demonstrated in histologic sections of esophageal tissue from patients with low
counts of neurons in intrinsic plexuses; in patients without megaesophagus and nor-
mal or near normal neuronal counts, kDNA and inflammatory infiltrates were not
found. In addition, NK cells and cytotoxic lymphocytes were detected in the myen-
teric plexus of patients with megaesophagus [157]. Morphometric studies of inflam-
matory cells provided evidence for participation of eosinophils, mast cells, and
macrophages in the genesis of fibrosis and dilation of the colon [158], and a combi-
nation of techniques highlighted the roles of mast cells and eosinophils in the patho-
genesis of the megacolon in Chagas disease [159]. In summary, evidence exists that
T. cruzi persistence in esophageal and colonic muscle is required for megaesopha-
gus and megacolon development, presumably by triggering inflammation and con-
sequent damage to the enteric nervous system; the cascade of this inflammatory
response is only partially elucidated. Of note, although several polymorphic sites at
immunoregulatory genes may influence the development of Chagas disease variants
[160], none of them was found associated specifically with damage to the enteric
nervous system and no autoimmune mechanism has been described in the patho-
genesis of the digestive form of Chagas disease.

1.5.2.3 Natural History of the Digestive Form in Chagas Disease:

Prevalence, Incidence, Spectrum of Severity Disease

in Endemic Areas
Capturing the whole spectrum of current trends in Chagas disease morbidity would
require recent data that are not yet available. Epidemiological data in areas where
human 7. cruzi infection has been highly prevalent were obtained decades ago in
inland Brazil populations with broad-based age pyramids, with most of individuals
aged less than 30 years. There is compelling evidence that the ongoing demographic
transition in Brazil has been rendering these data obsolete [161]. In fact, in Brazilian
metropolitan areas of destination for rural migrants as well as in former endemic
areas where the vector transmission of the disease no longer occurs, the age of the
Chagas disease population is much older than three decades ago [162-164].
Nevertheless, exploration of available results of cross-sectional and longitudinal
studies carried out decades ago in endemic areas may provide useful information on
the natural history of the GI involvement in chronic phase of Chagas disease.
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Prevalence, Incidence, and Severity Spectrum of Esophageal Involvement
Several studies in endemic areas employing radiologic techniques produced sub-
stantial information on the esophageal involvement. The results of several cross-
sectional studies are fairly coincident and point to an overall prevalence of
esophageal involvement of nearly 10% in chronic Chagas disease individuals, as
generally accepted [51, 165] (Table 1.1). That figure may constitute an underesti-
mate, because the prevalence of esophageal disorder among Chagas disease indi-
viduals increases sharply with age and reaches 20% at the end of the sixth decade
(Table 1.2). Moreover, the annual incidence rate of new radiological evidence of
esophageal involvement among individuals with the indeterminate form varies
between 0.3% and 1.0% (Table 1.3). Nevertheless, in an area where the 7. cruzi
transmission was virtually suppressed by 1980 [175], the incidence of esophageal
involvement among individuals with the indeterminate form was also shown to
increase with age, the estimated average annual risk for sexagenarians being around
3% (Table 1.4). Therefore, it is plausible that the current prevalence of digestive
form would keep increasing due to the ongoing demographic transition.

Table 1.1 Prevalence of radiologically detected esophageal disorders in 7. cruzi-infected indi-
viduals living in Chagas disease endemic areas

Population sample | Prevalence (IC

Authors Municipality (n) 95%)
Macedo VO (1973) [166] Sao Felipe (BA) 840 8.7%

(7.0-10.8)
Dias JCP et al. (1983) [145] | Bambui (MG) 566 8.8%

(6.6-11.4)
Castro C et al. (1987) [167] Mambai (GO) 1006 7.1%

(5.6-8.9)
Pereira JB and Coura JR Virgem da Lapa 255 11.0%
(1986) [168] MG) (7.5-15.6)
Coura JR et al. (1996) [169] Catinga do Piaui 92 14.1%

(PD) (8.4-22.1)

Penaranda-Casillo R et al. Mambai (GO) 468 13.8%
(2006) [170] (11.0-17.3)

Table 1.2 Prevalences of radiologically detected esophageal disorders in 7. cruzi-infected indi-
viduals from three endemic areas distributed according to the age range

Sample size | Age range (years)
Municipality (n) <20 20-39 40-59 >60
Bambui (MG) 555 3.0% 7.5% 15.0%
[145] (08-10.4%) | 5.2-10.7%) | (9.7-22.2%)
Virgem da Lapa 255 0% 9.1% 10.1% 22.4%
(MG) [168] (0-12.1%) | (4.2-8.4%) |(5.7-17.1%) | (13.0-35.9%)
Mambai (GO) 1006 1.1% 6.0% 15.3% 21.5%
[167] (0.4-2.7%) |(4.0-8.9%) |(11.0-21.0%) | (13.3-33.0%)

Data are percentage of 7. cruzi-infected subjects, with 95% CI in parenthesis
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Table 1.3 Incidence of radiologically detected esophageal disorders in individuals with the inde-
terminate form of Chagas disease living in endemic areas

Population | Risk period | Number Average annual
Municipality sample (n) | (years) of cases | Incidence incidence rate
Bambui (MG) | 115 27 21 18.3% 0.6%
1983 [145] (12.3-26.3%)
Pains-Iguatama | 110 10 3 2.7% 0.3%
1985 [171] (0.9-7.7%)
Virgem da Lapa | 124 6 5 4.0% 0.7%
1985 [172] (1.7-9.0%)
Sdo Felipe (BA) | 400 10 5 3.9% 0.4%
1980 [173] (2.7-5.5%)
Mambai (GO) | 345 13 45 13.0% 1.1%
1994 [174] (9.9-17.2%)
Mambai (GO) | 445 25 51 11.5% 0.5%
2006 [170] (8.7-14.9%)

Table 1.4 Incidence of radiologically detected esophageal disorders according to the age range in
individuals with the indeterminate form of Chagas disease living in Mambai (GO) in 1975-1976 [174]

Age range Sample size | Number of Incidence (IC Average annual incidence

(years) (n) cases 95%) (rate)

<20 125 10 8.0% 0.6%
(4.4-14.1%)

20-39 151 22 14.6% 1.1%
(9.8-21.4%)

40-59 61 14 22.9% 1.8%
(10.3-27.1%)

>60 8 3 37.5% 2.8%
(13.7-69.4%)

Total 347 49

The esophageal disorder is mild in the large majority of the Chagas disease
patients living in endemic areas, and the severity is higher among individuals aged
40 years and older (Table 1.5). The evolution of the established esophageal disorder
is slow, if any. Castro et al. [174] reported the same degree of severity of esophageal
involvement in 37 of 77 patients studied in 1975-1976 and again in 1988-1989. A
similar worsening rate was seen in a 25-year long follow-up study where two
patients evolved straight from indeterminate form into group IV, and two presented
with esophageal cancer [170].

Evaluation of Esophageal Involvement by High Resolution Manometry (HRM)

HRM is considered the best currently available technique to evaluate esophageal motil-
ity [177]. It is plausible that it might widen the spectrum of motor patterns in Chagas
disease by increasing the detection of subtle esophageal involvement in individuals
who otherwise would be considered in the indeterminate form as well as by refining the
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Table 1.5 Distribution of severity of radiologically detected esophageal disorders in T. cruzi-
infected individuals according to age range and Rezende criteria

Rezende criteria
Age range | Sample
Municipality | (years) size (n) |1 TI/1IT v Total
Virgem da 40< 94 5.3% 1.0% 0% 6.4%
Lapa [176] (2.3-11.8%) |(0.2-5.8%) |(0-0.04%) | (2.6-13.9%)
>40 157 8.9% (5.1%) 0 14.0%
(5.4-14.4%) | (2.6-9.7%) | (0-0.03%) |(9.2-20.3%)
Mambaf 40< 137 5.0% (3.0%) 0.7) 8.9%
(GO) [170] (2.3-10.2%) | (0.9-7.8%) |(0.1-4.0%) | (4.8-15.1%)
>40 300 9.3% (5.3%) (3.0%) 17.7%
(6.4-9.3%) | (3.3-85%) |(1.2-4.2%) | (13.6-22.6%)

characterization of dysmotility. Studies carried out on patients with severe esophageal
symptoms in a tertiary Brazilian hospital show typical achalasia patterns in most of
them [76, 77]. On the other hand, studies carried out on mostly asymptomatic individu-
als seropositive for Chagas disease showed only minor, nonspecific abnormalities,
namely isolated hypotensive lower esophageal sphincter pressure, ineffective esopha-
geal peristalsis, and fragmented peristalsis [178—180]. These studies suffer from selec-
tion bias, by encompassing only the opposite ends of the clinical severity, so that their
results do not delineate properly the entire spectrum of esophageal dysmotility in
Chagas disease. Results of an ongoing prospective study involving Chagas disease
patients recruited from different areas of a large general hospital (blood donors, general
gastroenterology clinics, cardiology clinics, surgical unit) depict a wide variety of
esophageal phenotypes among which achalasia is the minority (Fig. 1.2).

Prevalence and Severity Spectrum of Colonic Involvement
Data regarding colonic involvement in community-based Chagas disease cases are
scanty in autopsy studies, megacolon was found slightly more frequently than
megaesophagus [181]. In an endemic area, the prevalence of constipation was sig-
nificantly higher among 7. cruzi-infected individuals than that in non-infected sub-
jects (3.35% vs. 0.07%) [182]. In another endemic area gross colonic dilation
(megacolon) was found in 14 of 222 subjects (6.3%) and abnormally wide diameter
of the sigmoid was found in 13 (5.9%); a subset of patients had an abnormally long
sigmoid colon (dolichocolon) that presumably increases the risk for volvulus [183].
Ximenes et al. found that 26% of the patients with megacolon had normal intes-
tinal function and 56% had severe constipation, among patients with normal barium
enemas, 61% had normal bowel movements, and 18% had severe constipation
[184]. Taken together, these data suggest that constipation is not a sensitive marker
of megacolon or sigmoid volvulus, whose presence should be suspected in Chagas
disease patients with other digestive symptoms.

1.5.2.4 Digestive Form of Chagas Disease Outside the Known

Endemic Areas
Most of the Latin-American immigrants in non-endemic areas are young or middle-
aged adults in apparent good health, seeking for work opportunities [178], so that
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Fig. 1.2 Pressure topography plots of esophageal deglutitive responses from eight seropositive
individuals for 7. cruzi infection demonstrating the spectrum of esophageal dysmotility in Chagas
disease. (a) Normal peristalsis plus normal LES relaxation (asymptomatic blood donor candidate);
(b) fragmented peristalsis plus normal LES relaxation (ineffective esophageal motility); (c) absent
peristalsis plus normal LES relaxation (ineffective esophageal motility); (d) absent peristalsis plus
abnormally low LES pressure (ineffective esophageal motility); (e) normal peristalsis plus
impaired LES relaxation (esophagogastric junction output obstruction); (f) absent peristalsis plus
impaired LES relaxation (achalasia type 1); (g) panesophageal isobaric pressurization plus
impaired LES relaxation (achalasia type 2); (h) rapid progression of peristalsis plus impaired LES
relaxation (achalasia type 3)

the majority of 7. cruzi-infected immigrants are also young or middle-aged adults in
apparent good health, seeking for work opportunities [178], who should have either
the indeterminate form of the disease or mild symptoms. Results of studies for char-
acterization of esophageal disorders in 7. cruzi-infected individuals recruited in cen-
ters of reference for Chagas disease diagnosis in Spain are consistent with this
supposition. In each of four studies [179, 185], the frequencies of both esophageal
symptoms and abnormal results of esophageal radiology were low, similarly to
results emanating from epidemiological studies in endemic areas in Brazil.

Thus, T. cruzi-infected immigrants seldom present medical problems at their
arrival, but may evolve to symptomatic forms of the disease thereby representing a
burden to the medical services [121]. Although information on effects of environ-
mental, dietary, and lifestyle factors on the natural history of the digestive form of
Chagas disease are lacking, it is plausible that the same patterns of disease progres-
sion seen in endemic areas occur elsewhere. If so, an increasing prevalence of diges-
tive disorders over the next decades can be expected among Chagas disease
immigrants, determining an extra burden to health services in their destination
areas. In addition, T. cruzi-infected migrants are not usually aware of their chronic
infection, thus remaining potential sources of transmission via blood transfusion,
organ donation, and mother-to-child vertical transmission [178].
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Chagas Disease Epidemiology: 2
From Latin America to the World

Belkisyolé Alarcon de Noya and Yves Jackson

2.1 Introduction

American Trypanosomiasis evokes terms such as zoonosis, ancient, rural, poverty,
ranches, palm roofs, chinches, chipos, vinchucas, Latin America, heart disease, lack
of effective treatment, pacemaker, etc. It is the “traditional” epidemiology of the
infection of man by the parasite Trypanosoma cruzi acquired through contact with
infected hematophagous triatomines. After sucking human blood, they deposit feces
containing very infective metacyclic trypomastigotes that invade skin cells liberat-
ing sanguineous trypomastigotes. The latter disseminate and deposit into peripheral
tissues such as myocardium, fat, and digestive tract mucosa as amastigotes. Diverse
immunopathological mechanisms lead to chronic organ damages.

T. cruzi infection is a consequence of different mechanisms of transmission. Two
vectorial-related mechanisms are known, the transcutaneous and the oral routes, the
latter following contamination of food with feces of the infected vector or with the
incorporation of the vector itself into food. In addition, man-to-man infection occurs
through trans-placental transmission, or by contaminated blood product, organ or
tissue transfusion or transplant. Less frequently, the accidental form by manipula-
tion of Didelphis sp. and infection in the laboratory due to inappropriate handling of
infectious biological material [1].

The epidemiology of CD is rapidly evolving and changes have occurred both in and
out of traditional endemic areas, i.e., in rural parts of North, Central, and South
America. Since the mid-twentieth century, vast flux of migrations pushed millions of
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people from rural to urban regions in the context of socioeconomic gradients, political
factors, and environmental changes [2]. Following their human hosts, the traditional
rural and sylvatic vectors adapted to new environments and new cycles of transmission
emerged in so far non-endemic areas of Latin America [3]. Consequently, peri-urban
vectorial transmission of 7. cruzi has been recorded in Argentina [4, 5], Bolivia [6],
Brazil [7], Colombia [8], Peru [9], and Venezuela [10]. One consequence was the
advent of urban outbreaks following transmission through food-related oral route [11].

Although the transmission mechanisms of the CD are diverse and versatile,
Control Programs in Latin America have been mainly based on vector elimination
through chemical agents spraying and more recently blood donation screening
along with enhanced detection of mother-to-child transmission with early child
treatment. Vectorial transmission by the main vector Triatoma infestans has
decreased in recent decades and even potentially eradicated in some countries such
as Chile, Uruguay, Brazil, eastern Paraguay, and in some regions of Argentina [12,
13]. However, vectorial transmission remains very active in Bolivia, Peru, Ecuador,
Colombia, Venezuela, the Guyana, large parts of the Central American countries,
and Mexico where Vector Control Programs have not been fully consolidated [13].
In absence of sustained monitoring and capacity to rapidly respond, it is likely that
currently controlled areas could be re-infested [14].

In addition to the abovementioned changes, the last decades witnessed dramatic
changes in transnational human mobility due to a set of factors, including globaliza-
tion and the development of mass transportation systems. Indeed, large numbers of
people moved out of CD endemic areas for political, socio-economical, education-
related, or other reasons and settled in countries worldwide previously unaffected
and unprepared for tackling this new global health issue.

2.2 Distribution and Burden of the Disease
in Non-endemic Countries

The exact geographical distribution of CD and its epidemiology in America have
been difficult to determine given the paucity of public health attention, and the limi-
tations of the existing surveillance systems. Despite progress, epidemiological data
remain mainly based on assumptions and models with hardly no real-life data at
country levels. WHO estimated that 17.4 million persons were infected in 18 coun-
tries in 1985 with 100 million (25% of the total population) at risk of infection [15].
Thanks to improvement in living conditions, multi-pronged control programs dis-
cussed above and improved access to treatment, the prevalence has been reduced to
8—10 million in 2005 and 6—7 million in 2010 with more than 100 million persons
persistently at risk of infection [16, 17]. Argentina, Brazil, Mexico, and Bolivia host
the largest numbers of persons infected. The latest estimates suggest that 40,000
new infections and 15,000 deaths of CD occur every year.

In recent times, millions of people at risk have moved across international bor-
ders. This trend has accelerated since 1990 and has contributed to disseminate the
infection to vector-free, subsequently called non-endemic, regions such as North
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America, Japan, Australia, and Western Europe [18]. As for endemic regions, the
lack of surveillance systems decreases the ability to provide a comprehensive under-
standing of the global epidemiological situation. Most estimates rely on epidemio-
logical models based on the number of migrants from each country at risk multiplied
by the average infection rates in those countries [17, 19-21].

In Europe, Spain has received the largest number of migrants from endemic areas,
but Italy, France, Portugal, Switzerland, and the United Kingdom also host large com-
munities. Initially, most cases were identified in adult migrants suffering severe cardiac
damages or reactivation following immunosuppression [22]. In the late 1990s and the
early next decade, an increasing number of 7. cruzi transmission through congenital
route and blood transfusion were reported in Europe and the USA [23-25]. This sup-
ported the idea of this health issue spreading outside Latin America and to the framing
of the concept of non-endemic countries requiring specific responses [15]. Yet, in
absence of epidemiological data outside Latin America, it took years before the first
public health responses started to be implemented in non-endemic countries with Spain
leading the way, soon followed by neighboring countries. To date, Europe has been
more responsive to this emerging health problems compared to the USA, Japan, or
Australia. The latest estimates pointed to 68,000-123,000 persons infected in Europe
[19] and 200,000-300,000 in the USA [26] while Japan, Canada, Australia, and New
Zealand were likely to host only a limited number of cases [21].

Given its chronicity and the potentially severe cardiac consequences, CD entails
an economic burden of $7 billion per year, similar to or worse than other well-
known diseases like rotavirus or cervical cancer [27].

2.3 Factors Affecting the Epidemiology of Chagas Disease
in Europe

The origin and geographical clustering of sub-groups of migrants in Europe has had
a strong influence over the distribution of cases. Migrant communities tend to clus-
ter geographically according to origin for different reasons, including better support
for new arrivants. In addition, Latin American communities have mainly settled in
urban areas because of enhanced job activities opportunities. Indeed, migrants from
Bolivia and Paraguay show the highest prevalence of infection [28]. In almost all
seroprevalence studies, migrants coming from highly endemic areas of Bolivia
account for 80% or more of cases.

Spain and Portugal for historical, cultural, political, and economic reasons have
been the favored places of entry for the majority of migrants at the turn of the cen-
tury. Many have acquired European Passport facilitating their integration into the
country of destination. Yet, large numbers of them moved out of these countries
following the 2008 financial crisis and either returned home or settled in other
European countries, highlighting the dynamic, cyclical, and multi-step contempo-
rary migratory patterns. Later on, the rise of restrictive immigration policies and the
anti-immigrants rhetoric prevailing in many European countries have also influ-
enced the mobility and distribution of communities. A key aspect pertains to the
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vulnerability of labor migrants in Europe who frequently lacked access to social and
financial security, usually employed in 3-D (dirty, degrading, and dangerous) and
poorly paid jobs. In terms of access to care, migrant’s ability to benefit from the
public or private health sector widely differs from country to country and across
time. Spain for example had initially rather liberal policies until a Royal Decree in
2012 severely limited access to comprehensive health services. In Switzerland,
most migrants at risk have no residency permit (undocumented) and the monthly
income they generate is not sufficient to cover the cost of the mandatory private
health insurance which regulates access to care. In some regions, consulting at a
public hospital may represent a consequent danger as health authorities have to
denounce irregular migrants to the immigration departments. In many settings, lan-
guage barriers, the need for out-of-pocket direct payment, geographical distances,
and lack of knowledge about how to navigate the healthcare system have contrib-
uted restricting the access to medical care.

European host countries were largely unprepared for addressing the new public
health and clinical challenges pertaining to the emergence of CD at the turn of the
twentieth century. Most countries lacked policy regarding blood donor screening
and congenital transmission screening. Still in 2018, most countries hosting sub-
stantial numbers of migrants at risk have limited diagnostic capacities and lack
scheme facilitating access to anti-parasitic drugs outside the main tertiary health
centers. Moreover, health professional’s awareness of CD and knowledge about the
optimal preventive, diagnostic, and therapeutic strategies remain very limited in
Europe. As a consequence, services to communities at risk are mainly delivered by
tertiary health centers in the main cities in Europe, complemented with non-
governmental organizations in other parts which is largely insufficient to cover the
global needs. Of note, specific programs have flourished in a few cities in Spain,
Italy, Germany, and Switzerland which usually combine both social and medical
strategies to improve the access to diagnosis and treatment.

Cultural representations about CD, which both take roots in the culture of origin
and evolve with the new experiences overseas, impact on the health seeking behav-
ior of people at risk [29]. Frequently associated with low social position, rurality,
and lack of education which might lead to stigmatization of affected people and
perceived with fatalism as an incurable infection, it tends to rank low in peoples’
health priorities, especially in the context of socioeconomic vulnerability. All these
factors combine to explain the low number of cases which have been diagnosed and
received medical attention, including treatment, in Europe so far. Indeed, experts
estimate that less than 10% of people affected by CD in non-endemic regions have
been identified to date, which contributes to fuel the ongoing vertical transmission
and highlights the need to implement multi-pronged strategies to curb 7. cruzi trans-
mission and its toll on human health.
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2.4 Risk of Vectorial Transmission in Non-endemic Areas

The most important route of 7. cruzi transmission worldwide remains vectorial
despite the increasing relative importance of congenital and transfusion/transplant
routes in areas where vectorial control programs have been deployed. The area of
endemicity of CD in America relates to the spatial distribution of hematophagous
triatomines of the genera Triatoma, Rhodnius, and Panstrongylus. The disease is
maintained in nature as an enzootia. Recently, the rapid encroachment of urban
development into wild land, the development of intensive agricultural practices,
and the adaptation of vectors to peri-domiciliary and domiciliary environments have
increased human contacts with vectors [30]. Triatoma infestans is the main vec-
tor in South America, probably originated in Bolivia. Its distribution has extended
from northeastern Brazil to southern Argentina with some areas under vector con-
trol. The same dispersion has occurred with Rhodnius prolixus: originating from
Colombia and Venezuela, it extended to The Andean region, the Guyana, and
Central America [30].

The presence of hematophagous triatomines infected with 7. cruzi (notably
T. sanguisuga) has been reported in various Southern States of the United States of
America. Zoonotic transmission has led to sporadic autochthonous human cases.
Many indigenous triatomine species are susceptible to 7. cruzi infection, thus mak-
ing a source of potential vectors to human [31].

In the Old World, eight species of Triatoma have been identified as having a
potential of transmission to humans. Triatoma rubrofasciata has the largest area of
distribution worldwide. It spans across North (Mexico, Florida) and South America
(Argentina, Brazil, Cuba and most Caribbean islands, French Guiana, Suriname,
and Venezuela), Africa (Angola, Democratic Republic of Congo, Guinea-Conakry,
Sierra Leone, South Africa, Tanzania, Madagascar, Mauritius, Rodriguez Islands,
Seychelles), The Middle East (Saudi Arabia), South Asia and the Western Pacific
Region (India-Tamil Nadu, China, Indonesia, Malaysia, Sri Lanka, Singapore,
Japan, Philippines, Taiwan, Thailand, Vietnam, Andaman Islands, Tonga, Burma-
Myanmar, Cambodia, Carolina Islands, Comoros Islands, Hawaii) [32, 33]. High
density of this vector has been found in some urban areas causing frequent stings to
humans. It is likely that cargo ship represents the main mode of transportation from
the New World to other continents [33].

In recent years, evidence have shown that bedbugs (Cimex spp.), that have widely
disseminated across the world, may be susceptible to carry 7. cruzi and to transmit
it to mice in experimental conditions [34]. T. cruzi is able to survive inside Cimex
organisms and throughout the insect’s molting process guaranteeing the trans-
stadial persistence of 7. cruzi [35]. Of concern is the fact that Cimex has developed
resistance to insecticides such as pyrethroid [36].
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2.5 Public Health Responses of Non-endemic Countries

The Chagas Disease Control Programs of the different Latin American countries
have been supported by the Pan American Health Organization (PAHO) since 1991
and based on the regions diversity four different control initiatives were designated,
namely the Southern Cone Initiative, the Initiative of the Andean Region, the
Amazonian and the Initiative of Central America [37]. However, since 1981, an
increasing number of sporadic cases of CD has occurred in other latitudes which led
to the proposal of a WHO-led “Non-endemic Countries Initiative” [37].
Epidemiological surveillance activities have been progressively implemented in
blood banks in the United Kingdom (1999), Spain and Italy (2005), the USA (2007),
France (2009), and Switzerland (2013) [38, 39]. Of concern, several countries host-
ing large populations at risk still do not screen blood donors.

Some additional specific health policies targeting CD transmission exist at
national or local level in Europe. National guidelines for solid organ transplant in
Italy, Spain, and the United Kingdom specifically mention the need to screen for CD
in donors and recipients at risk [40]. Three autonomous communities in Spain, one
region in Italy (Tuscany), and some health institutions in neighboring countries
have health policy for the screening of congenital transmission in pregnant women
at risk and their babies [40]. In most of the European countries that do not have
specific programs for CD, the rules and recommendations of the Council of Europe
are followed [41]. Extra-European countries such as Australia and Japan have very
limited policies, whereas the USA which hosts the largest number of infected peo-
ple outside the endemic area has no other policy than blood donor screening [42].

We present below three examples of non-endemic countries with different risks of
T. cruzi transmission to highlight the challenges pertaining to the control of the CD.

The responses in the United States of America are characterized by large hetero-
geneity across States and their limited scope. In 2007, blood donors screening was
introduced in the USA. After 10 years, 2300 infected donors have been identified
[43], mainly in Arizona, Massachusetts, Tennessee, and Texas [39]. According to
the Center for Diseases Control (CDC), only seven states acted to control CD blood-
donation transmission. During the 2008-2013 periods, Massachusetts comple-
mented blood donors screening by a program of medical care to affected people but
surveillance was discontinued in 2014. In 2008, there were reports of triatomines
naturally infected with 7. cruzi in Arizona, where active case detection and surveil-
lance was implemented. Mississippi initiated actions in 2010 to determine if the
cases detected in blood banks were caused by local autochthonous transmission or
imported. Other States such as Tennessee, Arkansas, Louisiana, and Texas initiated
active search for triatomines and naturally infected reservoirs along with medical
attention to the infected persons [43]. The USA has an estimate of up to 315 con-
genital cases per year, but since there is no systematic search for congenital infec-
tion, it is likely that most cases remain undetected [43]. Overall, the response is
largely insufficient to cover the transmission risk and to provide affected people
with adequate medical care, especially in regions where most people at risk live
such as California. One concern is that a significant proportion of people at risk has
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no health insurance and sometimes lacks residency status which hampers access to
medical care. Moreover, access to diagnostic procedures and anti-parasitic treat-
ment is severely restricted. A positive note is the registration of benznidazole for the
treatment of children.

Spain hosts the largest community of Latin Americans in Europe [44, 45]. In
2011, it was estimated that 2,090,695 Latin Americans were living in Spain in the
early twenty-first century, of which 47,738 and 67,423 could be infected with
T. cruzi [19, 28, 42]. Spain implemented blood donors screening in 2005 and subse-
quently put into practice policies to identify and prevent transmission by organ and
tissue donation and from mother to child. Yet, responses widely differ from region
to region and do currently not allow for a full coverage of risk nationwide [28]. In
different regions, community-based interventions have been deployed to increase
the participation to screening programs. Like in the USA, access to preventive and
curative care for the most vulnerable migrants has been threatened by changes
in laws.

China has yet to identify the first CD case on its territory but it hosts populations
of vectors with transmission potential. The National Institute of Parasitic Diseases
at the Chinese Center for Disease Control and Prevention started research in south-
ern China in 2016 based on the concern of the expansion of CD to non-endemic
countries and the increasing mobility of potential infected Latin American migrants.
A resident of Foshan city in Guangdong Province has found five adults and a nymph
which were morphologically and molecularly identified as 7. rubrofasciata [32].
This vector has been found in other latitudes naturally infected with Trypanosoma
cruzi and T. conorhini [33], hence the growing concern about the possibility of
establishment of infection in this very populated region of China. Epidemiological
surveillance is based on vector surveillance since there are no health policies related
to screening in blood banks, transplants, and congenital infection. The Center for
Disease Prevention and Control in Guangdong province has appealed on social
media for the public to look out for South American “kissing bugs,” even offering
free health consultations to the inhabitants who catch triatomines [46].

2.6 Final Remarks

Although the hematophagous triatomine vectors of the American Trypanosomiasis
have disseminated to the world since ancient times and that an increasing number of
countries worldwide report CD cases, the importance of this disease as a global
public health issue has yet to be emerged, notably in Western non-endemic coun-
tries ill prepared to face such challenges.

As a testimony of CD inclusion in the list of neglected tropical diseases by the
WHO, the public health and clinical challenges remain largely unmet by health
authorities and health professionals, even more so in countries where migrant popu-
lations at risk suffer inequity in accessing to their social rights such as access to
care. In this regard, tackling CD in non-endemic countries can be seen as an indica-
tor of health equity.
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Challenges in Chagas Disease Control
Through Transmission Routes

Mirko Rojas, Oscar Noya, Sergio Sosa-Estani,
and Joaquim Gascén

3.1 Perspectives on Vector Control and Entomological
Surveillance with Community Participation
of Triatominae

Of the communicable diseases, Chagas has the greatest prevalence in Latin America.
This disease results from infection by the parasite Trypanosoma cruzi and is trans-
mitted by insects of the sub-family Triatominae (Hemiptera: Reduviidae) which are
widely distributed in rural and peri-urban communities of the American conti-
nent [1, 2].
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Infection by 7. cruzi, originally an enzootic disease, has become a public health
issue due to the settling of vector insects in the home. The anthropic action of pro-
gressive occupation and settling in wild open spaces is likely to have caused a dis-
equilibrium in ecological niches, increasing the distance between wildlife reservoirs,
which are the natural source of blood for Triatominae. As a result, the primary feed-
ing sources represented by different species of wild mammals have either been
diminished or depleted. Instead, humans became main food source and conse-
quently became recipients of the parasite 7. cruzi, etiologic agent of Chagas disease
[1,3,4].

The process of Triatominae settling in the home was consolidated over time due
to the favorable survival conditions offered by the ease of penetrating human dwell-
ings; the microclimate within them; the food supply; economic, social, and cultural
conditions; and some Triatominae characteristics, such as hematophagy. The vec-
tor’s home settling process was facilitated, for example, by the housing material
used—adobe or clay pugged with water—and the domestication of animals, such as
the domestic breeding of the wild guinea pig and/or guinea pig (Cavia porcellus).
There is also evidence of several words that describe the domestic vector in the
languages of ancestral Andean cultures. For example, “Vinchuca” is the name of the
insect in Quechua and means “to fall down,” reflecting the habit of the insect detach-
ing from the ceiling at the night and landing on beds to feed on the blood of people
sleeping [3, 5-7].

In early prevention of Chagas disease, it is important to distinguish the wild
(enzootic) and domestic cycles of transmission of the 7. cruzi parasite, to identify
the Triatominae species involved in each cycle, to determine the ability to adapt and
colonize dwellings, vector capacity, and the degree of anthropophilicity of the
Triatominae. The risk of people becoming infected is very different from one cycle
to another, as is the possibility of carrying out effective vector control interven-
tions [1].

Vector control is carried out by chemical and physical means. The pioneers who
implemented these strategies were Venezuela, Brazil, and Argentina at the end of
1950s. Chemical control consists of the systematic and regular use of insecticides of
residual action in houses infested by Triatominae. Physical control, on the other
hand, is carried out through repairs or reconstruction of infested dwellings or those
that may harbor the insect vector. Chemical and physical interventions may have
specific indications and, in other cases, may be complementary and not mutually
exclusive [1, 8, 9].

The dwelling-adapted species can re-infest from other artificial ecotopes in the
area or be reintroduced from geographically distant foci. Wild Triatominae can
invade and colonize housing more frequently from the nearest wild environment
than autochthonous species. This implies that introduced and/or fully domiciled
species are susceptible to a high degree of control within the home through chemi-
cal treatment with insecticides, as well as preventing the formation of new colonies.
In the case of wild Triatominae, the likelihood of invasion can only be reduced by
physically protecting the dwellings and, in the case of colonization of the house,
through chemical treatment [6, 7, 10-12].
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The effectiveness of the response and the stability of vector control depend on
two basic conditions: temporal continuity and spatial contiguity, that is to say that
domiciliary chemical treatment must be continuous for as long as necessary and
include intervening, contiguous areas. If these requirements are met, together with
the absence of permanent vector colonies inside the dwelling, it is possible to
achieve interruption of vector transmission, except in exceptional circumstances
that cause the infestation to persist [2, 13].

Chagas control programs have historically had a vertical structure and have been
characterized, as other grand health campaigns, by (a) actions based on clearly estab-
lished goals, to be met in a given time; (b) high specificity; (c) normative rigidity and,
consequently, a standardized technical and technological treatment; and (d) mobiliza-
tion of a large amount of resources in a short time frame. Management of the pro-
grams was, in turn, centralized and vertical, as were the operations, which were
defined and carried out by central levels of national government. These vector control
actions were implemented in the 1970s and 1980s. In the 1990s, with the creation of
the “Cono Sur” Sub-regional Initiatives (1991), and of the Andean and Central
American Countries Initiative (1997) through the technical cooperation of PAHO/
WHO, almost all of the 18 countries considered endemic were reached [13-16].

Advances made in the control of Chagas in recent decades shows that existing
technical knowledge, where it has been applied properly, has been sufficient to sig-
nificantly reduce the burden of the disease in Latin America. The consolidation of
established processes is limited by the high operational cost and decentralization of
the vector control programs. This is due to a large extension of transmission zones
or areas at risk of transmission being restored, after having previously interrupted
vector transmission [17, 18].

There are additional complexities in vector control: institutional political changes
at different governmental levels, a lack of commitment to public health policies,
failures in the management of vector control, control failures attributable to the
environment, the presence of wild populations with a high propensity to infest
dwellings, resistance of Triatominae to pyrethroid insecticides, and the overlapping
of various vectors transmitting diseases [6, 19-21].

Given these circumstances, it became clear that there was a need for a “paradigm
shift” from the old vertical model of action, to a horizontal model of prevention and
control of transmitting disease vectors, with a strong empowerment of government
at regional and municipal levels, but always supervised by specialized personnel in
all disciplines related to vector control (entomologists, insecticide experts, engi-
neers, etc.) that centrally monitor the local programs. Ideally, each region should
have an entomology laboratory.

However, many countries are not ready to face the challenges that lie ahead.
Given the significant influence of social and environmental factors on the trans-
mission of pathogens by vectors, it is essential that vector control and monitoring
and evaluation systems are flexible, so that they can support approaches adapted to
local circumstances. The realignment of domestic programs to optimize the imple-
mentation of interventions against multiple vectors and diseases should ensure that
available resources are used in such a way that they have maximum impact [22, 23].
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The need for a proper focus and “comprehensive management of vector control”
to address the impact of vector-borne diseases has never been so pressing. The risk
of transmission of etiological agents by insect vectors is changing rapidly due to
unplanned urbanization, increased movements of people and goods, alterations in
the use of natural assets and services (such as deforestation), climate change, and
biological factors such as resistance of vectors to insecticides [22-24].

According to the PAHO/WHO technical recommendations, health systems must
be prepared to detect changes and respond to them quickly and effectively. This
response not only requires good management of entomological and epidemiological
information at different governmental levels, but also requires proven effective con-
trol interventions, with well-trained personnel that can create sustainable and com-
prehensive systems of implementation and intervention. Thus, the participation of
local authorities and communities within the framework of a wide comprehensive
and cross-sectoral collaboration will be key to improving the execution of vector
control, by adapting the interventions to each specific context. Additionally, the
participation and collaboration of local communities will be necessary to create
sustainable control programs that adequately respond to technical, operational, and
economic challenges [22, 24, 25].

Communities play a fundamental role in the success and sustainability of vector
control and surveillance. Vector control requires coordination between the many
interested parties and depends upon the use of the knowledge and skills of the com-
munities. The entomological surveillance system must be led by the inhabitants, but
it must also be a priority health policy, so that it is stable even in the face of institu-
tional and political instability [6, 22, 26, 27].

Chagas control programs should seek to harmonize and highlight these relation-
ships and carry out routine joint actions that are of interest for the entomological
surveillance of the disease. Integration could be structured around the axis of com-
munity participation, especially in relation to environmental management in homes
and peri-domestic areas [21, 22, 25-27].

Directed meetings on organization, participation and, in particular, motivating
the community in vector control-surveillance could help generate spaces for discus-
sion and exchange of ideas. Systematic entomological surveillance activities can be
complemented with preliminary studies, random checks and focused investigations
according to the context. This requires operational research of a multidisciplinary
nature on an appropriate spatial and temporal scale [12, 22, 26-28].

Surveillance activities must be strategically and deliberately planned in order to
obtain information that allows the stratifying of risk in communities, detecting
increases in the risk of transmission, and identifying specific threats for the efficacy
of vector control (such as resistance of vectors to insecticides). The essential data
needed may differ from one area to another, and through time, so adaptive capacity
is required to ensure that appropriate data are collected and unnecessary activities,
which are of no use as a basis for planning or implementing the actions on vector
control, are avoided [6, 22, 25-27].

The detection of residual foci of infestation or re-infestation of treated dwellings
is undoubtedly one of the main challenges of the entomological surveillance of
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Chagas disease. The development, application, and evaluation of tactics aimed at
increasing the probability of detection of these events is a priority objective, espe-
cially when the density of vector populations is low. The sensitivity of vector detec-
tion methods is generally unsatisfactory, but awareness of the presence of vectors by
the inhabitants (community participation) is clearly superior, including direct
searches by trained institutional personnel or “active searches” and the so-called
“sensor devices” [6, 27].

Chagas is a zoonosis that cannot be eradicated: re-infestation by native species
makes it essential to maintain entomological surveillance systems in the medium
and long term. The denunciation of foci of infestation by the inhabitants is the sim-
plest and most direct form of community participation in entomological surveil-
lance; however, these strategies must be enriched, extending and deepening the
dialogue between technicians, government, and communities.

3.2  Control of Orally Transmitted Chagas Disease

Oral transmission is the usual form of transmission of 7. cruzi in wildlife and
domestic animals, as fur and thick skin creates a barrier for cutaneous penetration.
However, in humans, due to thin skin with little hair, contamination occurs by the
cutaneous route [29].

Recently, due to epidemiological and clinical awareness on the part of the medi-
cal community, reporting of oral outbreaks in five countries in the Americas has
increased [30]. Higher mortality has generated greater interest in Chagas disease.
The number of cases of Chagas disease is increasing due to the rapid and marked
eco-epidemiological changes that are occurring in the region (deforestation of peri-
urban areas, especially in poor neighborhoods, and elimination of wildlife, which is
the usual food source for triatomines, etc.) [31, 32].

As a consequence, previously wild vectors have been moved into human dwell-
ings, as is the case for Panstrongylus geniculatus, the species with the widest distri-
bution in the Americas [29, 33]. In addition, due to its close interaction with infected
domestic and wild mammals, it has a high prevalence of infection with 7. cruzi. It
has an important role as a vector by the oral route, but a limited role in transmission
by the cutaneous route, due to its delayed defecation reflex [33]. By analogy, any
triatomine with a late defecation reflex could be a potential vector by the oral route.
The potential role of other vectors susceptible to infection by 7. cruzi is a further
concern, and is the case for bedbugs (Cimex lectularius) [34].

When oral transmission occurs simultaneously in a human grouping (families,
schools, nursing homes, etc.), it is easier to attribute the outbreak to oral contamina-
tion. On the other hand, early diagnosis of this clinical route is very difficult when
there are isolated cases or people who consume contaminated food outside the usual
environment, e.g., in the street, making it difficult to identify the vector and thus
delaying the epidemiological link, especially when people move away from the
place of exposure and are unaware of the possible source of infection. The vast
majority of cases involve fruit juices prepared by artisans.
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In the Brazilian Amazon, food is frequently consumed away from the place
where the fruit is collected and the juice prepared and infection by this route has
been called “remote transmission” [35]. Transmission can, therefore, occur in an
area where there are no triatomines since the food was prepared in an endemic area
away from the site of consumption.

It has been experimentally demonstrated that metacyclic 7. cruzi trypomastigotes
placed on fruit, fruit juices, and milk remain viable and are infectious to laboratory
mice for up to 10 h, in coconut water they are maintained for up to 18 h [36], and in
sugarcane juice for up to 24 h [37]. Likewise, infectivity in experimental animals
has been demonstrated for contaminated fruit juices that are prepared at —20 °C for
26 h for sale as ice cream [38]. This reveals the high resistance of trypomastigotes
to extreme conditions.

The lack of knowledge of this mechanism of infection by health professionals
has delayed diagnosis of this form of infection. Likewise, health institutions and the
academic staff of training centers themselves still do not recognize this clinical form
and therefore do not share information about it. These factors hinder education of
the population, who are not warned about the need to avoid the consumption of
certain foods, especially artisan made juices or fruit ice cream, whose processing
does not follow the sanitary norms of food preparation.

Although vector control with residual insecticides is still the main control mea-
sure associated with the improvement of housing (mosquito nets in windows and
doors, plastering of walls, construction of roofs, and concrete flooring), based on the
previous considerations, the following specific proposals have been suggested for
the control of oral infection [39]:

1. Supervision of food preparation in canteens of schools, nursing homes, barracks,
factories, etc., protecting the kitchens with mosquito netting in windows and
doors, which prevent the invasion and domiciliation of triatomines. This measure
needs to be accompanied by education of the food handlers. This is equally
important in family dwellings, especially in the popular neighborhoods that are
usually close to the edges of the forests and jungles that surround the urban
centers.

2. Keep foods covered or enclosed in containers to avoid contamination with triato-
mine feces and to make contamination with debris from marsupials containing
metacyclic trypomastigotes in their anal glands less likely.

3. Comply with the rules of food preparation, particularly the pasteurization of fruit
juices for consumption as beverages or as artisanal ice creams.

4. Avoid eating food, especially fruit juices, of dubious preparation outside the
home, especially when it comes to street vendors without any sanitary
control.

5. Avoid the consumption of raw meats of wild and domestic animals since blood-
borne trypomastigotes can also infect by the oral route [40, 41].

6. Reject the consumption of raw blood of wild and domestic animals during reli-
gious rituals or as therapy, which occurs in some rural communities.
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Most of these recommendations should be known by the general population
through educational programs at school level, at university and in the mass media.

3.3  Control of Transmission by Transfusion/
Organ Transplant

Transmission through blood is not determined by environmental factors, as in the
case of vector and oral transmission, but almost exclusively by sociodemographic
determinants associated with the migration of people.

The risk of transmission by blood or organ transplant is present whenever there
are infected persons, the main factor to consider when planning public health inter-
ventions is the number of infected people in a locality, whether or not the area suf-
fers from triatomine infestation and vector transmission. Thus, when there is intense
immigration of people from an area with vector transmission into areas without
vectors, there may be a risk of transmission by blood that requires the implementa-
tion of measures to control transmission through these routes, such as screening of
blood and organ donors [42].

These strategies, started in the 1970s, were not adequately implemented in Latin
America [43], but this improved during the last decade and more recently these
programs have been implemented in non-endemic countries (see below). The risk of
transmission by blood transfusion has been drastically reduced, and in 2015 all
Latin-American countries achieved universal blood screening for Chagas disease of
blood donors.

A very important issue to guarantee the success of Chagas disease control pro-
grams is to implement evaluation programs and to monitor their efficacy. These
aspects were recently reviewed by a PAHO/WHO group of experts and, in addition,
subjects involving sustainability, coverage, financing, and the fact that the quality of
the program must be taken into account in each evaluation were discussed.

3.4 Control of Congenital Transmission

Congenital infection with 7. cruzi is a global problem, occurring on average in 5%
of children born from chronically infected mothers in endemic areas, with varia-
tions depending on the region [44]. Considering that etiological treatment of the
child is always effective if performed before one year of age, diagnosis of infection
in pregnant women and their newborns has to become the standard of care and be
integrated into the surveillance programs for syphilis and HIV, as was recently for-
malized through the EMTI-Plus strategy [45].

The role of parasite genotypes and host genetic factors in parasite transmission
and development of infection in fetuses/neonates must be further investigated in
order to better estimate the risk factors and impact on health of congenital infection
with T. cruzi [46].
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Strategies for control of congenital transmission began to be implemented in the
1980s. The infection can mainly be controlled by early diagnosis and timely treat-
ment of children with congenital infection [47] and can be prevented by treatment
with trypanocides in women of gestational age [48].

It is estimated that between 8000 and 15,000 7. cruzi infected babies are born
every year to infected mothers in Chagas disease endemic countries. Currently, poor
access to and performance of the current diagnostic algorithm, based on microscopy
at birth and serology at 8—12 months after delivery, is one of the barriers to congeni-
tal Chagas disease (CCD) control [49]. Detection of parasite DNA using molecular
diagnostic tools could be an alternative or complement to current diagnostic meth-
ods, but its implementation in endemic regions remains limited. Prompt diagnosis
and treatment of CCD cases would have a positive clinical and epidemiological
impact [50].

The number of babies that would need to be tested per year varies from 157,972 to
214,074, depending on the estimate of the prevalence of 7. cruzi infection. Argentina,
Brazil, Bolivia, and Mexico are the countries where most tests should be conducted.
Taking 5% as the average T. cruzi transmission rate from infected mothers to new-
borns, the annual prevalence of CCD cases in Latin America in 2010 ranged from
7899 to 10,704. These numbers are similar to those estimated by WHO in previous
reports: 15,000 in 2006 and 8700 in 2010. These estimates can be used as a reference,
but some limitations in the calculations should be considered: for example, the perfor-
mance of serological tests and the congenital transmission rate vary between coun-
tries. Accurate and up-to-date data are needed in endemic countries [50].

Timely implementation of more efficient diagnostic algorithms will avoid a sig-
nificant number of children being at risk of developing Chagas disease and transmit-
ting 7. cruzi parasites to the next generation.

3.5 Control of Transmission in Areas in Non-endemic Areas

Although in non-endemic areas there is neither vector nor oral transmission, 7. cruzi
can be transmitted through blood transfusion, organ transplantation and from moth-
ers to children during pregnancy and childbirth.

3.5.1 Blood Transfusion and Transplants

In several non-endemic countries, there have been cases of Chagas disease due to
transmission by organ transplantation or through blood transfusion [51-54]. In a
study from the USA, of 31 patients with orthotopic heart transplantation, 19 (61%)
developed evidence of reactivation of Chagas disease. All subjects with evidence of
reactivation were alive at follow-up (median: 60 weeks) [55]. Also in the USA, in
another study, transmission was confirmed in five recipients from 7. cruzi+ donors,
with four deaths, one of which was directly related to Chagas disease [56].
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In a Canadian study in 2011, it was estimated that the risk of acquiring 7 cruzi
infection through blood transfusion and blood products was 2%. The expected num-
ber of infected cases was calculated to be between 0 and 20; 13 cases were con-
firmed [57].

In a study done in blood donors in the Netherlands, with some risk factors for
T. cruzi infection, no positive cases were found. Most donors were originally from
Suriname and Brazil, or were children of women from these countries. The authors
concluded that in the Netherlands, interventions to mitigate the risk of 7. cruzi
transmission by transfusion would be highly cost-ineffective and are thus not
required [58].

Two studies performed in the North of Italy (Veneto/Tuscany) and Rome show
diverging results of 0% and 3.9% T. cruzi prevalence, respectively [59, 60].

A study in Spain showed a 7. cruzi infection prevalence of 0.62% among blood
donors coming from several countries, with 11 donors confirmed positive with a
high rate (10.2%) in Bolivian donors. One of the positive donors was a long-term
Spanish resident in an endemic country [61]. In the United Kingdom, 15,536 dona-
tions have been collected and screened since 2005, of which 15,499 (99.8%) were
T. cruzi antibody negative and released to inventory [62].

Since the prevalence of Chagas disease in endemic areas and the diversity and
intensity of migration from Latin-American countries to non-endemic countries are
heterogeneous, the preventive policies for the transmission of 7. cruzi adopted by
the recipient countries are different [63].

In non-endemic countries, two basic strategies are used to avoid 7. cruzi
transmission:

e Deferral of donors who know they have the disease or who are at risk of being
carriers of 7. cruzi. These people are mainly detected through questionnaires that
include questions about personal issues and a history of transfusions in endemic
countries. But because a high percentage of infected patients are asymptomatic,
or have symptoms that can be confused with other diseases, many patients do not
know if they have the infection and they also do not know the risk factors for
acquiring 7. cruzi infection. Several studies have shown that this strategy is not
completely effective and that if it is strictly applied, many potential donors are
lost [64].

e Screening Programs. A selective screening program has been adopted in many
non-endemic countries with a high number of migrants coming from the Latin-
American region (i.e., Spain, France, or the USA). Donation is accepted if a
specific serological test is negative. These programs are useful for minimizing
the risk of transmission, and also minimizing the cumulative loss of donors and
donations that would ensue if only permanent deferral of at-risk donors is
adopted. Moreover, it is important to include in the program donors at risk of
T. cruzi infection, even they were not born in an endemic country. A pre-donation
interview is key to identifying at-risk donors if the program is not routinely per-
formed for all donors.



46 M. Rojas et al.

For organ and tissue donors, a positive serology does not totally exclude them
from transplant programs. Specific guidelines have been published that include the
criteria for the acceptance of organs from patients with positive serology for 7. cruzi,
as well as the strategies for good follow-up of patients who received organs from
T. cruzi positive donors [65].

3.5.2 Congenital Transmission

Due to the chronicity of Chagas disease and the involvement of immigrant women
of childbearing age, congenital transmission of 7. cruzi is expected in non-endemic
countries. In fact, with the control of blood banks, congenital transmission is the
primary cause of 7. cruzi transmission in non-endemic countries.

Several cases of congenital transmission have been detected in Europe [66, 67,
68]. In a study done in two maternity centers in Barcelona (Spain), 3.4% of women
of Latin-American origin were 7. cruzi positive, with a transmission rate of 7.3%;
Bolivian women were the most affected [69]. Later, similar results were obtained in
other areas of Spain [70, 71]. In Italy, a study in pregnant Bolivian women showed
an 8.7% prevalence of T. cruzi infection, with a transmission rate of 4% [72].

In general, non-endemic countries have no legislation requiring screening of
pregnant women coming from Chagas disease endemic areas and monitoring their
offspring [73]. In the UK, serological testing should be offered to pregnant women
belonging to at-risk groups, and positive cases should be referred to a specialist
center. In only three autonomous communities in Spain (Catalonia, Galicia, and
Valencia) and one region in Italy (Tuscany) is there a specific program for the con-
trol of congenital transmission of 7. cruzi [73].

It is important to control vertical transmission since early treatment of infected
babies has a very high rate of cure, near to 100%, meaning that long-term, heart/
digestive complications of the disease can be avoided.

Other benefits derived from the implementation of these protocols can be real-
ized: in addition to detecting infection in babies, older siblings of the family can
also be tested and treated, avoiding complications in adulthood [73]. Also, mothers
with 7. cruzi infection can be treated after pregnancy to reduce the possibility of
T. cruzi transmission in subsequent pregnancies [48, 74].

From a public health perspective, several studies show that these control pro-
grams are also beneficial from an economic point of view [75, 76].

3.6 Taking Care of Infected People as a Method of Control
of Chagas Disease

Chagas disease is one of the most neglected public health problems in America,
where <1% of the estimated six million cases (including >300,000 in the United
States) have been diagnosed and treated. Chagas disease is also a significant public
health challenge in Europe, where <10% of the estimated 68,000—122,000 cases
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have been diagnosed or treated. Globally, Chagas disease creates an annual burden
exceeding 800,000 disability adjusted life years and $600,000,000 in healthcare
costs [77].

The medical care all over have different systems with subsystems and it must to
have into account to resolve access to diagnosis and treatment, coverage, referential
system, medical expertise, among other considerations. This is a new goal for an
integrated Chagas disease control programs, including the care of people infected as
formal objective and activities.

There is absolute consensus that the diagnostic, and treatment early as possible
should be offered within primary healthcare and refer to a secondary or higher level
only when is needed. The intervention treating Chagas cases in the acute and inde-
terminate stages reduces transmission and provides economic and health benefits.
This supports the need for improved diagnostics and access to safe and effective
treatment [78].

3.6.1 The Role of Etiological Treatment for T. cruzi Infection
on Several Levels of Prevention in Public Health

The etiological treatment allows for actions on several levels of public health pre-
vention [42, 79].

Previous studies provide evidences useful for applying healthcare strategies in
control programs in several countries. When a high number of people can get diag-
nosis, treatment, and cure, it generates a new scenario for the future reduction of the
burden of the disease.

e Primary prevention level—If the goal is to prevent the occurrence of new infec-
tions, etiological treatment could have an indirect effect when applied to children
and young people. Curing children and women in reproductive age would pre-
vent future events of congenital 7. cruzi transmission [48, 74, 80-82]. In addi-
tion, blood and organ donors would increase if infected people are treated. The
effectiveness of the etiological treatment with respect to these primary preven-
tion indications would be cost-effective as was described [78]. Another strategy
would be to obtain a feasible treatment for pregnant women, such as that used for
human immunodeficiency virus (HIV) infection, to prevent congenital transmis-
sion during pregnancy. However, safe drugs are necessary for this strategy.

Etiological treatment in cases of accidents with material contaminated with
parasites or with blood samples of patients infected with 7. cruzi could also be
considered as an indication for primary prevention. In fact, the treatment is not
strictly prophylactic, as it is not possible to prevent infections, but the infection
can be aborted immediately after the accident with a timely treatment and an
appropriate concentration of specific drugs [83].

e Secondary prevention level—If prevention activities cannot prevent infection in
children, curing infected children is still possible by prescribing etiological treat-
ment. In this regard, etiological treatment should be indicated when damages
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from cardiac or digestive disease are not strongly present in children. This is the
best opportunity to get seronegativation [84—89] and avoid disease, thus preserv-
ing social, mental, and physical health into adulthood [90, 91].

National control programs have been implemented in more and more Latin-
American countries since 1994. They consist of the screening of children popu-
lations as a regular strategy providing early diagnosis and treatment [92]. The
positive effect of curing infected children detected by serological screening must
be assessed by considering the number of infected people, the transmission, evo-
lution and burden of Chagas disease, so that it becomes possible to analyze the
usefulness of serology as an indicator of action against the vector.

Another indication for etiological treatment in secondary prevention is to pre-

vent the reactivation of a chronic infection. Immunosuppression due to the appli-
cation of immunosuppressive therapies [93] or HIV/acquired immune deficiency
syndrome [94] increases the risk of reactivation in patients with chronic infec-
tion. Even though the effectiveness of etiological treatment for the clinical con-
trol of reactivation episodes has been demonstrated, it is necessary to gather
evidence as to whether preventive treatment is effective in patients with no signs
of clinical reactivation and with abnormal immunological parameters [95]. In
this regard, some protocols recommend treating organ donors infected with
T. cruzi to reduce the risk of transmission by transplant [96]. In this case, treat-
ment should be considered as a primary prevention action.
Tertiary prevention level—The use of etiological treatment against 7. cruzi infec-
tion in order to reduce the negative effect of established disease has been evalu-
ated through randomized clinical trials for assessing its efficacy in patients with
stablished cardiac disease [97, 98]. These trials have assessed the efficacy of
benznidazole for preventing the progression of cardiac disease, and no clinical
benefit was demonstrated up to date, when treatment is prescribed in patients
with stablished cardiac disease [99-101].

Several observational studies have been published showing the effects of etio-
logical treatment on patients infected with 7. cruzi with respect to preventing the
progression of chronic chagasic cardiomyopathy [102-104]. These studies
achieved quality of evidence type II and strength of recommendation B and C. The
prognosis of patients with heart failure or advanced stages of chagasic cardiomy-
opathy is poor [105], but similar to that of other patients who develop heart failure.
Since the disease is chronic and heart damage develops over decades, it is very
important to recognize the factors that determine the progression of the disease in
the early stages [106]. The evolution of knowledges addressed to the current sce-
nario with a new paradigm regarding benefit of trypanocide treatment [107]. The
etiological treatment should be considered as a protective factor in the model of the
physiopathology of chagasic cardiomyopathy.

As mentioned above, the effectiveness of etiological treatment in the control of

reactivation episodes has been proved, showing recovery from severe manifesta-
tions of reactivation such as meningoencephalitis, myocarditis, and panniculitis
[93, 94].
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Based on our current understanding of the disease, there is a consensus that every
patient infected with 7. cruzi must (children and young) or should be treated (adults).
Treatment can cure infection and reduce or prevent the progression of Chagas-
related heart disease/cardiomyopathy.

Incorporating etiological treatment as a public health strategy useful at the pri-
mary, secondary, and tertiary prevention levels is essential to reduce the burden of
the disease and to eliminate Chagas disease as a public health issue.

There are guidelines advising regarding management and care of people infected
with T. cruzi. A precocious and adequate clinical management is required to all acute
or chronic cases. A timely and adequate clinical, pharmacological, and chirurgical
management if necessary is essential. The specific treatment has to be considered
currently among other therapies [45]. For instance and according to several longitu-
dinal studies, timely management of initial arrhythmia, heart failure or megaesopha-
gus is fundamental to avoid or delay the appearance of severe or irreversibl situations
[105, 106].

Chagas disease cannot be eradicated due to the multiple scenarios that contribute
to the occurrence of new cases and mainly because of the demonstrated existence of
infected wild triatomines in permanent contact with domestic cycles. However, it is
possible to interrupt the transmission in humans.
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4.1 Introduction

The increasing complexity of the problematic of Chagas,' product of the multiple reali-
ties where it is currently present, poses the need of recognizing that we are facing an
intricate socio-environmental health problem related to both rural and urban environ-
ments in not only the Latin American context but also worldwide [1]. These current and
diverse scenarios imply crucial challenges for health teams, researchers from multiple
disciplines, and public policy makers because they evidence the existence and needs of
populations usually disregarded. In this context, it is pertinent to ask ourselves “what
are we talking about when we talk about Chagas?” For this question, relevant answers
should be provided for each of the scenarios where Chagas exists. The committed and
permanent search for these answers will lead inevitably to recognize the need of

'We will use the Chagas or problematic of Chagas denominations to avoid circumscribing the
subject to the biomedical aspects (Chagas disease) and therefore we recognize the multiple causal-
ity and the multiple implications for people in different territories, and social and institutional
realities that address it.
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developing comprehensive approaches including the experiences and knowledge of all
the actors involved in one way or another. When we talk about “all the actors involved,”
we refer to those who provide academic knowledge from the diverse disciplines neces-
sary to understand Chagas beyond the biomedical area, and those who are affected
directly or indirectly by the disease. Furthermore, the search for answers to this ques-
tion should involve all the actors who might provide knowledge from the areas of com-
munication and education, widely and openly understood.

According to estimates from the World Health Organization, between six and
seven millions of people are currently infected by Trypanosoma cruzi [2]. This figure
evidences complexity not only because of the magnitude it represents but also because
it is estimated that barely 10% out of these people are aware of the fact that they carry
the parasite, and only 1% out of that population access to the available therapies [1].
The evidence speaks for itself and, in front of it, the words spoken by Carlos Chagas
and Emmanuel Dias more than a 100 years ago retain their full validity: “besides the
technical innovations, the definite overcoming of the human Chagas disease involves,
above all, political willingness and social responsibility” [3]. We humbly add to the
masters’ reflection that, besides biomedical and technological advances, the definite
overcoming of the problematic of Chagas involves, above all, the incorporation of
issues that have not been considered in the traditional approaches, such as respect to
the peasant and indigenous’ knowledge, the particularities of migrant and traveling
contexts in the current globalization framework, and the weight of stigmatization and,
thereby, of social exclusion (a frequent experience, stronger and more tangible than
the physical consequences of 7. cruzi infecting an organism), among others. We agree,
in this sense, with the paradox formulated by Ventura-Garcia et al.: “Although the
importance of social and cultural factors is broadly acknowledged, current approaches
to NTDs? almost always neglect aspects of the sociocultural—biological—environ-
mental triad. This results in a narrower understanding of Chagas disease that hampers
sustainable prevention and control” [4:1].

In this scenario and considering the complexity of Chagas, we consider crucial
to address the actions of intervention, care, and research related to the topic from a
new paradigm. To accomplish this, it is essential to return to some pending discus-
sions and incorporate new theoretical frameworks to understand the problematic.

This chapter will allow from a perspective that considers and values the question-
ing to the classical epistemologies of health and illness, enhancing the hegemonic
approach perspective by the incorporation of new actors and essential knowledge to
embrace the diversity of the current scenarios. We question the “place” from where
we talk and address the problematic of Chagas because it evidences not only under-
lying epistemological frameworks but also the ways of addressing the relationship
with the Other and the mechanisms and practices from which we face health inter-
ventions and acknowledge power relationships and the knowledge at stake. From
these considerations, we would like to propose reflections and alternative episte-
mological scenarios from which it is possible, from our perspective, to address the
problematic of Chagas in a contextualized and comprehensive way.

2NTDs: Neglected Tropical Diseases.



4 A Social Approach to Chagas Disease: A First Step to Improve Access... 59

4.2  About the Social and Inclusive Approach
4.2.1 What Are We Talking About When We Talk About Chagas?

From a biomedical perspective, Chagas disease has been described as an illness
caused by the parasite Trypanosoma cruzi, which is transmitted to human beings
and other mammals by an insect (depending on the place, known as vinchuca, bar-
beiro, kissing bug, chinche besucona and chinchorro, among other names) or
through other ways such as transplacental and oral transmissions, blood transfu-
sions, organ transplantation, or, to a lesser extent, laboratory accidents.

For decades, Chagas disease has been associated to the populations with scarce
economic resources from rural and semirural areas of the American continent.
However, today more than ever, we know that it is not an “exclusive” disease of
certain human groups and geographical contexts. Currently, it is essential to recog-
nize that we are facing an extremely complex problem that overcame the geographi-
cal, cultural, social, and disciplinary traditional borders a long time ago. The present
challenge implies acknowledging that “Chagas disease requires an explicitly multi-
dimensional approach in which prevention, control, and care strategies and pro-
grams are designed and implemented jointly, and in which the social and biomedical
sciences, together with the experience of those affected, are incorporated and articu-
lated” [4]. In other words, it is crucial to support the fact that, beyond the biomedical
and epidemiological aspects traditionally (and almost exclusively) considered, in
the current and past configurations of Chagas disease converge an intricate web of
elements related to the social, cultural, economic, political, and environmental
aspects, among others. Today, more than 100 years after its “discovery,” it is evident
that the classical scenario in which it was described has changed and that, in a glo-
balized context, we must overcome the biomedical dimension to improve people’s
health conditions.

Therefore, to adopt a comprehensive approach, we define four large dimensions,
whose dynamic combination of elements conveys the complexity of the problem.
These dimensions are combined, metaphorically, in a kaleidoscopic puzzle [5],
where the parts become meaningful when considered in mutual dependence and
interrelationship within the whole and, in turn, depend on the analysis perspectives
from which they are observed. The relationships established within and among the
dimensions provoke that today, at a certain place in the world, the problematic of
Chagas emerges with particular features, in contrast with some other regions and
historical moments. Basically, these four proposed dimensions could be defined as
follows:

e The biomedical dimension includes features ranging from the biology of the
causal agent and vectors to medical issues regarding the disease manifestation,
diagnosis, treatment, and transmission.

* The epidemiologic dimension concerns the aspects that characterize the situ-
ation from a population scale, using parameters such as prevalence and inci-
dence, distribution, and infestation rates. The phenomenon of the growing
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migration that influences the configurations of the problem is also considered
in this dimension.

e The sociocultural dimension is related to cultural patterns and cosmovisions,
home conditions, environmental management, the distinctive features of both
rural and urban contexts, and social representations and prejudices that repro-
duce, for example, discrimination and stigmatization.

e The political-economic dimension involves, apart from the economic and macro-
economic conditions affecting the problem, the features related to public man-
agement and health, educational, legislative, and economic decisions at local,
regional, and global levels. Furthermore, this dimension includes the position
and decisions that we, as citizens and professionals, assume when thinking of
Chagas disease in different environments (research, teaching, communication,
health care, etc.).

When recognizing this multidimensionality of intervening elements and factors,
it is evident the need of counting on the contributions from all the fields of knowl-
edge and incorporating to the approach new and contextualized theoretical frame-
works that might enlighten the comprehension of this problematic. In this sense, we
are particularly interested in the contributions of the so-called Epistemologies of the
South [6], which presents a way of proceeding that allows appraising, legitimating,
and validating the knowledge born in the fight of social groups that have systemati-
cally suffered the exclusions, injustices, and discriminations caused by capitalism,
colonialism, and patriarchy. Regarding those who live systematically the exclusions,
injustices, and discriminations caused by Chagas disease, we find with (high) fre-
quency the reproduction of characterizations that stigmatize and configure an Other
affected by Chagas disease as poor, silent, victim, patient; this Other is generally a
passive recipient of solutions designed from a great geographical, ideological, and
cultural distance.

Because of this, it is time to revise critically the hegemonic discourses and rec-
ognize the obstacles they imply for the understanding of the topic. Identifying the
resistance faced by people “affected by Chagas disease” and knowing and acknowl-
edging those Others as active individuals, holders of knowledge and creative
answers, is the point from where it will emerge uncountable learnings that must be
considered for the collective search of comprehension and solutions.

The criticisms and foundations on which the Epistemologies of the South are
built, as Boaventura de Sousa Santos himself claims [6], demand thinking about
the unthinkable, assume the surprise as the constitutive act of the theoretical labor
recognizing that, in the current context of social and political transformation, we
do not need cutting-edge theories—which, by definition, do not allow themselves
to be surprised—but rearguard theories instead. That is, we must accompany
closely the transforming labor of the social movements to question and understand
the possibilities in which collective implies creating articulations, translations, alli-
ances among the diverse actors, their positions, and experiences. In other words,
the Epistemologies of the South poses more the work of an implicated witness and
less the one of a clairvoyant leadership; they require the development of
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approximations to what is new for some people and old for some other people; they
lead to open analytical spaces for surprising realities (because they are new or
because, so far, they have been produced as nonexistent) where transforming emer-
gencies and liberating alternatives might sprout. In particular, for the topic we are
considering here, the Epistemologies of the South are one of the most fertile frame-
works to incorporate new realities and analytical spaces to collect from there trans-
forming and liberating scenarios that, within the context of health care and
biomedical hegemonic approach of Chagas, have been forgotten or simply
disregarded.

4.2.2 Current Context(s) of Chagas Disease: Diverse Scenarios,
Diverse Challenges

The current scenario of the problematic of Chagas, considered as a global health
problem, defies us at various levels. On the one hand, it requires the comprehension
of the ferritory, the multiple geographical, social, political, institutional, personal,
familiar, and communitarian contexts in which the disease and its consequences are
(re)produced. It is essential to identify the mechanisms used to address the problem-
atic, that is, intervention methodologies, epistemological frameworks, and para-
digms from which Chagas is understood and approached. It is also crucial to
consider the structures used and activated to deal with Chagas, identify the actors
involved in these processes, and recognize the complexity and the challenges
implied by the new scenarios, both for researchers and health teams and for the
affected people, their families and communities, to act accordingly.

These challenges imply the awareness of this complex problem as regards not
only the global framework where it is currently manifested due to human mobility,
but also the way in which Chagas affects the individuals and their families, transna-
tional families, and individuals who travel because of their mobility projects and
that, independently of their mobility, should be assisted in their needs to guarantee
their rights [7]. The epidemiological change implies recognizing a territory that has
widened; the disease localization becomes mobile through the traveling individuals.
From this perspective, we have to observe the way in which Chagas is approached
in these multiple scenarios, identify the institutions, and characterize the structures
recognizing that the individuals come from diverse health and health care experi-
ences and that they are in a different scenario. We should recognize that a located
approach, limited to a context and to one way of intervention, is no longer possible.
Instead, we should consider the complexity of intervening and identify the opportu-
nities to be opened: we should go from national to transnational, from biomedical to
multidimensional, from individual to familiar and collective, abandoning the idea of
the Other as a patient, dependent, and recognize him/her as an agent, that is, as a
subject able to identify his/her position in the structure, the properties of that posi-
tion, and the politicization of his/her practices [8].

Transforming the paradigms through which we comprehend (and describe)
Chagas and the affected people implies to transit the overcoming of positivist,
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biomedical, and Eurocentric epistemologies that sustain the objectivity and the dis-
tance as related and comprehensive principles and withdraw from the individual’s
experiences and knowledge. As we mentioned, we should also approach to episte-
mologies that allow an emancipation process, that is, a transformation not only in
the academic, institutional, and medical performances but also in the search for the
transformation of the inequality structural conditions.

A change in the methodologies used to intervene in the problematic is crucial;
the strictly biomedical approach fragments the understanding of the topic, reduces
and inactivates the individual. Chagas should be faced from approaches that lay
their foundations in the questioning to the colonialist practices through which
knowledge and learnings concerning the topic are reproduced, as well as in the sub-
ordination, invisibility, and inequity practices that support the general health perfor-
mance [9]. We should go forward, sharpen our vision, and enhance the listening
and, therefore, our understanding.

In the current scenario of human mobility, diversity challenges health teams; it
calls them to consider the cultural, social, and epidemiological diversity in the care
ordinariness, which does not necessarily imply a questioning to the subordination
or subalternity logic reproduced in the health care systems or to the ways of
approaching the health issue. Within this framework, interculturality, as a rela-
tional strategy in these contexts, constitutes a proposal that emerges from the ques-
tioning to the epistemological frameworks through which individuals intervene in
health to solve the implications of a disease that burst in new scenarios and health
care teams and systems, which are not always trained or prepared to face the prob-
lem, and the tensions that imply the learnings and conceptions of health and ill-
ness. To open to the Other entails the recognition of our own and the Other’s
cosmovisions, an exercise that is only possible through empathy and dialogue [10].
Not recognizing the differences closes the systems and encapsulates them to reality
constructions where the own system is reproduced. In general, the State opens to
incorporate the differences, but neither from the recognition nor from the agency
co-construction processes; on the contrary, diversity is approached from an open-
ing that, in practice, incorporates the differences from assimilationist and domesti-
cating practices [11]. On the other hand, the development of cultural competences
is also an opportunity for the health teams because it allows them to open them-
selves and incorporate the Other through a dialogic process that resignifies and
enriches the practice itself.

We should understand that biomedicine is a cultural construction, associated to
cosmovisions, generally ethnocentric, and Eurocentric; it places the knowledge in
the medical practitioner (generally, a man). Populations and cultures elaborate con-
structions of health and illness that emerge from their cosmovisions; this is the way
in which the notions of care, health, and illness are built and the mechanisms inter-
vening in this process are developed [12, 13]. In this context, assuming oneself as
being ill from Chagas disease has characteristics related to the subjective construc-
tion of the disease and the context where it is experimented, elements that are inter-
twined with the gender, the institutionality, and the objective and subjective



4 A Social Approach to Chagas Disease: A First Step to Improve Access... 63

conditions the individuals face because of, for example, migration or belonging to a
transnational family [14, 15].

Recognizing the social, cultural, and gender components associated to health
problems has allowed widening the approach perspective and acknowledging the
inside of the problematic and the multiplicity of elements to be considered in the
description and understanding of Chagas. In this sense, rurality stresses signifi-
cantly the presence of the problematic. In this context, the housing issue constitutes
a relevant tension for the people affected, not only because the house is associated
to the presence of the insect vectors but also because in this scenario a series of
aspects (such as local practices in housing building and use) coalescences with
mechanisms through which the problematic is solved (fumigation, house or belong-
ing burning, house relocation, etc.). Hence, from the intervention in health, we have
activated health care practices that burst in the most intimate individuals’ space,
their homes, depriving, discrediting the people and families’ efforts, and underesti-
mating the value of ancestral practices. The action of the States through public poli-
cies, from fumigation to relocation of families and demolition/building or disposal
of houses, entails the loss of intimacy and resolution capacity and agency of indi-
viduals and families. Thus, it has been observed that these practices of eradicating
adobe brick and thatched roof houses do not necessarily translate, in fact, in a
decrease of the risk of contracting Chagas disease through the vectorial way because
the presence of insect vectors in a building is more related with structural issues
than with the sort of material implied [5].

On the other hand, in the context of people’s growing spatial mobility the indi-
viduals themselves and their bodies become currently the mobile depositaries of the
disease. People face the lack of knowledge as well as the lack of opportunities of
solving health problems, especially in the scenarios in which the professional and
institutional capacities do not approach or consider Chagas disease. Through peo-
ple’s mobility, the fragility of the guaranteed health rights is evidenced in both the
countries of origin and destination as well as in the social and institutional issues. In
this scenario, the formation structures of the health care personnel, the resolution
capacities of unknown problematics and, mainly, the capacity of dialogue and rec-
ognition of the Other and the legitimate knowledge he/she has as regards his/her
body are confronted. Understanding the problematic of Chagas as a public health
problem at a global level challenges countries and health care systems to interact
and develop strategies that altogether allow guaranteeing rights, accessibility, and
elimination of stigmatization associated to it. Chagas disease is an opportunity to
open ourselves to emancipating learnings and practices.

4.2.3 Present and Absent Actors: Toward the Inclusion
of Experiences

As we have been pointing out, considering the person affected by Chagas as an actor
(and not as a patient or passive recipient of interventions designed from institutional
and ideological distances) allows recognizing and promoting opportunities for these
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people’s participation in initiatives to solve the complex social-environmental prob-
lematic that Chagas constitutes.

How an actor becomes an actor? Thanks to the agency, the ability to act, the abil-
ity to transform. According to Pierre Bourdieu, among other constructivist thinkers,
the agency is the power of influencing in the structures, despite the historical trac-
tion through which these structures condition, the actions and their scope possibili-
ties [16].

Probably, it is impossible to draw an exhaustive map of the actors involved in the
complex web of Chagas; moreover, when this map and the lines through which we
could analyze the influence of ones over the others vary according to the context.
Anyway, thinking about the parts involved in any complex problem from the theory
of social action [16] might promote that the problem could be understood and criti-
cally observed. After this analysis, it could be faced with inclusive initiatives.

We could ask ourselves, for example: which actors have had the true agency in
the intervention planning proposed so far against Chagas disease? Those who have
not had and/or do not have this agency? Furthermore, it should be necessary to
stimulate asking these questions for the concrete case in each initiative (prevention,
research, political incidence, etc.). To question ourselves is an exercise that, from
the Epistemologies of the South viewpoint [6], allows us to widen and deepen the
initiative scope and demand engagements, as it will be seen later.

The experience of rural communities related to their coexistence with the vector
insect might be regarded or disregarded at the time of designing contemporary mon-
itoring and control programs in the so-called endemic areas. The same can be
decided after confirming the influence ability of certain actors from Latin American
populations, for example in Europe, at the time of activating the demand of care and
treatment strategies of Chagas disease considering their contacts in social networks
and their relatives in origin and destination places. To ignore or add those actors to
the understanding or transforming table is, as we have indicated, the first one of the
decisions that might support (or not) a change of paradigm in the approach of the
problematic of Chagas.

Bordieu’s reflections have never been purely theoretical; on the contrary, they
have been built after diverse research in the field. If one could imagine the author
trying to understand the problem of Chagas disease, probably he would have pro-
posed to start with a conversation with the first affected ones, as actors. Maybe, he
would have relied upon the “spontaneous sociology” of the social actors, which is
something more complex than discarding the scholar knowledge and retaining the
ordinary one [16]. He would agree with de Sousa Santos in affirming that, from the
“sociology of absences,” before working with experts one should work with all the
experiences, especially with the ones that have been excluded or actively produced
as nonexistent, that is, as unbelievable alternatives to what exists [6].

Understanding the affected people’s multiple experiences and learnings is one of
the ways that urges to be explored to comprehend the problematic and evidence the
anxieties and the diverse learnings. Hence, knowing the experiences of the teams of
chemical control against the vector, the primary health care physicians, the special-
ists, the local authorities, the decision makers, etc., would allow a more global and
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comprehensive understanding of the problematic. To interpret all the actors, Bordieu
would say, it is not necessary to comprehend them from our own conceptualizations
but to figure out the “logic of practice,” that is, the logic explained from the perfor-
mance of acts displayed in their respective times [17].

Furthermore, the stories heard during the specialized care in Chagas disease in
contexts characterized as nonendemic in Europe approximate us to the actors from
experiences that are even more invisible than the ones experienced in the traditional
rural and Latin American scenarios. Their narrations talk about the past time (the
childhood in the rural community of origin, the migrant trajectories, etc.) and reveal,
in the same way, the coexistence with the vector and the lack of information about
the real risks they faced or, even worse, the lack of ability to change the material
conditions associated to the disease. Far from their birthplace, these people identify
a change that might be linked with the elimination of the disease. However, the pres-
ence of Chagas disease at the endemic areas, and at nonendemic areas, on the one
hand, indicates that certain conditions are perpetuated and, on the other hand, evi-
dences that a lot has been achieved from one generation to the next one as regards
the vector control and the access to diagnosis and medication. Several of these
transformations are related to a change in the population’s welfare conditions, hous-
ing modifications, access to treatment, etc. These and other actions allow cutting—
socially and within families—the 7. cruzi transmission.

Thus, we can claim that there is agency conquest in those who, through multiple
processes of social mobility, have accessed to better conditions and structural oppor-
tunities. The associativity and the social mobility also contribute in the conquest of
rights. We can see that phenomenon in those who decide to generate a change in
their communities through the participation in peasant organizations that fights for
violated rights in rural areas or in those who take part in associations of people
affected by Chagas disease that proposes to activate, in endemic and nonendemic
contexts, the access to diagnosis and treatment or propose to look for the customs
release of second-hand cardiac pacemakers coming from abroad.

The scenarios are diverse, the people’s actions and reactions are multiple, as
diverse as their learnings and experiences. Within the framework of these diversi-
ties, we can comprehend that the working conditions limit the access to health care.
We need to identify the stigmas associated to the disease, and understand the com-
plexity of each social scenario, for example, for people in the European context and
people in the current Latin American rural context. At the same time, this position-
ing implies to understand that—close or far from the endemic zones—people try to
move away from those constructions that impoverish them or represent them as il/
people, which produce them as nonexistent in terms of the sociology of absences
proposed by de Sousa Santos [6].

It should be stressed that the study of perceptions and social representations of
Chagas disease should not be approached only toward the knowledge and represen-
tations of the affected people, because the way in which the other actors see and
understand the problem also reproduces the features of the topic complexity. We
should recognize in all the actors the presence of stereotypes, assessments, attitudes
toward the problematic and the people affected, the modes of transmission and the
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contexts in which the disease is spread (or not), and its causes and consequences
[18]. In this sense, we agree with some other authors that approach the need of
incorporating and unveiling the complexities in the perceptions and social represen-
tations about Chagas [5, 18, 19]. We understand that it is key to deepen the learnings
and experiences of all the actors involved in the complexity of Chagas (health teams,
researchers, communicators, educators, decision makers, etc.), considering besides
that all of them are stained with reality constructions produced in each context. As
we shall explain below, these studies constitute a concrete proposal so that the inter-
ventions in Chagas disease lay their foundations in a contextualized and inclusive
beginning, tending to equity among the parties involved.

4.3  About the Comprehensive Care

4.3.1 What Are We Talking About When We Talk About
“Comprehensive Care”?

As we have stated along these pages, we agree with Ventura-Garcia et al. when they
propose that Chagas disease is embedded in a web of relationships marked by bio-
logical, sociocultural, political, economical, historical, and environmental circum-
stances that shape its incidence and prevalence, as well as the population’s response
[4]. In the complexity and multidimensionality of this web of relationships the need
of approaches that meet expectations is evidenced, whether from research and care,
or from other instances. Because of this fact, the development of the so-called (and
sometimes overused) comprehensive care leads us to challenges that cannot be
underestimated.

Beyond some worthy exceptions, we generally observe that one of the main fail-
ures of the implemented strategies lies in the predominance of a fragmented and
biased viewpoint. This viewpoint is oriented toward Chagas as a disease, ignoring
that it constitutes a complex problematic characterized by factors of different nature,
which make sense when they are considered in mutual dependence and relationship
[5]. In this sense, when exploring, for example, the social representations about the
problematic of Chagas in members of the health care team, a restrictive viewpoint
on the biomedical aspects is evidenced; moreover, that viewpoint is biased by ste-
reotypes (poverty disease, silent disease, rural disease, a disease associated to hous-
ing precariousness, etc.) [18, 19] that hinder the development of the pursued
comprehensive approach. The reproduction of prejudices leads to stick to attitudes
of blaming and stigmatization toward the people affected by Chagas disease them-
selves, preventing in turn to enquire about the underlying causes that bring together
in the problem persistence, whereas the association between rurality and poverty,
established by most of the biomedical professionals, reflects the prejudices associ-
ated to the nonurban way of life. This viewpoint ignores, and usually disregards, the
value of traditions, habits, and practices of certain groups affected by the problem-
atic so that the experts become the only ones trained to provide solutions to improve
the affected people’s lives [18, 20].
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Therefore, at the moment of thinking about the spaces where comprehensive
care should be displayed, it is inevitable to consider the existence of diverse sce-
narios provided that, as it has been already mentioned, the migrant and urbanization
phenomena allow locating Chagas also in urban contexts and worldwide. Due to
these reasons, we understand the urgent need of putting into practice strategies pro-
moting health that consider the topic as a public health issue not only at regional and
national scales but also at international level.

Chagas has become a paradigmatic example of the challenges that the current
territorial changes and globalization pose for health research and public health care.
In this sense, it is crucial to aim at the development of an integral, updated, and
contextualized approach, oriented not only to preventing the disease but also to
promoting health as a means of improving people’s lives.

Understood this way, comprehensive care includes both the necessary diver-
sity of health professionals to freat properly the requirements of each case and
the implementation of multidisciplinary and multisectorial devices to guarantee
the approach of the violated human rights, the cultural, social, labor, and legal
aspects, and the materialization of true knowledge exchange nourished by the
involved actors’ experiences and knowledge. In particular, we consider that a
worthy contribution in this sense is constituted by the proposal of the Ecology of
knowledge provided by the Epistemologies of the South [6], which begins by
assuming that all the relationship practices among human beings, as well as
between human beings and nature, imply more than one way of knowledge and,
thus, of ignorance. It consists, on the one hand, of exploring alternative scientific
practices that have become visible through the plural epistemologies of scientific
practices and, on the other hand, of promoting the interdependence of scientific
and nonscientific knowledge. In other words, it involves an ecology based in the
“recognition of the plurality of heterogeneous knowledge (being one of them
modern science) and the continuous and dynamic interconnections among them
without compromising its autonomy” [6:10]. Hence, against a rooted monocul-
tural conception of knowledge, the Ecology of knowledge does not consider
knowledge abstractly, but as learning practices that allow or prevent certain inter-
ventions in the real world.

4.3.2 Difficulties and Tensions as Regard Access: Objective
and Subjective Barriers

The processes involved in the population’s health care entail the interaction among
health care teams, professionals, and people and their families. Usually, this rela-
tionship takes place in an institutional context of hegemonic knowledge consid-
ered, in general, legitimate. In addition to this, the individuals in the interaction put
into dialogue or confrontation their own cosmovisions, that is, the way through
which people and systems understand health and illness and, consequently, con-
struct care modes and mechanisms used to elaborate resolution strategies for health
problems. In these spaces, there is an interaction of care, health, and illness models
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that must be evidenced, especially when we approach Chagas disease from hege-
monic models [21].

At the same time, these interactions are constructed within sociopolitical
frameworks where health is a right, as well as it is people’s mobility in most of the
countries around the world. In order to understand health and illness in the context
of Chagas, it becomes essential to territorialize the problematic firstly, which
involves the comprehension of the environment, its changes and adaptations as
well as the scenarios (institutional, sociopolitical, local, etc.) associated to the
transformations in the individuals’ life conditions. These changes are related to
the neoliberal exploitation methods and consumption; within this framework, the
individuals interact among them through the means because they construct trans-
national families, and they organized themselves according to international orga-
nization structures.

In local contexts, human mobility has shown the fragility of the universal health
care systems and, paradoxically, the acceptance of diversity. The current social sce-
narios reveal the social tensions based on xenophobia and racism as well as the
gender inequalities. In which way Chagas disease, as a health problem, is perceived
in these contexts? Within the framework of the health system, Chagas disease
allows, for example, being aware of the women’s position in care practices against
health problems, and the responsibility attributed to them as regards health care of
the family in general and the children in particular. The way in which women
assume the responsibility in the transmission of Chagas places them as high vulner-
ability individuals because of stigmatization, social rejection, gender violence, etc.
In this background, women must be guaranteed health conditions for themselves,
such as preconception controls to diminish the chances of infection of Chagas
through pregnancy and, at the same time, improve their health conditions and qual-
ity of life [15]. However, we should take care about the mechanisms used to
approach them, preventing the reproduction of prejudices and discriminatory behav-
ior and being aware of the social exclusion processes due to the relationship between
gender and the disease transmission mechanisms.

Physical conditions, ethnicity, social class, and religion account for the need of
constructing an approach that implies the revision of relationship strategies [19].
Thus, for instance, in migrant population contexts, both in research and in the devel-
opment of care and detection policies of Chagas disease, it is essential to revise the
strategies carefully to sensitize, educate, and implement interventions with native
and foreign populations. On the other hand, as we stated in the previous section, the
learnings and experiences of the affected people should be considered to promote
the dialogue among the health care team members and the other involved social
actors. We also stated that this dialogue will lead to the development of strategies
oriented toward guaranteeing the right to health disregarding people’s origin and
context.

Health should be acknowledged as a fundamental right for all people in the
diverse global scenarios. This means that States should guarantee the care, treat-
ment, and monitoring of Chagas disease in endemic and nonendemic contexts as
well as in the current context where this problematic constitutes a global health
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problem and the population has not been considered yet the leading and main actor
to whom all the actions related to the disease approach should be addressed.

Currently, the access barriers experimented by the population affected by Chagas
reflect relationships with objective elements that condition the access to both health
care and work due to presence of positive serology. On the other hand, these barriers
imply that the individuals, although being holders of universal rights, face situations
of discrimination and social exclusion, product of their national, ethnical, and gen-
der. Both in the societies where the people affected by Chagas disease are tradition-
ally located and in the new contexts where the disease is present, people face social
exclusion constructions associated to discriminatory practices based on a diversity
of prejudices and stigmas that constitute barriers of structural and subjective or
symbolic inequality.

One of the risks faced by health teams is to attribute themselves the Others’ voice
when recognizing situations of exploitation, undermining, and social exclusion,
among others, suffered by the people affected by Chagas. Although this assertion
states the need of contributing in the restitution of the individuals’ rights (because
health teams, as State representatives, have the duty of guaranteeing the popula-
tion’s right to health), it is crucial to remember that this contribution should take
place acknowledging the individuals’ agency. Thus, professionals may support
organization processes in which the individuals themselves might be represented
and acknowledge individual agencies that favor intercultural interchange processes,
but it is not acceptable for them to arrogate the voice of those who live Chagas dis-
ease as an everyday life reality. Men, women, and children, who within the frame-
work of the problematic have been displaced or excluded, must be listened; but they
themselves should articulate and develop mechanisms of social representation.

Furthermore, the presence of active individuals is key, those who, on the basis of
their own experiences, might contribute to the development of culturally pertinent
interventions and actions of intercultural character that imply an input to the
improvement of the conditions of the violation of rights. We refer, for example, to
interventions such as the programs “Expert patient” [22] or “Spread the voice” [23]
that, somehow, acknowledge the individuals’ agency within the framework of the
problematic of Chagas. Agency that articulates with the medical performance pro-
vides not only a better understanding of the problem from the affected individuals’
viewpoint and experiences but also a privileged learning space for the involved
health teams.

4.3.3 Initiatives Designed in an Inclusive Relationship

Research findings and concrete intervention experiences performed in different
places of the world present eloquent results about the importance of considering
diverse actors as authentic partners to generate transformations inside the complex
problem of Chagas. In the last few years, several innovative approaches have pio-
neered, both individually and collectively, the treatment improvement of individuals
directly or indirectly affected by Chagas by combining biomedical, psychological,
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social, and anthropological elements and seeking to overcome stigma and barriers
[7,22-25]. At the same time, information, education, and communication initiatives
have been developed in a similar spirit, including strategies and resources designed
to address the issue holistically and incorporate constructive and innovative per-
spectives, both for the benefit of the individuals affected and for society [5, 24].
Although the initiatives are still not numerous, they set a precedent to be considered
and allow enlightening adaptations in broader areas (at local, rural, urban, cosmo-
politan, and transnational contexts).

Analyzing all the implications of the previously cited experiences exceeds the
aim of these pages. However, it is possible to recognize common ground to point out
that, beyond the particularities of each case, in all the situations some transversal
elements are highlighted, such as the acknowledgement of the agency or the poten-
tiality of agency of all the actors, the integration (to a greater or lesser extent) of the
diverse actors at the moment of designing the initiative, the perspective of rights, the
consideration of the multiplicity of voices and aspects of the individuals’ everyday
life (beyond the disease), and the consciousness about costs and engagements of
this kind of approach.

However, it should be clarified that an inclusive and dialogic beginning does not
guarantee in itself the intervention success but, maybe, it allows delineating sce-
narios in which the eventual conflict due to the disagreement of conceptions and
expectations of the diverse actors might be known in time, and the tensions might
be channeled toward understanding and mutual cooperation. We might draw away
from, for example, the “mismatch between the experience of those affected and the
medical classifications of Chagas disease” indicated by Ventura-Garcia et al. [4].
The dialogue between the health systems and the individuals, and the opportunities
displayed with the aim of understanding the diversity of conceptions of health and
illness would improve the scenarios and the practices of the medical systems, not
only because they allow a better agreement and approach to the affected population,
but also because in the relativization of their own conceptions of health and the
world, new possibilities are open to perform in health and health care [19]. Then,
almost as a first measure, we suggest to reinforce research about the social represen-
tations of Chagas disease influencing the behavior, the agency, of both the affected
individuals and the other involved actors [5, 18]. Hence, it will be possible to obtain
practical and contextualized recommendations to co-design the best interventions as
more information becomes available about the different experiences and the diver-
sity of knowledge related to the problematic of Chagas and all the elements emerg-
ing at the moment of asking oneself What are we talking about when we talk about
Chagas? in each particular context.

As we have already stated, from the possibilities opened when we recognize the
affected individuals’ experience and acknowledge their agency, cultural and inter-
cultural pertinent interventions such as the “Expert Patient” [22] or “Spread the
voice” [23] have been generated. Another type of agency whose potentialities have
been evidenced is the one of the migrant people in the so-called transnational
social spaces, that is, those spaces emancipated from the national borders. The
transnational practices—those ones regularly held, with systematization and strong
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adherence between the origin and destination migrant communities—explain that
in the transnational spaces flow not only economic remittances but also social
remittances, understood as “the normative structures (ideas, values, and beliefs),
the practice systems, and the social capital flowing from the resident families into
the host society toward its origin society” [26]. In this transnational context, data
are already collected about changes in the searching paths of solutions of the
affected individuals by Chagas disease in endemic areas that might be explained
from the appropriation of ideas and practices influenced by their relatives living
abroad [27]. These opportunities broaden and become complex if we consider that
the mobility of several families can be ascribed in circular or cyclic mobility tradi-
tion from which the actors demand the health team’s capacity of adaptation, maybe
toward the offering of a transnational care in Chagas disease, although that type of
intervention could have been held only in structures financed by specific coopera-
tion projects [27].

Mentions should also be made of forms of social mobilization spearheaded by
associations of people affected by Chagas disease, medical workers, and research-
ers all over the world. They have been crucial in terms of raising awareness, pro-
moting access to diagnosis and care, and boosting the development of applied
research [28]. One extremely important initiative in this area was the creation in
2009 of the International Federation of Associations of People Affected by Chagas
Disease (FINDECHAGAS),® which currently brings together more than 20 asso-
ciations in the Americas, Europe, and the Western Pacific. This instance collects
the experience and needs of women and men affected by Chagas disease
worldwide.

Considering another type of actors, it is worthy to highlight the existence of
initiatives such as the “Global Coalition of Chagas Disease” that gathers research-
ers, public health professionals, and private donors who articulate with affected
people and some other members of the civil society. Among their principal chal-
lenges, the Coalition leads efforts to approach aspects different from the biomedi-
cal dimension of Chagas such as the incidence and the access to diagnosis and
treatment.

Finally, from the World Health Organization (WHO) as a possible scenario of
confluence and spreading of validated initiatives, we underline the recent creation of
the Technical Group No. 6 on Information, Education, and Communication (TG6
IEC)’ of the WHO Control Program of Chagas Disease. This instance is presented
as a key opportunity for a group of professionals—specialists from different areas
without conflicts of interest—to counsel the WHO from multidimensional view-
points to promote, on a larger scale, the change of approach necessary to account for
the challenges posed in the new epidemiologic scenarios and the essential epistemo-
logical changes we have been stating.

3http://findechagas.org/
“http://www.coalicionchagas.org/
Swww.beatchagas.org/
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4.4 AnOverview: Some Keys to Facilitate the Desired Access

As a corollary of the words shared in these pages, we come back to the reflection
leading us to think about the numerous elements that should be incorporated sys-
tematically and rigorously to the search for answers to understand the current prob-
lematic of Chagas and reach contextualized and long-lasting solutions. In this sense,
we agree on that the new paradigm we referred to at the beginning of these chapter
must consider the fundamental and unavoidable importance of subjectivity as it is
stated by de Sousa Santos [6], who considers that objectivity depends on the quality
of its subjective dimension and the development and consolidation of social trans-
formation collective actions.

Therefore, it is necessary to systematize and assess the interventions from inte-
grative perspectives as well as to develop research tools to expand the focus of these
activities incorporating the sociocultural aspects of health. “Furthermore, both
research focused on incorporating people’s experience and needs into policies and
interventions in endemic and non-endemic countries and the development of pre-
ventive and/or control actions conducted with attention to affected individuals
beyond medical spaces are crucial” [4:6]. However, we have to be cautious because
the call is not only to add these perspectives, as we have already stated; on the con-
trary, it is about articulating dialogic relationships that favor supporting acknowl-
edgement processes of the distances of knowledge and power from which we face
Chagas. These distances translate into barriers for the access to an adequate and
prompt health care and the stigmatization and violation of the affected people’s
rights. Thereby, the revision of processes that in practice exclude, assimilate, and
undermine is imperative to promote, from that revision, a dialogue introducing new
social and institutional learnings and practices.

The epistemological transformation will allow enhancing the delimitation of the
problematic of Chagas and, at the same time, will favor processes to acknowledge
emergent actors and practices in order to incorporate diversities as regard gender,
age, ethnicity, and class and to include other actors such as social, national, and
international organizations, the media, etc. From research, its practices and the
diverse ways of constructing knowledge, it must be evidenced the need of incorpo-
rating from the considerations of the Epistemologies of the South [4] the dialogic
articulation required today in the understanding of Chagas disease. In other words,
from these new perspectives, we might be alert to the changes and transformations
raised from the individuals who consult (or not) and to the modifications from the
health care systems manifested in those new relationships, to go beyond the current
unequal framework of relationships and transform society. There we will find the
signals to overcome the dichotomies accounting for practices of disqualification and
nonexistence, in the end, of social exclusion: healthy/ill, ignorant/expert, poor/not
poor, endemic/nonendemic, patient/agent, with a voice/without a voice, etc. By
being aware of these dichotomies, we evidence the ideological frameworks through
which we approach health and illness in general and Chagas disease in particular.
With these evidences on the table, we will begin to walk with steady steps the col-
lective way toward the development of true comprehensive approaches.
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Diagnosis of Trypanosoma cruzi 5
Infection: Challenges on Laboratory
Tests Development and Applications

Montserrat Gallego, Alejandro G. Schijman,
and Julio Alonso-Padilla

5.1 Laboratory Techniques for Diagnosis
of the Acute or Chronic Stage of Chagas Disease

The range of techniques to diagnose a Trypanosoma cruzi (T. cruzi) infection includes
parasitological, molecular, and serological methods. The use of one type or another is
mostly related to the stage of the disease: acute or chronic [1]. This is so because para-
sitemia varies between the two stages being elevated during the acute phase and low
and intermittent during the chronic phase. Thus, parasitological and molecular meth-
ods are generally used for the diagnosis of acute Chagas disease, whereas serological
methods are the preferred choice for the diagnosis of chronic Chagas disease [1, 2].
Despite the great advances achieved in the last few decades, the absence of con-
sensus on the techniques to be used, the different criteria regarding which diagnostic
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algorithms to follow, and the inexistence of governmental guidelines in some coun-
tries, both endemic and non-endemic, still complicate the disease diagnosis sce-
nario. Besides, the genetic and antigenic variability among 7. cruzi strains poses
another challenge to deal with, as it plays a role in the distinct geographical perfor-
mances of the tests [1]. On the other hand, biomarkers for the disease prognosis and
the early assessment of treatment efficacy are also being investigated, but any test
based on them is still far from commercialization [3].

5.1.1 Parasitological Techniques

Parasitological methods were the earliest developed and still include the standard
method recommended by the WHO for acute Chagas disease diagnosis: microscopy-
based visualization of 7. cruzi trypomastigotes in freshly collected peripheral blood
[4]. In its simplest format, a drop of blood, which can be taken by digital puncture,
is placed between a slide and a coverslip and searched for the presence of motile
trypomastigote forms using a 40x objective lens upon which these can be recog-
nized by their movement among the red blood cells [4]. The sensitivity and limit of
detection vary accordingly to the volume of blood examined [5], and thin and thick
blood smears stained with Giemsa could also serve to the diagnosis [4].

With the aim to increase the sensitivity of microscopy-based direct observation
of trypomastigotes, concentration methods such as the Strout or the micromethod
were developed [6, 7]. The Strout requires a greater volume of blood (5 mL), and it
is thus indicated for the diagnosis of acute Chagas in adults when there is no chance
to perform serology, i.e., when there has not been sufficient time to mount the anti-
parasitic humoral response. For the Strout, blood is obtained without anticoagulant
and left at room temperature (RT) to coagulate. Serum can then be obtained follow-
ing a double centrifugation procedure, and trypomastigotes are searched in its sedi-
ment under the microscope. In contrast, the micromethod is the technique of choice
for the diagnosis of congenital Chagas disease in newborns due to the smaller vol-
ume of blood required (~0.3 mL may suffice). In this case, 4-6 heparinized capillary
tubes containing 50 puL of blood are centrifuged and the parasites presence is
searched at the interface between the blood cells lower phase and the plasma upper
phase [6]. Its detection limit is very variable (40-500 parasites/mL) [6, 7], and it is
recommended to examine the samples immediately after their collection or within
24 h from it [8].

Both Strout and micromethod have in common that they require highly trained
personnel [1]. In terms of their throughput limitation, in order to be able to perform
the examination of a large number of blood samples, a computational method has
been described for the automatic detection of 7. cruzi parasites based on machine
learning and image processing algorithms [9].

Although nowadays not as common as the former, there are other methods for
the parasitological diagnosis of 7. cruzi infections like the xenodiagnosis and the
hemoculture. These are more laborious than direct microscopy-based observation,
and despite they may yield a greater sensitivity, it can take 15-60 days to know their



5 Diagnosis of Trypanosoma cruzi Infection: Challenges on Laboratory Tests... 77

outcome [1]. In addition, they require of specific laboratory conditions and entail
safety concerns as both involve growing the parasites. For instance, xenodiagnosis
requires of uninfected laboratory-reared triatomine vectors (order Hemiptera; fam-
ily Reduviidae) which are allowed to feed on the subject to be diagnosed and then
examined for trypanosomes that may be found in the intestinal contents of the
insects 1 or 2 months later. Hemocultures are as well examined weeks after inocu-
lating culture media (LIT, Novy-MacNeal-Nicolle agar (NNN), or Evans’ modified
Tobie’s medium) with the suspected subject’s blood and its detection limit is 5 para-
sites/mL [10].

5.1.2 Molecular-Based Diagnostics

The Polymerase Chain Reaction (PCR) has been used for decades for the amplifica-
tion and detection of pathogen-specific nucleic acid sequences so as to diagnose
infectious diseases [11]. 7" cruzi parasites have nuclear and kinetoplast DNA, which
contain repetitive sequences that are suitable for PCR amplification [12]. PCR was
used for the first time to detect 7. cruzi DNA on both the triatomine vector and the
mammalian host in 1989 [13]. Amplification of the parasite DNA has been described
from many types of samples like blood buffy coat, umbilical cord blood, serum,
cerebrospinal fluid, as well as tissue samples from the placenta, heart, esophagus,
colon, brain, or skin [14—19]. Nonetheless, for practical reasons, the preferred sam-
ple is non-coagulated periphery blood, generally collected in tubes carrying EDTA
as anticoagulant.

Normally, a DNA extraction procedure must always precede the PCR. In order to
increase the blood’s half-life at RT, 1:1 (vol.:vol.) addition of 6 M guanidine hydro-
chloride to 0.2 M EDTA blood collecting tubes can be done before the DNA extrac-
tion step [20]. Although this treatment was shown to increase the subsequent PCR
sensitivity in comparison with the use of untreated whole blood as sample [21],
there are yet no commercial tubes including it. Moreover, its cost is high and its use
is usually limited to reference diagnostic centers [16]. It must be noted that guani-
dine EDTA-blood (GEB) samples have been described to be unsuitable for DNA
extractions based on magnetic particles, at least when samples are not processed
immediately [22].

Several PCR protocols have been now described for 7. cruzi DNA detection. In
them, two repetitive sequences in the parasite’s genome are the most used amplifica-
tion targets: satellite DNA (satDNA), which is a conserved nuclear mini-satellite
region designated TCZT with the highest number of repetitions (~10 thousand cop-
ies per genome organized in series); and kinetoplastid DNA (kDNA), composed by
networks of concatenated DNA maxi- and mini-circles that may reach between
5000 and 10,000 copies [23]. Conventional PCRs allow the detection of a single
diagnostic band of a known size in an agarose gel and being the simplest they were
the first to be used [12, 13], sometimes followed by DNA hybridization [24, 25].
Nested PCR (nPCR) protocols, which provide a higher sensitivity than conventional
PCRs, have also been used for the clinical diagnosis of the disease [26, 27]. However,
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they entail a high risk of false positive results due to contaminating amplicons, so
real-time PCR (rtPCR) technology is the preferred PCR assay at present. It provides
arapid throughput of results (amplification and detection in one step) with a reduced
risk of carry-over contamination, and it can be optimized as a quantitative assay
given appropriate standards are included (quantitative PCR or gPCR) [17, 28-31].

The described sensitivity and specificity values of JPCR methods are variable
and depend on the epidemiological characteristics of the population, as well as on
many technical factors such as the volume of the clinical sample, the conditions of
its storage, the method used to isolate the DNA, the parasite target sequences, the
set of primers and probes chosen for the amplification, the reagents used for it, and
the thermo-cycling conditions followed [22, 23]. Nonetheless, molecular-based
methods provide a more sensitive alternative to classical parasitological techniques,
and they are thus very useful for the diagnosis of acute Chagas disease, such as
congenital and oral transmission cases or those due to parasite reactivation in immu-
nosuppressed individuals [2, 23]. In the case of congenital infection, detection of
the parasite DNA in the newborn’s blood by PCR could greatly help to improve the
early diagnosis of the infection and preclude the high rate of loss to follow-up
observed with current algorithms [32]. Molecular methods have also proved very
useful to monitor 7. cruzi infection status of solid organ transplantation recipients as
PCR can be used independently of the host immune status allowing the parasite
detection even before the appearance of symptoms [33-35].

In contrast, molecular tests should not be ordered for diagnosis of the chronic
stage because low and intermittent parasitemia will preclude any sensitive detection
[19, 36]. Nonetheless, in the absence of other approved biomarkers, and considering
that patients’ positive serological status can take many years to revert, JPCRs have
been shown to be very helpful in the follow-up of treated chronically infected adults,
especially during the performance of clinical trials [37, 38]. In this context, one of
the limitations of DNA-based amplification methods is whether a positive result
reflects the presence of intact parasites or circulating DNA derived from lysed ones
[39]. Cancino-Faure and co-workers [40] have developed a qPCR with a propidium
monoazide (PMA) dye that allows the differentiation between viable and nonviable
T. cruzi epimastigotes, which could be very useful for the assessment of lytic drugs.
Moreover, Juiz and co-workers [41] have developed a rtPCR procedure based on
T. cruzi 18s ribosomal RNA (rRNA) to detect transcriptionally active parasites in
tissue specimens.

Another drawback posed on molecular detection of 7. cruzi is the lack of homo-
geneity between protocols. That is why multi-centric studies to analytically validate
and standardize the best methodologies were performed [19, 31, 37]. A recent arti-
cle has reviewed the clinical sensitivity and specificity from PCR studies of at least
100 subjects with suspicion or previous diagnosis of 7. cruzi infection [23]. In sum-
mary, kKDNA targeted qPCRs appeared to be slightly more sensitive than satDNA-
based qPCR protocols [2]. The analytical sensitivity was more uniform among
different Discrete Typing Units (DTUs) for kDNA qPCRs than for satDNA qPCRs,
being the latter less sensitive for some Tcl and TclV strains due to a lower number
or satellite DNA units in their genomes [23]. Nonetheless, a duplex satDNA qPCR



5 Diagnosis of Trypanosoma cruzi Infection: Challenges on Laboratory Tests... 79

performed in peripheral blood samples from patients residing in Colombia, where
genotype I (Tcl) is the prevailing DTU, showed high specificity in both acute and
chronic Chagas disease patients and high sensitivity in acute patients, whereas in
chronic patients clinical sensitivity reached 64.2% [16]. This degree of PCR positiv-
ity to detect circulating 7. cruzi in chronically infected patients has been observed
as well in many other studies [23]. Besides, KDNA-PCR specificity is questioned in
areas of Trypanosoma rangeli (T. rangeli) and T. cruzi co-circulation due to the
similarities of their mini-circle sequences, and satDNA qPCRs should be used there
[2, 23]. Notably, the recent characterization of satellite sequences from a higher
number of strains has allowed the improvement of primer/probe design, and conse-
quently sensitivity [42].

5.1.3 Serology-Based Diagnostics

Several serology-based techniques have been developed for the diagnosis of chronic
Chagas disease including indirect immunofluorescence antibody test (IFAT), agglu-
tination tests (AT), indirect hemagglutination assay (HAI), enzyme-linked immuno-
sorbent assay (ELISA), immunoprecipitation (IP) or particle gel immunoassay
(PaGIA), radioimmunoprecipitation assay (RIPA), immunochromatographic test
(ICT), in vitro enzyme strip assay (ESA), chemiluminescent microparticle immuno-
assay (CMIA), indirect chemiluminescent immunoassays (CLIA), and western
blotting (WB). There are commercialized tests for detecting anti-7. cruzi antibodies
of all these techniques except RIPA test.

WHO criteria for the serological diagnosis of chronic Chagas disease recom-
mends the use of two tests based on distinct antigen sets [4], and this recommenda-
tion is followed in the last inform of the Pan American Health Organization (PAHO)
[43]. In case of discordance, a third test should be available (Fig. 5.1). Correct use
of two of the conventional techniques most frequently applied (ELISA, IFAT, or
HALI) allows the diagnosis of >98% of those chronic patients screened, and the sen-
sitivity and specificity of the commercial techniques may approach 99% [44]. On
the other hand, due to the high sensitivity (~100%) shown by some of the latest
developed techniques (i.e., CMIA), it has been proposed the use of a single tech-
nique for the diagnosis of chronic Chagas disease (at least in non-endemic areas),
though increasing the cut-off established by the manufacturer [45, 46]. However,
despite the cost savings that the proposed change would provide, the most recently
published report from the PAHO [43] does not consider it and remains similar to the
WHO recommendations from 2002 [4].

In spite of the great advances achieved, serological methods yet present some
disadvantages like potential cross reactivity with other related protozoan diseases,
especially leishmaniasis [47]. Besides, since serological markers may take several
years to disappear in drug treated patients, a positive serology does not necessarily
mean an active infection [48]. On the other side, although reversion to a negative
serology result will indicate cure, due to the long time span to arrive to it, serology
cannot currently be used in a time practical manner to inform on drug treatment
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response. In addition, the majority of the serological techniques aforementioned
need experienced staff and expensive large sized pieces of equipment (immuno-
fluorescence microscope, spectrophotometer reader,...), which makes them not
suitable for the diagnosis of the disease in ill-equipped laboratories in primary
healthcare centers of many regions of endemic countries. Rapid diagnostic tests
(RDTs) were developed as point-of-care (POC) diagnostics for these settings as
they require little or no equipment, have few manipulation steps, can be read visu-
ally and provide a quick turnaround of results (see Sect. 5.2.2.3 below). A Target
Product Profile (TPP) addressing the characteristics required for such POC tests
has been published [49].

Serology is also a fundamental tool in the algorithms for the diagnosis of con-
genital Chagas disease (Fig. 5.2). At birth, most of children are seropositive due to
the transmission of maternal IgG antibodies, which will lead to false positive results.
On the other hand, the detection of anti-7. cruzi IgM antibodies in newborns is con-
troversial, because it may also lead to false positive cases due to abnormal placental
passage of maternal IgM or antibodies type rheumatoid factor directed against [gM
allotypes [50, 51]. Besides, the kinetics of IgM in the infected newborn is different
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from that of acute non-congenital Chagas, and there are few commercial kits to
detect IgM. The detection of anti-7. cruzi IgGs in newborns must be performed by
9 months of age onwards as it is when mother-derived ones wane [50, 51]. If CMIA
is used, in case of positivity at 9 months of age, it has been suggested to perform
another test at 12 months of age due to the high sensitivity of the technique, which
could pick up some remaining mother-derived IgGs potentially leading to con-
founding results [52] (Fig. 5.2).

5.2 Advances in Chagas Disease Diagnosis During the Last
10 Years

Although research on Chagas disease has been traditionally neglected, in the last
few years there has been a shift in that drift and many advances are being made. For
instance, there are several clinical trials ongoing with new drugs or evaluating new
regimens of currently available ones (benznidazole (BNZ) and nifurtimox (NFX))
[53]. Bearing in mind that increasing access to diagnosis (and treatment), and
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finding reliable tests of cure are yet key pending subjects in the disease control path,
research on new diagnostic methodologies has been a very active field in the last
decade. Here we provide an overview of this matter, dealing first with molecular-
based diagnostics and later on with serological methods.

5.2.1 Advancements in Molecular Diagnostics

5.2.1.1 Polymerase Chain Reaction (PCR)

Novel primer and probe sequences as well as sampling strategies are currently being
designed and evaluated in the field to improve accuracy of available PCR assays
[19, 39, 43, 44, 54]. Also, an external quality assurance program for the evaluation
of T. cruzi qPCRs performance in molecular laboratories has been designed and
implemented mostly in the framework of clinical trials with trypanomicidal drugs
[38, 55]. The diagnosis potential of a digital droplet (dd)PCR platform has also been
recently evaluated for the detection and quantification of 7. cruzi satDNA in a panel
of 192 previously characterized DNA specimens, extracted from blood samples of
individuals with and without Chagas disease [56]. The ddPCR assay performed
well, showing a limit of detection of 5 copies/pL or 1 parasite/mL with excellent
agreement in clinical samples in comparison to standardized qPCR [56].

Of most interest in relation to the previously discussed lack of standardization is
that two 7. cruzi qPCR tests have become commercially available [22, 54]. If they
were not so expensive, their introduction could mean a major improvement in the
Chagas disease diagnosis scenario. However, it must be noted that despite commer-
cial gPCR kits might be available, close attention should still be paid to the steps
preceding them (blood volume, sample storage and treatment, and DNA extraction
method followed) in order to obtain reliable and comparable results [22]. It must not
be forgotten either that any qPCR protocol would still need of trained personnel and
equipped laboratories, which place them in no good position for their widespread
use in many regions highly endemic to the disease.

5.2.1.2 Loop Mediated Isothermal Amplification (LAMP)

The loop mediated isothermal amplification assay (LAMP) is an easy-to-do molec-
ular technique less exigent in terms of equipment requirements than PCRs [57]. It is
able to amplify large amounts of DNA within 30-60 min of incubation at 60-65 °C,
employing a complex design of primer sequences and strand displacement Bst DNA
polymerase [57]. Furthermore, its reagents are stable at room temperatures up to
37 °C avoiding the need of a cold chain, no thermocycler is needed for the reaction,
and the reaction product visualization can be by naked eye or followed in real time
by turbidity or fluorescence using intercalating dyes [57].

A first T0 cruzi LAMP procedure targeting 18 s rRNA gene that was evaluated in
triatomine feces showed a sensitivity of 100 fentograms (fg) of DNA per test but
was cross reactive with Leishmania spp. DNA [58], whereas detection level sensi-
tivity in human blood was 50 parasites/mL [59]. A recent prototype kit for detection
of T. cruzi satDNA in human blood samples has been developed by Eiken Company
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[60]. It contains dried reagents on the inside of the microtube caps, and it detected
1 x 1072 parasite equivalents/mL in blood samples anticoagulated with EDTA and
spiked with known concentrations of culture parasites when DNA extraction was
done using commercial columns or rapid “boil and spin”” method [60]. Remarkably,
it did not amplify Leishmania spp. or T. rangeli DNAs, and the method appears
highly sensitive for congenital Chagas disease, for immunosuppressed patients with
Chagas reactivation, and for detection of orally infected cases [61]. The attributes
desired for a congenital POC test have been described [49], and larger field studies
are required to determine whether the 7. cruzi-LAMP prototype by Eiken fulfills
with them.

Other isothermal amplification technologies are also being investigated as it is
the case of the recombinase polymerase amplification (RPA). This even exceeds
LAMP in terms of lower amplification temperature (i.e., lower consumption of elec-
tricity for the reaction or simpler thermal systems to achieve it) and shorter amplifi-
cation times. A RPA assay has been described for 7. cruzi DNA detection, and it
showed a very good performance comparable to that of qPCR in dogs’ samples
from Mexico [62].

5.2.1.3 Nucleic Acid Aptamers

Nucleic acid aptamers are nucleic acid species that have been engineered through
repeated rounds of in vitro selection or SELEX (systematic evolution of ligands by
exponential enrichment) to bind to various molecular targets such as small mole-
cules, proteins, nucleic acids, and even cells, tissues and organisms [63]. Aptamers
are useful in biotechnological and therapeutic applications as they offer molecular
recognition properties that rival that of the commonly used antibodies [63]. In addi-
tion to their discriminate recognition, aptamers offer advantages over antibodies as
they can be engineered completely in a test tube, are readily produced by chemical
synthesis, have desirable storage properties, and elicit little or no immunogenicity
in therapeutic applications.

Nagarkatti et al. [64] have applied RNA aptamers to detect biomarkers of 7. cruzi
infection in the plasma of infected mice. Aptamers were generated against 7. cruzi
trypomastigote excreted/secreted antigens (TESA) purified from in vitro culture
supernatants of infected host cells and used as specific ligands in enzyme-linked
aptamer assays. TESA molecules could be detected in the blood of infected mice
during both the acute and the chronic phases.

5.2.2 Advancements in Serology-Based Diagnostics

Numerous studies with recombinant antigens have observed that there are antigens
with ability to distinguish between acute and chronic Chagas disease [65, 66], as
well as to discriminate heart or digestive clinical forms [67, 68], or the variation of
sensitivity in different patient populations [69]. Incorporation of these recombinant
antigens and/or synthetic peptides in serodiagnostic assays has certainly improved
their specificity, but their use as single assays has yet reduced sensitivity compared
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with conventional assays based on whole protein lysates [47]. In this regard, the
design of cocktails with a battery of recombinant antigens, mixtures of synthetic
peptides, or multi-epitope antigens aims to overcome this limitation.

5.2.2.1 Multi-antigenic Tests

The development of tests based on several parasite antigens, or chimeric antigens
built with epitopes coming from different proteins is a subject of thorough research
[70-72]. For example, Granjon et al. [70] have described the application of a cutting
edge technology that allows printing several different recombinant antigens in a
single 96-well plate micro-well following a pattern that includes inner well perfor-
mance controls. The selection of the antigens ultimately included in the test was
computationally assisted [70]. Similarly, an in silico process has been used by
Mucci et al. [71] to identify the short peptides to be included in their proposed next
generation ELISA. On the other hand, Santos et al. [72, 73] designed and evaluated
four chimeric 7. cruzi proteins using both ELISA and a liquid bead microarray
(LMA) format. In sight of the test performance, these authors have proposed that its
use would revoke the need for two different serological techniques for Chagas dis-
ease diagnosis [74].

Multi-antigen assays have already been evaluated in several Latin American
countries with satisfactory performance in chronic Chagas disease diagnosis [65,
67, 75, 76]. Importantly, different research laboratories have identified, cloned,
employed, and labeled 7. cruzi antigens that actually corresponded to the same pro-
tein, thus generating redundant information. The equivalence among parasite anti-
gens has been reported elsewhere [77], whereas those that worked better were the
cytoplasmic antigens CRA, the trypomastigote surface molecule B13, trans-
sialidase family SAPA, cytoskeleton FRA, microtubule-associated protein (MAP),
acidic ribosomal protein JL5, and flagellar proteins [78].

5.2.2.2 Novel T. cruzi Antigens for Diagnosis Purposes

High concentrations of antibodies against an antigen can be an immunological
response stimulated by the existence of tandem repeats (TR), which are defined by
possessing one or more copies of an amino acid pattern and are characteristic of
multigene families [79]. These TR are located in highly conserved regions and their
high exposure to the immune system induces the production of specific antibodies
with high affinity for the epitopes of the TR [77]. Their immunodominance is due
mainly by the molar ratio and/or their particular spatial structure [80], which is by
the way a characteristic of B lymphocytes’ response to 7. cruzi [78-81].

TRs of trypanosomatids are located within very long genes (10,000 bp approxi-
mately) that encode proteins with identified functions such as the “zinc finger pro-
teins” motifs [79]. About 45% of TR protein sequences harbor a signal peptide and
53% have transmembrane domains and thus are expressed as surface proteins. They
belong to the three main large gene families: trans-sialidase (TS), mucins, and
mucin-associate surface proteins (MASPs) [79]. For example, one of the antigens
containing TRs is the TS “shed acute-phase antigen” (SAPA), made up of a TR of
12 residues (DSSAHSTPSTPA) located in its C-terminal extension [82]. It is
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associated to the induction of neutralizing antibodies [83, 84]. This SAPA epitope
has been characterized as an acute-phase antigen that induces the production of high
titers of IgM and IgG antibodies in the initial phases of the disease, whereas during
chronic infection its sensitivity is only 60% [82]. Accordingly, its use has been pro-
posed for the diagnosis of congenital infection [77, 85]. Indeed, anti-SAPA response
in sera from infected women and their infants showed that most infected neonates
presented higher titers than their mothers, whereas in non-infected neonates titers
were lower than those detected in maternal sera [86]. A positive correlation was
observed between parasitic loads in mothers and infants evaluated by qPCR and
anti-SAPA ELISA, so it has been proposed as biomarker for early diagnosis of new-
borns in healthcare facilities and hospitals where DNA amplification techniques are
not available [86].

Other antigens under investigation are members of MASP family, which is com-
posed of more than 1300 genes and 400 pseudo-genes arranged in arrays of up to
600 kb [87]. Many of the proteins in this family are expressed in the mammalian
infective free-swimming trypomastigote stage, and many have been located to the
trypomastigote membrane and some may in the secretome [88, 89].

In relation to non-peptidic antigens, the tri-saccharide Gala(1,3)Galp(1,4)
GlcNAca is found on glycosylphosphatidylinositol-anchored mucins of the trypo-
mastigote stage and it has been shown to elicit high levels of protective antibodies
[90]. Neoglycoproteins containing it have been synthesized and evaluated as serodi-
agnostic antigens, which proved useful for the diagnosis of chronic Chagas disease
by means of a chemiluminescent enzyme-linked immunosorbent assay [90, 91].

5.2.2.3 Non-conventional Recombinant Serological

Commercial Methods
The most employed one is chemiluminescence, which is commercially available
and used in many blood banks (CMIA). Its sensitivity is ~100% but its specificity
may be lower, so it is advisable to use it together with a conventional one for ascer-
tain diagnosis of a case. As it has been mentioned before, given its very high sensi-
tivity, its use as single test for exclusion purposes in the diagnosis of chronic stage
has been suggested [45] (Fig. 5.1).

RIPA (radioimmunoassay), which is not commercially available and used only in
United States of America (USA), is another non-conventional test. It consists in the
co-precipitation of two glycoproteins (of 72 and 90 kDa) specifically bound by IgGs
in the patients sera that can provide very good sensitivity and specificity as it was
shown upon comparison with commercial tests [92]. However, it is a complex pro-
cedure that uses radioactivity, which linked to its high cost likely results in lower
applicability potential than other methodologies. Other non-conventional tests that
may have similar disadvantages towards a widespread application, especially in
endemic settings, are the Western blot TESA-blot test and lytic assays that involve
the use of flow cytometry (non-commercially available) [93].

Last but not least in this section, we must not forget of RDTs, which were devel-
oped with remarkable POC characteristics and may revolutionize chronic Chagas
disease diagnosis in the future [94]. In general, any RDT consists of a membrane
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sensitized with several recombinant antigens. When a drop of serum or blood is
placed in contact in a few minutes, a reaction may be seen as a band if the test is
positive. These rapid tests have a number of advantages: they do not require cold
storage, nor any specific equipment for incubation or reading of results; some of
them work with a very little volume of whole blood that can be obtained by finger
prick greatly facilitating logistics and patients’ inclination to the test; and very
importantly, they have a quick results turnaround of <1 h, which involves that the
person can walk away from the consultation with a result [94, 95]. Several works
have been published showing reasonable specificity and sensitivity of some of them
[95-98]. Nevertheless they still have precise indications and should not label an
individual as infected unless a second, conventional test is used in parallel. In fact,
RDTs are mainly in use as screening tools because current policies still enforce that
the diagnosis of the disease is dictated by conventional serological methods [95]. In
order to overcome this limitation, the combinatory use of RDTs has been proposed
and tested successfully, in the same way that two serological tests based on distinct
antigen sets are needed for a concluding Chagas diagnosis [95, 99]. But RDTs per-
formance has been deemed to be geographically variable and therefore they should
be geographically validated before suggesting a wider use [69].

5.2.3 Nanotechnology-Based Diagnostics

Nanotechnology-based tests can be adapted to POC and cost-effective detection of
microbial agents. Castro-Sesquen [100] and co-workers demonstrated that a Chagas
urine nanoparticle assay (Chunap) detects congenital Chagas disease in a single
urine specimen at 1 month of life with more than 90% sensitivity and more than
95% specificity. The study also showed that poly-(NIPAm) particles coupled with
trypan blue dye efficiently capture and concentrate 7. cruzi antigens in urine, and
under experimental conditions these particles were shown to protect 7. cruzi anti-
gens in the urine from enzymatic degradation. In addition, the non-invasive nature
of the test will greatly enhance parental acceptability.

Although it is less sensitive than PCR, this disadvantage is perhaps balanced by
the fact that the nanoparticles assay is simpler, it costs two times less in terms of
consumables, and it can be completed within only 30 min. Furthermore, the fact that
it incorporates four nanoprobes minimizes the need for confirmation of the specific-
ity of positive results. However, upon concentration of the parasite antigens they
must be detected by Western blot which may preclude Chunap widespread use in
ill-equipped facilities of endemic regions.

5.2.4 Methodologies to Monitor Treatment Responses
Until more amenable and less expensive tests become available, blood-based qPCR

techniques are being consistently used to detect therapeutic response or failure in
clinical trials with traditional and novel drugs [37, 55, 101-103]. However,
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clearance of parasitic loads exerted by drugs can be transient and lead to misleading
conclusions when follow-up is performed at the short term [55]. Ideally, molecular
methods used for monitoring chronic patients should be performed for several years
after treatment to confirm or discard available data. Even more now that recent find-
ings of dormant amastigote subpopulations, refractory to benznidazole action, may
represent a key factor leading to treatment failure [104].

5.3  Challenges in the Use of the Available Tools in Endemic
and Non-endemic Regions

The gap towards getting diagnosed and treated for Chagas disease is due to a series
of factors that encompass: lack of awareness and misinformation on the disease;
failures in the drug supply chain; and unavailability of a timely diagnosis. The latter
can be related to the fact that Chagas disease pathogenesis progresses in a silent
manner until tissue damage is overt [1], but also to the fact that current diagnostics
and/or diagnosis algorithms are impractical in many highly endemic regions that lay
distant from reference laboratories [1, 2, 95].

The specific weight of the aforementioned features in precluding the access to
treatment varies between endemic and non-endemic settings. In the latter (i.e., areas
of Europe, Japan, or Australia), there is generally a better healthcare structure and
an easier access to diagnosis and treatment. Therefore, in these settings it is mostly
the lack of information about the disease the main reason why no diagnosis and
treatment are eventually provided [105]. In contrast, in those countries with highly
endemic regions for Chagas disease, obstacles to get access to treatment are more
related to the absence of adequate healthcare structures that hinder the achievement
of a timely diagnosis (and treatment) [105]. Furthermore, currently available meth-
odologies are not practical to use under the field conditions present in those regions
that frequently lay distant from reference laboratories. In these areas, it may happen
that there are no properly equipped labs, nor trained personnel to run them.
Moreover, application of current algorithms entails more than one consultation to
get a confirmed diagnosis due to a delayed results turnaround of several weeks. As
a consequence, this often means the loss of many patients to treatment and follow-up.

At present, the algorithm to diagnose chronic Chagas disease in endemic and
non-endemic regions is very similar (Fig. 5.1). The use of two (or three when neces-
sary) serological tests has proved very sensitive and specific. Nonetheless, as
explained above, such tests cannot be used in many endemic regions that are dis-
tantly located from referential hospitals. It is there where the availability of POC
RDTs can really make a difference, especially if algorithms fully relying on them
are ever set on place. In this regard, the combinatory use of two RDTs based on
distinct antigen sets has been proposed as an alternative to conventional serological
methods [95, 99].

On the other hand, the high performance of new generation diagnostics such as
CMIA has prompted the proposal of using just one test, at least to triage negative
cases and further confirm only those cases inconclusive or positive (Fig. 5.1). In
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fact, work from two studies already sustain the use of CMIA as single test as far as
its signal-to-cut off (S/CO) is over a certain threshold (>6 or >3.8, respectively, in
[45, 46]). It would be ideal that such conclusions were ever made with a RDT, but
their variable geographical performance and the likely relation of this with the
regions’ seroprevalence rates still casts some doubts on their widespread implemen-
tation [69].

Differences in the diagnostic algorithm between endemic and non-endemic
settings are more marked in the case of congenital Chagas diagnosis, where the
use of molecular methods is starting to become widely accepted in non-endemic
countries (Fig. 5.2). For instance, recent consensus within the Generalitat de
Catalunya Working Group on Chagas disease has agreed to perform PCR from
blood collected at 1 month of age when the parasitic load is at its peak [106, 107],
and potential false positive results derived from the transmission of 7. cruzi DNA
from the mother to the fetus are minimized [50]. In laboratories from endemic
regions, parasitological techniques like the micromethod are yet at the frontline to
detect the infection in newborns, despite their lower sensitivity and specificity in
comparison to molecular methods [32]. Implementation of the latter would defi-
nitely mean a breakthrough considering the poor sensitivity of the micromethod
and the great impact that the loss to follow-up has on achieving the serological
diagnosis of infant Chagas by the time it can be made. There is little doubt that
novel methodologies that enable molecular detection in ill-equipped labs from
endemic areas like LAMP could make a huge difference in the management of
congenital Chagas disease.

5.4 Final Remarks

e Laboratorial diagnosis of Chagas disease is well established. For acute phase,
direct parasitological tests should be employed, which are rather simple but need
skilled technicians to perform them. For chronic phase, the use of two serologi-
cal techniques in parallel is necessary to ascertain a positive result or exclude the
infection in a patient.

e In order to obtain a good performance, kits of recognized quality and good labo-
ratory practices are necessary. To fulfill these needs, internal and external quality
controls are imperative.

¢ Implementation of molecular diagnostics would improve acute phase diagnosis.
Towards it, the standardization of currently available procedures is paramount
for reliable inter-lab and inter-studies comparisons, especially in the following
scenarios: early detection of congenital infection, assessment of infection reacti-
vation in immune-suppressed patients, and for close follow-up of drug treatments.

e Field deployment and implementation of point-of-care serological tests like
RDTs and molecular diagnostics like LAMP would mean a major breakthrough,
generalizing access to diagnosis in currently neglected areas.

e Target product profiles (TPPs) of strategies for diagnosis of 7. cruzi infection
have been addressed, pointing to the need of developing point-of-care assays.
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Their evaluation in field studies is needed to predict their usefulness in the clini-
cal practice and for public health applications.

The participation of the industry in the development of commercial and stan-
dardized tests is suitable. These tests have to be easy to implement, cheap and

should be evaluated independently by reference laboratories.
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6.1 Chronic Chagas Cardiomyopathy: Definition, Stages,
and Evolution of Chronic Chagas Disease (CCD)

Chronic Chagas cardiomyopathy (CCC) occurred when Chagas infectious disease
has progressed to a chronic phase, characterized by at least one typical electrocar-
diographic (ECG) abnormality. A simple ECG is considered a definitive exam for
diagnosing CCC in patients with two positive anti-Trypanosoma cruzi 1gG serolo-
gies, even without myocardial dysfunction or symptoms. Ventricular or atrioven-
tricular conduction disturbances, premature ventricular contractions, electrically
inactive zones, primary repolarization alterations, and low QRS voltage may be
present in isolation or associated in the same patient. Some patients have a progres-
sive impairment of biventricular systolic function, with a segmental predominant
pattern that can be detected by echocardiography, which is associated to arrhythmia
genesis and cardioembolic phenomena [1].

6.1.1 Current Classifications

There are different classification systems to stratify Chagas disease or CCC. As they
share some codes for strata classification, it is important to know the differences to
avoid misunderstandings. Because of the importance of CCC in clinical follow-up
and prognosis, current classifications are based on the abnormalities identified by
ECG, chest X-ray, echocardiography, and clinical symptoms of heart failure.
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Digestive semiology is not evaluated to classify these patients. By definition, abnor-
mal ECG findings are considered the diagnostic criteria for CCC.

Five main classifications are used: Kuschnir [2], Brazilian Consensus on Chagas
Disease [3], modified Los Andes classification [4], Latin American Guidelines [5],
and American Heart Association (AHA) Statement [6]. The Brazilian Consensus
classification has the focus on CCC; all the others include the chronic indeterminate
form. Only AHA classification cites chronic digestive form, excluding patients who
present these symptoms in isolation. The description of these five classifications is
presented below:

Kuschnir Classification (1985)

e 0: Normal ECG findings and normal heart size (on chest X-ray)

e I: Abnormal ECG findings and normal heart size (on chest X-ray)
e II: Left ventricular (LV) enlargement

e III: Congestive heart failure (CHF)

Brazilian Consensus Classification (2005, Reviewed in 2015)

e A:Abnormal ECG findings, normal echocardiographic findings, no signs of CHF

e B1: Abnormal ECG findings, abnormal echocardiographic findings with left
ventricular ejection fraction (LVEF) > 45%, no signs of CHF

e B2: Abnormal ECG findings, abnormal echocardiographic findings with LVEF
<45%, no signs of CHF

e C: Abnormal ECG findings, abnormal echocardiographic findings, compen-
sated CHF

e D: Abnormal ECG findings, abnormal echocardiographic findings, refractory
CHF

Modified Los Andes Classification (2007)

e JA: Normal ECG findings, normal echocardiographic findings, no signs of CHF

e IB: Normal ECG findings, abnormal echocardiographic findings, no signs
of CHF

e II: Abnormal ECG findings, abnormal echocardiographic findings, no
signs of CHF

e III: Abnormal ECG findings, abnormal echocardiographic findings, CHF

Latin American Guidelines (2011)

* A: No symptoms of heart failure and no structural heart disease (normal ECG
and chest X-ray)

e B1: Asymptomatic patient with ECG changes (arrhythmias or conduction disor-
ders); mild echocardiographic contractile abnormalities with normal global ven-
tricular function

e B2: Decreased LVEF on patients who have never had any signs or symptoms of
heart failure

e C: Patients with LV dysfunction and prior or current symptoms of heart failure

e D: Patient with symptoms of heart failure at rest, refractory to maximized medi-
cal therapy (NYHA functional class IV)
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American Heart Association Statement (2018)
e A: Patients at risk for developing heart failure; positive serology for 7. cruzi;

neither structural cardiomyopathy or heart failure symptoms; normal ECG; no
digestive changes (indeterminate form)

B1: Patients with structural cardiomyopathy evidenced by electrocardiographic
or echocardiographic changes, but with normal ventricular function and neither
current or previous signs and symptoms of heart failure

B2: Patients with structural cardiomyopathy characterized by global ventricu-
lar dysfunction and neither current or previous signs and symptoms of heart
failure

C: Patients with ventricular dysfunction and current or previous symptoms of
heart failure New York Heart Association (NYHA) (functional class II, IIT or I'V)
D: Patients with refractory symptoms of heart failure at rest despite optimized
clinical treatment requiring specialized interventions

The synthesis of the alterations in ECG, chest X-ray, echocardiography, and

clinical heart failure symptoms according to each of the existing classifications can
be visualized in Table 6.1. It is interesting to evaluate the discriminatory capacity of

Table 6.1 Classifications of Chagas disease and alterations in exams and symptoms

Classifications
Los

Exam alterations or Brazilian Andes Latin American | AHA
clinical symptoms|. | Kuschniry Consensus modified | Guidelines statement
Normal ECG and |0 NP 1A A A?
no apparent SHD
Normal ECG with | NP NP 1B NP Bl
contractile
abnormalities
Abnormal ECG 1 A NP Bl Bl
and no apparent
SHD
Abnormal ECG NP B1 11 Bl Bl
and contractile
abnormalities with
normal LVEF
Abnormal ECG 11 B1 (LVEF 11 B2 B2
and probable SHD >45%), B2
(chest X-ray) or (LVEF <45%)
abnormal LVEF
Compensated I C I C C
heart failure (compensated), (compensated) | (compensated)
Refractory heart NP D (refractory) NP D (refractory) D (refractory)
failure

ECG electrocardiogram, SHD structural heart disease by chest X-ray (Kuschnir) or echocardio-
gram, LVEF left ventricular ejection fraction, NP not provided, AHA American Heart Association
*With no digestive alterations
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each classification in relation to prognosis, theoretically decreasing gradually along
the different evolutionary stages of the disease.

In Kuschnir classification, although some intermediate conditions like segmental
contractility abnormalities cannot be evaluated due to the low-sensibility method
used to define structural heart disease (chest X-ray), there is an increasing severity
pattern between the stages (0, I-III) and cardiac disease progression.

The Brazilian Consensus Classification is based in ACC-AHA heart failure clas-
sification, but does not evaluate patients in indeterminate chronic form. As the
objective was to identify distinct prognostic stages and there was some evidence
that patients with normal ECG might have the same risk of death as the population
without Chagas disease, this classification limited to assess patients with CCC. It
was derived from a cohort study that observed an increase in 5-year mortality asso-
ciated with progressive LV global dysfunction and the presence of heart failure
symptoms: 13%, 45%, 91%, and 98%, associated with stages A, B, C, and D,
respectively. To increase the prognostic stratification accuracy, group B was subdi-
vided into B1 and B2, with a cut-off point at the LVEF of 45% on the echocardiog-
raphy, with a progressive reduction of 5-year survival [7].

Los Andes classification initially used ventriculography to evaluate structural
heart disease, substituted in 2007 by echocardiography. In this case, there is a
detailed assessment of LV contractility abnormalities, even with normal
ECG. Patients were subdivided into IA and IB, even with no additional prognostic
information. On the other hand, patients with abnormal ECG and/or with progres-
sion of ventricular dysfunction were included in the same stage (II), with a very low
capacity to distinguish the prognosis.

Considering the potential risk of progression to CCC, Latin American Guidelines
Classification included patients with indeterminate chronic form in stage A (normal
ECG), even anticipating survival equal to general population with negative serology
to Chagas disease. They did not define a different subgroup with normal ECG and
segmental contractility abnormalities, probably because they considered that prog-
nosis is not modified in this situation. Systolic ventricular dysfunction and heart
failure symptoms define different prognosis stages (B2 and C/D, respectively),
whereas patients with ECG abnormalities with or without contractile abnormalities
are included in the same subgroup (B1), with an apparent limitation for prognostic
stratification.

AHA Statement is very similar to Latin American Guidelines classification.
In particular, it explicitly describes stage A as the indeterminate chronic form,
by excluding patients with isolated digestive symptoms. In addition, it further
widens the subgroup Bl by including patients with segmental contractility
abnormalities and normal ECG, which greatly limits its ability to stratify the
prognosis: while subgroup A might have a prognosis similar to the general pop-
ulation, the subgroup B1 is very heterogeneous, ranging from normal to abnor-
mal ECG, with or without structural heart disease. Beside this, B2 group
comprises all patients with systolic dysfunction, ranging from mild to severe,
which constitutes another very heterogeneous group, with a great leap of wors-
ened prognosis for the C/D subgroups.
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6.2 New Tests to Assess Heart Involvement.
Benefits and Limitations of Use in Endemic
and Non-endemic Areas

6.2.1 Myocardial Deformation Analysis and Diastolic Function
Assessment by Echocardiography

6.2.1.1 Diagnostic Approach

Echocardiography has become the most important complementary test for the diag-
nosis and follow-up of patients with CCC as it provides valuable information on
cardiac structure and function that complements the data obtained from the ECG
and X-ray.

Echocardiographic findings range from a completely normal exam in the early
stages to a severe deterioration in systolic and diastolic function. Cardiac involve-
ment caused by Chagas disease has a typical segmental distribution with preference
towards the apex and inferolateral walls [4, 8]. Apical aneurysm of the LV is the
most characteristic lesion of CCC, which can range from a microaneurysm difficult
to visualize without the use of contrast, to one of a larger size indistinguishable from
a post-myocardial infarction aneurysm. In a study that evaluated 849 patients with
Chagas disease using echocardiography, segmental motility abnormalities were
observed in 13% of patients with normal ECG and chest X-ray, 33% of patients with
ECG disturbances, and 70% of patients with cardiomegaly on chest X-ray [8].
These results, in accordance with other series, suggested that the presence of seg-
mental wall motion abnormalities is often not associated with other signs detectable
by ECG or increased cardiothoracic index on the X-ray.

Detection of regional contractility abnormalities in patients with conserved
LVEF may have prognostic implications given its association with the progression
of heart disease [9] and the potential risk of cardioembolic events and ventricular
arrhythmias. However, identification of subtle visual motility abnormalities using
conventional 2D echocardiography is not simple or precise as it is subjective and
highly dependent on the skills of the interpreter. In the last years, evaluation of myo-
cardial strain using tissue Doppler and speckle-tracking techniques have emerged as
promising tools to allow a more precise and quantitative measurement of the
regional myocardial function.

In a study by Silva et al. [10], tissue Doppler longitudinal and radial myocardial
deformation in 39 patients showed differences between CCC patients (echocardio-
graphic or ECG abnormalities), patients in the indeterminate form and controls.
They found significantly reduced global radial and longitudinal strain in CCC
patients as compared with control subjects and a significantly reduced radial strain
at the mid inferolateral segment in the indeterminate group as compared with the
control group. In comparison with tissue Doppler, the speckle-tracking method is
less dependent on the angle of analysis, has less inter-observer variability and allows
measuring 3D myocardial deformation: longitudinal, circumferential, and radial. In
a study performed in a non-endemic area [11], 98 subjects were studied using
speckle-tracking echocardiography: 22 with CCC defined as ECG or 2D
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echocardiographic abnormalities, 32 in the indeterminate form, and 44 control sub-
jects. Global radial, circumferential, and longitudinal strain showed a significant
decreasing trend across groups. Patients in the indeterminate form had significantly
lower global radial strain and segmental radial strain in the mid-inferior segment
compared with control subjects [11]. Subsequently, Barbosa et al. [12] applied
speckle-tracking to 78 asymptomatic Chagas disease patients and 38 healthy sub-
jects. They found significantly lower global longitudinal and radial strain in Chagas
disease patients with no significant differences in circumferential strain. When
assessing regional deformation, significant differences were found for the longitu-
dinal strain in the basal inferior, basal inferoseptal, and apical inferolateral walls;
radial strain in the basal segments of the anterior, inferior, and inferoseptal walls;
and circumferential strain at the basal segment of the anterior wall. Similarly, Lima
et al. [13] observed lower values of radial strain and strain rate in the inferior and
inferolateral walls in CCC patients. Significantly lower global longitudinal strain
was noted in the indeterminate form group. Interestingly, in the group with severe
systolic dysfunction, a paradoxical increase in radial septal and anterior strain was
demonstrated. In contrast, Gomes et al. [14] studied patients with Chagas disease
with no evidence of cardiac involvement (n = 83) or at stage A of the cardiac form
(changes limited to the ECG; n = 42) and 43 control subjects. They did not find dif-
ferences in global longitudinal, circumferential, and radial LV strain across groups.
However, global strains and radial strain in the inferoseptal wall were significantly
lower in those patients who had fibrosis in cardiac magnetic resonance (CMR).
Diastolic dysfunction usually precedes systolic ventricular dysfunction in sev-
eral cardiomyopathies. In Chagas disease, the studies published regarding the dia-
stolic function pattern in patients in the indeterminate form have shown contradictory
results, in some way influenced by the definition of the indeterminate form used in
each study. Barros and colleagues observed prolongation of both the E-wave decel-
eration time of the mitral valve flow and the isovolumetric relaxation time in patients
in the indeterminate form [15]. Similarly, Cianciulli et al. [16] reported that the
evaluation of mitral valve flow by Doppler allowed detection of diastolic dysfunc-
tion in patients with normal ECG and 2D echocardiography. Conversely, in the
study by Pazin-Filho et al. [17], that was limited to 43 patients, there was no evi-
dence of diastolic dysfunction in the indeterminate form when it strictly included
patients with neither ECG alterations nor global or segmental systolic dysfunction.
However, in a meticulous review of this study, a trend towards higher atrial vol-
umes, prolongation of the E-wave deceleration time, and reduction of the maximum
E-wave velocity by tissue Doppler on the mitral annulus (Em) are observed, sug-
gesting that insufficient statistical power may have contributed to the negative result.
In a cohort of Chagas disease patients in a non-endemic area, patients in the indeter-
minate form showed significantly reduced Em and lengthened E-wave deceleration
time of the LV inflow flow. Interestingly, half of patients in the indeterminate form
had impaired relaxation patterns, whereas half of patients with ECG abnormalities
suggestive of CCC had normal diastolic function. In the indeterminate form group,
BNP levels were statistically higher in patients with diastolic dysfunction when
compared with those with normal diastolic function and every patient with
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abnormally high levels of BNP had diastolic dysfunction [18]. These data suggest
that diastolic function might have more sensitivity to detect early myocardial
involvement than ECG changes. Globally, Em appeared to be the best parameter to
identify the progressive worsening of LV diastolic dysfunction in CCC [14, 15].

6.2.1.2 Risk Stratification

Several echocardiographic variables have been associated with increased mortality:
LV end-systolic and end-diastolic diameters; LVEF; segmental contractile abnor-
malities; RV contractility index; parameters of diastolic function and evaluation of
filling pressures by Doppler; tissue Doppler; left atrial (LA) volumes; and LA strain
[13-15, 19-25]. Of them, LVEF constitutes the most powerful and consistent inde-
pendent echocardiographic predictor [26], although Em and the E/Em ratio have
demonstrated to provide additive prognostic value [15, 20]. There is no robust data
regarding the prognostic additional value of myocardial deformation techniques.

6.2.2 Cardiac Magnetic Resonance

6.2.2.1 Diagnostic Approach

CMR provides a comprehensive assessment of cardiac anatomy, global and regional
biventricular function, and myocardial perfusion and viability. It is currently con-
sidered the gold standard technique for ventricular volumes quantification and for
global and segmental motility analysis, overcoming certain limitations of echocar-
diography such as the quality of the acoustic window dependence or the require-
ment of geometric assumptions. Compared to echocardiography, CMR has the
additional advantage of being able to assess tissue characteristics using the analysis
of late gadolinium enhancement (LGE) sequences to identify fibrotic and/or necrotic
segments and, more recently, T1 mapping sequences for the evaluation of diffuse
fibrosis and extracellular volume.

In Chagas disease, the first series of patients in which myocardial fibrosis evalu-
ated by LGE was analyzed in 2005 by Rochitte et al. [27]. They observed LGE in
69% of the global cohort and in 20% of the patients in the indeterminate disease,
being the first to suggest that CMR is more sensitive to detect early myocardial
involvement than the usual diagnostic techniques. In another study [28] evaluating
by CMR a series of 67 patients living in a non-endemic area, LGE was observed in
7.4% of the indeterminate form group. Similarly, to that described by Rochitte et al.,
in the global population of Chagas disease patients, LGE was more prevalent in the
inferolateral and apical segments, which correlated with the regional wall motion
abnormalities, and showed a highly heterogeneous distribution, being subendocar-
dial in 26.8%, midwall in 14.0%, subepicardial in 22.6%, and transmural in 36.0%
of total segments with LGE.

As availability for CMR can be limited in certain endemic countries, the study
of the correlation between LGE and new echocardiographic techniques such as
LV strain and diastolic assessment is interesting. In a previously commented
study of our group [28], CMR was performed in subset of 21 Chagas disease
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patients, 7 patients in each group (group 1 = indeterminate, group 2 = ECG
abnormalities, group 3 = echocardiographic disturbances). Two (28%) patients in
group 1, 1 (14%) patient in group 2, and 3 (43%) patients in group 3 had
LGE. When these patients were classified according to the diastolic function pat-
tern, none with normal diastolic function had LGE, whereas 40% of patients with
impaired relaxation pattern and 50% with pseudonormal pattern showed delayed
enhancement. In the previously commented study by Gomes et al. [14], patients
with LGE (n = 14) had significantly lower global longitudinal, circumferential
and radial LV strain, and lower radial strain in the basal inferoseptal wall despite
similar LV ejection fraction.

6.2.2.2 Risk Assessment and Prognosis
In CCC patients, several previous studies had shown a significant association
between the presence of LGE and LV dysfunction [27, 28] and sustained ventricular
tachycardia (VT) [27, 29, 30]. Very recently, two studies simultaneously published
in the Journal of the American College of Cardiology by Volpe et al. and Senra et al.
[31, 32] have shown new data regarding the prognostic value of LGE in CCC. In the
study by Volpe et al. [31], 100 out of 140 patients (71.4%) showed LGE, despite
most patients were in NYHA functional class I (75%). Median follow-up was
2.75 years, during which 11 patients (7.8%) reached the primary endpoint (cardio-
vascular death and sustained VT). In the multivariable analysis, LGE emerged as an
independent predictor for mortality and sustained VT and, which is more remark-
able, no cardiovascular event was recorded among patients without LGE, despite
low LVEF in half of them, pointing again the high negative predictive value of
LGE. Senra et al. [32] assessed 130 patients with CCC. Similarly, despite most
patients were in NYHA functional class I, myocardial LGE was detected in 76.1%
of the population. After a median follow-up of 5.4 years, 58 patients (44.6%)
reached the primary endpoint (all-cause mortality, heart transplantation, anti-
tachycardia pacing or appropriate shock from an implanted cardiac defibrillator and
aborted cardiac death). Again, on multivariate analysis LGE emerged as an indepen-
dent predictor of the combined endpoint both as continuous or categorical variable.
However, in this case, LVEF by CMR was not included as a covariate because,
according to the authors, there was collinearity between LGE and LVEF. When the
models were built including either LGE or CMR-LVEF, there were no differences
in models performance, which underlines the high concordance between LV sys-
tolic function and LGE for global prognosis.

T1 mapping sequences emerge as promising markers of early myocardial
involvement, but until now there are no published studies in Chagas disease patients.

6.2.3 Biomarkers
The activation of several pathophysiological mechanisms described in the CCC

such as endothelial dysfunction, inflammation, and persistent myocardial fibrosis
could be detected by measuring different biomarkers in blood.
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Natriuretic peptides, particularly type B natriuretic peptide (BNP), are the bio-
markers that have received more attention in CCC research, probably because the
availability of economy and portable kits to be used in endemic areas. Ribeiro et al.
demonstrated a high specificity with moderate sensitivity for BNP to detect
LVEF<40% in infected patients with an abnormal ECG or chest X-ray [33]. In a
second study, the same group reported that BNP levels correlated with LV dimen-
sions and LVEF in patients with Chagas disease [34]. In a third study, they com-
pared the diagnostic accuracy of the combination of BNP plasmatic levels and ECG
vs. the standard strategy (ECG and chest X-ray) to detect LVEF <40% and demon-
strated a significant improvement in specificity although the new strategy had less
sensitivity [35]. Few studies have correlated BNP levels and diastolic function in
Chagas disease [9, 36]; and most of them have been done in patients in CCC. Barbosa
et al. [12] evaluated 59 patients with dilated cardiomyopathy due to Chagas disease
and reported a marked elevated concentration of the amino-terminal portion proBNP
specifically in patients with a restrictive diastolic pattern. Oliveira et al. [37] evalu-
ated 36 patients, all of them with diffuse or segmental ventricular motion abnor-
malities, and described a significant correlation between BNP and E/E’ ratio in the
inferior wall. In a population of patients in earlier phases of the disease [18], the
accuracy of BNP to detect any degree of diastolic dysfunction was good (area under
curve of 0.73); and additionally, the ability to detect mild diastolic dysfunction in
the group of patients in the undetermined form was also good (area under the curve
of 0.69). The specificity of BNP levels above 37 pg/mL (upper limit of normal val-
ues) to detect mild diastolic dysfunction in patients in the indeterminate form of
Chagas disease was 100%.

Several previous studies have also shown that C-reactive protein levels are ele-
vated in children during the acute phase of the infection [38] as well as in patients
in the chronic phase of CCC, both in advanced stages of the CCC [39, 40] and in the
indeterminate form [41]. C-reactive protein is particularly attractive for clinical
application because its biological characteristics make its determination easy and
reproducible; however, the lack of specificity and evidence regarding its association
with prognosis make that it is not currently recommended in the clinical basis.

Results regarding endothelin 1 levels, a potent vasoconstrictor, and TNFa have
been contradictory [18, 35, 42].

6.3 Conclusion

Current classifications have limitations for identifying the risk of events other than
heart failure, such as cardioembolic phenomena or sudden cardiac death. In fact,
heart failure is the focus in question in all these scales [3]. This becomes clear when
we note that most of them are based on the ABCD classification created by ACC-
AHA for heart failure. However, in Chagas disease the sudden cardiac death is a
relevant cause of death and manifests frequently without previous advanced symp-
toms or even without severe systolic dysfunction. It therefore should be considered
on further classification tests to assess heart involvement that could predict fatal
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events, such as LGE-CMR or even the promising T1 mapping analysis, to improve
the accuracy of Chagas definitions. Biomarkers and novel echocardiographic tech-
niques such as speckle-tracking and detailed evaluation of diastolic function can
detect early myocardial involvement. Although minor abnormalities in cardiac
function or structure probably have not a global impact on mortality, they may help
to individualize treatment and follow-up. Longitudinal studies with longer follow-
up are needed to confirm that patients with worse strain values or diastolic dysfunc-
tion are more prone to develop overt CCC as well as their utility in risk stratification
and response to therapy. From a diagnostic point of view, currently, in endemic
areas ECG remains the main exam to screen for CCC and LVEF by echocardiogram
continues to be the most important marker of global prognosis.
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Chronic Digestive Chagas Disease

Joffre Rezende Filho and Enio Chaves de Oliveira

7.1 Chronic Digestive Chagas Disease

The occurrence of innumerous cases with chronic dysphagia in Brazilian hinter-
lands, commonly named “chocking affection” (“mal de engasgo” in Portuguese),
was known even before than the recognition of American Trypanosomiasis [1].
Chagas (1916) suggested for the first time that this endemic affection could be one
of the manifestations of the disease caused by the infection he has described [2].
However, only 50 years later, the digestive involvement was accepted as a clinical
form of Chagas disease (CD). Along this time, various observations contributed to
the recognition of the chagasic etiology of the endemic megaviscera.

Vampré (1919), employing radiographies with bismuth as contrast media found
esophageal dilation, demonstrated for the first time that the endemic affection caus-
ing dysphagia was associated with megaesophagus [3].

Amorim and Correia Neto (1932) found myenteric plexus lesions in cases of
endemic megaesophagus, but no etiology could be demonstrated [4]. Etzel (1934)
demonstrated myenteric plexus lesions also in the colon, showing the systemic
involvement of the disease, suggesting that both megaesophagus and megacolon
shared the same etiopathogenetic—myenteric neuropathy [5].
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Freitas (1947) found that more than 90% of patients with endemic megaesopha-
gus presented positive serological reactions for CD, strongly suggesting more than
a coincidental finding [6].

Koberle and contributors, in successive anatomopathological studies starting in
1955, demonstrated unquestionably that CD may present lesions of enteric nervous
system in variable degrees along the digestive tract. In those cases, in whom more
severe denervation occurred, megavisceras were present [7-9].

Rezende (1956), in a clinical-epidemiological study, based upon a large cohort of
patients accepted definitively the etiology of the megaesophagus, named it “chagasic
megaesophagus.” In addition, he proposed that an indepedent clinical form of CD
shoud be individualized—the digestive form, considering that chagasic patients may
present only digestive manifestations, independently of cardiac or other manifesta-
tions [10, 11].

7.1.1 Characterization of the Digestive Form

The digestive form of CD is characterized by alterations in motor, secretory, and
absorptive functions of the gastrointestinal tract seen in chronic phase of the disease
[11, 12]. It is related to denervation of the enteric nervous system that may occur
along the entire digestive tract [9]. The denervation occurs at a variable degree,
being irregular and not continuous [9].

The exact mechanism of this denervation associated with the infection is still not
entirely known, but immune mechanisms related to inflammation induced by the
presence of the parasite may be involved [13, 14]. The persistence of 7. cruzi DNA
has been demonstrated in esophageal tissue even in patients with chronic phase of
the disease [13, 14]. The action of nitric oxide (NO) induced by vy interferon during
the inflammation process in the muscular layers and myenteric plexus might be
relevant to this neuronal degeneration [15].

As a result of this denervation, digestive motility disturbances occur, leading to
loss of coordination of peristalsis and relaxation of the sphincters, resulting in
progressive dilation—megaformations, notably in the esophagus and colon,
known as chagasic megaesophagus and megacolon [16]. The pathogenesis of the
digestive form of CD has been described in Chap. 1, and it is summarized in
Fig. 7.1.

7.1.2 Prevalence of Digestive Form of Chagas Disease

The prevalence of digestive manifestation varies considerably. In Central Brazil,
around 10% of chagasic patients present the digestive form of the disease, either
alone or associated with cardiac involvement [17]. Presently, in some places, like in
Central Brazil, as a result of cessation of vectorial transmission, a decline in preva-
lence has been observed [18, 19]. The population affected with chagasic mega-
esophagus and megacolon is turning progressively older [19, 20]. In a recent
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Fig. 7.1 Pathogenesis of digestive form of Chagas disease

publication, 68% of patients with 7. cruzi infection from Cochabamba (Bolivia)
show digestive disorders related to Chagas Disease [21].

In Northern part of South America, Central America, and Mexico, the digestive
form of CD is rare [17, 22]. This regional variation in prevalence of chagasic mega-
esophagus and megacolon, probably, seems to be related to geographic distribution
of distinct Trypanosoma cruzi subpopulations with different histotrophism [22-24].
The prevalence of digestive manifestations in patients living in nonendemic areas
may vary considering the original location of the patients [25-27].

7.2  Chagasic Esophagopathy

The chagasic esophagopathy is characterized by a spectrum of motor disturbances
in which megaesophagus represents the most severe involvement [12, 28, 29].
Alterations of peristalsis of the esophageal body and loss of relaxation of the lower
esophageal sphincter occur, similar to idiopathic achalasia [28-31]. These result in
esophageal transit disturbances and progressive esophageal dilation.

7.2.1 Clinical Manifestations

Chagasic megaesophagus is clinically indistinguishable from idiopathic achalasia of
the esophagus. Positive serological reaction for Chagas disease and association with
megacolon or other clinical manifestation such as cardiopathy may allow a differen-
tial diagnosis [28, 30]. Aprroximately 30% of patients with chagasic megaesophagus
also present cardiopathy associated, named cardio-digestive form of CD. Usually,
the esophageal symptoms appear early than the cardiac manifestations [28].
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Fig. 7.2 Frequency of

symptoms in chagasic Dysphagia
megaesophagus in a cohort

at the Hospital das Regurgitation
Clinicas da UFG

96,4

Chest pain

Constipation

Hipccups

Heartburn

Cough

Odynophagia

0 50 100 150

The main esophageal symptom is slowly progressive dysphagia, even for years.
Initially, the dysphagia is occasionally reported, more with cold foods and during
emotional stress. Some patients live for years with an intermittent, mild dysphagia
without further progression. In other cases, it progresses to become present more
frequently, occurring with solids and liquids. Patients commonly report that they
need to drink water during the meals to obtain relief. Sudden episodes of esophageal
pain may appear. Usually, those episodes of chest pain are alleviated by drinking
water [28]. In more advanced cases, passive supine regurgitation is common [28,
32]. Malnutrition may occur with progression of the esophageal dilation [32]. The
frequency distribution of symptoms in patients with chagasic megaesophagus is
shown in Fig. 7.2.

7.2.2 Diagnosis

The most common method used to evaluate chagasic esophagopathy has been radio-
logical examination. The different morphofunctional aspects of the esophagus iden-
tify various stages of the disease and allow a radiological classification of the
chagasic esophagopathy [33, 34]. In this classification, stage development of cha-
gasic esophagopathy is divided into four groups, as follows (Fig. 7.3):

e Group I—Anectasic form. Normal diameter, minimal contrast retention, pres-
ence of a residual air column above the contrast

e Group II—Moderate dilatation, some contrast retention, increase in uncoordi-
nated motor activity, relative hypertonia of the inferior third of the esophagus

e Group III—Large increase in diameter, great contrast retention, hypotonic
esophagus with weak or absent motor activity
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Fig. 7.3 Radiological classification of chagasic megaesophagus in four groups (stages), accord-
ing to Rezende [33]

e Group IV—Large increase in volume, atonic, elongate esophagus, lying on the
right diaphragmatic dome (dolicomegaesophagus)

In symptomatic cases without esophageal dilation, two radiographic images
should be taken: the first immediately after swallowing 150 mL of barium meal,
and the second 1 min later. In this second image, the following features make the
correct diagnosis very likely: (a) normal diameter of the esophagus; (b) incom-
plete emptying of the esophagus, the remaining barium taking a cylindrical shape;
(c) presence of air above the contrast medium along the entire length of the esoph-
agus [35].

In the Hospital das Clinicas da Universidade Federal de Goias (UFG), in the last
decade, according to the Rezende’s radiological classification, the distribution of
stages of megaesophagus was 36%, 33%, 17%, and 14% corresponding to mega-
esophagus groups I to IV, respectively [19]. There has been a shift to less severe
cases as compared to another series of patients seen in the same region 20 years
before [31].

The esophageal transit time can also be measured by means of sequential radiog-
raphies until the esophagus is empty of the barium suspension. In chagasic mega-
esophagus, a correlation between esophageal transit time and degree of dilation was
reported. The esophageal transit time ranged from 1 min to 36 h, with median time
being 5 min in GI, 30 in GII, 2 h in GIII, and 9:15 h in GIV [36].

In endemic areas, barium esophagogram is the most useful method for the diag-
nosis of chagasic megaesophagus in clinical practice because of its reliability, low
cost, and availability [19, 36]. However, in cases in which the clinical and radiologi-
cal findings are not enough for diagnosis of the esophageal involvement, esophageal
manometry should be considered.
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7.2.2.1 Esophageal Manometry

Esophageal manometry has been widely performed in evaluating chagasic esoph-
agopathy [37, 38]. In more advanced cases, the findings are similar to idiopathic
achalasia [19, 39]. In conventional esophageal manometry, chagasic megaesopha-
gus is characterized by absence of the lower esophageal sphincter relaxation (acha-
lasia) and loss of peristalsis, with synchronous wave pressures with very low
amplitude (aperistalsis) (Fig. 7.4).

In chagasic megaesophagus, the more dilated the esophagus, the lower are the
esophageal body pressure waves [38, 39]. The LES basal pressure tends to be lower
in chagasic megaesophagus than in idiopathic achalasia [40, 41]. In less advanced
cases, without an esophageal dilation, a spectrum of different less severe abnormali-
ties has been reported: segmental aperistalsis limited to lower esophagus, aperistal-
sis associated with a normal relaxing lower esophageal sphincter, low amplitude
contractions [29, 39]. Those minor disorders of peristalsis can be found even in
asymptomatic patients [42, 43]. An augmented response to cholinergic drug (metha-
choline) has been proposed as a manometric evidence of esophageal denervation in
CD patients, even without esophageal dilation or symptoms [44]. The finding of
manometric alterations in patients with clinical indeterminate form [41-43] sug-
gests that only symptoms are not sufficient to indicate the presence of histological
and functional abnormalities in chagasic patients.
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Fig. 7.4 Conventional manometry in chagasic megaesophagus. Esophageal body shows synchro-
nous and low amplitude waves corresponding to aperistalsis (1-3). Absence of lower esophageal
sphincter relaxation in response to swallows (w) corresponding to achalasia
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More recently, high-resolution manometry has been applied in the assess-
ment of esophageal involvement in Chagas disease [45, 46, 47]. In patients
with chagasic megaesophagus, type I (classic achalasia) and type II (pan-pres-
surization) achalasia, according to Chicago Classification, has been found [48,
49]. Even in patients without esophageal dilation, achalasia type I has been
reported, as well as esophageal gastric junction (EGJ) outflow obstruction
(Fig. 7.5).

Minor alterations of peristalsis (fragmented peristalsis and infective esopha-
geal motility) have been reported in CD without esophageal dilation and in
asymptomatic patients, mainly in migrants living in nonendemic areas [46, 49].
However, in such cases, the esophageal manometric abnormalities described
are nonspecific, regarding the presence of esophageal denervation, and could
not be related to Chagas disease esophageal involvement. Therefore, perform-
ing high-resolution manometry as a method of early assessment of esophageal
involvement in CD may be useful, but minor alterations could be cautiously
considered, as they may represent unspecific findings and should not be
overestimated.
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Fig.7.5 High-resolution manometry in healthy control and in patients with chagasic esophagopa-
thy. (a) Normal peristalsis and relaxation of esophageal gastric junction (EGJ) (heathy control); (b)
Pan-pressurization and iterative motor activity in esophageal body (EB), no relaxation of esopha-
geal gastric junction (EGJ). (¢) Pan-pressurization (EB) and no relaxation of esophageal gastric
junction (EGJ). (d) No pressurization (EB) and low pressure in EGJ—patient in postop.
Cardioplasty (Serra-Doria operation). Courtesy of Dr. Joffre Rezende Neto
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7.3  Chagasic Colopathy

Chagasic colopathy is characterized by dilation of any segment of the colon, mainly,
sigmoid and rectum in a high proportion of cases [28]. The dilation of the whole
colon is a rare finding [28].

Differently from congenital megacolon, in Chagas disease there is a massive loss
of myenteric neurons in the dilated part of the colon [9, 50]. There is also loss of
interstitial cells of Cajal [51] and glial elements degeneration [52]. In the muscular
layer there is hypertrophy and irregular inflammatory infiltrate, along with a marked
fibrosis [53].

The precise mechanism by which the colon denervation leads to dilation is still
not clear. It was initially thought that motor incoordination of the rectum and sig-
moid would promote transit difficulty leading to fecal stasis and visceral dilation
[9]. There is a selective degeneration of myenteric neurons, in which VIP/NO is
more preserved than cholinergic neurons [54]. This imbalance of inhibitory and
excitatory neurons and fibers might contribute to the development of chagasic
megacolon [54, 55]. The alterations in other cells such as glial, muscular, and inter-
stitial cells of Cajal may also play a role in the development of colon dilation [50].

7.3.1 Clinical Manifestations

Patients with chagasic megacolon usually become symptomatic later than with
megaesophagus, usually older than 40 years. As an isolated manifestation of CD,
megacolon is rare finding, being associated with megaesophagus in most cases [28].

In chagasic colopathy, the main symptom is constipation. Usually, the constipa-
tion has an insidious onset and progress slowly. In the beginning, bowel movements
can be improved with laxatives. With progression of the disease, colon cleansing
enemas may be necessary. The interval of bowel movements can vary from a few
days to weeks or even months. In a large case series of 268 chagasic megacolon seen
at the first examination, Rezende and Moreira reported that 70% had gone more
than 10 days and 36.6% more than 20 days without a bowel movement [56].

Approximately 25-30% cases with megacolon do not present constipation, hav-
ing a normal intestinal movement frequency. Therefore, the occurrence of asymp-
tomatic cases, or with minor or nonspecific symptoms, may contribute to
underdiagnoses of chagasic megacolon [28, 57].

The occurrence of patients having normal bowel movements frequency and
dilated colon suggests that other factors besides colonic motor incoordination and
dilation may play an important role in the development of constipation [58].
Alterations in orocecal transit in chagasic patients with constipation, with or with-
out megacolon, have been recently demonstrated [58]. Therefore, Bafutto et al. sug-
gested that small bowel denervation, leading to motor and absorptive disorders due
to submucosal neurons lesions, may also have a relevant role in the pathophysiology
of the constipation in chagasic patients [58].
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Meteorism and abdominal distension can also be found. Patients usually report
abdominal discomfort and sometimes abdominal crampy pain. Dyschezia, with
excessive and prolonged evacuator efforts, even with normal consistency of feces,
may be reported as well [28].

The main complications of chagasic megacolon are fecaloma and sigmoid volvu-
lus. Additionally, fecal impaction, ischemic colitis, stercoral ulcer, and visceral per-
foration may also occur.

A patient with fecaloma may present rectal pain and a sensation of incomplete
evacuation. Depending on the size and location of the fecaloma, patients may pres-
ent with paradoxical diarrhea and fecal incontinence. In cases that present with a
sigmoid volvulus, severe cramping abdominal pain and bowel obstruction may be
present. In cases with possible vascular ischemia of the sigmoid, signs of toxemia
and peritonitis can occur [28, 56].

On physical examination, an increase in abdominal volume may be observed.
The sigmoid can be easily recognized, sometimes can be localized by either percus-
sion or palpation outside of its normal location, displaced to the right side. The
presence of a fecaloma can be diagnosed by simple abdominal palpation as an elas-
tic tumor, with presence of “Gersuny” sign [28, 56].

In case of sigmoid volvulus, there are signs suggestive of a low intestinal occlu-
sion with sudden pain in the lower abdomen and absence of feces and gas elimina-
tion, along with a progressive increase in abdominal distension [28, 56].

7.3.2 Diagnosis

In every chagasic patient with chronic constipation, megacolon should be considered.
However, it has to be considered that chronic constipation is a very common symptom
in the general population and can be present in chagasic patients even without colon
dilation. Moreover, other factors can aggravate the clinical symptoms, given that some
studies have shown that prolonged stays at high altitudes or chewing coca leaves for
long periods of time can cause dolicomegacolon or megacolon [21, 59, 60]. Additionally,
patterns and behaviors observed in migrant population regarding changes in dietary hab-
its can also contribute to constipation in Latin-American population.

Considering the symptoms and radiological findings in patients living in endemic
area with high prevalence of digestive form of Chagas disease, different clinical-
radiological presentation may be found, such as patients: without megacolon/mega-
rectum and without constipation; without megacolon/megarectum and with
constipation; with megacolon/megarectum and without constipation; with megaco-
lon/megarectum and with constipation [57].

Barium enema is the most common method used for the diagnosis of chagasic
megacolon. The presence of dolicocolon (elongation), megacolon, or dolicomega-
colon can be found. The most frequently dilated segment is the sigmoid and the
rectum [28, 56]. Dolicocolon can be one of the first radiological evidence of cha-
gasic colopathy even before the appearance of dilation [61]. The different radiologi-
cal aspect of chagasic megacolon is shown in Fig. 7.6.
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Fig. 7.6 Radiological aspects of Chagasic megacolon. (a) Megarectum; (b) megasigmoid; (c)
megarectumsigmoid; (d) dolicocolon; (e) total megacolon

Considering that several factors, such as distension caused by pressure of the
injected contrast and by air for double contrast, may influence the radiological
aspect and diameter of the colon, a simplified and standardized method has been
proposed, in which no colon preparation and air injection is applied [62]. Using this
method, a sigmoid diameter greater than 6 cm was considered abnormal, measured
in the anteroposterior film [28, 62].

In a group of 1500 patients with chagasic megacolon seen at the Hospital das
Clinicas da Universidade Federal de Goias, approximately 48% present with mega-
rectum, defined as diameter of the rectum greater than 6.5 cm in a profile X-ray of
the pelvis in a barium enema examination.

One radiological classification of chagasic megacolon has been proposed based
on transverse axis of the sigmoid, in which the megacolon was considered: normal
(<5 cm), grade 1: 5-9 cm, grade 2:9—13 cm, and grade 3:>13 cm [63]. But until now,
differently from the esophagus, there is no radiological classification widely
accepted for chagasic megacolon.

The presence of fecaloma and sigmoid volvulus may be easily identified in a
simple abdominal X-rays, as shown in Fig. 7.7.
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7.3.2.1 Manometry

Manometric studies of the colon of chagasic patients have demonstrated motor dis-
turbances, mainly rectum-sigmoid motor incoordination, with synchronous con-
traction of the sigmoid and rectum [64]. Hypersensitivity to cholinergic stimulus by
drugs such as methacholine and neostigmine resulting in a greater motor response
has been described [65].

In addition, achalasia of the internal anal sphincter can be found, with absence of
relaxation of this sphincter in response to rectal distension [60]. However, this finding
may represent a lack of stimulation of the reflex secondary to rectal dilation [66].
Patients with megarectum, if tested with small volume of air in the balloon positioned
in the rectum, may have no recto-anal inhibitory reflex elicited due to the small vol-
ume inside the balloon usually up to 50 mL. In such cases, relaxation can be demon-
strated with a larger volume of the balloon distension, as much as 300 mL [66].

Chagasic patients with constipation even without colon dilation may present
alterations in anorectal manometry but such findings may be similar to patients with
functional constipation and could not be related to chagasic colopathy [67]. In clini-
cal practice, anorectal manometry is not commonly performed as a clinical test for
evaluation of chagasic colopathy.

7.4 Conclusion

The digestive form of CD is related to denervation of the enteric nervous system that
may occur along the entire digestive tract, resulting in progressive dilation—mega-
formations, notably in the esophagus and colon, known as chagasic megaesophagus
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and megacolon. The prevalence of digestive manifestation varies considerably.
Presently, in some places, as a result of cessation of vectorial transmission, a decline
in prevalence has been observed. The prevalence of digestive manifestations in
patients living in nonendemic areas may vary considering the original location of
the patients. The main esophageal symptom is slowly progressive dysphagia, even
for years. In chagasic colopathy, the main symptom is constipation. Therefore, the
most common method used to evaluate chagasic esophagopathy and colopathy has
been radiological examination. More recently, high-resolution manometry has been
applied in the assessment of esophageal involvement in Chagas disease in less
severe cases.
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Etiologic Treatment of Chagas Disease: 8
Old Drugs, New Insights, Challenges,
and Perspectives

Julio A. Urbina

8.1 Introduction

Chagas disease is a chronic systemic parasitosis caused by the Kinetoplastid proto-
zoon Trypanosoma cruzi, which diverged from the African trypanosomes ca.
100 million years ago and evolved in the American continent into six distinct lin-
eages (discrete typing units, DTU) [1]. This condition has afflicted humanity since
its earliest presence in the New World [2] and remains the largest parasitic disease
burden of the American continent, with an estimated global burden of 7.2 billion $
per year [3]. The disease is a complex condition resulting from the invasion and
successful establishment of 7. cruzi, an intracellular parasite, in key tissues of its
mammalian hosts. The initial acute phase has a low (<10%) mortality and generally
mild and unspecific symptoms, and evolution of a parasite-specific Tyl-biased
immune response results in reduction of parasitemia to undetectable levels through
the actions of parasite-specific lytic antibodies and cytotoxic cellular responses [4—
6]. This acute phase is followed by a lifelong chronic condition, where the cellular
immune (effector and regulatory T cells) response limits the parasite’s proliferation
but is unable to eradicate the infection in most hosts, leading to a sustained inflam-
matory response that underlies the development of one or more of the symptomatic
chronic forms of the disease in 30-40% of patients, including chronic Chagas car-
diomyopathy (CCC), digestive problems, and neuropathies [6—10]. The most severe
of these manifestations is CCC, which typically appears decades after the initial
infection, and may result in cardiac arrhythmias, ventricular aneurysm, congestive
heart failure, thrombo-embolism, and sudden cardiac death; this condition is the
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first infectious cardiac disease in the world and the leading cause of cardiac disease
and cardiac death in poor rural and rural-originated urban populations in Latin
America [8-10].

Given its zoonotic character, this disease is not eradicable but significant
advances have taken place in the control of the vectorial and transfusional trans-
mission of the disease in parts of the American continent, particularly by the
Southern Cone initiative, which led to a significant drop in the prevalence and
the population at risk [11-14]. Nevertheless, the disease is far from being con-
trolled, due to the uneven extent and quality of control programs in other parts
of the continent and limitations of both diagnostic methods and currently avail-
able specific treatments [13, 15, 16]. Unfortunately, an effective prophylactic
vaccine has yet to be developed, although some recent results look promising
[17-19].

8.2  Etiological Treatment and Its Relevance
in the Chronic Stage

The first treatments in animal models and humans were developed empirically
mainly through the efforts of academic investigators such as the late Professor
Zigman Brener by repurposing broad-spectrum antimicrobial agents, an effort
that led to the identification of two nitroheterocyclic compounds, nifurtimox
(NFX), a 5-nitrofuran, and benznidazole (BNZ), a 2-nitromidazole, clinically
developed empirically ca. 50 years ago [20, 21]. High efficacy of NFX and BNZ
in the acute stage of the disease was found in both experimental animals and
humans, and later the drugs were introduced pragmatically for the treatment of
the chronic condition. It has been consistently verified that these drugs have
significant activity in congenital and adult acute 7. cruzi infections (>95 and
60-80% of parasitological cures, as defined by negativization of all parasito-
logical and conventional serological tests), as well as in early chronic infec-
tions, with 60-70% radical parasitological cures observed among children up to
14 years old in Brazil and Argentina after several years of follow-up (reviewed
in [15]). However, an important limitation of such compounds is their limited
and variable curative activity in the established chronic stage of the disease, the
most prevalent clinical presentation [22-26]. Furthermore, the efficacy varies
according to the selection of endpoints for evaluation, duration of follow-up
[22-26], as well as geographical area, possibly due to differences in drug sus-
ceptibility among the different 7. cruzi DTUs [1, 27]. Of important note, oppor-
tunities exist for the control and prevention of congenital transmission, as
demonstrated by recent studies on benznidazole treatment of women of child-
bearing potential [28-32].

In addition, both drugs have adverse side effects that can lead to treatment dis-
continuation in 10-25% of patients and are related to their mechanism of action
(generation of nitro-reduction intermediates that lead to oxidative stress for nifurti-
mox or reductive stress for benznidazole, see [33]).
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Despite the limitations of currently available etiological treatments, it should be
pointed out that the main reason that discouraged for decades the treatment of
chronic Chagas disease patients was a protracted controversy over the pathogenesis
of the disease. Although the role of 7. cruzi in the pathology of the acute phase of
Chagas disease and the importance of etiological treatment in that stage have always
been widely accepted, the participation of the parasite in the pathogenesis of chronic
Chagas disease was the subject of decades of controversies [6-8, 34]. Several stud-
ies implicated autoimmune phenomena as a primary factor leading to the persistent
inflammation associated with chronic Chagas disease pathological manifestations,
including CCC [35, 36]. According to such hypothesis, after the initial infection the
parasite triggers an autoimmune response in the host and its persistence should not
play a pivotal role in the pathogenesis of the disease; thus, even a successful anti-
parasitic treatment may not lead to an improvement of the clinical outcome of the
patients. In fact, the autoimmune hypothesis of chronic Chagas disease pathogene-
sis stalled for decades the development of new specific chemotherapeutic approaches
for this disease, as antiparasitic treatment in the chronic stage was considered irrel-
evant [34, 37]. This notion, together with the limited available information on long-
term efficacy of currently available drugs in chronic infections, is one of the main
factors responsible for the abysmally low treatment coverage of this condition
(<1%) [38].

However, the results of many studies carried out in the last two decades have
consistently concluded that the persistence of parasites, coupled with an unbalanced
immune response in some individuals that may include autoimmune reactions, is a
necessary and sufficient condition for the sustained inflammatory responses that
underlie the characteristic lesions of chronic Chagas disease [7, 8, 39-43]. This new
paradigm indicates, in contrast with previous notions, that eradication of 7. cruzi
may be a prerequisite to arrest the evolution of chronic Chagas disease and avert its
irreversible long-term consequences and that this condition must be treated primar-
ily as an infectious, not autoimmune, condition, which implies that etiological treat-
ment should be offered to all seropositive patients [6, 34, 37]. Consistent with the
parasite persistent hypothesis for the pathogenesis of the chronic disease are the
results of many observational clinical studies, which have shown that most chronic
patients subjected to antiparasitic treatment with benznidazole, although not parasi-
tologically cured (see above), had a significant reduction in the occurrence of elec-
trocardiographic changes and a lower frequency of deterioration of their clinical
condition [44—47] as well as high efficacy in the prevention of congenital transmis-
sion of the parasite by seropositive women [28-32]. Seen from this new perspective,
the positive effect of currently available drugs on the patients’ clinical evolution and
congenital transmission despite their inability to eradicate the parasite can be
explained by a drug-induced reduction of their parasite load, although there is lim-
ited long-term data to confirm their ability to induce sterile cure [48].

Based on this paradigm shift [34, 37], in the last decade a series of clinical stud-
ies has been launched to rigorously evaluate the safety and efficacy of currently
available and novel anti-7. cruzi drugs in chronic patients, whose results will be
discussed in the next section.
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8.3  Recent Randomized Clinical Trials of Etiological
Treatments of Chronic Chagas Disease

8.3.1 Benznidazole Evaluation for Interrupting Trypanosomiasis
(BENEFIT) Trial

BENEFIT ([49, 50]; ClinicalTrials.gov Identifier: NCT00123916) was the first
randomized, double-blind, placebo-controlled phase III trial on the effects of ben-
znidazole (300 mg/d, 40-80 days, depending on weight) on a composite endpoint
of death, rescued cardiac arrest, sustained ventricular tachycardia, implant of a
pacemaker or implantable cardiac defibrillator, heart failure, stroke or systemic
embolism and heart transplant in chronic Chagas disease patients with cardiac
compromise (NYHA Class I-III and up to 75 years of age) when compared with
placebo. Follow-up period was 4-8 years (mean: 6 years). The study recruited and
randomized 2850 patients in Brazil, Argentina, Bolivia, Colombia, and EI
Salvador. The BENEFIT Pilot Study was a randomized, double-blind trial on the
effects of benznidazole (300 mg/d, 40-80 days, depending on weight) on the
blood T. cruzi load of chronic Chagas disease patients with cardiac compromise,
evaluated by PCR. 1896 patients were randomized at baseline and 1618 patients
evaluated at the end of treatment, 1530 patients at 2 years, and 1487 patients at the
final follow-up visit. Sixty percent of the originally randomized patients had posi-
tive basal PCR.

The main authors’ conclusion was “Trypanocidal therapy with benznidazole in
patients with established Chagas cardiomyopathy significantly reduced serum par-
asite detection but did not significantly reduce cardiac clinical deterioration through
5 years of follow-up.”

Other specific findings and important caveats are listed below:

1. The rate of drug interruption because of an adverse event was significantly higher
in the benznidazole group than in the placebo group (23.9% vs. 9.5%, P < 0.001).

2. The reported overall relative parasitological efficacy of etiological treatment in
treated patients, as measured by PCR conversion rates, declined over time as
among those patients with positive results at baseline and treated with benznida-
zole. PCR conversion rates were 66.2% at the end of treatment vs. 33.5% in the
placebo group, 55.4% vs. 35.3% at 2 years, and 46.7% vs. 33.1% at 5 years or
more (p < 0.001 for all comparisons). Such findings may indicate relapse of
parasitemia among treated patients, which could explain the lack of clinical effi-
cacy; however, the data was not collected in the same subset of patients.

3. Important caveat: Analysis of patients’ clinical evolution stratified by sustained
parasitological efficacy of benznidazole treatment [51] was not be carried out as
the circulating parasite load in treated patients was not measured at all time
points of the follow-up interval.

4. The effect of treatment on PCR conversion varied according to geographic
region: in Brazil, 86.3% of patients in the benznidazole group vs. 24.3% in
the placebo group at the end of treatment [odds ratio (OR) 7.20, 95% CI
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4.53-11.4], in Argentina and Bolivia 73.0% vs. 28.6% (OR 3.32, 95% CI,
2.43-4.54), and in Colombia and El Salvador 45.6% vs. 43.9% (OR 1.15,
95% C10.81-1.62).

5. Ulterior analyses [10] of patients’ clinical evolution stratified by geographic
region revealed significant regional differences in the efficacy of benznidazole
treatment: hazard ratio for clinical events at the end of follow-up [95% CI]:
Brazil, 0.85[0.71 to 1.02]; Bolivia, 0.88 [0.51-1.50]; Argentina, 1.33 [0.94—1.88];
Colombia, 0.91 [0.64-1.29]; El Salvador, 1.01 [0.42 to 2.43]. It is important to
note that there was a correlation of these results with the effects of treatment on
PCR conversion rates (see above), a fact consistent with the parasite persistence
hypothesis of chronic Chagas disease pathogenesis.

6. There is evidence that a substantial proportion of recruited patients presented
late-stage chronic cardiac disease [10].

8.3.2 Etiologic Treatment with Benznidazole in Adult Patients
with Chronic Chagas Disease. A Randomized Clinical
Trial (TRAENA)

TRAENA [52], ClinicalTrials.gov Identifier: NCT02386358, was a randomized,
double-blind, placebo-controlled phase 3 trial on the effects of benznidazole
(5 mg/kg d, 60 days) on conventional (c-ELISA) and non-conventional (ELISA
F29) serology, blood T. cruzi load (qPCR), and clinical evolution of adult
chronic Chagas disease patients with or without cardiac compromise. The study
randomized 763 patients (552 completed treatment PP, 272 with benznidazole
and 280 with placebo) and lasted from 1999 to 2012. 74.7% of patients were in
the indeterminate stage, 22% in NYHA Class I, and 3.1% in NYHA Class I and
III. The mean follow-up period was 7 years. Preliminary results of the study
were presented at international meetings. This initial analysis showed that at the
end of the follow-up 29.1% of patients of the benznidazole arm were negative
by c-ELISA and 39.9% were negative by ELISA F29, while for the placebo arm
12.2% were negative by c-ELISA and 10.7% were negative by ELISA F29. In
the benznidazole-treated arm, the median blood parasite load at time 0, 60 days
post-treatment, and 12—14 months post-treatment measured by qPCR were 6.59
[95% CI, 5.11 to 10.50], 4.10 [95% CI, 0.10 to 7.15], and 0.00 parasite equiva-
lents/mL, respectively, with p = 0.32 between 60 days and TO and p < 0.0001
between 12—-14 months and TO. No further evaluations of circulating parasite
levels were reported. Fifty eight clinical events occurred in both the benznida-
zole and placebo arms, including overall deaths, deaths attributable to Chagas
disease, pacemaker/cardioverter defibrillator, arrhythmia with hemodynamic
decompensation and heart failure. ITT and PP analysis showed no differences
between the two arms; however, due to the number of events, the study was not
powered for this assessment.

The authors’ main conclusion is: The franc parasiticide effect [observed] by
serology and qPCR was not associated with differences in clinical events.
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Other specific findings and important caveats are listed below:

1. Among benznidazole-treated patients, 77% reported adverse effects and 22%
abandoned treatment due to intolerance to the drug.

2. The reported results for the parasitological events cover only 12—14 months after
the end of treatment, compared with a mean follow-up of 7 years, and do not
allow to conclude that the original strong suppression of the circulating parasite
load was sustained over the follow-up time.

3. Important caveat: The study sample size (N = 750) was calculated for an 80%
power to detect a 50% reduction in the incidence of clinical events in the benz-
nidazole arm. Such large estimated reduction among a study population pre-
dominantly in the indeterminate stage of the disease was probably an
overestimation. In addition, there is a small number of clinical events in patients
without target organ involvement. In the opinion of several independent experts,
such limtations rendered the study underpowered to detect possible differences
between the clinical outcomes of the experimental groups.

8.3.3 Ergosterol Biosynthesis Inhibitors as Potential Agents
for the Etiologic Treatment of Chronic Chagas Disease

Ergosterol biosynthesis inhibitors (EBI), particularly those targeting cytochrome
P-450 sterol Cl4a-demethylase (CYP51), are the mainstay therapy for the preven-
tion and treatment of invasive fungal infections in human beings worldwide.
Compounds of this class, such as posaconazole and ravuconazole, also have potent
and highly selective anti-7. cruzi activity in vitro and animal models, including
strains that are intrinsically resistant to benznidazole and nifurtimox, and even if the
hosts are immunosuppressed (reviewed in [53-56]; see also [57, 58]). Recent clini-
cal studies have evaluated the safety and parasitological efficacy of such compounds
vis-d-vis benznidazole in chronic Chagas disease patients, and the results are
described in the next three sections. Due to the relatively short follow-up times of
these studies (10-12 months), compared with the slow progression of the chronic
disease, the clinical efficacy of these treatments could not be ascertained, nor the
sustainability of the observed reduction of the circulating parasite load beyond 1 year.

8.3.3.1 The CHAGASAZOL Trial

CHAGASAZOL ([59]; ClinicalTrials.gov Identifier: NCT01162967) was a ran-
domized, open-label clinical trial, at three centers that were participating in the
International Health Program of the Catalonian Institute of Health, Barcelona,
Spain. Seventy eight chronic Chagas disease patients who met the enrollment crite-
ria were randomly assigned, in a 1:1:1 ratio, to receive oral benznidazole at a dose
of 150 mg twice daily, oral posaconazole at a dose of 100 mg twice daily (low-dose
posaconazole group), or oral posaconazole at a dose of 400 mg twice daily (high-
dose posaconazole group) for 60 days. The country of origin of 75 of the 78 patients
was Bolivia. The mean (xSD) age of the patients was 39 + 9 years. A total of 51 of
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the patients (65%) were classified as having an indeterminate form of Chagas dis-
ease, 17 (22%) as having cardiac involvement, 5 (6%) as having gastrointestinal
involvement, and 5 (6%) as having involvement of more than one organ system.
Patients were followed for 40 weeks after the end of the treatment period. A qPCR
assay for 7. cruzi DNA was performed at 8, 16, 24, and 40 weeks after the end of the
treatment period. The mean posaconazole serum concentrations on day 14 of treat-
ment (when the steady-state level of the drug is reached) was 0.909 + 0.384 pg/mL
in the low-dose posaconazole group and 1.666 + 0.935 pg in the high-dose group,
from which average AUC, ,, values were estimated to be 20.656 + 8.809 pg per mil-
liliter per hour and 42.202 + 22.840 pg per milliliter per hour, respectively.

The key result was that in the intention-to-treat analysis, 92% of the patients in
the low-dose posaconazole group and 81% in the high-dose posaconazole group, as
compared with 38% in the benznidazole group, tested positive on qPCR during the
follow-up period, while in the per-protocol analysis the values were 90%, 80%, and
5.9%, respectively. However, among posaconazole-treated patients there was a clear
dose-response effect on the time to parasitemia relapse.

The authors’ main conclusion was: “In patients with chronic Chagas disease,
treatment with low-dose or high-dose posaconazole resulted in a significantly larger
percentage of treatment failures than did treatment with benznidazole, which is the
current standard of care.”

Other specific findings and caveats are listed below:

1. In the benznidazole group, five patients (19.2%) had to discontinue treatment
due to adverse events (allergic dermatitis), whereas no serious adverse events
were reported in the posaconazole groups.

2. Caveat: The most plausible explanation for the failure of posaconazole in the
study in contrast with its remarkable anti-7. cruzi activity in vitro and in animal
models [53-56] is that even the high dose (400 mg twice daily) which is the
optimal for humans in its liquid suspension formulation [60] leads to systemic
exposures that are 10-20% of those measured in mice at the curative anti-7. cruzi
dose of 20 mg/kg d [61]. This indicates that the patients in this trial, as well as in
the subsequent STOP CHAGAS study (see below), were underdosed with
posaconazole as anti-7. cruzi therapy [15, 62]. The recent development of a
delayed-release tablet formulation of the drug, with up to fourfold higher oral
bioavailability than the liquid suspension formula, and no adverse side effects up
to 400 mg/day [63-65], provides a way to assess the true efficacy of posacon-
azole for the treatment of human 7. cruzi infections.

8.3.3.2 The STOP CHAGAS Trial

The STOP CHAGAS trial ([66]; ClinicalTrials.gov Identifier: NCT01377480)
was prospective, multicenter randomized placebo-controlled study conducted in
120 subjects from Latin America and Spain (from eight clinical centers in
Argentina, one in Chile, three in Colombia, three in Guatemala, one in Mexico,
and three in Spain) who were randomized to four groups: posaconazole 400 mg
b.i.d.; benznidazole 200 mg + placebo b.i.d.; benznidazole 200 mg b.i.d. +
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posaconazole 400 mg b.i.d.; or placebo 10 mg b.i.d. The mean (+SD) age of the
patients was 38.3 + 0.5 years. All patients were followed at days 15, 30, 45, and
60 (end of treatment) and at days 90, 120, 150, 180, and 360 after randomization.
T. cruzi DNA was detected by gPCR at 30, 60, 90, 120, 150, 180, and 360 days.
The primary efficacy outcome is the proportion of subjects with persistent nega-
tive qPCR by day 180; the secondary outcome was negative qPCR at 360 days.
The key results were that 13.3% of those receiving posaconazole and 10% receiv-
ing placebo achieved the primary outcome, compared with 80% receiving benzni-
dazole + posaconazole and 86.7% receiving benznidazole monotherapy
(p < 0.0001 vs. posaconazole/placebo); the secondary outcome was reached in
96% of patients for both benznidazole monotherapy benznidazole + posaconazole
versus placebo (17%) and posaconazole (16%, p < 0.0001). Posaconazole mono-
therapy and posaconazole combined with benznidazole achieved high qPCR con-
version rates during treatment (30 days, 93.3% and 88.9%; and 60 days, 90% and
92.3%) that were similar to benznidazole (89.7% and 89.3%); all were superior to
placebo (10% and 16.7%, p < 0.0001).

The authors’ main conclusion was: “Posaconazole demonstrated trypanostatic
activity during treatment, but it is ineffective long-term in asymptomatic T. cruzi
carriers. Benznidazole monotherapy is superior to posaconazole, with high RT-PCR
conversion rates sustained at one year. No advantages were observed with com-
bined therapy versus benznidazole monotherapy.”

Other specific findings and caveats are listed below:

1. Serious adverse events were rare (six patients) and only observed in the
benznidazole-treated patients; however, permanent discontinuation was reported
in 19 patients (31.7%) receiving either benznidazole monotherapy or combined
with posaconazole. No serious adverse effects or discontinuation of treatment
were observed among patients receiving posaconazole monotherapy.

2. Caveat: As in the CHAGASAZOL trial (see above), the sub-optimal posacon-
azole exposure for anti-7. cruzi therapy with the standard antifungal dose of the
liquid suspension formulation (400 mg b.i.d.) used in this study is one of the
possible factors for its documented therapeutic failure, as monotherapy and in
combination with benznidazole [15, 62].

8.3.3.3 The E1224 Trial

The E1224 trial ([67]; ClinicalTrials.gov Identifier: NCT01489228) was a proof-of-
concept, double-blind, randomized phase 2 clinical trial sponsored by the Drugs for
Neglected Diseases initiative (DND1), to investigate the safety and efficacy of three
oral E1224 (fosravuconazole, a water-soluble ravuconazole prodrug) regimens and
benznidazole versus placebo in adult chronic indeterminate Chagas disease. Two
hundred thirty one patients were enrolled and randomly assigned to five oral treat-
ment groups: high-dose E1224 (duration 8 weeks, total dose 4000 mg, n = 45), low-
dose E1224 (8 weeks, 2000 mg, n = 48), short-dose E1224 (4 weeks + 4 weeks
placebo, 2400 mg, n = 46), benznidazole (60 days, 2.5 mg/kg b.i.d., n = 45), or
placebo (8 weeks, E1224-matched tablets, n = 47). The primary efficacy endpoint
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was parasitological response to all treatments at the end of treatment (eot), assessed
by qPCR. The secondary efficacy endpoints were sustainability of parasitological
response up to 12 months after eot; parasite clearance and changes in parasite load;
incidence of conversion to negative response in conventional and non-conventional
(antigen trypomastigote chemiluminescent ELISA [AT CL-ELISA]) serological
response.

The key results were that parasite clearance was observed with all E1224 treat-
ments during the treatment phase, but no sustained response was seen with low-dose
and short-dose regimens, whereas 13 patients (29%, 95% CI 16.4-44.3) had sus-
tained response with the high-dose regimen compared with four (9%, 2.4-20.4) in
the placebo group (p < 0.0001). Benznidazole had a rapid and sustained effect on
parasite clearance, with 37 patients (82%, 67.9-92.0) having sustained response at
12-month follow-up. Reversible, dose-dependent liver enzyme increases were seen
with E1224 and benznidazole. One hundred eighty seven (81%) participants devel-
oped treatment-emergent adverse events and six (3%) developed treatment-emergent
serious adverse events.

The authors’ main conclusion was: “E1224 displayed a transient, suppressive
effect on parasite clearance, whereas benznidazole showed early and sustained effi-
cacy until 12 months of follow-up.”

Other specific results and caveats are listed below:

1. Ravuconazole systemic exposures are substantially higher with E1224 prodrug
administration, resulting from increased bioavailability of the prodrug and the
long plasma terminal half-life of free ravuconazole in humans (4-8 days); the
steady state of ravuconazole is achieved within a week and allows for once
weekly dosing for maintenance of target plasma concentrations.

2. The parasite load in the high-dose E1224 group remained significantly lower
than in the placebo group, with no difference from the benznidazole group on
adjusted post-hoc comparison (p = 0.97, adjusted,).

3. Pharmacokinetic/pharmacodynamic (PK/PD) models indicated that an increase
in high-dose E1224 treatment duration would significantly reduce the probabil-
ity of relapse from 61% (95% CI 48-73) with 8 weeks to 44% (95% CI 24-67)
with 12 weeks.

4. The authors concluded that, given the absence of a sustained response to E1224
high dose at 12 months in the majority of patients, and the potential requirement
for extended treatments, the drug will not be further investigated as monotherapy
However, “given its favorable safety profile, combinations of E1224 with existing
drugs, such as benznidazole or nifurtimox, should be considered, especially
given that animal model studies show combination therapy has the potential to
improve treatment response and shorten treatment duration.”

Following these findings, DNDi sponsored a new study, the BENDITA trial
(ClinicalTrials.gov Identifier: NCT0337866), to investigate the safety and efficacy
of combinations of E1224 (fosravuconazole) and benznidazole in shorter treatments
and the initial results were released in March 2019 (https://www.dndi.org/2019/


http://clinicaltrials.gov
https://www.dndi.org/2019/media-centre/press-releases/study-shows-dramatically-shorter-treatment-chagas-effective-and-safer/

132 J. A.Urbina

media-centre/press-releases/study-shows-dramatically-shorter-treatment-chagas-
effective-and-safer/).
The study incorporated six experimental groups:

1. The standard 8-week treatment, with a daily dose of 300 mg/day of benznidazole
in monotherapy

2. A 4-week treatment with a daily dose of 300 mg/day of benznidazole in
monotherapy

3. A 2-week treatment with a daily dose of 300 mg/day of benznidazole in
monotherapy

4. A 4-week treatment with a lower daily dose of 150 mg/day of benznidazole in
monotherapy

5. A 4-week treatment with a lower daily dose of 150 mg/day of benznidazole, in
combination with 300 mg/week of fosravuconazole

6. An 8-week treatment, with a lower weekly dose of 300 mg of benznidazole, in
combination with 300 mg/week of fosravuconazole

Efficacy was measured through sustained parasitological response at 6 months
assessed by qPCR, with a final assessment at 12 months after the end of the
treatment.

Preliminary results have been presented in an international meeting. More than
>80% of patients in all treatment groups responded to treatment (i.e., had no detect-
able parasite in blood tests after completing treatment or at 6 or 12 months after
eot), compared to 3.3% in the placebo group; at these follow-up times, there were
no significant differences in efficacy among the groups receiving combination treat-
ments (#5 and 6) compared with benznidazole monotherapy (#1 and 2). As expected,
treatment-related side effects leading to treatment discontinuation decreased mark-
edly in the shorter/lower dose treatment groups, going from 20% for the standard
treatment (#1) to 0—10% among patients in groups #2—6.

Interpretation and caveat: These interesting results clearly show that benznida-
zole treatments with lower doses or shorter duration, alone or in combination with
fosravuconazole, can lead to a marked and sustained reduction of the parasite load
of patients up to 12 months post-treatment, indistinguishable from that of the stan-
dard treatment, and with a very significant reduction of toxicity. However, a longer
follow-up of the patients would be required to establish the true therapeutic efficacy
of the new treatment schemes.

8.4 Recent Insights, Challenges, and New Perspectives
on the Etiological Treatment of Chronic Chagas Disease

The results of the recent randomized clinical trials on the parasitological efficacy of
etiological treatment in chronic Chagas disease patients, when most of the parasite
load consists of intracellular organisms (amastigotes) in deep tissues, have provided
some important insights that can be summarized as follows: (a) The parasitological
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efficacy of the standard treatment with benznidazole (2.5 mg/kg b.i.d, 60 days)
reported in the randomized studies discussed above is consistently high at the end
of treatment and at 1 year post-treatment, but not necessarily sustained as seen in the
BENEFIT trial [50], previous observational studies [22-26], and recent study in a
dog model of chronic Chagas disease [68]; (b) The antiparasitic efficacy of benzni-
dazole may vary among the endemic regions, probably resulting from different
in vivo drug susceptibilities of the local circulating parasite populations [1, 27], and
the clinical efficacy seems also to depend of the stage of the disease [10, 15, 20]; (c)
Although EBIs such as posaconazole and ravuconazole are active against experi-
mental animals and human 7. cruzi infections, effective dose, formulation, and
duration of treatment for humans, in monotherapy or combination with benznida-
zole or nifurtimox, have not been established.

The parasite persistence hypothesis for the pathogenesis of chronic Chagas dis-
ease indicates that to slow or stop the clinical evolution of the disease an anti-7. cruzi
treatment must be able to induce a profound and sustained reduction of the patient’s
parasite load (although not necessarily sterile cure, [48]). The results summarized
above suggest that to achieve this objective higher doses and/or longer treatments
with the currently available drugs, new drug candidates or combinations may be
required. In the case of nitroheterocyclic drugs (benznidazole and nifurtimox),
higher doses or longer treatments at current doses are not an option due to the well-
known toxicity of such compounds for the dose/duration of the current standard
treatments. However, novel findings suggest alternative treatment schemes of higher
efficacy and lower toxicity:

(a) A crucial insight on this issue was provided by Tarleton’s team [58], who
showed in a murine model of acute Chagas disease that reducing the dosing
frequency of benznidazole or nifurtimox from daily (continuous) to every
5 days (intermittent) provided the same parasitological efficacy using a much
lower total dose of the drug; such findings indicate that the drugs act on the
parasite through a critical peak concentration (Cmax effect), rather than a con-
tinuous exposure (AUC effect). Based on this insight, Alvarez et al. [69] recently
showed that an intermittent treatment scheme with benznidazole (2.5 mg/kg d
twice a day every 5 days, for a total of 60 days) had the same antiparasitic effi-
cacy at the end of treatment as the standard scheme (2.5 mg/kg b.i.d, 60 days)
of patients with chronic 7. cruzi infections, with a marked reduction of adverse
effects, as expected.

(b) A recent population pharmacokinetic study of benznidazole in chronic Chagas
disease patients [70] found that using half of the dosing frequency of the stan-
dard treatment (from 2.5 mg/kg b.i.d. to 2.5 mg/kg q.d.) the levels of the drug
can be sustained in its therapeutic range.

(c) Based in these results, a clinical trial to evaluate the safety and efficacy of a
novel treatment scheme for benznidazole and nifurtimox in chronic Chagas dis-
ease patients, using half of the currently accepted dosing frequency but extend-
ing the treatment up to 90 days was approved by NIH in 2019 and is currently
underway (TESEO trial, Clinical Trials.gov Identifier: NCT0398152). The para-
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(d)
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sitological efficacy of these treatments will be evaluated in a 3-year follow-up
using qPCR and a series of potential biomarkers of early response to the drug
treatment.

Alternatively, fexinidazole, a 2-substituted 5-nitroimidazole originally discovered
by Hoechst AG in the 1980s as a broad-spectrum antimicrobial agent, and redis-
covered by DNDi, has a potent and selective anti-7. brucei agent in murine mod-
els of stage I and Il HAT [71] and successfully completed a Phase 2/3 clinical trial
for late-stage human African Trypanosoma brucei gambiense trypanosomiasis in
Central Africa (DRC and CAR; [72]). The drug and its two main metabolites
(sulfoxide and sulfone) are also active against 7. cruzi in in vitro and animal mod-
els, being well tolerated and more effective than benznidazole and posaconazole,
even against drug-resistant strains [73-75]. Unfortunately, a DNDi-sponsored
Phase II trial in Bolivia aimed at investigating safety and efficacy of the drug in
140 adult indeterminate Chagas disease patients was interrupted after only 47
patients had enrolled due to safety issues, including neutropenia at the high doses;
a new proof-of-concept (Phase 2) study has been designed and is being run at five
sites in Spain. The target conclusion date is mid-2019 (https://www.dndi.org/dis-
eases-projects/portfolio/fexinidazole-chagas/).

Concerning EBIs, to evaluate true potential of this class of compounds for the
treatment of human 7. cruzi infections rigorous PK/PD analyses are essential
to translate the results of the preclinical studies in vitro and animal models to
the clinical application, as recently reviewed for Leishmania and other intra-
cellular pathogens ([76]; see also [16, 62]). In the specific case of posacon-
azole, the recently developed delayed-release tablet formulation of the drug
[63-65] will be required to achieve the exposure levels associated with cura-
tive activity in acute and chronic animal models of human Chagas disease, but
also an increase in the treatment duration should be considered, as a
chronic Chagas disease patient with systemic lupus erythematosus and under
immunosuppressive treatment was parasitologically cured (as assessed by
repeated qPCR tests) by posaconazole given at the standard antifungal dose of
its liquid suspension (400 mg b.i.d.) for 90 days [77]. For ravuconazole,
administered as its prodrug E1224 (fosravuconazole), the results of the E1224
trial confirmed the prediction of PK/PD analyses that the required exposure
levels of the free drug for the anti-7. cruzi activity can be achieved using the
high-dose treatment of the prodrug (duration 8 weeks, total dose 4000 mg)
with good tolerability, but the same models indicate that higher efficacy could
be achieved by increasing the duration of treatment from eight to 12 weeks or
with shorter combination treatments with benznidazole [67]. However, it
must be pointed out that the potential of EBIs for the etiological treatment of
Chagas disease is not restricted to particular compounds or a single com-
pound class, as they comprise a large chemical space that includes inhibitors
of different steps of the de novo biosynthesis pathway of ergosterol and other
24-alkyl sterols, which are essential for survival and virulence of many fungal
and protozoan pathogens as these parasites cannot use the abundant supply of
cholesterol present in their vertebrate hosts. Although posaconazole is one of
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the more potent and specific CYP51 inhibitors against invasive fungal patho-
gens and Kinetoplastid protozoa [56, 78, 79], the eventual confirmation of its
safety and efficacy for the treatment of human 7. cruzi infections would only
be a proof of concept for this class of compounds as specific treatments of
Chagas disease, as this drug is a very expensive proprietary compound
(Merck) and thus inaccessible for the treatment of the very poor populations
afflicted by Chagas disease. Even so, the remarkable results of the preclinical
studies with this drug and analogs against 7. cruzi in vitro and in vivo sparked
several research programs that led to the determination of the 3D structure of
T. cruzi CYPS51 at atomic resolution [80, 81] and a structure-based searches
for T. cruzi-specific CYP51 inhibitors that led to the identification of novel
compounds (azoles and non-azoles) with in vitro and in vivo potency and
specificity comparable or superior to posaconazole and ravuconazole
(reviewed in [79, 82]; see also: [83—87]). Such advances, mostly from non-
profit academic institutions, may lead the way towards the clinical develop-
ment of 7. cruzi-specific CYP51 drug candidates.

Given the high requirements for the etiological treatment of chronic Chagas
disease, combination chemotherapies are a logical choice, as they can result in
higher efficacy with lower toxicity as well as to limit the development of drug
resistance by the pathogen [55, 88, 89]. This approach is currently the standard
treatment for resilient infections caused by intracellular pathogens, such as
HIV-AIDS, tuberculosis, leprosy, malaria, and visceral leishmaniasis, but has
not been clinically applied for the treatment of human Chagas disease, except in
the STOP CHAGAS and BENDITA trials. Preclinical studies have shown
potent in vivo synergism of combinations of benznidazole and EBIs such as
posaconazole, ravuconazole, and itraconazole [57, 58, 90-92]. As such synergy
is not observed in vitro [91], the in vivo synergism most probably results from
drug—drug interactions in animals treated with the combinations. This concept
was demonstrated by a PK study in a murine model treated with benznidazole,
itraconazole and their combination, which found that co-administration of itra-
conazole with benznidazole led to a 1.5-fold reduction of the plasma Cmax of
the latter, with a concomitant 2.66-fold increase of its volume of distribution
and a 7.5-fold increase of the elimination half-life [93]; such modification of the
PK profile of benznidazole indicates that in the combination treatment the drug
has higher penetration and permanence in the internal organs where 7. cruzi
reproduces, most probably as a result of inhibition by itraconazole of P450
cytochromes (CYP), which are the main enzymes involved in benznidazole
breakdown [94]. The BENDITA study, designed to evaluate the safety and effi-
cacy of combination treatments with benznidazole and E1224 (fosravucon-
azole), was preceded by a Phase I drug—drug interaction study to assess the
safety and pharmacokinetic interactions of the two drugs administered sepa-
rately and in combination, and no major clinically relevant safety or tolerability
issues were identified (https://www.dndi.org/diseases-projects/portfolio/new-
benz-regimens/); based on these antecedents, the final results on parasitological
efficacy of these treatments are widely expected.
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A final challenge in the quest for safer and more potent anti-7. cruzi agents is the
lack of validated biomarkers of early response to etiological treatment in patients
with chronic 7. cruzi infections. In these patients: (a) Conventional serology
responds very slowly to parasite clearance (in many years to decades); (b) Even the
most sensitive blood PCR tests are negative in a significant proportion of chronic
patients; thus, PCR should be used to confirm therapeutic failure, although quantita-
tive PCR can effectively evaluate modifications of the circulating parasite’s burden
above the limit of detection; (c) Evaluation of drug response in terms of clinical
evolution would require several years of follow-up. The lack of such biomarkers has
been a major stumbling block for the development of new anti-7. cruzi drugs, as
well as for the evaluation of the true activity of currently available drugs in patients
with chronic disease. Recent approaches, such as non-conventional serology [95,
96], aptamer-based methods to detect parasite’s secreted antigens [97, 98], and pro-
teomic biomarkers of active 7. cruzi infection [99-101], are providing promising
results [102, 103]; see Chap. 9.

8.5 Conclusions

The search for a safe and effective etiological treatment for chronic Chagas disease
has been a long and tortuous process, resulting from the biological complexity of
the disease and its socio-economical determinants, including the shortage of politi-
cal will by governments of endemic countries and economic interest by pharmaceu-
tical companies [16]. The efficacy of clinically available drugs, NFX and BNZ, in
the acute stage of the disease has been repeatedly verified in both experimental
animals and humans; they were introduced pragmatically for the treatment of the
chronic condition but its efficacy was soon found to be significantly lower than in
the acute phase by the original criteria of cure (seroconversion of the patient).
Furthermore, the predominance of the autoimmune hypothesis on pathogenesis of
the chronic stage essentially stopped for decades the search of novel anti-7. cruzi
agents for this prevalent stage of the disease, as they were considered irrelevant
[34]. However, in the last two decades the paradigm shift for the pathogenesis of the
chronic condition towards the persistence of the parasite [37] rekindled the interest
in etiological treatment, as it is now accepted that this condition must be treated as
an infectious, not autoimmune, disease (see Sect. 8.2).

Key insights from recent randomized clinical studies with benznidazole in
chronic patients are that the parasitological efficacy of the current standard treat-
ment (benznidazole at 2.5 mg/kg b.i.d. for 60 days) is high by the end of treatment
12 months after eot, but rigurous confirmation that this activity will be sustained is
still lacking; furthermore, the parasitological and clinical efficacy varies markedly
depending on the criteria used for assessment of response, geographical location of
the study, and the stage of the chronic disease (Sect. 8.3). Additional data on alterna-
tive regimens of existing drugs in monotherapy and combination should be per-
formed in different geographical regions and using standardized methods for
evaluation of treatment response.
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Such variable efficacy of current and novel treatment in the management of
chronic 7. cruzi infections could result from several reasons: (a) The presence of a
load of intracellular parasites in deep tissues that is not eliminated by the standard
treatments due to limited drug accessibility, a well-known fact in experimental ani-
mal and human cancers; (b) In vivo drug resistance by many parasite strains [27],
which is not observed in vitro [104—106] and could be related to the virulence and
histotropism of the infecting parasite population, as well as to the intensity and
quality of the immunological response to it; (¢c) The existence of recently reported
“dormant” [viable but not actively replicative] intracellular amastigote stages that
are resistant to sustained antiparasitic drug pressure [107]; however, the significance
of this finding is controversial as there have been many studies that have demon-
strated sterile cure of 7. cruzi infections in animal models with different drugs and
combinations, using immunosuppression after prolonged periods post-treatment
[57, 58]. Taken together, these facts suggest that to attain a profound and sustained
reduction of chronic patients’ parasite load higher doses and/or longer treatments or
combination therapies will probably be required. The recent demonstration in ani-
mal models of Chagas disease that intermittent treatment with benznidazole and
nifurtimox is as effective as continuous (daily) dosing, which indicates that these
drugs act through a Cmax effect, has led to the design and testing of clinical trials
where the frequency of dosing is reduced but the treatment duration is increased
(Sect. 8.4).

Finally, it is fundamental to consider that, resulting from the 7. cruzi persistence
in infected tissues, Chagas disease is characterized by a chronic inflammatory status
in the parasite’s target organs, particularly heart, GI tract, and CNS, which is the
proximal cause of the physiopathological manifestations in the chronic stage [108,
109]. There is a growing interest to understand these inter-related issues, which
could lead to combinations of etiological treatment with immunomodulators and
anti-inflammatory agents [110-113], promoters of inflammation resolution [114—
117], and immunotherapy [19], as such combinations may have synergistic effects
in controlling the progression of the disease; see Chaps. 9 and 10.
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9.1 Routine Assessment of Patients with Chagas Disease

Routine follow-up of patients with chronic Chagas disease is driven by the screen-
ing of the development of the determined forms of the disease. The most important
is to determine if the patient has developed the cardiac form of the disease and to
assess the risk of cardiac complications and clinical events. Most patients with
chronic Chagas disease present the indeterminate form of the disease without clini-
cal evidence of cardiac or digestive disease. However, 2 to 3% of these patients per
year will evolve into the cardiac form of the disease. In fact, up to 30% of the
patients will present with the cardiac form of the disease during their life time. The
cardiac form has different classifications according to different guidelines (see
Chap. 6) [1-3].

Although some researchers claim that patients who are in the indeterminate form
of the disease for more than 50 years have a very low probability of presenting dis-
ease progression, there is no safe age limit to stop the follow-up of patients with the
indeterminate form. All those patients must undergo an electrocardiogram (ECG)
every year to detect if the patient has progressed to the cardiac form as changes in
the ECG are used to define if a person with Chagas disease present the cardiac form
(Table 9.1) [2, 3]. Some of these changes demand immediate treatment and others
have prognostic significance [2, 3].

In addition to history, physical exam, and baseline blood work, patients with the
indeterminate form of Chagas disease should have ECG, Holter, and echocardio-
gram performed when they are first diagnosed. Echocardiogram is a key tool for the
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Table 9.1 Electrocardiographic changes in Chagas disease

ECG changes used to define progression | ECG changes found in Chagas disease but not

to CCC diagnostic of CCC
Complete right bundle branch block Uncomplete right bundle branch block
Left bundle branch block Left anterior fascicular block

Second- or third-degree atrioventricular | First-degree atrioventricular block
block

Sinus bradycardia with less than Sinus bradycardia from 41 to 59 beats/min
40 beats/min
Primary T-wave abnormalities Low voltage

Polymorphic or repetitive ventricular
extrasystoles

Sinus node dysfunction

Electric inactive areas

Atrial fibrillation

CCC chronic Chagasic cardiomyopathy

Diastole Systole

Fig. 9.1 LV short-axis images at the end of the diastole (left panel) and at the end of the systole
(right panel). Note the diffuse change in wall motion contractility in this patient with LV systolic
dysfunction

classification of the stage of the cardiac form, identification of complications, fol-
low-up, and risk assessment of patients with Chagas disease. The echocardiogram
identifies chamber size, global and regional left ventricle (LV) contractility, LV
aneurysms, LV diastolic dysfunction, left atrium (LA) size and function, and right
ventricle (RV) systolic dysfunction [4]. The LV segments that most commonly pres-
ent wall motion abnormalities are the inferior and the lateral-inferior walls, and the
apex [5]. Those changes include hypokinesis, akinesis, and dyskinesis [5] (Fig. 9.1).
Even patients with the indeterminate form by ECG criteria may present wall motion
abnormalities in 13% of the echocardiograms [5] and a low prevalence of apical
aneurysms (around 2% [4]).
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Fig. 9.2 LV 4-chamber
view with color Doppler:
Note LA and LV
enlargements complicated
by thrombus localized at
the LV apex. LA left
atrium, LV left ventricle,
RA right atrium, RV right
ventricle

LV aneurysms prevalence in patients with Chagas disease is around 14%. In
patients with the indeterminate form, LV aneurysms are found in only 2% of the
patients while in patients with moderate or severe LV systolic dysfunction LV aneu-
rysms prevalence increases to 55% (ranging from 47% to 64%) [4]. Most aneu-
rysms are apical but they may also be found in lateral-inferior wall [5]. Apical
aneurysms are more associated with intraventricular thrombi and stroke risk
(Fig. 9.2), while lateral-inferior aneurysms are more associated with arrhythmia risk.

RV systolic dysfunction can also be detected by the echocardiogram and usually
is a late finding in patients with CCC and HF. It is usually attributed to the burden
generated by chronic pulmonary hypertension secondary to LV systolic dysfunction
[6] but others also argue that direct damage to the RV myocardium due to Chagas
disease may play a role in the development of RV dysfunction [7].

LV diastolic dysfunction may also contribute to symptoms and present prognos-
tic value in CCC. Diastolic dysfunction is present in patients with the indeterminate
form but is more prevalent in patients with the cardiac form. Within patients with
CCC, diastolic dysfunction prevalence and severity increases as CCC progresses
from the initial stage to the more advanced stages [8].

Other findings in the echocardiogram of patients with CCC are mitral and tricus-
pid regurgitation. Mitral regurgitation is due to the distortion of the mitral annulus
and subvalvular apparatus created by the LV remodeling and fibrosis of the infero-
lateral wall. When moderate to severe, mitral regurgitation may worsen HF symp-
toms and pulmonary congestion, and carries an ominous prognosis in HF [9].
Tricuspid regurgitation is due to dilation of the tricuspid annulus, pulmonary hyper-
tension, and/or the presence of pacemaker lead through the tricuspid valve. Tricuspid
regurgitation may worsen right-sided HF and increase the need for diuretics in order
to compensate HF.

In poor areas without easy access to echocardiography, a chest X-ray in patients
with CCC may reveal an increase in cardiothoracic ratio with or without pulmonary
congestion [2] and determine who should be referred to secondary or tertiary clini-
cal centers. The exam should be performed in both posterior-anterior and lateral
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projections with a barium swallow, in order to assess atrial and ventricular size, and
esophagus enlargement. In the acute phase of Chagas disease, chest X-ray can iden-
tify increased cardiothoracic ratio suggestive of pericardial effusion. Those patients
should be promptly referred to further diagnostic and treatment [10].

Holter monitoring is indicated in the initial evaluation of all patients with CCC
in order to evaluate the presence and density of complex ventricular arrhythmias,
sinus node disease, and atrioventricular conduction [2, 3, 11].

After the initial evaluation, all patients with the cardiac form must also undergo
annual ECG and echocardiograms. Additional echocardiograms may be obtained
for patients with worsening functional class, developing new electrocardiographic
changes, having aborted sudden cardiac death, and undergoing assessment for pace-
maker or Implantable Cardiac Defibrillator (ICD) devices or after their implanta-
tion. Additional ECGs should be obtained for those with symptoms or signs of
cardiac arrhythmias. Additional Holter exams must be done whenever patients
develop symptoms compatible with arrhythmias that were not diagnosed by an
ECG. The most important symptom is presyncope or syncope. Occult nonsustained
ventricular tachycardia (VT) is more common in CCC than in HF due to other eti-
ologies and increases in frequency from stage B (40%) to stages C and D of the
cardiac form (90%) [12] and is an independent predictor of death [13].
Electrophysiological study should be indicated if patient persist with symptoms and
no cause is identified.

The frequency the patient with cardiac form must return to the medical office
will be determined by their clinical status, complications, and treatment.
Pharmacological treatment in patients with CCC will be described below.

9.2  Arrhythmias

Arrhythmias in CCC can be either bradyarrhythmias or tachyarrhythmias and are an
important cause of pacemaker implantation in Latin America [14]. The most impor-
tant points when evaluating bradyarrhythmia in a patient with CCC are if there are
any reversible factor aggravating it or when to indicate a pacemaker implantation.
Patients may present with presyncope, syncope, fatigue, atypical chest pain, or exer-
tional dyspnea, even with preserved LV systolic function. In case of sick sinus syn-
drome, 24-h Holter monitoring can reveal bradycardia, sinus pauses, sinoatrial
block, and bradycardia-tachycardia syndrome [15, 16], and electrophysiological
study can reveal abnormal sinus node recovery time and sinoatrial conduction [17].
Cardiac stress test is also useful to evaluate the chronotropic response to exercise,
which can be diminished as a result of autonomic impairment [18, 19], and to
uncover complex ventricular arrhythmias [20, 21].

All medications taken by the patient must be analyzed and those capable of wors-
ening heart conduction should be withheld. Advanced atrioventricular block and
symptomatic sinus sick syndrome are the main indications for pacemaker implanta-
tion in CCC. Recommendations for pacemaker implantation in CCC disease follow
the same guidelines for other conditions. However, some aspects should receive
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special consideration. The RV electrode should be implanted at the midseptal posi-
tion due to the possibility of excessive fibrosis at the apical position [22, 23].
Moreover, patients with LV systolic dysfunction may evolve with worsening of their
LV systolic function and HF after pacemaker implantation as the LV pacing may
induce LV systolic dyssynchrony. In patients with left bundle branch block and HF
who need a pacemaker implantation, a device with resynchronization therapy
should be the choice, while in patients with CCC and right bundle branch block
there is scarce evidence to support resynchronization in case pacemaker implanta-
tion is indicated.

The most common arrhythmia in CCC is isolated premature ventricular com-
plexes which do not need treatment unless they are symptomatic. On the other hand,
malignant ventricular tachyarrhythmias are the main cause of sudden death in
Chagas disease. Asymptomatic nonsustained VT also does not need treatment in
patients with preserved LV systolic function. On the other hand, pharmacological
treatment of patients with symptomatic nonsustained VT or asymptomatic nonsus-
tained VT in patients with LV systolic dysfunction is controversial [24-26].
Although amiodarone, the drug of choice in patients with CCC, improves symp-
toms and reduces the density of ventricular arrhythmia [27, 28], it has high toxicity
(e.g., dermatitis, pulmonary fibrosis, and thyroid dysfunction) and there is no evi-
dence that amiodarone decreases mortality among patients with CCC [28, 29].
Nevertheless, amiodarone should be used in high-risk patients with LV systolic dys-
function and nonsustained VT associated with symptoms, especially dizziness and
syncope, and in patients with delayed enhancement by Cardiac Magnetic Resonance
(CMR) [30], late potentials in the signal-averaged ECG [31], T-wave variability
[32], and T-wave microalternans [33]. In addition, amiodarone should be considered
in patients with a high percentage of ventricular ectopic beats and nonsustained VT
by 24-h Holter monitoring because these can result in tachycardiomyopathy [34].
Amiodarone has been shown to have intrinsic anti-Trypanosoma cruzi activity both
in vitro and in vivo which may have an added benefit [35].

Another treatment and prophylaxis against malignant ventricular arrhythmias in
patients with CCC is the use of ICD. In fact, patients with CCC have a higher risk
of malignant ventricular arrhythmia and sudden death [36] than patients with HF
due to other etiologies, even if matched by ventricular dysfunction [37]. ICDs are
indicated in patients with HF and LV ejection fraction under 35% with or without a
previous history of VT [38]. However, the studies that supported this recommenda-
tion included few patients with CCC, if any. The CHAGASICS trial (Amiodarone
Against ICD Therapy in Chagas Cardiomyopathy for Primary Prevention of Death)
is underway to test whether ICD therapy is useful for the primary prevention of
death in patients with CCC [39]. At the moment, ICDs are recommended in CCC
for secondary prevention after documented VT, ventricular fibrillation, or aborted
sudden death, patients with left ventricle ejection fraction (LVEF) <35% and docu-
mented syncope secondary to VT, patients with LVEF >35% who have experienced
syncope secondary to VT, and in patients with CCC with syncope and inducible
sustained VT during electrophysiological study [3]. In a single study, patients with
CCC and LVEF <40% with documented prior life-threatening arrhythmia had a
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better survival under ICDs than patients using only amiodarone [40]. Amiodarone
should be prescribed even after ICDs placement in CCC in order to decrease the
number of shocks as patients with CCC can have frequent shocks due to intense
ventricular arrhythmic activity [37], and an excessive number of shocks may be
deleterious [41], causing myocardial necrosis and exacerbating ventricular dysfunc-
tion [42].

It is important to predict patients with increased risk of VT as sudden death can
be the first manifestation of a malignant arrhythmia. Studies have demonstrated that
the extension of myocardial fibrosis as assessed by delayed enhancement on CMR
imaging can identify patients with high risk of VT [30, 43], even in the absence of
global LV systolic dysfunction [30, 44]. As the cost of CMR is high and not avail-
able in many endemic areas, a scoring based on ECG, Selvester QRS scoring sys-
tem, was proposed to estimate scar size by changes in Q-, R-, and S-wave duration,
amplitude, and morphology. This score showed a good correlation with CMR and
with a previous history of VT [43]. De Souza et al. developed a score based on clini-
cal, echocardiographic, and ECG data (QT dispersion, syncope, premature ventricu-
lar contractions, and LV function) to predict sudden death and classifies patients
into low (0-2 points), intermediate (3—4 points), and high (>5 points) risk of sudden
death [45]. Another phenomenon associated with risk of VT in Chagas disease is
myocardial sympathetic denervation [46] that can be identified by myocardial scin-
tigraphy by iodine-123 metaiodobenzylguanidine testing. The detection of areas of
cardiac fibrosis by single-photon emission computed tomography and areas of myo-
cardial sympathetic denervation indicate patients at risk of developing malignant
ventricular arrhythmia [7, 47]. Nevertheless, ICD implantation for primary VT pro-
phylaxis is still not indicated in every day clinical practice based on such findings in
complementary exams.

In case of medication failure, intolerable side effects, or repetitive appropriate
shocks, ablation therapy of VT (catheter based) is an option to treat recurrent VT in
patients with CCC [48]. As VT in CCC is typically reentrant [49], it is possible to
map the circuits and disrupt them by ablation. However, mapping should be exten-
sive as multiple circuits with complex anatomy are usually present. Most common
sites of origin of reentrant circuits are the same ventricular segments most affected
by Chagas disease as seen in echocardiograms or CMR [50, 51]. One important
aspect is that fibrosis is not necessarily subendocardial or transmural in CCC as in
ischemic cardiomyopathy. CMR identifies areas of cardiac fibrosis that is gradually
more prevalent from patients with the indeterminate form (around 20% [44, 52])
and stage A of the cardiac form (43.7% [44]) to the more advanced stages of the
cardiac form (89% [52] to 100% [30]). The walls most frequently involved were the
inferolateral and apex [30, 44, 52, 53]. Cardiac fibrosis pattern is mostly midwall
and subepicardial [53] when studying patients with the indeterminate or at the ini-
tial stages of the cardiac form while the predominant pattern is transmural [30, 52]
among patients with LV systolic dysfunction. In fact, one-third of reentrant circuits
are located on the epicardial surface. Thus careful electrophysiological mapping is
necessary to achieve successful ablation [54]. VT ablation is recommended in CCC
based on its indication for other clinical conditions [55]: symptomatic sustained
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monomorphic VT, including VT terminated by ICD, that recurs despite drug ther-
apy or when antiarrhythmic drugs are not tolerated or not desired and when there is
a suspected trigger that can be targeted for ablation; control of incessant sustained
monomorphic VT or VT storm that is not the result of a transient reversible cause;
and bundle branch reentrant or interfascicular VT. Some patients with refractory VT
or VT storm may require bilateral cardiac sympathetic denervation to reduce the
burden of ventricular arrhythmias in addition to endocardial and epicardial abla-
tion [56].

9.3 Stroke

Chagas disease is a major cause of stroke in Latin America. In endemic areas, up to
20% of patients that suffer a stroke have Chagas disease [57]. The main cause of
stroke in Chagas disease is cardioembolic due to intracardiac thrombi arising mainly
from apical aneurysms. Stroke can also be due to atrial fibrillation in CCC [58, 59].
Risk factors for stroke include apical aneurysm, LV thrombus, severe atrial dilation,
LV systolic dysfunction, older age, and atrial fibrillation [60-63]. Other causes for
stroke in Chagas disease, such as small vessel disease and large vessel atherosclero-
sis, are being increasingly noticed [64] and are related to concomitant risk factors
(hypertension, hyperlipidemia, smoking) [64], proinflammatory and prothrombotic
disease state [64—66], or endothelial dysfunction [67].

Most patients with stroke present signs and symptoms of ischemia of the brain in
the distribution of the anterior or medium cerebral arteries, as expected by its car-
dioembolic nature [64, 68]. Stroke may also contribute to cognitive impairment and
dementia in endemic areas [69, 70]. It is important to bear in mind that stroke can
be the first and only manifestation of Chagas disease [71-74] and that the incidence
of cardioembolic events in patients with HF due to CCC is higher than in patients
with HF due to other etiologies.

Transthoracic echocardiography is indicated in all patients with Chagas disease
and thromboembolic events in order to rule out mural thrombi in LV, especially in
LV apical aneurysms. In case of documented or suspected atrial fibrillation, trans-
esophageal echocardiograms must be added to the diagnostic workup as it is more
sensitive for LA thrombi than transthoracic echocardiogram [74]. Among patients
with Chagas disease and stroke, 23% had LV thrombus, 47% had LV aneurysm, and
only 5% had thrombi in the LA appendage [74]. In case the source of cardioembolic
event is still unclear, Holter monitoring is indicated to investigate occult paroxysmal
atrial fibrillation [75]. Eventually, CMR may detect intracardiac thrombi, but there
is no data to support its routine use in the diagnostic workup of patients with Chagas
disease and stroke [76].

Stroke prediction models in Chagas disease are scarce. A study from our group
based on a cohort of >1000 patients identified four variables: LV systolic dysfunc-
tion, apical aneurysm, primary ST changes on the ECG, and age above 48 years
[62]. A score was created with 2 points attributed for LV systolic dysfunction and 1
point for each of the other variables. We recommended that anticoagulation should
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be indicated in patients with a score of 4 to 5, as the annual risk of stroke was 4.4%.
For patients with a score of 2 to 3, the risk of stroke is lower and can be similar to
the risk of bleeding, and we recommended either anticoagulation or aspirin. Patients
with a score of 1 had a low incidence of ischemic events, and we recommend aspirin
or no treatment [62]. However, there is no randomized, controlled study that evalu-
ated anticoagulation in patients with CCC and an external validation is needed for
this prediction model. Therefore, anticoagulation is recommended based on retro-
spective studies and specialist’s consensus. In case of paroxysmal or permanent
atrial fibrillation, primary stroke prophylaxis with warfarin is indicated in patients
with CHA2DS2-VASc score > 1-2 or with LV systolic dysfunction [2]. Additional
recommendations for warfarin include intracardiac thrombi, previous stroke, or
transient ischemic attack, especially in the presence of apical aneurysm.

In case of acute stroke, the experience with thrombolytic is limited in CCC but
short-term treatment with thrombolytics seems to have similar success compared to
non-Chagas stroke [77, 78]. The use of antiplatelet agents for secondary prophy-
laxis in patients with Chagas disease and stroke considered to be noncardioembolic
is recommended based on studies with non-Chagas groups of patients.

94 Heart Failure

Heart failure evolution in CCC is insidious and in general will manifest on average
only 20 or more years after infection. The clinical manifestations are characterized
by a predominance of signs and symptoms of right-sided heart failure.

An important aspect of management of patients with CCC is risk stratification to
identify patients with increased risk of death. The single most powerful predictor is
LV systolic function, measured by LV ejection fraction. In fact, LV systolic dys-
function is the commonest and more consistent independent mortality predictor
[79]. Other known predictors of poor outcome in CCC include RV dysfunction [80],
LA volume [60] and function [8], and LV diastolic function [8, 63]. LV diastolic
dysfunction, evaluated by the ratio of the early diastolic mitral inflow over the early
myocardial diastolic velocity, functional class, LV ejection fraction, RV Tei index,
and maximum LA volume correlated independently with adverse outcomes in mul-
tivariate analysis [63].

A risk score that combines several aspects of CCC is the Rassi score which
includes six independent prognostic factors: New York Heart Association class
III or IV (5 points), increased cardiothoracic ratio on chest X-ray (5 points), LV
systolic dysfunction on echocardiography (3 points), nonsustained VT on 24-h
Holter monitoring (3 points), low QRS voltage on EKG (2 points), and male sex
(2 points) [13]. Patients were classified into three risk groups: low risk (0 to 6
points), intermediate risk (7 to 11 points), and high risk (12 to 20 points). The
10-year mortality rates for these three groups were 10%, 44%, and 84%, respec-
tively [13].

Biomarkers have also been extensively studied and although some biomarkers
differ between patients with the indeterminate and cardiac form [81], few studies
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showed prognostic value of these biomarkers and usually did not evaluate them
against clinical and echocardiographic parameters. Nonetheless, brain natriuretic
peptide, transforming growth factor 1, and metalloproteinase were described to be
able to predict adverse outcomes in CCC [82-85].

Medical treatment of patients with CC and HF is largely based on scientific evi-
dence obtained for treatment of HF due to other etiologies. Most trials that estab-
lished the clinical benefit of the drugs currently used in HF did not include a
significant number of patients with CCC or did not include them at all. Therefore,
recommendations are based on guidelines for HF [2, 3]. Patients with asymptomatic
LV systolic dysfunction should be started on angiotensin-converting enzyme (ACE)
inhibitors and p-blockers. Patients with HF should also be treated with a combina-
tion of p-blockers and ACE inhibitors. Loop diuretics must also be added to treat
fluid retention and alleviate symptoms. The maximum dose of f-blockers may not
be achieved in patients with CCC as Chagas disease may also affect the conduction
system. In fact, a more gradual increase in f-blockers dose is recommended, but
many patients use the maximum recommended dose of carvedilol without compli-
cations. Moreover, adrenergic blockade could have an additional and specific ben-
efit in CCC because patients may have autonomic imbalance (due to predominant
parasympathetic dysautonomia and areas of denervated myocardium) and a poten-
tial for the development of ventricular arrhythmia. Therefore, B-blockers may have
a potential benefit in decreasing the risk of ventricular arrhythmia and sudden death,
further suggesting their usefulness in CCC. Some studies have shown potential
additional benefits with treatment using the beta blocker carvedilol as it decreased
the parasite load through inhibition of proliferation of epi- and amastigotes and
reduced the inflammatory infiltration in cardiac cells [86, 87].

In patients who persist in NYHA class II to IV and LV ejection fraction <35%,
aldosterone receptor antagonist (spironolactone) should be added. In patients who
do not tolerate ACE inhibitors due to adverse drug reactions, angiotensin receptor
blockers (ARB) may be used instead. In patients who persist symptomatic and with
reduced LV ejection fraction, digoxin and nitrate/hydralazine combination may be
added to the prescription. Digoxin is specially recommended in patients with diffi-
cult to control atrial fibrillation with normal renal function. However, digoxin must
be used with caution in CCC due to the risk of developing atrioventricular nodal
dysfunction and should be avoided in patients with conduction abnormalities at or
below the atrioventricular node as it prolongs the effective refractory period of atrio-
ventricular nodal tissue and can worsen heart block. Finally, in refractory cases,
sacubitril/valsartan may be used and alternative therapies may be considered.
Patients with fluid retention refractory to loop diuretics and spironolactone may also
use thiazides diuretics [2, 3].

Beyond the use of drugs to control HF, non-pharmacological management and
patient education in patients with CCC and HF should be undertaken as recom-
mended in international guidelines for HF. It is very important that patients with HF
are followed by a multidisciplinary team with integral care in order for the non-
pharmacological management and patient education to be successful. The following
strategies and recommendations can be adopted in patients with CCC and HF:
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pharmaceutical care [88], identification and treatment of reversible precipitating
factors (poor compliance with prescribed therapy, use of medications known to
worsen HF, infections, arrhythmias, among others), advice on controlling the
amount of salt in the diet and fluid restriction, encouragement to carry out daily
physical and leisure-time activities that do not induce symptoms, exercise training
programs in stable patients in NYHA class II-III [89], patient education on how to
identify HF deterioration (e.g., weigh on a regular basis, identify HF symptoms),
avoid smoking, and immunization against pneumococcal and influenza [2, 3].

Small or non-controlled studies tested drugs usually prescribed for HF in patients
with CCC. A small, single-blind clinical trial of patients with CCC demonstrated
that captopril had a beneficial effect on neurohormones with a reduction in heart
rate and in the incidence of ventricular arrhythmias [90]. ACE inhibitors and miner-
alocorticoid receptor antagonists were shown to improve functional class and to
lower BNP [91]. B-blockers may improve the patients’ quality of life, decrease BNP,
and increase LVEF [91], but their effect on survival is still controversial. While a
retrospective study demonstrates a lower mortality among patients in use of
carvedilol [92], a meta-analysis of two small randomized trials did not have enough
power to confirm or reject the hypothesis of beneficial effect of carvedilol in
CCC [93].

When overt and refractory HF ensues, alternative therapies are still possible in
CCC. Cardiac resynchronization therapy (CRT) is based on an implantation of a
cardiac device with electrodes placed on the right atrium, RV, and LV. CRT is indi-
cated to patients with NYHA functional class III and IV who remain symptomatic
despite stable, optimal HF medical therapy and have a LVEF <35% and a prolonged
QRS duration [38]. However, most experience with CRT therapy comes from stud-
ies that included patients with left bundle branch block who presented a clear desyn-
chrony in ventricular contraction. Patients with CCC and left bundle branch block
or with pacemaker may benefit from a CRT device if their clinical condition meets
the conditions outlined above. However, most patients with CCC present right bun-
dle branch block and the benefit of a CRT implant in this case is not as clear or not
indicated [2, 3].

Other alternative therapy for CCC with HF refractory to optimal medical therapy
is heart transplant. Chagas disease is not a contraindication for heart transplant and
selection criteria do not differ from the general transplantation evaluation except
that megaesophagus or megacolon is a relative contraindication [94]. Moreover,
survival after heart transplant after 1 month (83%), 1 year (71%), and 10 years
(46%) is even better than in the general heart transplant population [95].
Cardiopulmonary test is important to evaluate indication for heart transplant and
also to guide cardiac rehabilitation in patients with advanced HF [3].

Heart transplant in CCC has a specific issue that is the risk of reactivation of the
acute phase of Chagas disease with myocarditis due to immunosuppression.
However, antitrypanosomal therapy prior to heart transplant is controversial (see
Chap. 11). Patients must be followed and quantitative 7" cruzi PCR obtained when-
ever there is a suspicion of Chagas disease reactivation. Usually the test is sensible
enough to detect reactivation before allograft dysfunction develops [96].
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Benznidazole is the drug of choice for treatment of 7" cruzi reactivation [2]; how-
ever, treatment will not eliminate the infection and close lifelong surveillance is
warranted to treat new episodes of reactivation.

Other important issue when dealing with patients with CCC is that chronic
patients are ageing and prevalence of comorbidities is increasing [97]. Therefore,
patients with chest pain or heart failure should have their comorbidities evaluated
and treated as well. It is not uncommon for coronary artery disease to be the cause
or aggravate HF symptoms. However, the investigation of coronary artery disease in
Chagas disease is challenging. First, physicians must bear in mind that ST changes
in exercise stress test require careful interpretation due to the background ST- and
T-wave abnormalities present in CCC [98]. Secondly, nuclear medicine tests also
need careful interpretation as single-photon emission computed tomography reveals
areas of fixed perfusion defects and wall motion abnormality which correspond to
fibrosis due to the destruction of the myocardium by Chagas disease and not to
coronary artery disease [99, 100]. Even areas of “ischemia” (mild, multiple revers-
ible perfusion defects not related to coronary anatomy) may be due to microvascular
disease and not to epicardial coronary stenosis [101]. In fact, microvascular disease
is associated with Chagas chest pain syndrome and may be a potential cause of
myocardial damage in Chagas disease [50, 101]. Coronary artery disease should be
suspected in presence of transmural reversible defects that follow coronary anat-
omy. Therefore, direct visualization of the coronary anatomy is frequently needed.
In fact, many patients with angina-like symptoms are referred to cardiac catheter-
ization and angiography frequently reveals normal epicardial coronary arteries. On
the other hand, coronary artery disease is being increasingly found in association
with CCC. In our opinion, whenever symptoms of angina are typical and risk factors
are present, coronary disease stratification should follow the current guidelines for
patients with the indeterminate form. On the other hand, non-invasive exams of
patients with CCC are more difficult to interpret and cardiac catheterization should
be performed when clinical suspicion is high. Cardiac catheterization with contrast
ventriculography can also reveal global and regional LV systolic function and apical
aneurysms, even small ones [3, 46].

Another issue in CCC is the use of new imaging technologies such as CMR and
new echocardiographic techniques including real-time three-dimensional echocar-
diography (RT3DE) and speckle tracking imaging (STI) with analysis of two-
dimensional strain (g). Although research papers have found different potential
utilities for those tests, the cost of these exams and the unavailability in many
endemic areas have limited the adoption of these techniques. Guidelines on the use
of new imaging modalities can be found elsewhere [46] and are beyond the scope of
this chapter. Briefly, RT3DE and CMR can improve the evaluation of chambers’
volume and function over bidimensional echocardiography as they do not depend
on geometrical models and mathematical formulas. Other CMR applications have
already been described previously in this chapter. LA function can be analyzed by
both RT3DE and two-dimensional strain. LA function has three different phases:
reservoir (LA filling phase), conductive (during the early filling phase of the LV
diastole), and contractile (LA systole). In Chagas disease, using RT3DE and
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two-dimensional strain we found that the conductive and reservoir LA function are
depressed in all stages of the cardiac form, while LA contractile function is depressed
only in the group of patients with HF (stages C and D) [8]. We recently described
that a low total LA emptying fraction and higher age are independent predictors of
new-onset AF in patients with Chagas disease [102]. LA contractile function mea-
sured by LA ¢ together with end-systolic LV diameter, and E” velocity were inde-
pendent predictors of the combined end-point of all-cause mortality, stroke, heart
transplant, atrial fibrillation, or admission due to worsening HF or cardiac arrhyth-
mias [8]. Analysis of the LV & may also yield new prognostic index in Chagas dis-
ease. We described that LV longitudinal, circumferential, and radial ¢ were decreased
in patients at stage B, and further decreased in patients with HF (stages C and D),
while LV torsion was progressively decreased in all stages of the cardiac form [8].
In fact, among patients with HF due to other etiologies, peak LV longitudinal ¢ has
prognostic value independent from LVEF [103, 104].

9.5 Final Remarks

In Chagas disease, it is crucial to diagnose patients while in the acute phase or dur-
ing the first years of the chronic phase. Successful Chagas disease etiologic treat-
ment will decrease the progression to the cardiac form of the disease. Nonetheless,
screening and diagnosis of patients at the chronic phase with cardiac form is also
critical as early treatment of cardiac complications can help prevent/delay the occur-
rence of cardiac events and death.
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10.1 Introduction

Patients with Chagas disease (CD) with digestive involvement commonly present
with dysphagia or constipation [1, 2] or otherwise do not have any digestive symp-
toms but have a positive serology for CD and are referred for further evaluation. The
management of those patients will depend upon the clinical manifestations and will
be discussed separately.

10.2 Chagasic Oesophagopathy

The main symptom of chagasic oesophagopathy is dysphagia. Therefore, this symp-
tom should be further characterized: duration, intensity, types of meals, slow inges-
tion. There is not linear correlation between intensity of dysphagia, duration of the
disease and degree of oesophageal dilation. Some patients with huge megaoesopha-
gus do not complain of dysphagia, in contrast with others with severe dysphagia and
less dilation [1, 3]. Patients may present mild dysphagia for a long time without
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getting worse and in others it may progress in short period of time [1]. Regurgitation
is another oesophageal symptom that needs further consideration. In general, persis-
tent supine passive regurgitation correlates with more advanced megaoesophagus
and is associated with malnutrition [1, 4]. It should be emphasized that chagasic
patients may present with other oesophageal disorders causing dysphagia. Therefore,
the differential diagnosis should be made with oesophageal/gastric cancer, gastro-
oesophageal reflux disease, eosinophilic oesophagitis and others [1].

Other digestive symptoms such as chest pain, dyspepsia and constipation
should also be explored as well as cardiac symptoms such as dyspnoea and palpi-
tations [1]. The presence of chronic chagasic cardiopathy and other associated
clinical conditions such as hypertension, diabetes and chronic pulmonary obstruc-
tive disease should be taken in consideration as they can influence the treatment
[1,5,6].

Radiological examination is the first test to be done in order to make the diagno-
sis of such patients. The barium oesophagogram with fluoroscopy shows not only
the degree of oesophageal dilation but also functional alterations such as abnormal
or absence of peristaltic contractions and the rate of oesophageal emptying [7, 8]. A
timed barium oesophagram can also be made [3]. In chagasic oesophagopathy,
radiological findings are oesophageal diameter increase, slow emptying, affiliated
distal portion (“bird-beak” appearance), variable oesophageal dilation and/or elon-
gation, and decrease of gastric air-bubble [3, 7]. The degree of oesophageal dilation
does not always correspond to the duration of the disease [1, 3, 7]. There are cases
that stay for a long time with the same degree and others that quickly progress to
great dilation [1, 7].

For therapeutic purposes, it is appropriate to divide the chagasic megaoesopha-
gus into different stages or groups. The Rezende’s classification into four groups is
widely used [5-8]. In Groups III and IV in which great oesophageal dilation is
found, no further tests need to be performed to diagnose the oesophageal involve-
ment in Chagas disease. In other hand, in those cases in which there is mild (group
II) or no oesophageal dilation (group I), performing oesophageal manometry could
confirm the diagnosis.

Conventional or high-resolution oesophageal manometry demonstrates altera-
tions in the oesophageal peristalsis and in the lower oesophageal sphincter relax-
ation (achalasia) [9, 10]. The manometric features in chagasic megaoesophagus also
have influence in choosing the most appropriate treatment [11].

Upper digestive endoscopy should also be performed in all patients with megao-
esophagus in order to evaluate the oesophageal mucosa, to exclude other possible
diagnosis such as pseudoachalasia and also to evaluate gastric and duodenal possi-
ble abnormalities [12].

No treatment of chagasic megaoesophagus restores normal oesophageal physiol-
ogy. The goal of the treatment is mainly to relieve dysphagia and to facilitate
oesophageal emptying. The treatment of chagasic megaoesophagus can be done by
means of dietary measures, clinical treatment, endoscopic balloon dilation, surgery,
and per oral endoscopic myotomy (POEM), as will be discussed below. The
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Table 10.1 Therapeutic measures available for Treatment of chagasic megaoesophagus
treatment of chagasic megaoesophagus

Dietary modifications

Medications: nitrates, nifedipine
Endoscopic balloon dilation
Botulinum toxin intramural injection

Laparoscopy cardiomyotomy

Per oral endoscopic myotomy
Cardioplasty
Oesophagectomy

treatment will depend upon the stage of the disease, the patient profile and the avail-
ability of the method (Table 10.1) [1, 5, 6].

The patient should eat slowly, in a quiet place, chew the food as thoroughly as
possible, swallow small bolus, adjusting the food consistency to the dysphagia
intensity, giving preference to softer foods. Irritant foods to the oesophageal mucosa
and very cold foods, that aggravate the dysphagia, should be avoided. Drinking
more water during the meals may help oesophageal emptying. Ingestion of food
before going to bed at night could lead to supine regurgitation and possible aspira-
tion, and therefore should be avoided. Those measures should be recommended
even after other treatment has been done [1, 5].

The use of medications that relax the lower oesophageal sphincter pressure, iso-
sorbide dinitrate 2.5-5 mg, sublingual, 15 min before meals or nifedipine 10 mg
sublingual 30 min before meals may lead to some dysphagia relief and accelerate
oesophageal emptying in patients with chagasic megaoesophagus [13, 14]. Those
medications can be prescribed as a clinical alternative option in cases that is not
possible to perform balloon dilation or surgery. However, one has to consider that
they have short duration of drug action, so it is necessary to use in every meal. In
addition, they are associated with relevant side effects such as headache and hypo-
tension. Patients with cardiac involvement should not take those medications.

Botulinum toxin is a potent inhibitor of acetylcholine release from nerve end-
ings. When applied in oesophageal wall in cases of achalasia, it counteracts the
unopposed lower esophageal sphincter (LES) contraction that is mediated by cho-
linergic nerves, thereby lowering LES pressure [15]. In one study evaluating patients
with chagasic megaoesophagus, stage II and III, the intramural application, through
endoscopy, of 100 unit of botulinum toxin (BOTOX) in four quadrants of the LES
was associated with dysphagia relief in some (14/21) patients [15]. The application
of botulinum toxin in the treatment of chagasic megaoesophagus can be considered
a palliative and an alternative option in selected non-advanced cases. It has the
advantages of being less invasive and that can be repeated many times [1, 7].

Forced balloon dilation of the cardia has been performed for a long time in the
treatment of chagasic megaoesophagus [1, 16]. The principle of the procedure is to
weaken the lower esophageal sphincter by tearing its muscle fibers by generating
radial force. Nowadays, pneumatic dilation (PD) has been done as an endoscope-
guided procedure without fluoroscopic control, under sedation, using a low-com-
pliance balloon such as Rigiflex dilator [17]. It has the advantage of determining
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mucosal injury during the dilation process, so that a repeat endoscopy is not needed
to assess the mucosal tearing. In the experience at the Hospital das Clinicas da
UFG, better outcomes are observed in patients with mega Groups II and III. In cases
with most advanced dilation with dolicomegaoesophagus (group IV), the procedure
does not provide benefit and is not recommended [1, 18]. Patients without oesopha-
geal dilation (group I) with mild or intermittent dysphagia may not need balloon
dilation, but can be performed if dysphagia is severe. Alternatively, it can be done
oesophageal bouginage with Maloney bougie [1, 19]. Some patients will need more
than one dilation session in order to obtain improvement of symptoms. The main
complication of this procedure is oesophageal perforation that has been reported in
less than 2% [1, 19].

The surgical treatment of chagasic megaoesophagus has evolved and is now
being considered the gold standard procedure [5]. The surgical treatment provides
better outcomes as compared to balloon dilation in long-term follow-up. The surgi-
cal procedure may vary according to the stage of the disease. Laparoscopic cardio-
myotomy associated with a partial antireflux valve (Heller—Pinotti operation) [20,
21] is the most performed operation in the treatment of cases of chagasic megao-
esophagus groups I, II and some patients of group III [1, 5, 11, 20, 21]. This opera-
tion decreases oesophageal sphincter pressure, facilitates oesophageal emptying
and improves dysphagia in most patients [21]. However, after some time, patients
may complain of dysphagia again, needing another procedure.

In more advanced cases, considered as those showing atonic and massive dilation
in which no contractions is seen in oesophageal manometry [22] or in cases with
dolicomegaoesophagus (group 1V), oesophagectomy is indicated as primary ther-
apy [22]. The oesophageal resection is also indicated as rescue therapy for those
with persistent achalasia after failure of previous less invasive treatment options.
Considering the risk of oesophagectomy, other procedures have been suggested
including: cardioplasty plus truncal vagotomy and Roux-en-Y partial gastrectomy
(Serra-Doria operation) [23], and less commonly Thal-Hatafuku operation [24].

In the last decade, per oral endoscopic myotomy (POEM) was introduced for
treatment of idiopathic achalasia [25]. It has progressively been performed in the
treatment of chagasic megaoesophagus as well [26]. POEM is a feasible procedure,
performed through a submucosal tunnel, which allows myotomy of the distal
oesophagus and of the lower esophageal sphincter [25]. This procedure requires a
great endoscopic expertise and is presently not widely available. The procedure is
similar to a laparoscopic Heller myotomy without a fundoplication. Short-term
studies have shown that POEM is very effective in relieving dysphagia and regurgi-
tation [25]. It can be done even after balloon dilation or Heller myotomy + fundo-
plication failure [27]. As compared to laparoscopic myotomy and balloon dilation,
results in short-term follow-up seem to be similar [27]. However, POEM is associ-
ated with a higher incidence of gastro-oesophageal reflux disease compared to alter-
native therapies (Heller myotomy with fundoplication or PD) [27]. In the near
future, POEM probably will be more widely available and possibly will be consid-
ered the first option for treatment [27].
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Table 10.2 Treatment of chagasic megaoesophagus according to radiological classification [7, 8]

Radiological classification (stage)| Preferred Treatment of megaoesophagus

Group I (no dilation) 1. Dietary orientation
. Oesophageal bouginage
. Endoscopic balloon dilation
. Laparoscopic Heller cardiomyotomy
(LHC) + fundoplication
. Endoscopic balloon dilation
POEM
. Oesophagectomy
. Serra-Doria operation (cardioplasty + hemigastrectomy)
POEM
. Oesophagectomy
. Serra-Doria operation (cardioplasty + hemigastrectomy)
. POEM

— W N

Group II-I1I

Group IV
(dolicomegaoesophagus)

LHC failure

W =L =W

The great challenge in treating chagasic patients with megaoesophagus is that
some of those patients are presenting at old ages, with advanced or with failure
of previous treatments, having comorbidities, malnutrition, and sometimes with
associated chronic chagasic cardiopathy, limiting the therapeutic options. At the
Hospital das Clinicas da UFG, in the last decade, the median age of patients with
chagasic megaoesophagus was 55 years old [28]. Our approach is to individualize
the treatment, based upon the clinical conditions and the radiological classification
as discussed above [1]. The treatment options presently applied at our hospital is
shown in Table 10.2.

10.3 Chagasic Colopathy

The main symptom of chagasic colopathy is constipation [1] Therefore, this symp-
tom should be further characterized: duration, mode of evolution, presence of dys-
synergic defecation, previous use of laxatives, history of faecaloma, excessive
straining. Abdominal pain, sensation of bloating or abdominal distention, meteor-
ism and flatulence may also need to be explored. In chagasic megacolon, constipa-
tion usually is of slow and insidious onset and of progressive evolution, becoming
persistent with time, leading to frequent use and abuse of laxatives. On the other
hand, about 25% of patients with chagasic megacolon does not complain of consti-
pation, reporting normal bowel movement frequency [29].

Any patient with megaoesophagus or chronic chagasic cardiopathy or coming
from an endemic area for Chagas disease presenting the above symptoms should be
considered as possibly a case of chagasic colopathy and should be investigated.
Physical examination may reveal a dilated sigmoid loop or a presence of a faecal-
oma. Proctological examination should be performed routinely. Rectal palpation
permits the detection of megarectum as well as of faecaloma.

Radiological examination is next step towards confirming the diagnosis. A
faecaloma can be observed in a simple plain abdominal X-ray. In order to
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demonstrate colon dilation, barium enema can be performed using a simplified
method without previous preparation. Rectal and sigmoid enlargement can be easily
demonstrated [30].

The differential diagnosis of chagasic megacolon should be made with secondary
dilatations to organic obstacles such as stenosis, tumours, adherences, extrinsic com-
pression and rectosigmoid endometriosis [1, 31]. In case of a chagasic patient with
constipation but without colon dilatation, the differential diagnosis between functional
constipation occurring in a chagasic patient and constipation secondary to the presence
of an early stage of chagasic colopathy without dilation is still hard to define [32, 33].

The treatment of the constipation associated with chagasic colopathy can be
done with dietary and habit modifications, use of laxatives and surgical treatment
[1, 5, 31]. In those patients presenting with colon enlargement but with normal
bowel movements, no further treatment is necessary. Patients with two/three bowel
movements/week without presence of fecaloma should be oriented to ingest more
liquids, fruits and vegetables [5, 31]. However, a high insoluble fibre diet is contro-
versial, considering that such intervention may induce faecaloma formation and
aggravate symptoms [1, 5, 31]. Abundant hydric ingestion should be emphasized, at
least 2 L/day [5, 31]. The use of laxatives is recommended to patients not respond-
ing properly to dietary interventions. The osmotic laxatives—polyethylene glycol,
20% mannitol, lactulose—are the most appropriate. Lubricant laxative as mineral
oil may also be useful [5]. However, with progression of the disease, many patients
will need more and progressive doses of laxatives to obtain a bowel movement,
finally turning to use of water cleansing enemas [1, 31].

The treatment of faecaloma depends on its location and faecal consistency. Those
localized in the rectum and with not so hard faeces or those localized higher in the
rectum and sigmoid can be removed by using water and glycerine enemas or rectal
slow infusion of saline, and those with hard stools can be firstly manually removed,
under anaesthesia, followed by repeated glycerine enemas. After the removal, those
enemas can be repeated two or three times/week [1, 5, 31].

The surgical treatment of chagasic megacolon is indicated for those cases that
present with great sigmoid dilation, prolonged faeces retention, recurrence of faecal-
omas and repeated sigmoid volvulus. The goal of the surgical treatment is to improve
or normalize bowel movements. The most utilized surgical technique is anterior rec-
tosigmoidectomy with immediate posterior colorectal end-to-side stapled anastomo-
sis [34, 35] and Duhamel-Haddad operation [36, 37]. Most of the patients improve
the constipation after surgery. More recently, both operations are becoming progres-
sively performed by laparoscopic approach [37, 38]. Emergency operations may
need to be done in cases of sigmoid volvulus that does not resolve with other decom-
pressive measures such as endoscopy, in cases of ulceration, obstruction or colonic
perforation [5, 39]. In those situations, Hartman’s operation and sigmoid fixation or
sigmoidostomy are most frequent techniques utilized [40, 41].
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10.4 Conclusion

Patients with Chagas disease with digestive involvement commonly present with
dysphagia or constipation need therapeutic intervention. The treatment of chagasic
megaoesophagus can be done by means of dietary measures, clinical treatment,
endoscopic balloon dilation, surgery and per oral endoscopic myotomy. The treat-
ment will depend upon the stage of the disease, the patient profile and the availabil-
ity of the method. The treatment of the constipation associated with Chagas
colopathy can be done with dietary and habits modifications, use of laxatives and
surgical treatment. The surgical treatment of chagasic megacolon is indicated for
those cases that present with great sigmoid dilation, prolonged faeces retention,
recurrence of faecalomas and repeated sigmoid volvulus.
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Challenges in Response to Treatment 1 1
Evaluation and Progression
of the Disease

M. Carmen Thomas, Adriana Egui, Elena Pérez-Anton,
Inmaculada Gémez, and Manuel C. Lépez

11.1 Parasite-Host Interactions: What We Know Up to Now

The protozoan parasite Trypanosoma cruzi is the etiological agent of Chagas dis-
ease (CD), which is a chronic infection that affects seven million people worldwide.
Migration has globally distributed this sickness, which is now endemic from the
southern USA to South America. CD is mainly transmitted by the bite of infected
triatomine vectors, with congenital transmission, blood transfusion, organ trans-
plantation, and ingestion of contaminated food/juices as other frequent routes of
transmission. Chagas disease pathology has two phases, namely, an acute and a
chronic phase. The acute phase occurs after infection and is characterized by high
parasitemia in blood. The acute phase is generally asymptomatic, leading to a strong
immune response that partially controls the infection. Patients evolve to chronic
phase that can last decades. Approximately 30% of the patients develop a chronic
phase with clinical disease manifestations such as cardiac and gastrointestinal tissue
damage as a consequence of parasitism persistence. The continuous exposure to
pathogen antigens leads to a dysfunctional response of the T cells, which exhibit a
diminished capacity to produce cytokines and cytotoxic molecules, together with a
progressive increase in the expression and coexpression of inhibitory receptors by
the antigen-specific T cells. There are several commercially available and useful
tests for serological diagnosis of 7. cruzi infection that detect 7. cruzi
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antigen-specific antibodies with a long life. Parasite detection by PCR during the
acute phase is easy due to the high parasitemia; however, detection is difficult dur-
ing the chronic phase, as there is a low level of parasites, thereby resulting in false
negative cases.

Currently, two drugs are used to treat the sickness (i.e., benznidazole and nifur-
timox), although both cause important and frequent side effects. The effectiveness
of benznidazole during the chronic phase of the disease remains controversial.
Several studies have reported the benefit of benznidazole for patients at the chronic
phase, preventing the development of cardiomyopathy and improving the parasite-
specific immune response. Recently, data showing the reduction of the exhaustion
process in CD8* and CD4*CD&" T cells in chronic Chagas disease patients have also
been reported [1]. To date, there are no reliable tools to evaluate antiparasitic treat-
ment efficacy, which has to be correlated with seroconversion and the absence of
parasite DNA. The long lives of specific antibodies against 7. cruzi and the high
percentage of false results in PCR create an urgent need for biotools to detect treat-
ment success or failure.

11.2 Immune Response Associated with Trypanosoma cruzi
Chronic Infection as Disease/Pathology Progression
and Therapeutic Efficacy Biomarkers

11.2.1 Biomarkers of Humoral Response Against Specific
Parasite Antigens

Antiparasitic treatment efficacy in Chagas disease can only be measured through
seroconversion of conventional serological tests; however, this seroconversion may
take several years or decades to assess. A study of serologic follow-up of 430
chronic Chagas disease patients showed that a complete seronegative status was
achieved in a median of 11.7 years [2]. This finding points to the need to identify
biomarkers that allow evaluation of the treatment efficacy in a short period of time,
providing information on the progression of the disease.

Several efforts have been made by researchers to search for early markers of
treatment efficacy. Treatment success will be related to seronegative conversion
and/or decrease in 7. cruzi-specific antibody titers. Viotti et al. [3] evaluated the cor-
relation of changes in antibody levels specific for 7. cruzi measured by the three
conventional serological assays: indirect hemagglutination assay (IHA), indirect
fluorescent immunoassay (IFA), and enzyme-linked immuno sorbent assay
(ELISA), and by a multiplex assay using a set of 16 T. cruzi proteins [4]. Analyses
were carried out in 53 benznidazole-treated and 89 untreated chronic Chagas dis-
ease patients with a median follow-up of 36 months. The obtained results indicated
that conversion to negative results or drop in reactivity on one or more conventional
serological tests was significantly greater in treated patients than in untreated sub-
jects, with benznidazole treatment the only variable related to a decreased reactivity.
With negative seroconversion in two or three conventional tests and a drop in
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antibody titers on two or three conventional tests, a positive impact of treatment was
detected in 45% of the patients. Approximately 75% of the patients showed similar
reactivity trends against the combined three conventional serological tests and the
multiplex assay, although the multiplex test showed a superior detection capacity, as
it detected changes that were not observed by conventional ELISAs [3, 4].

Another multiplex assay, using a selection of a panel of 12 different 7. cruzi
antigens, was evaluated in 391 well-characterized samples (248 T. cruzi positive
samples, 94 unscreened blood donors’ samples from nonendemic area, and 49 sero-
negative blood donors) and on 10 subjects with inconsistent results in at least one
out the three different commercially available tests [5]. This multi-cruzi assay
showed the correct classification of all of the positive and negative samples, leading
to the serological confirmation of Chagas disease. In addition, the reactivity obtained
was significantly higher among PCR positive than PCR negative samples, which
could correlate with parasitemia level in certain patients. A longitudinal follow-up
study is still required for validation of this test for diagnosis purposes, including as
indicated by the authors, false-reactive samples such as those from leishmaniasis
patients [5]. A larger study using samples derived from 455 patients with oral testi-
mony obtained through a questionary of benznidazole treatment and 1199 without
any reported treatment was subsequently carried out by these authors [6]. Of the 15
different antigens that compose this multiplex serology assay, it was selected the
Ag3, as it was detected with high titers by sera from most 7. cruzi-infected individu-
als and exhibited the highest titers in patients who had a positive PCR result per-
formed for parasite detection [6].

The T. cruzi KMP11, HSP70, and PFR2 recombinant proteins were proposed as
follow-up biomarkers. The reactivity against these immunodominant recombinant
antigens was analyzed through a prospective analysis in sera from 46 chronic
Chagas disease patients during different clinical phases of the disease (15 patients
in the indeterminate stage, 16 in the cardiomyopathy stage, and 16 in the digestive
stage), in addition to 22 control sera from healthy donors [7]. Regardless of the
stage of the illness, all of these recombinant antigens were recognized by Chagas
disease patient sera with statistical significance compared with the sera from healthy
donors, patients with autoimmune diseases, or patients suffering from tuberculosis,
leprosy, or malaria. The dynamics of sera reactivity from 35 treated patients was
also tested (before and after benznidazole administration). Interestingly, a short-
term decrease in reactivity against KMP11, HSP70, and PFR2 was observed post-
treatment. A statically significant decrease in reactivity against KMP11 was
observed at 6 months posttreatment in 74% of patients and at 9 months posttreat-
ment against PFR2 and HSP70 molecules. The drop in reactivity remained constant
or continued decreasing during the posttreatment follow-up period (24 months). It
was also observed that following benznidazole treatment, the differential reactivity
against these antigens was correlated with the clinical status of the patients [7].
Most likely, analysis of the reactivity against these recombinant antigens could be
used to detect 7. cruzi infection in any clinical form of Chagas disease and for moni-
toring the effectiveness of benznidazole treatment. The mentioned set of serological
biomarkers was employed in a blind posttreatment follow-up of twin brothers
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congenitally infected with 7. cruzi (infecting strain DTU-V). Remarkably, treatment
success in Brother I and treatment interruption in Brother II were detected by the
use of this set of serological biomarkers, which was corroborated by PCR assays [8].

An immunodominant repetitive epitope, named 3973 (FGQAAAGDKPSL), that
was recognized by sera from adult Chagas disease patients having different clinical
forms of the disease was also identified [9]. The epitope belongs to the TcCA-2
parasite membrane protein [10]. The 3973 peptide showed a high sensitivity (>90%)
and specificity (>98%) in sera of Chagas patients, as it was not recognized by either
individuals with autoimmune and inflammatory processes or by patients with a non-
chagasic cardiomyopathy. Remarkably, the reactivity against the 3973 peptide,
detected in the sera from asymptomatic chronic Chagas disease patients, was an
average of 40% lower than that detected in the sera from patients in the symptom-
atic phase of the disease, who had manifest cardiac or digestive alterations. This
molecule was proposed as an indicator of the illness pathological stage and to be
used as a serologic biomarker [9]. The 3973 T. cruzi repetitive sequence was also
studied as a marker of therapeutic drug efficacy in patients with chronic Chagas
disease. Thus, modifications in reactivity against 3973 were measured in sera from
asymptomatic and chronic Chagas patients with cardiac symptomatology at 9 and
24 months after benznidazole treatment. Remarkably, although no downward trend
in the antibody levels against soluble T cruzi total antigens (STcA) was observed in
the sera from Chagas patients at any time during the posttreatment follow-up period,
the level of antibodies against the 3973 peptide significantly decreased. Thus, at a
short time (9 and 24 months) after benznidazole treatment, a continuous and impor-
tant drop in reactivity against 3973 (at least 40% lower than those detected before
treatment) was observed in 49% of asymptomatic patients and 34% of cardiac
chronic Chagas patients relative to the pretreatment antibody levels (p < 0.001) [11].
Interestingly, the patients who exhibited a decrease in reactivity against the 3973
peptide after treatment also showed significantly decreased C-reactive protein
(CRP) levels. It had been reported that an elevated CRP level was associated with
increased disease severity [12]. In summary, all these results supported that the
3973 molecule could be an acceptable biomarker for assessing therapeutic efficacy,
in addition to being a useful biomarker for the prognosis of Chagas disease [9, 11].
The reactivity of sera from 66 adults with chronic indeterminate Chagas disease
(IND) against a set of four 7. cruzi antigens (KMP11, PFR2, HSP70, and 3973) was
recently analyzed before and after benznidazole treatment. The results showed that
42.4% and 68.75% of IND patients met the established criteria of therapeutic effi-
cacy (STEC) at 24 months and 48 months posttreatment, respectively [13]. Meeting
the STEC implied that there was a continuous decrease in the reactivity of the
patient sera against the four antigens after treatment and that there was a substantial
decrease in the reactivity for at least two of the antigens. Interestingly, patients who
showed treatment efficacy based on this set of serological biomarkers had an
improved multifunctional antigen-specific CD8* T-cell responsiveness [13].

In addition to tests that include a group of parasite proteins, many have been
tested individually in different trials. The serological reactivity against the F105
antigen, the F-III and F-IV fractions from 7. cruzi extracts, and the exo-antigens
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from trypomastigote-infected mice (EXO) were studied in 42 chronic Chagas dis-
ease patients for 2-20 years after treatment with nifurtimox and benznidazole, and
in 42 untreated patients. A significant decrease in serologic reactivity against the
F-1V fraction and EXO antigen was observed in 64% and 44% of treated versus
33% and 8% of untreated patients, respectively [14]. A 24-kDa recombinant protein
from T. cruzi (rTc24) is another protein evaluated by ELISA and Western blot tests
to identify treated Chagas disease patients considered cured on the basis of persis-
tently negative tests of hemocultures and lytic antibodies. Some of these patients
were termed dissociated because their sera, although negative by the complement-
mediated lysis test (CoML), were positive by conventional serology. For the disso-
ciated patients, 80% of the sera were seronegative to rTc24 in the ELISA or in
Western blots, in agreement with the CoML test. For the group of uncured patients,
all sera tested recognized rTc24 in both tests [15]. Antibody level against P2f pro-
tein (7. cruzi ribosomal protein) was evaluated as a possible cure biomarker in a
retrospective study. Treated (n = 30) and untreated (n = 37) Chagas disease patients
with the indeterminate form of disease and untreated patients with chronic Chagas
disease cardiomyopathy (n = 11) were followed up over more than 20 years.
Interestingly, the levels of antibodies against P2 decreased from their initial values
in the first group compared with the other groups (untreated patients) [16]. Short-
term monitoring using a recombinant 7. cruzi flagellar calcium-binding protein
(F29) in an ELISA was used in a double-blind, randomized study to test the efficacy
of benznidazole in children in the indeterminate phase of Chagas disease. The
results indicated that 35.2% and 62.1% of the 44 benznidazole-treated children
were seronegative for F29 antigen at 6 months and 48 months posttreatment, respec-
tively [17]. In a subsequent study, the ELISA-F29 test was evaluated as an early
marker of therapeutic efficacy in adults with chronic Chagas disease. The retrospec-
tive study compared the time at which negative seroconversion was detected against
the F29 antigen and by conventional serology on a cohort of 29 patients treated with
nifurtimox or benznidazole and 37 untreated patients. ELISA-F29 significantly
anticipated negative seroconversion compared to conventional serology, observing
this seroconversion only in the treated patients [18]. Likewise, antibody levels
against recombinant antigens 1, 2, 13, 30, and 36 and Shed Acute Phase Antigen
(SAPA) were assessed in sera from 18 Chagas disease patients before and after
3 years of posttreatment follow-up. The specific reactivity against these antigens
before treatment decreased in 50% (9/18) of the patients after treatment. Antigen 13
obtained the best results as a good marker of treatment efficacy using ELISA, due
to the fact of negative seroconversion in 67% (six out of nine) of patients [19].

The glycosylphosphatidylinositol (GPI)-anchored mucins purified from mam-
malian cell culture-derived trypomastigotes (tGPI mucins) of the Y strain are spe-
cifically recognized by protective chagasic anti-a-galactosyl antibodies (anti-a-Gal
Abs) and are able to diagnose active Chagas disease. A chemiluminescent enzyme-
linked immunosorbent-based assay using purified trypomastigote-derived a-Gal-
containing tGPI mucins or synthetic neoglycoproteins (NGPs) has been proposed as
promising BMKs for diagnosis and early assessment of cure following Chagas dis-
ease chemotherapy. A study in patients with indeterminate Chagas disease found a
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small but significant reduction in the titers of trypanolytic anti-a-Gal antibodies
among benznidazole-treated patients versus placebo patients at 12 months. In this
study, 9% of the treated patients negatively seroconverted at the end of the follow-
up compared with 4% of the placebo-treated group. However, conventional serol-
ogy showed no significant differences between active treatment and placebo at any
time point [20].

The 5F2 and 5SA9B11 monoclonal antibodies against 7. cruzi microsomal frac-
tion (Mc) and its cross-reactivity with mammalian tissues were used to study differ-
ences in the immune response of chronic Chagas disease patients with different
degrees of cardiac dysfunction against parasite epitopes by blocking the recognition
of these monoclonal antibodies to the target antigen. The reactivity between 5F2 or
5A9B11 and their target antigens was significantly inhibited by sera from Chagas
disease patients compared to sera from healthy donors. Moreover, SF2 was able to
distinguish sera from patients in the early phase of the symptomatic form of the
disease from those patients with severe disease (p < 0.05). The results suggested the
potential use of these anti-Mc antibodies as a prognosis marker in Chagas disease
patients [21]. The presence of different isotypes of antibodies against specific
recombinant antigens was also analyzed in association with the pathology evolution
of Chagas disease. Thus, antibodies against FRA (flagellar recombinant repetitive
antigen) of IgG2 isotype were more abundant, with statistically significant differ-
ences in patients with Chagas disease cardiomyopathy versus patients with the inde-
terminate stage [22]. On the other hand, the IgA antibody response against FRA and
CRA (cytoplasmic recombinant antigen) was related with digestive forms of Chagas
disease. Although these antibodies were detected in patients with different clinical
forms of Chagas disease, they were significantly higher in patients with digestive
and cardiodigestive forms of the disease [23].

Additional validation of the refereed targets and general methodologies will
require analyses of a larger set of subjects coming from a wider range of 7. cruzi
endemic areas.

11.2.2 Host Antigen-Specific Cellular Response as Biomarkers

11.2.2.1 CD8* T-cell Immune Response as Biomarker of Pathology
and Treatment Impact in Chronic Chagas Disease

Control of T. cruzi infection requires the activation of both CD4* and CD8* T cells.
The importance of the CD8* T cells in the progression of Chagas disease has been
demonstrated in different ways, such as CD8" depletion and use of mice deficient in
the CD8 molecule or f2-microglobulin [24-28]. The activation of the CD8* T cells
occurs after the recognition of short, antigenic peptides (epitopes of 8—10 amino
acids in length) derived from 7. cruzi proteins that are processed and presented in
the context of major histocompatibility complex class I (MHC I) [29-31]. A specific
cytokine environment, such as IL-21, IL-2, or IL-12, is required to elicit efficient
CD8" T-cell immunity [32, 33]. Recently, IL-17RA signaling was shown to also be
required for the maintenance of specific CD8* T-cell responses and that the absence
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of this signaling during 7. cruzi infection alters the transcriptional program of effec-
tor CD8* T cells and consequently their effector function [34]. Thus, the establish-
ment of an anti-70 cruzi CD8* immune response focused on the parasite’s
immunodominant epitopes is crucial in the control of infection caused by 7. cruzi
[35]. However, the complexity of the molecular mechanisms that regulate the
T. cruzi biological processes has made it difficult to identify individual targets of
CD8" T-cell responses in 7. cruzi-infected subjects.

Little is known regarding CD8* T-cell responses in subjects with chronic 7. cruzi
infection. Because the HLA-A*0201 allele is highly frequent (approximately 45%)
in the population from Chagas disease endemic areas, the use of transgenic mice
expressing human MHC-class I from HLA-A2-restricted epitopes constituted a use-
ful tool for identification of CD8* T-cell immunodominant epitopes. The reported
HLA-A2-restricted epitopes are encoded by genes that are from different 7. cruzi
antigens; the most relevant are those contained in the trans-sialidase proteins (TS)
[36], amastigote-stage surface protein-1 (ASP-1) [37], trypomastigote-form surface
antigen-1 (TSA-1) [38], Kinetoplastid Membrane Protein-11 (KMP-11) [39, 40],
calcium-binding protein [41], ribosomal P2b protein [42], cruzipain and FL-160
flagellar protein [43], heat shock protein-70 [44], paraflagellar rod proteins [45], or
the T7cCA-2 membrane protein [46]. Immunodominant CD8* T-cell epitopes
(TSKB20 and TSKB18) encoded by trans-sialidase gene family members have been
recognized by T cells from patients in acute and chronic phases of 7. cruzi infection
[36]. However, although the development of a high frequency of TS epitope-specific
CD8" T cells contributes to the optimal control of acute infection, it is not enough
to develop immune resistance against 7. cruzi infection [47].

Secretion of pro-inflammatory cytokines (IFN-y and TNF-a) and the cytotoxic
molecule granzyme B was detected in antigen-specific CD8* T cells from asymp-
tomatic and cardiac chronic Chagas patients after in vitro stimulation with short
peptides contained in 7. cruzi Hsp70, PFR or TcCA-2 proteins [44-46]. In these
responder patients, a high level of IL-6, which has been reported as a pleiotropic
cytokine related to the inhibition of expansion and functionality of Treg lympho-
cytes, was also detected. For PFRs and TcCA-2 derived peptides, a higher level of
IFN-y was observed in epitope-specific CD8* T cells from asymptomatic Chagas
patients versus those with cardiac symptomatology [45, 46]. Moreover, cytotoxic
activity was only detected in the epitope-specific CD8* T cells from the asymptom-
atic patients [45]. Interestingly, a differential phenotypic profile of the TcCA-2-
specific CD8* T cells of Chagas disease patients related to the progression of the
disease was described. Thus, the TcCA-2-specific CD8* T cells from patients with
cardiac symptoms were mainly effector memory cells (Tgy and Tgyra), While those
present in patients at the asymptomatic phase were predominantly naive cells
(Tnawve)- Likewise, in patients with cardiac symptoms, the percentage of CD8* T
cells with senescence features (CD8*/CD44+*/CD57*) was significantly higher than
that detected in patients at the asymptomatic phase of the disease [46].

The K1/TcTLE HLA-A*0201-restricted peptide contained in 7. cruzi KMP11
protein is an epitope that is efficiently processed, presented, and recognized by
CD8* T cells during the natural course of the disease, since it induced a high
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expression of INF-y in CD8* T cells from asymptomatic and cardiac Chagas disease
patients [39, 48]. The K1/TcTLE CD8* T epitope is highly recognized by Chagas
disease patients in the context of more than one HLA-I subtype (HLA-A*0205,
HLA-A*0222, HLA-A*0226, HLA-A*0259, and HLA-A*0287), which indicates
that it is a promiscuous epitope presented by different HLA-A molecules [48, 49].
In the same way, several trans-sialidase derived promiscuous epitopes able to bind
to HLA-A02, HLAAO3, and HLA-A24 have also been described [50]. These results
suggest that these HLA class I peptides can be used for evaluating the frequency and
functional activity of antigen-specific CD8" T cells and, consequently, be used as
biomarkers of pathology and progression of the disease. Since only a proportion of
patients responded to particular peptides, due to the existence of high variability
regarding antigen processing and presentation, the use of several epitopes belonging
to different 7. cruzi antigens to perform an accurate disease follow-up is likely
necessary.

CDS8* T cells control the T. cruzi infection by different methods, including the
secretion of cytokines that induce microbicidal activity in host cells and the lytic
activity through the perforin/granzyme pathway. Focusing on the immune response
generated after activation of CD8* T cells, it was observed that protection against
lethal 7. cruzi infection in a murine experimental infection model was dependent on
IFN-y production [51]. In chronic Chagas disease patients, an inverse correlation
has been described between the cardiac Chagas disease severity and [FN-y secretion
level by CD8* T cells stimulated with 7. cruzi-infected autologous dendritic cells
[52]. It has also been reported that the frequency of patients who respond to a para-
site lysate producing IFN-vy, as measured by ELISPOT analysis, is very high among
patients with mild clinical disease and very low among those with the most severe
form of the disease [53]. The antigen-specific CD8* T cells from these patients with
severe cardiac symptomatology forms are predominantly of the fully differentiated
memory phenotype (CD45RA-CD27-CD28"). In addition, there exists a signifi-
cantly higher level of total effector/memory CD8* T cells (CD45RA-CCR7") in
cardiac symptomatic patients versus asymptomatic and healthy donors, and a
decreased level of this subpopulation in patients with a more severe symptomatic
cardiac stage of the disease. This observation could reflect the failure of the host
immune response to control parasite replication at target tissues, concomitant with
the onset of heart symptoms [52]. Other authors have described that the attenuated
effector functions of CD8* T cells detected in symptomatic Chagas disease patients
are related to a phenotype of terminal effector/memory CD8* T cells and late dif-
ferentiation (CD27-CD127") [48, 54]. It was also reported that the cytotoxic activ-
ity (measured by the expression of granzyme B and perforin) was higher in CD8* T
cells in a late stage of differentiation, while the production of IFN-y and IL-2 was
lower in CD8* T cells from patients with more severe forms of cardiac disease [54].
In chronic Chagas disease patients with cardiac severe disease, a lower frequency of
Tscum cells than that observed in asymptomatic patients and healthy subjects along
with an increased frequency of Trg cells has been observed [55]. The Tscy cells
from human were described as an early differentiated and long-lived memory T-cell
population with an enhanced capacity for self-renewal and a multipotent ability to
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generate other subsets of memory cells, even in the absence of antigen [56]. All
these data suggest that CD8* T cells undergo a progressive dysfunction during
T. cruzi infection, which may be because long-term parasite persistence can result
in a specific T lymphocyte population with low capacity for self-renewal.
Interestingly, it has also been reported that asymptomatic chronic Chagas patients
have a higher frequency of multifunctional parasite-specific CD8* T cells that could
lead to more effective parasite control, while the mono- or bifunctional cytotoxic
parasite-specific CD8" T cells are predominant in symptomatic patients [54].
Concomitant with the loss of multifunctional T-cell response observed in parallel to
evolution of severity of chronic Chagas disease, an increase in the frequency of
CD8" T cells expressing inhibitory receptors (such as PD-1, CTLA-4, CD160, 2B4
or TIM-3) and especially coexpressing some of them, has also been observed [54].
Inhibitory receptor expression on CD8* T cells appears to contribute, in many
chronic infections, to a poor pathogen control [57].

Interestingly, after benznidazole treatment, a decrease in the expression of inhib-
itory receptors and in the proportion of CD8* T cells coexpressing 2B4, CD160 and
TIM-3 or PD-1, CTLA-4 and TIM-3 has been described in asymptomatic treated
patients. An enhanced multifunctional capacity of these antigen-specific CD8* T
cells (measured by the production of IFN-y, IL-2, TNF-a, granzyme B, and perfo-
rin) was also found after treatment of these patients [1]. Likewise, a statistically
significant increase in the frequency of CD8* T¢y and Trg cells was also observed
after treatment of these asymptomatic chronic Chagas disease patients [1]. These
data are consistent with those described in a mouse model of chronic 7. cruzi infec-
tion, which showed that after benznidazole treatment, a stable and protective CD8*
Teym cell population was detected [58]. In addition, another study carried out with
cells from asymptomatic chronic patients showed that a sequential combined treat-
ment of allopurinol and benznidazole restored the levels of total naive
(CD45RA*CCR7*CD62L*) CD4* and CD8* T cells. In addition, the frequency of
T. cruzi-specific interferon-y-producing T cells significantly increased after allopu-
rinol treatment and decreased to background levels following benznidazole admin-
istration in a substantial proportion of subjects evaluated [59].

All together, these findings indicate that the functional and phenotypic cellular
patterns of CD8* T cells are modified during the progression of chronic Chagas
disease, as the therapeutic treatment capable of improving the functionality of these
antigen-specific CD8* T cells by the partial reversion of the cell exhaustion process.
Therefore, we propose that the functional and phenotypic patterns of the host CD8*
T-cell immune response could serve both as biomarkers of disease progression and
for monitoring the effectiveness of antiparasitic treatment in the early chronic stage
of the disease.

11.2.2.2 Implication of CD4* T cells and Their Functional Response

in CD Patients at Different Stages of Chronic Chagas

Disease and Their Modulation After Antiparasitic Therapy
The lymphocyte subpopulation of CD4* T cells plays essential roles in mediating
adaptive immune response to many pathogens. Naive CD4* T cells may
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differentiate into T helper (Th) cells, with the ability to produce different cytokines
[60]. The CD4* T cells are also involved in the primary and secondary activation of
cytotoxic CD8* T cells (CTL), as well as in their persistence [61, 62]. CD4* T cells
also have properties similar to those of the cytotoxic-CD8* T cells, such as secretion
of perforin and granzyme [63]. A significant fraction of this population of CD4* T
cells, known as Treg, presents specialized immunoregulatory functions that sup-
press the immune system when an exacerbated response occurs in order to maintain
the immune homeostasis [64].

In the infection caused by 7. cruzi, the CD4* T cells play an important role. In
T. cruzi experimental infection models, depletion of CD4* T lymphocytes produced
in these mice a high susceptibility to the parasite, exhibiting a higher parasitemia
compared to that of wild-type mice [28]. In Chagas disease patients coinfected with
HIV, a reduction in the number of CD4* T cells was correlated to a higher parasit-
emia [65]. Following 7. cruzi experimental infection, a higher number of CD4*
T-cell infiltrates was found in cardiac tissue from a mouse strain resistant to 7. cruzi
infection than in a mouse strain susceptible to infection. In the cardiac tissue of
these resistant mice, higher levels of Th1-like cytokines, such as IFN-y, TNF-a, and
IL-1a, were detected than in the tissue of the mice susceptible to the infection [66].
The relevance of a Thl response versus Th2 has also been reported from in vitro
infection models of 7. cruzi-infected macrophages. Thus, CD4* T cells that have a
Th1-like response produce an effective activation of macrophages that are capable
of killing intracellular parasites, while the Th2 CD4* T cells only cause a marginal
reduction of the parasite load in these cells [67]. The addition of IFN-y neutralizing
antibodies significantly suppressed the detected antiparasitic activity in the macro-
phages, highlighting the importance of the production of Thl-type cytokines by
CD4+ T cells for T. cruzi control [67].

In Chagas disease patients coinfected with HIV, a reduction in the number of
CD4* T cells was correlated with higher parasitemia [65]. On the other hand, dis-
similar findings have been reported by different authors regarding the IFN-y pro-
duction by 7. cruzi antigen-specific CD4* T cells and the severity of the chronic
sickness. Some authors have observed an inverse correlation between the frequency
of CD4* T cells expressing IFN-y and the severity of cardiac pathology of chronic
Chagas disease patients [53, 68]. In contrast, other authors observed that patients
with severe cardiopathology have a higher frequency of CD4* T cells secreting
IFN-y in response to 7. cruzi antigens than those who are asymptomatic [69, 70].
The CD4* T helper cell subsets are also essential for maintaining an effective cyto-
toxic memory of CD8* T-cell repertory, which is critical in the control of T. cruzi
infection. Remarkably, it was reported that antigen-specific CD4* T cells were able
to have cytotoxic functions, such as production of granzyme B and degranulation
factor CD107a, against 7. cruzi antigens ex vivo, with higher frequency of these
cells in asymptomatic Chagas disease patients than in those with cardiac manifesta-
tions [71].

Several studies have analyzed the effect of the treatment on the Th1 response and
the importance of the function of the CD4* T cells in the control of the 7. cruzi
infection. The drop of serological titers against the 7. cruzi parasite, which occurs
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after treatment in some chronic Chagas disease patients, was associated with a
rebound of IFN-y production by antigen-specific CD4* T cells. Moreover, the
expression of CD154 and its coexpression with IFN-y (CD154*IFN-y*) and TNF-«
(CD154*IFN-y*TNF-a*) was also increased in these treated patients [72]. An
increase in the frequency of CD4* T cells producing IFN-y and TNF-a was also
detected in treated Chagas patients, while no modification in the production of I1L-4
was detected [73]. These results suggest that trypanocidal treatment improved the
functional and multifunctional response of CD4* T cells against 7. cruzi infection,
leading the immune response to a Th1 axis that is beneficial in controlling infection
associated with the drop of parasite load. On the other hand, the CD4* T helper 17
cells, which are producers of IL-17, are correlated with a better cardiac function in
patients with symptomatic chronic Chagas disease because a higher expression of
IL-17 was observed in patients with the absence of cardiomyopathy [74, 75].
Treatment with antiparasitic drugs has a potential improvement effect on the CD4*
T-cell function because a gradual increase in the frequency of the Th17 cells was
observed in asymptomatic chronic patients after treatment [73].

Several processes can impair the functionality of T-cell populations, compromis-
ing the infection control by the host. The cellular exhaustion process can produce a
dysfunctional response in CD4* T cells against pathogens [76, 77]. In the context of
T. cruzi infection, little is reported about the exhaustion process of CD4* T cells.
During chronic 7. cruzi infection, the CD4* T-cell population shows signs of repli-
cative senescence and apoptosis. These processes were measured by positive
expression of CD57 or caspase 3, with the patients who presented a more advanced
cardiac pathology having the highest frequency of CD4* T cells expressing these
markers [68]. Likewise, a higher percentage of CD4* T cells expressing the LIR-1
and CTLA-4 inhibitory receptors was observed in symptomatic versus asymptom-
atic chronic Chagas disease patients [78]. Interestingly, the frequency of CD4*LIR-1*
in most of the chronic patients decreased in a short-medium period of time after
treatment (at 2—6 months, and maintained at 24 months) [78]. In addition, at the
cardiac tissue level, the expression markers of CTLA-4 and CD57 were located in
the explant of chronic Chagas disease patients with severe cardiomyopathy, and the
exhaustion and senescence processes were associated with a poor control of the
infection at the tissue level that could lead to cardiopathology [68]. In heart tissues
of patients with end-stage chronic Chagas disease, most infiltrating cells displayed
markers of antigen-experienced T cells with a low grade of differentiation and a
significant proliferative capacity [79]. Thus, cells with proliferative potential were
observed in tissue samples from patients with severe myocarditis in areas with high
inflammation. The authors concluded that the quality of T-cell responses and immu-
noregulatory mechanisms might determine the pattern of the cellular response and
the severity of disease in 7. cruzi infection [79]. Recent laboratory results showed
that the population of CD4* T cells undergoes a cellular exhaustion process during
the chronic infection by 7. cruzi, which is enhanced in the symptomatic chronic
phase of Chagas disease. Moreover, analyses of the impact of benznidazole treat-
ment in the exhaustion process on this cellular population showed that the expres-
sion and coexpression of the inhibitory receptors, hallmarks of the exhaustion
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process, decrease after treatment, with statistical significance, in asymptomatic and
cardiac chronic patients (Pérez-Antén et al., unpublished). This fact indicates that
benznidazole treatment could partially reverse the exhaustion process of this T-cell
population, which could improve the functional response of this important compart-
ment of the adaptive cellular immune system against the parasite.

The differentiation stages of CD4* T-cell subsets in the course of chronic 7. cruzi
infection have been evaluated by different researchers. Superior frequencies of late
differentiated memory (CD45RA-CD27-CD28") and terminally differentiated
effector CD4* T cells (CD45RA*CD27-CD28") were found in patients with more
severe disease versus asymptomatic patients [68]. This phenotype of later differen-
tiation is inversely correlated with the production of IFN-y by CD4* T cells and
directly correlated with the senescence process [68]. Moreover, Chagas disease
patients with cardiac symptoms showed a superior frequency of the CD4*CD62L~
T-cell subset and a lower lymphoproliferative capacity compared to that from
asymptomatic patients [80]. Following antiparasitic treatment of asymptomatic
patients, a modulation of the CD4* differentiation profiles showing an increase in
the number of naive CD4* T cells and a reduction in the frequency of terminally
differentiated memory CD4* T cells is observed. Remarkably, these findings are
associated with an improvement in the lymphoproliferative capacity of these
cells [59].

11.2.2.3 Role of the Circulating CD4*CD8* T-cell Compartment
in Chronic Chagas Disease Patients

The population of CD4*CD8* T cells in the peripheral blood from healthy subjects
is not an abundant T-cell subset, reaching 1-3% of the total population of circulating
lymphocyte cells [81]. Their frequency increases to 8—16% in immune disorders,
such as those generated by infectious pathogens [82]. These cells are considered
mature lymphocytes and present an activated memory phenotype, the ability to
migrate to inflamed tissues and a very great ability to produce cytokines and lytic
enzymes when compared to other T-cell subsets [83]. In chronic patients infected
with 7. cruzi, the frequency of CD4*CDS8* T cells expressing and coexpressing
HLA-DR and CD38 activation markers as well as the integrin VLA-4, crucial for
T-cell migration, is increased versus healthy donors, exhibiting an activated pheno-
type [84-87]. In addition, it has been demonstrated that CD4*CD8* T cells under-
went a cellular exhaustion process in chronic Chagas disease patients, since these
cells upregulated the expression and coexpression of inhibitory receptors in their
membranes. Furthermore, the exhaustion process was more severe in patients who
presented cardiac symptoms than in those at the indeterminate phase [86]. This
exhaustion process occurred as a consequence of a continuous activation of antigen-
specific T cells against antigens of the parasite, denoting the active battle of these
cells against 7. cruzi antigens. The capacity of the CD4*CD8* T cells to activate
their functional response against total 7. cruzi antigens was detected using in vitro
assays. These findings demonstrated the ability of these cells to secrete cytokines
and cytotoxic molecules against 7. cruzi. The antigen-specific CD4*CD8* T cells
were able to secrete perforin and the degranulation factor CD170a/b, exhibiting
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specific cytotoxic activity against the parasite [84]. Analyses of the multifunctional
capacity of this 7. cruzi antigen-specific T-cell population showed its ability to
coproduce the cytotoxic molecules, granzyme B, and perforin, together with IL-2,
IFN-y and TNF-a cytokines. The multifunctional response of CD4*CD8* T cells
was higher [86] than that observed by the CD8* T-cell population [1, 54].

Several different subsets of CD4*CD8* T cells have been identified according to
the high or low expression of the differentiation clusters (CD), CD4 or CDS [88].
The CD4*CD8"e" T cells are associated with a positive regulation of functional
capacities and with a highly activated phenotype [89]. The CD4*CD8"" T cells rep-
resent a subset of CD4*CD8" T cells derived from terminally differentiated CD4* T
cells [82]. The ratio of CD4*CD8'**/CD4+*CD8"¢" was significantly higher in chronic
Chagas disease patients than in healthy donors [84, 86]. Furthermore, the highest
values of CD4*CD8" and lowest proportion of CD4*CD8"¢" were detected in
symptomatic patients versus asymptomatic patients [86] as an indication of the
severity of the pathology associated with a deterioration of the immune response
against 7. cruzi. Interestingly, it was recently shown that following treatment with
benznidazole, many patients modulate the referred imbalance of the CD4*CD8*
T-cell subsets towards an increase in the proportion of the activated subpopulation
(CD4*CD8"e") and a decrease in the number of CD4*CD8'"°", reaching similar pro-
portions to those found in healthy donors [86]. Thus, all these data suggest that the
population of CD4*CD8* T cells could have an important role in the control of the
T. cruzi infection, due to its active behavior, functional capacities, and increased
frequency during parasite infection.

11.3 Final Remarks

e Many efforts are being made to identify serological biomarkers that provide
information on the progression of the chronic Chagas disease. There are results
that support that some molecules can be useful biomarkers for assessing thera-
peutic efficacy.

e During chronic Chagas disease, the CD8* T cells undergo gradual dysfunction
characterized by an impaired multifuntional activity, late-stage cell differentia-
tion, increased inhibitory receptor coexpression, and increased expression of
cytolytic mediators.

e The frequency of CD4*CD8* T cells is substantially increased in chronic Chagas
disease patients versus healthy donors, exhibiting an activated phenotype. The
ratio of CD4*CD8°*/CD4*CD8"¢" is significantly higher in chronic Chagas dis-
ease patients than in healthy donors [84, 86]. Furthermore, the highest values of
CD4*CD8"" (subset of CD4*CD8* T cells derived from terminally differentiated
CD4* T cells) and lowest proportion of CD4*CD8"e" (T cells associated with a
positive regulation of functional capacities and with a highly activated pheno-
type) is detected in symptomatic patients versus asymptomatic patients.

e After treatment there is a clear reversion of the exhaustion process of the T cells
population based on the reduction of coexpression of the inhibitory receptors and
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the increase in the antigen-specific multifunctional response (coproduction of
cytokines and cytotoxic molecules).

The phenotypic and functional patterns of the host T-cell immune response seem
to be useful biomarkers for evaluating the therapeutic efficacy of known and
new drugs.
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12.1 Introduction

When considering the difficulties of accessing health care, one can picture a long,
winding road. In many endemic and non-endemic settings, in both low- and high-
income countries, that road is not just a simple metaphor but represents a real barrier
to accessing services. In fact, some studies in maternal and newborn health, for
example, have found that improved transportation is the single most important fac-
tor for better health outcomes [1]. But in the end, roads and transportation are just
one of a myriad of obstacles that people face in their encounter with the health
system. In this chapter we will focus on global efforts to eliminate Chagas disease,
a neglected, highly stigmatized tropical disease, and highlight how health systems
can reorient to be more efficient, effective and, ultimately, people-centered.

One morning, at the end of April 2018, in the Colombian region of Arauca, the
health staff involved in the Chagas vector control program coordinated by the
Ministry of Health set out at 2 AM towards a community at risk of acquiring Chagas.
They drove through muddy dirt roads in order to meet with the members of a rural
community who do not have access to any health services other than those offered
in the main town 7 h away.
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This is the first visit by the health staff of the Chagas Program after 2 years. It is
part of the follow-up plan after the training provided by the vector control staff to
this community. When the staff arrive, a group of 15 farmers are already waiting
inside the house of one of the community leaders. Only one of the elder leaders
remember some of the main topics learned during their training about how to iden-
tify and prevent the presence of “los pitos” (the local name for “kissing bugs”).
Acquiring the resources needed to reach and run neglected tropical disease (NTD)
programs in these settings is extremely difficult for any health system, but essential
to elimination efforts.

The same story, the same landscape, and the same lack of resources can be found
in endemic countries like Argentina, Bolivia, Mexico, and Paraguay. It is also an
issue in some areas within countries, like along the West Coast of the United States,
where distance is a barrier for the people in need of diagnosis and treatment of
Chagas disease. In California, for instance [2], which has a large population at risk
(mainly Central American migrants), public transportation to reach services is not
always available or accessible.

In European countries, like Spain, some patients living with Chagas disease face
the real risk of losing their jobs [3] if they need to attend at regular medical services,
which is often the case during treatment. Many of them are women and are usually
working in uncertain job conditions, which do not allow flexibility to attend medical
consultations during working hours.

Some of the people affected by Chagas disease in the United States are recog-
nized as active community members, playing a role in helping to identify people at
risk for Chagas disease. Some communities are more close-knit than others and
this leads to a much higher proportion of patients from these specific countries or
regions of origin represented when examining the burden of disease, which may
lead to a distorted understanding of the burden of the disease among other
communities.

The main step to overcome this difficulty starts with the affected people. It is
crucial that they are aware of the importance of being treated before the infection
progresses and causes other complications. They are also the key to reaching and
engaging their communities in order to scale up access to care. As more affected
populations become fully aware of this issue, the probability of controlling the dis-
ease will increase.

In 2009, on the 100th anniversary of the discovery of Chagas disease, sev-
eral campaigns denounced the scant progress made [4] to date in regard to the
care received by the affected populations. Since then, some action has been
taken in different spheres (medical, scientific, and political) to counter the
stagnated efforts. In endemic countries, positive vector control results have
now been achieved and several areas have received certification of interruption
of vectoral transmission [5]. In affected countries, almost 100% of the blood



12 Access to Comprehensive Chagas Disease Care: A Global Effort 195

banks are now being screened for Chagas disease. These types of measures
have reduced the number of new cases and must be sustained. The next decisive
step is to achieve the same support for the diagnosis and treatment of patients
with the disease.

12.1.1 A Global Challenge

We need realistic timeframes and frameworks to eliminate Chagas disease. The
ambitious Sustainable Development Goals (SDGs) set out a road map over the next
decade, with concrete targets, to advance towards the control of Chagas and ulti-
mately its elimination as a public health challenge. Chagas disease is included
implicitly in some targets of SDG Goal 3, which is related to health issues. More
specifically, Chagas disease is directly addressed in the target 3.3, on the end of
epidemics of Neglected Tropical Diseases by 2030 and indirectly in other targets,
such as target 3.4 (reduce mortality from noncommunicable diseases ...), target 3.8
(achieve universal health coverage ...), because of congenital transmission, target
3.7 (ensure universal access to sexual and reproductive health care services), and
target 11.1 (adequate, safe, and affordable housing).

In 2010, the World Health Organization (WHO) adopted the resolution
WHA®G63.20 [6] on control and elimination of Chagas disease. It was an important
recognition of the need to tackle the disease through a comprehensive strategy
which considered the transmission control in endemic and non-endemic countries,
the access to diagnosis and treatment starting at the primary health level, and the
need to increase the resources and networking among national, regional, and inter-
national public and private partners.

In 2012, the road map for implementation “Accelerating work to overcome the
global impact of neglected tropical diseases” was approved by the WHO [7]. It pri-
oritized the objectives to interrupt transmission via intra-domiciliary vectors in
endemic countries as well as the transmission via blood transfusion in endemic and
non-endemic countries by 2015; and to eliminate peri-domiciliary infestation in
Latin America by 2020.

Also, in 2013, WHO launched a global “tricycle” strategy, with four compo-
nents [8]:

1. Interruption of transmission (acquired through vector, oral, transfusions, organ
transplants, or congenital modes of transmission)

2. Providing health care to affected populations

Implementing a global information and surveillance system

4. Providing information, education, and communication to control Chagas disease
for key actors and affected populations

(O8]
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The imperative strategy that still remains unmet is accessibility and availability
of treatment for all those who need it. Diagnosis and treatment remain unacceptably
low worldwide: less than 1% of the population at risk currently receives treatment
for Chagas disease [9]. To date, many efforts have been dedicated to increasing
access to comprehensive care, but have largely failed. For example, the Bolivian
health system has not been able to integrate comprehensive care across the country
despite several initiatives and around US $45 million invested from the Inter-
American Development Bank (IDB) in the last decade. Patients and their families
are faced with a bewildering array of medical, institutional, and social obstacles that
make it impossible for them to find an adequate solution.

We have structural, psychosocial, clinical, and systemic barriers, which make
access a challenging issue for those affected by the disease. Compared to other
neglected diseases that particularly target the world’s poorest communities, the
silence—both political and in the media—surrounding Chagas disease is striking
and has delayed the implementation of available solutions.

Various advances have made the control of Chagas disease more feasible today
than ever before. Firstly, two companies are now manufacturing the first-line treat-
ment benznidazole, and a pediatric formula of the drug is available [9]. Secondly,
new scientific evidence supporting the importance and usefulness of treatment has
emerged and proposals have been made to simplify diagnosis in rural areas [10].
Although more research into new diagnostic tools and drugs is needed, Chagas dis-
ease can be successfully treated today.

In August 2017, the U.S. Food and Drug Administration (FDA) approved benz-
nidazole for use in children ages 2—12 years old but not for adults. It is the first
treatment approved in the United States for the treatment of Chagas disease. The
FDA granted the company making the medicine with a priority review voucher
(PRV) [11], which is a mechanism that aims to promote access to diagnosis and
treatment of neglected diseases. This incentive gives pharmaceutical companies
access to an expedited FDA review process. However, companies are not required
to use a PRV for the drug for which the voucher was originally issued. The voucher
can instead be used for another product or even be sold. Part of the funds from the
PRV will be dedicated to an access plan led by Mundo Sano and DNDi in collabora-
tion with other allies such as the Chagas Global Coalition. Nifurtimox (the other
drug option for Chagas disease) has been donated by Bayer Pharmaceutical to
national control programs until the year 2020, as set out in a commitment by the
company.

Like many other infectious diseases, Chagas disease must be controlled through
comprehensive programs that offer a broad range of interventions in addition to case
management (diagnosis and treatment); these include Chagas disease information
and education and training of health care personnel.

The urgent need to increase the number of people diagnosed and treated for
Chagas disease must be a priority in endemic countries. Success stories have clearly
demonstrated that good results can be achieved. Some programs run by private
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institutions and NGOs in coordination with health systems have increased the num-
ber of people receiving treatment [12]. Lastly, in a program piloted by the Drugs for
Neglected Diseases Initiative (DNDi) and the Colombian Ministry of Health, we
have witnessed a huge increase of people properly diagnosed when access is facili-
tated in some regions of Colombia—overcoming the barriers [13] linked to decades
of conflict. Additionally, in Spain, the leadership of the Spanish Aid Agency and the
support from entities like the Barcelona Institute for Global Health (ISGlobal) have
led to an increase in the number of patients treated both in Spain and in Bolivia
through an innovative platform of Chagas control and care led by ISGlobal, the
Bolivian foundation CEADES, and the Ministry of Health of Bolivia. Other experi-
ences in Argentina where the Mundo Sano Foundation has scaled-up access to
health for those affected by Chagas, and in the United States where the first center
of excellence for Chagas disease was created in Los Angeles, demonstrate that the
scaling up of access is not just a pipedream. The programs implemented in these
three countries combine strong leadership, economic resources, and creativity, to
offer service for vulnerable populations [12].

Three key components are required to ensure that a health system is capable of
properly identifying and treating people infected with 7. cruzi, the parasite that
causes Chagas disease:

 Integration of the diagnosis and treatment of Chagas disease into the health system

e Screening of pregnant and at-risk women and follow-up care of newborn infants
with T. cruzi infection

e Referral for treatment of all positive cases detected at blood banks

The main challenge facing health systems in low-income countries (LICs) is that
most people with Chagas disease live in remote rural areas with limited access to
resources far from any laboratory capable of analyzing blood samples and at dis-
tances that make post-treatment follow-up very difficult. To overcome this problem,
the Pan American Health Organization (PAHO) recommends the incorporation of
diagnosis and treatment of Chagas disease into the primary health care system to
ensure access to patients. Integrating NTD programms are also a pillar of the draft
of the new NTDs road map (2021-2030) that has to be approved and implemented
by the member countries of WHO.

In this chapter, we analyze how to improve access from different perspectives:

e People at risk

e Policy makers and health systems
e Researchers and Academia

e Innovation: a new player

All of these players are a crucial part of the global and comprehensive response
to the global health problem of Chagas disease. These are the main actors that drive
through that “long, winding” road to arrive closer to the affected people.
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12.2 How to Improve Access: Starting from the People at Risk

It does not explode like a bomb, nor sound like a shot.
Like hunger, it kills silently. Like hunger it kills the silent,
those who live condemned to be silent and die condemned
to oblivion. (Eduardo Galeano)

Some six to seven million people worldwide are estimated to be infected with
T. cruzi, and there are another 65 million people at risk in endemic and non-endemic
countries.

The definition of risk (in the context of Chagas disease) means: to be under the
circumstances of being affected by the different modes of transmission: by a vector
(through the feces of an insect), through vertical or congenital transmission (from
mother to her child during pregnancy), by way of blood transfusions or organ trans-
plants, by ingesting contaminated food or drink [14].

In addition to the concept of risk, we must consider the concept of affected popu-
lation. This is a wider and different approach for understanding the real dimensions
of the consequences of Chagas disease. The affected populations are not only those
suffering the infection and the disease but also those under risk and those who live
or support their closest relatives and neighbors living with the infection.

In 2010, more than 20 associations [15] from all over the world gathered to cre-
ate the International Federation of Associations of People Affected by Chagas
Disease (FINDECHAGAS). We must also keep in mind how language choice mat-
ters. The member associations that are a part of FINDECHAGAS chose to be identi-
fied as “affected” people and not “infected.” In deciding to be represented through
non-stigmatizing word choice, the members of FINDECHAGAS are promoting a
transformation in the way we traditionally look at those who suffer these kinds of
diseases. We can look at the lessons learned during the early years of the HIV/AIDS
pandemic, for example, to value the importance of changing the vocabulary we
associate with certain diseases as a tool to reduce stigma and discrimination. The
term “people living with HIV” (PLHIV) was agreed upon in consensus after it was
decided that the use of those “infected” by HIV perpetuated stigma and negatively
affected the health outcomes of PLHIV [16].

The communities fighting against Chagas disease face not only the different
ways of transmission, but also other traditional stigmas related to this disease:
silence, neglect, and poverty.

In the last Global Assembly of FINDECHAGAS (October 2018, Xalapa,
Veracruz, Mexico), the members of the associations discussed the connotations of
some common words used when speaking about Chagas disease, especially those
commonly used among health staff to address the affected populations, or those
used on social media. Traditionally associated to poor rural areas, Chagas disease
used to be a synonym for two very different and, in some ways, contradictory con-
cepts: on the one hand, it may have meant “death” and on the other hand, “invisibil-
ity” because it is an infection that can be imperceptible for the people who live with
the disease all their lives. This must drive to strengthen the efforts to promote
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awareness and training for health staff, and in particular, those who care directly for
patients or affected populations.

The need of increasing awareness about Chagas disease is a common gap for
both patients and health staff. To fill the gap, both sectors must work together. On
28 April 2015, the FDA held a public meeting [17] to hear the perspectives of peo-
ple with Chagas disease about their condition, its impact on their daily life, and their
perspectives on approaches to treating the disease. The meeting heard from various
stakeholders in the drug development process, patients, patient advocacy organiza-
tions, health care providers, academic experts, and the industry. From the patient’s
perspective, the most important input provided was the significant lack of awareness
and understanding of Chagas disease in the health care community and provided
examples of the challenges they face due to the overall lack of Chagas disease
awareness, including the lengthy and often confusing process of establishing a diag-
nosis. The patient participants identified struggling with fear of future symptoms,
social isolation, difficulty in finding others to discuss their experiences with, and the
frustration of living with a condition that was not well understood.

When the associations of affected people from endemic and non-endemic coun-
tries joined FINDECHAGAS in 2010, they agreed to promote the principles of the
Declaration of Uberaba, the Brazilian town where they previously met during the
100-year anniversary of the discovery of the disease by Dr. Carlos Chagas in 1909.
This declaration reflects the main demands by the people affected by Chagas dis-
ease to overcome the barriers associated with inadequate comprehensive care.
FINDECHAGAS aims to strengthen collective action by the people at risk of
Chagas disease. The members are families, friends, and people affected by the dis-
ease working in collaboration with multidisciplinary teams. These are the main
principals proposed in the Uberaba Declaration [15] (see Box 12.1).

Box 12.1 Main Principals of the Uberaba Declaration

* We (the affected people associations) recognize that information, educa-
tion, and communication are essential tools to increase awareness of
Chagas disease, to fight stigmatization and indifference, and to guarantee
human rights, including prevention and treatment of Chagas disease.

e We demand continuity and strengthening of prevention initiatives.

*  We advocate for universal access to clinical and laboratory diagnosis.

e We urge universal access to full treatment and follow-up during the acute
and chronic phases of the disease.

*  We support research and development of optimal technologies for the pre-
vention, treatment, and control of Chagas disease.

* We maintain that Chagas disease is not a death sentence. It is necessary to
know, face, and spread the challenges of people living with the disease.
Initiatives to break the cycle that links poverty and disease should be
implemented.
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Since then, the different associations have requested a World Chagas Disease
Day as a symbolic call to action. Some countries together with the Chagas Disease
Coalition members (composed of both private and public organizations) supported
associations in expanding their petition. Finally, in May 2019, the World Health
Assembly unanimously approved the new World Chagas Disease Day, which will
be observed on 14 April each year, because it was on that date in 1909 when the first
human being, a Brazilian girl named Berenice Soares, was diagnosed with Chagas,
by Doctor Carlos Chagas.

Finally, the actions to comply with the target 3.3 agreed in the SDGs (“By 2030,
end the epidemics of AIDS, tuberculosis, malaria and neglected tropical diseases”)
must consider the leading role of the affected population to guide researchers and
health community to address their real needs. Other experiences have shown that
there is no other way to reach the goal of eliminating this disease as a global health
problem. The aim is to reverse the description of the disease, as so eloquently writ-
ten by Uruguayan author Eduardo Galeano in a book edited by Doctors Without
Borders (MSF) in 2005 [18]:

It does not explode like a bomb, nor sound like a shot. Like hunger, it kills silently. Like
hunger it kills the silent, those who live condemned to be silent and die condemned to
oblivion. Tragedy that rings no bells, patients who do not pay, a disease that does not sell.
Mal de Chagas is not a business that attracts the pharmaceutical industry, nor is it a subject
that interests politicians or journalists. It chooses its victims from the throngs of the poor,
bites them and lingeringly, bit by bit, finishes them off. Its victims have no right — nor
money — to buy the rights they do not have. They do not even have the right to know what
they die of.

12.3 Challenges and Key Recommendations
for Comprehensive Chagas Disease Care from a Health
Systems Perspective

Chagas disease caused by Trypanosoma cruzi parasite is estimated to affect eight
million people worldwide [19] resulting an annual financial burden of US $7.2 bil-
lion [20] taken on by health systems and affected individuals and their families. If
left untreated, 7. cruzi infection becomes chronic and can be life-threatening. Thirty
percent of infected people will develop cardiac complications as a result of becom-
ing infected by the parasite [21].

Chagas disease is no longer restricted to the region of Latin America. Due to
migratory flows and globalization, it is now present in some non-endemic countries.
While epidemiological data for Spain is varying, relative estimates calculated that
5.5% of adult migrants in the country were living with Chagas disease [22]. In com-
parison, estimates of Chagas disease in the USA are also unclear and range between
300,000 to over one million, with some estimates reporting 250,000 cases in the
state of Texas alone [23]. Other estimates have even calculated the effects the para-
site has on homeland security dogs [24].
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Today, less than 1% of those infected with 7. cruzi around the world receive ade-
quate treatment even though the treatment exists. In Latin America, where the preva-
lence is highest, most people lack access to diagnosis and treatment, whereas in
non-endemic countries like the USA, limited knowledge of and experience with the
disease hinders access and an appropriate response to this neglected growing issue [25].

Currently, in Colombia, screening coverage is estimated at 1.2% of the popula-
tion at risk and etiological treatment only covers 0.3-0.4% of the infected popula-
tion [26]. In Bolivia, specifically, the Ministry of Health estimated that 150,000
people needed treatment in 2015 [27] but only 5515 received treatment in 2017 [28].

Despite the many efforts dedicated to increasing access to comprehensive Chagas
disease care, the Bolivian health system has repeatedly failed to successfully inte-
grate comprehensive care across the country even after US $45 million invested [29].

After many failed initiatives to scale up comprehensive Chagas disease care in
the country, a comprehensive analysis of the health system is needed to facilitate
overcoming the barriers associated with the unsuccessful management of Chagas
disease in endemic countries like Bolivia.

A health system is defined by WHO as all organizations, institutions, resources,
and people whose primary purpose is to improve health. As mentioned before, there
are three key components required for health systems to be able to properly identify
and treat people infected with Chagas disease:

e Integration of the diagnosis and treatment of Chagas disease into the formal
health system

e Screening of pregnant and at-risk women and follow-up care of newborn infants
with T. cruzi infection

e Referral for treatment of all positive cases detected at blood banks

The WHO health systems framework has six core components: service delivery,
health workforce, health information systems, access to essential medicines, financ-
ing, and leadership/governance (see Fig. 12.1).

For the system to be effective, and Chagas disease case management successful,
it must address equity, access, and stakeholder engagement.

Given the often-siloed nature of health system components, comprehensive
Chagas disease care should be systematically addressed across all elements of the
systems. Moreover, the strategies used to strengthen health systems in order to
ensure effective Chagas disease case management must incorporate the patient’s
perspective as well as that of populations at risk [30].

12.3.1 Service Delivery

Service delivery is the provision of health care to people. All inputs to the health
system, for example, health workforce, medical procurement and health informa-
tion systems are intended to enhance service delivery. WHO categorizes good
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Fig. 12.1 Proposed modified WHO health systems framework. Source: Lazarus JV, France T. A
new era for the WHO health systems building blocks? Health Systems Global 2014

service delivery as possessing the following key characteristics: comprehensive-
ness, accessibility, coverage, continuity, quality, person-centeredness, coordination,
and accountability and efficiency.

Currently, the Chagas disease care pathway requires intervention from different
specialties from all levels of the health system to ensure a continuum of care.
However, PAHO/WHO recommends that medical care for Chagas patients be pro-
vided at the primary health care (PHC) level [31].

The main barriers to treating Chagas disease are [32]:

. Delays and loss to follow-up during the diagnostic process

. Insufficient disease diagnosis and treatment at the PHC level

. Lack of expertise and training in Chagas disease among health care workers

. Delays involved in diagnosis confirmation and treatment authorization

. Provision of care limited to specialists instead of PHC physicians who are more
accessible to patients

DN AW -

12.3.2 Health Workforce

The health workforce is defined as “all people engaged in actions whose primary
intent is to enhance health.” WHO identifies human resources as clinical staff, as
well as management and support staff, that is, those who do not deliver services
directly but are essential to the performance of health systems.

Programs promoting the scaling up of health care interventions to control Chagas
disease and other emerging infectious diseases often encounter structural weak-
nesses in the health system in which they aim to be integrated [33].
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12.3.3 Health Information Systems

Health information systems are the foundation of decision-making across the health
system. They enable decision makers to identify problems and needs, make
evidence-based decisions on health policy, and allocate resources optimally.

Despite epidemiological estimates relating to Chagas disease prevalence and
burden of disease among people of low socioeconomic status, there are still gaps in
research and monitoring data. Addressing evidence gaps and improving methods for
data collection is a priority for scaling up appropriate and effective Chagas disease
case management.

12.3.4 Medical Procurement

According to WHO, a well-functioning health system ensures equitable access to
essential medical products and technologies of assured quality, safety, efficacy, and
cost-effectiveness [34].

The drugs used to treat infection with 7. cruzi are nifurtimox and benznidazole.
Benznidazole is approved in Bolivia and has experienced significant supply chain
disruptions and access problems along with reported adverse drug reactions [31,
32]. In August 2017, the U.S. Food and Drug Administration (FDA) approved ben-
znidazole for use in children ages 2—12 years old but not for adults.

12.3.5 Financing

Health financing is fundamental to the functionality of the health system. It involves
both revenue generation/collection and purchasing/provision of services. Optimal health
care financing allows access to needed services through efficient resource utilization.

12.3.6 Leadership/Governance

Effective health system leadership and governance enables strategic policy frame-
works, effective service delivery oversight, coalition-building, regulation, attention
to system design and accountability. As a cross-cutting component of the health
systems framework, leadership and governance is an integral part of improving
health outcomes.

Bolivia has the highest prevalence of Chagas disease in the world with more than
600,000 people (6.1% of the population) estimated to be infected with an additional
586,000 people at risk of infection and 60% the country’s territory declared endemic
[20]. Chagas disease was declared a national priority over a decade ago yet in 2018,
the country still does not have a protocol for the proper diagnosis, treatment, and
management of Chagas disease in adults.
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12.4 Access to a Comprehensive Care in Chagas Disease:
A Global Effort—Innovation: The New Player

We need to innovate with what we have today and research for new solutions. Today,
the following priorities are validated: the use of RDTs for screening; to simplify
Chagas disease confirmation guidelines; the implementation of people-centered
Chagas disease treatment; to test different doses and duration of benznidazole
(BNZ); to integrate Chagas disease management at Primary Health Care Level; and
to recover the vector control achieved in the 1990s.

For new solutions, the research priorities defined by the WHO’s Reference Group
included a new diagnostic for case detection, tests of cure, new drugs, new vector
control technologies, including markers of successful vector control, integrated dis-
ease and vector control and research to assess the importance of asymptomatic
infection [35].

Benznidazole (BNZ) solubility and tolerability improvements are possible using
techniques that include microemulsion, nanoparticles, solid dispersions, to increase
the water solubility of BNZ by 4-25-fold on dissolution and 85% release with effi-
cacy in only a few minutes [36].

Since the introduction of BNZ and nifurtimox (NFX), allopurinol and the azoles
itraconazole, fluconazole, ketoconazole, posaconazole, and ravuconazole have been
studied in clinical trials [37]. Recent clinical trials such as posaconazole, benznida-
zole/E1224 combination, fexinidazole, and BENEFIT have contributed new data
and highlighting some key issues in the field [38].

Chagas care requires intervention from different specialties and from all levels
(primary to tertiary) to ensure a continuum of care. However, medical care for
Chagas patients without complications should be mainly provided at the primary
health care (PHC) level, as recommended by PAHO/WHO [31]. The natural evolu-
tion of the disease is a key criterion for establishing medical care at primary level.
Previously this has occurred with diseases such as diabetes mellitus, hypertension,
and more recently, human immunodeficiency virus infection [32].

The integration of Chagas disease management in the PHC needs a good plan-
ning, political commitment from the health authorities at national and local level,
training of all health personnel, laboratory equipment, Chagas disease drugs and
drugs for adverse events, good referral and contra referral system, adequate IEC,
community participation, vector control and the adaptation of the health informa-
tion system.

There is not one model that fits all Chagas disease treatment, because the con-
texts, different health system, local regulations, and access to health care are differ-
ent in each country, state, autonomous community, or province. However, we can
exchange experience about pilot projects and find the way to transform local suc-
cess in national guidelines.

We will summarize experiences treating Chagas disease patients in endemic
(Bolivia and Colombia) and non-endemic countries (Spain and the USA). These
experiences involved among others, the Barcelona Institute for Global Health
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(ISGlobal), Doctors Without Borders, Drugs for Neglected Diseases initiative
(DNDi), Fundacién Mundo Sano (Spain), CEADES (Bolivia), and the Center of
Excellence for Chagas Disease at Olive View-UCLA.

12.4.1 The Colombian Experience

In Colombia, after a long negotiation among stakeholders from government, aca-
demia, nongovernmental organizations, and patient associations a pilot project in
four endemic communities is beginning in 2016. The Chagas disease integration
model included a patient road map that simplifies diagnostic and treatment pro-
cesses, shifting them from specialists to primary care facilities. The patient road
map was implemented with the goal of testing and refining the model, so it can be
implemented nationally. The Chagas disease Colombian model is summarized in
Fig. 12.2.

The Ministry of Health (MoH) and the Chagas program provide leadership and
coordination at the national level and are entrusted with importing benznidazole and
other critical medications. The Ministry of Health provides technical assistance to
departmental and municipal entities and monitors key indicators. Departmental
health programs coordinate actors on a departmental level, ensure medication is
efficiently distributed to municipal health centers, assure quality, and monitor
results. Both departmental and municipal health entities conduct screening of
expectant mothers and minors [32]. The core ingredients to increase access are sum-
marized in Fig. 12.3.
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Fig. 12.2 Colombia’s patient road map for Chagas disease. (Source: Marchiol A, Forsyth C,
Bernal O, Valencia Hernandez C, Cucunuba Z, Pachén Abril E, et al. Increasing access to compre-
hensive care for Chagas disease: development of a patient-centered model in Colombia)
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(Source: Marchiol A, Forsyth C, Bernal O, Valencia Hernandez C, Cucunuba Z, Pachén Abril E,
et al. Increasing access to comprehensive care for Chagas disease: development of a patient-
centered model in Colombia)

12.4.2 The Bolivian Experience

In 2008, the Bolivian NGO CEADES and ISGlobal initiated a program to tackle the
challenge of treating adults with 7. cruzi infection and scale up care by integrating
it into the primary health care system. Between 2008 and 2015, more than 26,000
people received consultations, more than 8500 patients were treated, and more than
1600 health care workers were trained at the six centers belonging to the Bolivian
platform for the comprehensive care of adults with Chagas Disease [39].

The project helped to increase the number of adults with Chagas disease diag-
nosed and treated, produce evidence-based clinical guidelines, and bring changes in
policy that will increase access to comprehensive care among adults with Chagas
disease. The Chagas National Program is studying the platform’s health care model
to adapt and implement it nationwide (Fig. 12.4) [39].

Doctors Without Borders (MSF) treated patients in Bolivia from 2000 to 2016.
MSF started with a parallel, vertical program in Tarija for children under 5, then
increased age groups up to adults in Sucre, Cochabamba, and Chuquisaca. The last
project was in Monteagudo, with a joint program with the MoH and integration at
the PHC level. MSF proved that treatment of Chagas disease was possible, the use
of RDTs to screen was valid and the treatment was safe. Among more than 2000
patients, permanent benznidazole treatment suspension occurred in 211 patients
(10.2%). Benznidazole treatment was safe and a large proportion of patients were
able to complete a full course of benznidazole treatment under close treatment sur-
veillance [40].
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Fig. 12.4 Bolivia Chagas Disease treatment model. (Source: Pinazo M-J, Pinto J, Ortiz L,
Sanchez J, Garcia W, Saravia R, et al. A strategy for scaling up access to comprehensive care in
adults with Chagas disease in endemic countries: The Bolivian Chagas Platform)

The Bolivian MoH and MSF developed a Chagas disease treatment program in
Monteagudo, Bolivia. In this program, it was possible to promote articulation
between the vector control, IEC program and treatment, reducing the infestation
rate of the vector from 10 to 4 communities at high risk. There has also been a need
to reinforce reference and counter-referral systems between different levels of care
(first, second, and third).

The prenatal control program has been adequately articulated to the Chagas con-
natal component achieving excellent results. The Chagas program competes for the
same resources with other diseases transmitted by vectors such as Dengue or Zika.
Greater empowerment of the counterpart of the Municipality of Monteagudo and
initiatives to introduce Chagas activities in other Municipalities of the Department
was achieved.

12.4.3 The Spanish Experience

Mundo Sano, aware of the difficulties that migrants face coming from areas where
Chagas disease is endemic in accessing health care services, has been boosting
screening for Chagas disease in asymptomatic Latin American adults living in Spain
since 2011.
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More than 5200 Chagas disease patients have been treated in 160 Spanish health
care centers following the normal procedures of the national and regional health
care system in the past 4 years (unpublished, Navarro M), representing around 10%
of all estimated Chagas disease cases in Spain [22].

Catalonia estimated that between 10,000 and 20,000 T. cruzi-infected migrants
were living in this region in 2010 and the pregnancies in women from endemic
countries during that year was of 6795. For this reason the Catalonian Health
Department has recently implemented a screening program for preventing congeni-
tal transmission, targeting Latin American pregnant women who attend antenatal
consultations (Fig. 12.5) [41].

Based on the incremental cost-effectiveness ratio of €6841 per QALY gained,
Requena-Méndez and colleagues conclude that the testing for Chagas is cost-
effective and should be supported in Europe [42].

12.4.4 The USA Experience

The Center of Excellence for Chagas Disease (CEChagas disease) at Olive View-
UCLA Medical Center in Los Angeles is one of the few US providers offering treat-
ment for Chagas disease. Patients are evaluated for chronic Chagas cardiomyopathy
and undergo requisite labs (renal and hepatic function and complete blood count) to
determine eligibility for etiological treatment [43].

The CEChagas disease has screened 4755 Latin American immigrants in Los
Angeles and found that 1.31% were positive for Chagas disease. This effort, which
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Fig. 12.6 Chagas disease treatment model. Center of Excellence for Chagas Disease, Los
Angeles, USA. (Source: Meymandi S, Hernandez S, Park S, Sanchez DR, Forsyth C. Treatment of
Chagas Disease in the United States. Curr Treat Options Infect Dis)

involved 89 health fairs conducted with volunteers over a period of 6 years, has only
reached a minute proportion of the nearly 5.8 million Latinos in Los Angeles, 42%
of whom are foreign born (Fig. 12.6) [44].

12.5 Conclusions

Innovative experiences in low- and high-endemic countries have shown that it is
feasible to improve access to comprehensive Chagas disease care. However, we
need to scale up and transform pilot experiences. It is essential to involve all rele-
vant stakeholders to integrate Chagas disease management at all stages of the health
system with a people-centered approach. This will lead to a greater response at the
global level, ultimately ending the disease as a public health problem in 2030.
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13.1 Introduction: Immunological Response of Human Host
Against T. cruzi Infection and Biological Implication
of Inmunosuppression

Trypanosoma cruzi is the etiologic agent of Chagas disease (CD), also known as
American trypanosomiasis. From a clinical point of view, CD has a variable clinical
presentation and progression. In most individuals, the acute phase of infection is
asymptomatic or presents a nonspecific symptomatology. The individuals exhibit
patent parasitemia, which induces a strong activation of the immune system, includ-
ing high levels of plasmatic cytokines, intense activation of B and T lymphocytes,
and inflammatory reactions in the infected tissues [1-3]. Although the activation of
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host immune response results in a dramatic reduction in parasite load, this response
fails to complete 7. cruzi clearance, and the parasite manages to hide in tissues that
are less accessible to the immune response, resulting in infection chronicity [4]. In
the chronic phase, there exists a fragile balance between the host immune response
and parasite replication that keeps the patients in a clinically silent asymptomatic
stage over years or even decades (roughly 60% of patients). The loss of this balance
is crucial for the progression of the sickness; approximately 30% of chronically
infected individuals will develop cardiac symptoms (associated with severe myo-
carditis), and up to 10% of patients will present a neurological dysfunction and/or
damage in the digestive system over time [3].

The infection by 7. cruzi parasite triggers multiple immune mechanisms in their
host to combat the pathogen. These are given at the innate and adaptive level, as
well as on a humoral and cellular scale. Because these are intracellular parasites that
replicate within cells, the cell-mediated response of the host adaptive immunity
plays a critical role. This function is mainly orchestrated by T lymphocytes, which
recognize parasite antigens and promote specific functions to control the infection
[5]. The lymphocyte subpopulation of CD4* T cells, together with CD8* T cells, is
one of the main participants of the adaptive immune response. CD8* T lymphocytes
with cytotoxic abilities, known as CTL, are essential for controlling the intracellular
infection, but require the help provided by the cross-priming of CD4* T cells to
reach the memory phenotype and be autonomous in a secondary expansion follow-
ing re-encounter with the antigen [6]. This subset of CD8* T cells is critical in the
control of the 7. cruzi intracellular infection [7-9]. It has also been reported that the
antigen-specific T cells that produce Thl-like cytokine networks, such as IFN-y,
TNF-a, and IL-2, and not Th2-type cytokines, are beneficial for antiparasitic action.
These Thl cytokines activate macrophages for eliminating the intracellular para-
sites and thus disrupting the progression of the infection [10]. CD4* T cells are also
able to develop cytotoxic qualities, producing molecules such as perforin and gran-
zyme B, similar to cytotoxic-CD8* T cells [11]. Recent reports have shown that the
CD4* T helper 17 cells exhibit a protective role against the parasite and help to miti-
gate the outcome of the Chagas pathology [12, 13], as higher expression of IL-17
was found in those patients without cardiomyopathy. A subset of CD4* T cells
known as regulatory T cells (Treg) are also critical for maintaining a homeostatic
environment, avoiding an exacerbation of the immune response that causes tissue
damage. Thus, a deficient suppressor function of Treg was correlated with the extent
of cardiomyopathy [14]. However, there are some controversial results in the con-
text of the T. cruzi infection that demonstrate the need for more knowledge [15].
Several groups have shown that CD4*CD8* T cells comprise mature T cells that are
capable of being activated, to respond to specific antigen-producing cytokines and
cytotoxic molecules and to migrate to inflamed tissues [16, 17]. An increased fre-
quency of this circulating subset of cells expressing greater amounts of activation
markers and cytotoxic molecules are present in chronic CD patients versus healthy
subjects, and there is also a higher frequency in asymptomatic versus cardiac CD
patients [18]. These cells were also found in the inflammatory infiltrates of cardiac
tissue from a patient who underwent cardiac transplant [19]. Thus, it was suggested
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that the balance between a regulatory and effector immune responses is crucial to
avoid the development of the symptomatic chronic phase.

The cellular immune response of the host has been demonstrated to be compro-
mised after a long period of chronic infection by 7. cruzi. The immune cells undergo
several processes that affect their functional capacities, with an impaired ability to
produce cytokines and cytotoxic molecules against the infectious agent that lead to
an uncontrolled infection and the evolution of the CD [18, 20, 21]. The persistence
of pathogen causes a gradual loss of the response capacity of antigen-specific T
cells due to an increase in the expression and coexpression of inhibitory receptors in
the membrane of the host immune cells in a manner known as exhaustion process.
A higher level of expression and coexpression of inhibitory receptors was detected
in the different populations of T cells from chronic patients, which was related to the
progression and severity of the chronic disease [3]. Thus, symptomatic patients had
a significantly higher frequency of T cells coexpressing inhibitory receptors than the
asymptomatic patients, which were markedly superior in those patients with severe
cardiac alterations [18, 20, 21]. Furthermore, an inverse correlation between the
degree of T-cell exhaustion process and the multifunctional response of 7. cruzi-
specific T cells was described [3]. The expression of some inhibitory receptors, such
as PD-1 and CTLA-4, was also detected in the infiltrated cells of myocardial
explants of patients with severe cardiomyopathy [22, 23]. These results suggest that
the cellular exhaustion process and, consequently, the failure in the T-cell response
could lead to the loss of parasite control and evolution of the disease towards an
advanced severe disease stage [3]. The quality of the host immune responses against
T. cruzi correlated with the disease severity in chronic CD patients.

Other alterations of the immune system related to the differentiation level and the
phenotypic profile of the T-cell subsets have been associated with the progression of
the disease or related to a more advanced severe disease. Thus, reported data showed
that chronic CD patients presented a lower frequency of central memory cells (Tcy),
lower numbers of T naive (Tyaive) cells, and a higher percentage of effector memory
(Tgm) CD8* T cells than healthy donors. The chronic patients were also enriched
with cells in a late stage of differentiation compared to healthy donors [21, 24].
Furthermore, the highest percentage of Tgy cells and lowest of Tcy are present in
those patients with a severe more advanced pathology [21]. In addition, the symp-
tomatic patients have a statistically superior percentage of late differentiation cells
than that observed in asymptomatic patients [21]. In the CD4* T-cell compartment,
the frequencies of Tyaive and Ty cells were significantly decreased in patients with
cardiac disorders compared to those patients without apparent symptoms [24].

Remarkably, it was recently shown that treatment induces an improvement in the
quality of the antigen-specific response in all of the different subsets of CD8* T cells
in these patients, increasing the frequency of antigen-specific CD8* T¢y and Trg
cells, decreasing the coexpression of inhibitory receptors, and improving the multi-
functional activity of these cells [25]. Likewise, treatment increases the subpopula-
tion of CD4*CD8"e" T cells (described as a more activated population of this subset
of T cells) while simultaneously reducing the CD4*CD8"" T-cell subpopulation that
derives from the terminal senescence of the CD4* T-cell population [18]. At the
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heart level, a lower percentage of T cells with a low degree of differentiation was
found in heart explants of cardiac chronic Chagas disease patients than in nonin-
fected patients with similar myocardial alterations [22]. These cells have a good
proliferative potential and express the T-bet transcription factor associated to Thl
profile, and do not express senescence markers [22]. All these results suggest that
the trypanocide treatment improves the quality of the functional response of differ-
ent T-cell subsets against the 7. cruzi infection [3].

Even though the treatment goal for infectious diseases is pathogen elimination,
some researchers suggested that control and reduction of the 7. cruzi burden would
be an important therapeutic outcome to be considered as it will convert CD into a
controlled chronic disease [26]. However, reactivation of the disease could occur
along all the chronic phase of the disease [27]. Infection reactivation takes place
when the immune system of a 7. cruzi chronically infected host is compromised,
resulting in a reduced ability of the host to control the infection [28]. In CD, the
most commonly detected effect after reactivation of the infection is a significant
increase of parasitemia [29], sometimes only detectable after symptoms and signs,
such as rapid weight loss, general malaise, myocarditis, and cutaneous and neuro-
logical manifestations [30-33]. Reactivation of chronic Chagas disease is com-
monly linked to immunosuppressive treatments which have to be administered
previously to organ transplant in those patients that require it as a consequence of
the CD [30]. In addition, HIV infected individuals, patients suffering a neoplasia,
and those with an autoimmune disease who have been treated with immunosuppres-
sive chemotherapy also have the potential to reactivate CD [34]. Reactivation of CD
led to a high rate of morbidity and mortality, and complicates the clinical manage-
ment of CD [27]. Thus, it is recommended that patients with positive 7. cruzi serol-
ogy must be monitored during immunosuppressive treatment period [27, 29, 34].

Recently, it has been reported that the interactions between the parasite and the
immune system of pregnant mice play an important role in 7. cruzi congenital trans-
mission [35]. Using an experimental murine model of 7. cruzi chronic infection, it
was observed that the mothers that transmitted the parasite had a higher frequency
of T cells that expressed and co-expressed inhibitory receptors as well as a lower
frequency of multifunctional parasite-specific CD4* and CD8* T cells than those
that did not transmit the infection, even though the parasitemia was similar in both
groups [35]. Thus, although congenital 7. cruzi infection involves multiple factors,
the quality of the T-cell response can be considered as a determinant factor in the
congenital transmission of CD [3].

13.2 Trypanosoma cruzi Infection
in the Immunosuppressed Host

13.2.1 Reactivation of Chagas Disease: Definition

The acute symptoms of 7. cruzi infection and/or the increase in parasitemia in
patients with chronic infection is called reactivation of the disease. Reactivation
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should appear in immunosuppression situations. Inclusion criteria could be parasi-
tological and/or clinical findings.

Parasitological reactivation usually precedes clinical reactivation, and inclusion
criteria are positive direct microscopy on peripheral blood or any biological mate-
rial and/or presence of abundant amastigote nests in the middle of acute inflamma-
tory infiltrate.

Clinical reactivation should be considered with an unexplained febrile illness,
skin involvement (including panniculitis and erythema nodosum) [36-38], myocar-
ditis, or meningoencephalitis [38—40], but symptoms usually appear after a parasi-
tological burden increase in the site of reactivation, sometimes non-expressed in the
peripheral blood. Involvement of digestive tract, uterus, cervix, peritoneum, and
ocular muscle was seldom described [38, 39]. Vertical transmission of severe dis-
ease in the newborn was reported [41], including an asymptomatic reactivation dur-
ing pregnancy [38].

Meningoencephalitis in Chagas disease reactivation is usually presented as febrile
syndrome, intracranial hypertension syndrome (headache), and cerebral involve-
ment syndrome (seizures, focal signs, sensory and consciousness disturbances, pro-
gressing to coma). Signs of encephalitis are predominant with rare signs of
meningitis. Computed Tomography (CT) and Magnetic Resonance (MNR) show
usually pseudotumor lesions (>90%), with mass effect and ring uptake of contrast
in the white matter of the cerebral hemispheres, thalamus, base nuclei, and cerebel-
lum. MNR is more sensitive in the brainstem and cerebellum and CT rarely could
be normal. In the cerebrospinal fluid (CSF), there is a mild increase of lympho-
mononuclear cells (less than 100 cells/mm?), mild or moderate increase of proteins,
and normal or mild decrease of glycorrachia. As differential diagnosis toxoplasmo-
sis, tuberculosis, cryptococcosis, primary CNS lymphoma, and progressive multifo-
cal leukoencephalopathy should be considered.

Myocarditis in Chagas disease reactivation might be similar to the natural evolu-
tion of chronic cardiopathy, making this diagnosis difficult, usually not suspected
when meningoencephalitis is present. It is characterized by severe arrhythmia (ven-
tricular extra systoles, supraventricular arrhythmia, flutter and atrial fibrillation),
and signs or symptoms of different degrees of heart failure (tachycardia, generalized
edema, hepatomegaly, dyspnea). Pericarditis or increased cardiac volume could be
shown on the echocardiogram. Clinically the most important differential diagnosis
is congestive heart failure or severe arrhythmia due to chronic chagasic
cardiopathy.

13.2.1.1 Diagnosis of Chagas Disease Reactivation

Chagas disease reactivation is confirmed by the presence of the parasite on direct
microscopy (Gold Standard) of the peripheral blood (CSF or other biological secre-
tions) fresh preparations or by more sensitive concentration methods
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(microhematocrit, Strout methods, or buffy coat, see Chap. 5). CSF was positive in
78.1% of suspected cases and 31.6% in the peripheral blood.

Indirect parasitological methods and qualitative PCR (even fewer sensitive prim-
ers) or quantitative PCR are not recommended for diagnosis of reactivation since
they are positive in chronic Chagas disease cases without reactivation. Very high
number of parasite copies by quantitative PCR could suggest the diagnosis of reac-
tivation, but intermediate high levels similar in coinfected patients without reactiva-
tion occurred in non-severe cases of Chagas disease reactivation [42].

On histopathology, parasites are also seen in the central nervous system (CNS)
in the macrophages and in microglia cells associated with necrohemorrhagic lesions
in the subcortical regions (white matter). The parasites are also observed in the car-
diac myocytes and in the interstitial tissue associated.

Immunohistochemistry could help to confirm the diagnosis since several oppor-
tunistic infections can coexist. Lesions are diffuse and the inflammatory exudate is
mononuclear. Acute inflammation of the epicardium, endocardium, and excito-
conductive system may also occur and more rarely, trypomastigotes were found in
the pericardial fluid.

13.2.1.2 Etiological Treatment of Chagas Disease Reactivation
Benznidazole (BNZ) is the drug of choice, employed in 87% of treated patients with
Chagas disease reactivation [38]. Early diagnosis and treatment are crucial since the
prognosis is poor in cases of meningoencephalitis and/or severe myocarditis even
when early introduced. Nifurtimox (NFX) used as a second-line drug. Dose for
BNZ was 5 mg/kg/day and for NFX 8 mg/kg, 2-3x/day for at least 60 days.
Involution of parasitemia by direct methods in the first 2 weeks and by indirect para-
sitological and molecular methods later on is associated with clinical improvement
with involution of signs and symptoms.

Adverse effects may occur after the first week and were represented by exan-
thema, pancytopenia, particularly granulocytopenia and later on, peripheral neu-
ropathy. These events represent about 18% of the patients treated in a prospective
study [38] but other unspecific signs and symptoms are more common like gastro-
intestinal discomfort nauseas, vomiting, and intestinal pain. Agranulocytosis and
Stevens—Johnson syndrome are rarely described.

13.2.2 Coinfection Trypanosoma cruzi/HIV

Around 7.3 million of individuals living with HIV infection in 2017 were registered
worldwide; about 1.8 in Latin America (2017) [43, 44]. Migration of HIV infected
groups from big cities to sub-urban and rural areas, in parallel with the urbanization
of CD in endemic and non-endemic areas contribute to the coexistence of coinfec-
tion 7. cruzi/HIV. This coinfection usually occurs in people who have acquired
Chagas disease previously to HIV infection, mainly via vector transmission and
rarely via transfusion of blood and blood products [38]. Chagas disease affects
about six million people in Latin America. The prevalence of 7. cruzi/HIV is



13 Chagas Disease: A Parasitic Infection in an Immunosuppressed Host 219

underestimated and it is based on unicenter studies and case reports. In Brazil, it
ranges from 1.3% to 5.0% [39, 45] in infected HIV individuals and in Argentina
2.6-8.9%, the latter in endovenous drug users [46]. A map pointing the reported
cases of coinfected persons around the world globally is accessible on WHO
site [47].

Almeida et al. [39] reported 291 cases of coinfection HIV/T. cruzi, most of them
from Brazil up to March 2010. Transmitted in the majority of the cases by the vec-
tor, predominant chronic form of Chagas disease in these patients is the indetermi-
nate form (50.8%), followed by cardiac form (37.3%,), digestive (5.1%) and cardiac
plus digestive forms (6.8%). In Spain, 15 additional cases of coinfection were
reported [28, 34] and in Argentina [48] 80 cases.

As Chagas disease and HIV infection are underdiagnosed, a National Network
for Attention and Studies on 7. cruzi/HIV coinfection was created in Brazil in 2006,
and later become an International Network, open for all countries [49]. This net-
work aims to contribute for structuring a comprehensive care network and provide
a continuing education network for health care professionals and to identify priori-
ties for research on this subject.

13.2.2.1 Diagnosis of Chronic Chagas Disease and HIV Infection:
Reactivation Criteria

Both T. cruzi and HIV infection diagnosis are usually based on positivity of sero-

logical methods. For T. cruzi infection, at least two serological reactions are neces-

sary to confirm the diagnosis. Qualitative PCR is not recommended for diagnosis

since it is much less sensitive than serology [42].

T. cruzi/HIV interaction, and increase of IL4/IFN-y ratio in patients with CD and
HIV infection in comparison to patients with CD indicate an imbalance of TH2
response in coinfection [50]. In SCID mice T. cruzi infected, increased number of
parasite and decrease of IFN-y were associated with lower tissue inflammation and
early mortality [51]. Additionally, bidirectional influences in this interaction shows
high levels of parasites in tissues and peripheral blood in human and mice as well as
decreased HIV replication in 7. cruzi infected human and in placenta [52] and mac-
rophage cultures.

Reactivation risk in patient underwent HIV infection is associated with CD4
<200 cells/mm?, explaining the inability of macrophages to kill and control parasite
multiplication.

The reactivation of Chagas disease was recognized as the defining condition of
AIDS in Brazil since 2004 and since 2005, by Pan American Health Organization
and World Health Organization [49], due to the following characteristics: (a) severe
morbidity and high mortality; (b) worse response to antiparasitic treatment; (c)
severe immunosuppression expressed by CD4* T cells <200 cells/mm?® and increased
parasitemia [39, 40]; (d) increased rate of maternofetal transmission of Chagas
disease.

Reactivation of Chagas disease occurs in about 10-20% of patients with 7. cruzi/
HIV coinfection [38, 40]. In a prospective study, the reactivation rate observed was
21.7% [38], but this rate changed to 10.25% when only patients followed up by at
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least 1 month were considered (therefore excluding reactivation at the first assess-
ment). Reactivation of Chagas disease in an AIDS patient was first described [53] in
1990 by Del Castillo et al. and in 1922, other case was registered in the USA, and it
was communicated in a Congress before 1990, according to Gluckstein et al. [54].
However, in 1988, Spina Franca et al. reported both parasites and anti-7. cruzi anti-
bodies in the CSF of a patient with HIV and Chagas disease reactivation [55]. Most
of the cases were further registered in Brazil [38, 39, 56] and Argentina [41, 48, 57].

Clinical Aspects of Chagas Disease Reactivation in HIV Infected Patients

In 2011, Almeida et al. revised 120 cases of reactivation of Chagas diseases in HIV
infected patients, 2/3 of them in the central nervous system, and about 17% in the
myocardium [39], even if myocarditis cases seemed to be underestimated as indi-
cated by necropsy series. Low CD4 levels (mean 98 cells/mm?®) and 73.3% of the
deaths described were associated with reactivation of Chagas disease; 88.9% of
them related to meningoencephalitis and 12% in those with myocarditis. Since then,
few cases of reactivation of Chagas disease were recorded in Brazil, Colombia,
Chile, and the USA, including congenital disease due to maternal-fetal transmission
[33, 57-61]. Recently, nine cases of reactivation (11.25%) among 80 coinfected
patients were described in Argentina [48].

Other Laboratorial Tests

CD4* T cells <200/mm? in the peripheral blood is found in more than 80% of the
cases of reactivation. A few cases were described in patients with >350 cells/mm?.
High viral load associated with Chagas disease reactivation possibly expresses non-
adherence to HAART; but its importance as cofactor or reactivation is a matter of
discussion.

13.2.2.2 Mother to Child Transmission

Maternofetal transmission in pregnant women HIV infected with reactivation of
Chagas disease [38, 41] is reported in more than 50% of the cases, in comparison
with patients without HIV infection (1-13.8%). Mortality is over 70% and severe
morbidity was associated with abortus, low weight for the gestational age, and even
pre-term neonate with meningoencephalitis or sepsis. It is possible that the higher
parasitemia described in coinfection in comparison with Chagas disease without
HIV infection [42] might be responsible by the increased rate of transmission of
Chagas disease to the newborn. The influence of HAART on the maternofetal trans-
mission of Chagas disease is not well known.

13.2.2.3 Etiological Treatment and Prognosis in Patients

with Chagas Disease-HIV Infections
In case of reactivation, early diagnosis and treatment is crucial since the prognosis
is poor in cases of meningoencephalitis and/or severe myocarditis even when early
introduced. For patients treated for at least 30 days, survival rate is approximately
80% vs. 20% when this period time was less than 20 days [40]. Since this is a life-
threatening disease for pregnant women with Chagas disease reactivation and her
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baby, these patients should receive benznidazole as antiparasitic treatment. As alter-
native when benznidazole could not be prescribed, nifurtimox was reported for
treatment for 14% of the patients [38]. Although both fluconazole and itraconazole
were employed for the treatment of less than 3% of the patients, sometimes after
benznidazole, there are not enough evidence to recommend them as first-line
therapy.

To avoid immune reconstitution syndrome, the introduction of HAART is rec-
ommended after 2 weeks of the start of antiparasitic treatment. Maintenance therapy
with benznidazole is not a consensus but 5 mg/kg/day 3x per week may be pre-
scribed [40].

There are no reliable data about results of treatment of coinfected patients with
low parasitemia. But when parasitemia is high or persistent, evolution shows nega-
tivization of parasitemia in more than 60% [40, 62]. Similar to Chagas disease
patients, antiparasitic treatment may be offered informing the possible results for
the patients.

Prognosis

Mortality in cases of reactivation is 73.3% on dependence of severity of the involve-
ment, high in meningoencephalitis and no death in oligosymptomatic cases [38].
Considering coinfection without Chagas disease reactivation, the average of sur-
vival time-period was 34 months in relationship to 11 months in patients with reac-
tivation [39]. The role of HAART in reducing the incidence of reactivation of
Chagas disease in the last decade seems to result from the recovery of cellular
immunity and macrophagic activity, expressed by the increased number of CD* T4
cells, and consequent viral and parasite control.

Predictive Factors

The only known factor predictive of reactivation is the increase of parasitemia as
reported in a prospective study in a coinfected patient who presented simultane-
ously a mild decrease of CD4 T cells/mm? and febrile illness with monolike syn-
drome [38]. Patients with higher parasitemia by xenodiagnoses (higher than 20% of
nymphs positive) will present reactivation in the following 5 years [38]. Prospective
monitoring with quantitative PCR is recommended to detect increased levels of
parasitemia.

13.2.3 Neoplasia and Trypanosoma cruzi Infection

Chagas disease can be associated to other diseases. While this may happen on both
stages of the disease, it is at its chronic stage that the comorbidities happen more
frequently, due to the long evolution and aging of the carriers in regions where the
main forms of transmission are controlled. Changes in the epidemiology of Chagas
disease, previously rural and nowadays also urban, as well as better conditions for
access to better health services, allowing for the diagnosis and treatment, contribute
for the concomitance of diseases connected to these places and of adults and elderly
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people. It has been observed that comorbidities with Chagas disease can change the
natural history of the parasitosis, as well as being influenced by it on its natural
course [63, 64]. Potentially, Chagas disease, as it happens with any other infectious
disease, can present a modification of its natural history in case of comorbidities
that cause immunodepression, which became very evident after the surfacing of
AIDS [39]. The comorbidity of Chagas disease with malignant neoplasia, however,
happened before the coming of the infection by HI'V and has been evaluated through
time, although infrequently.

The association between Chagas disease and neoplasia must be focused under
some specific aspects. The first of them corresponds to the association of the two
diseases and the corresponding influence of one on the other. Old studies on nec-
ropsy material and on patients [65, 66] seeking to verify the frequency of Chagas
disease and malignant neoplasias did not verify a higher frequency of either. It was
noted that necroscopic results were those habitually found in Chagas disease,
chronic stage, as well as those of neoplasias. The same thing happened with respect
to the clinical observation, in which the frequency of Chagas disease, on individuals
with neoplasia or not, did not present significant differences. Likewise, the fre-
quency of malignant neoplasia in carriers of Chagas disease was not different from
that of non-carriers. Therefore, both diseases followed their natural courses. More
recently, this data was confirmed at a better-structured clinical study [66], in which
carriers of Chagas disease with malignant neoplasia were accompanied for a period,
compared to Chagas carriers without neoplasia. The clinical and parasitological
situation presented no differences between the two groups. Likewise, during the
necroscopic study of cases of patients with malignant neoplasia without a chemo-
therapy treatment, there was an in-depth search for changes to the natural history of
the Chagas disease, which were not found [67].

Therefore, the behavior of Chagas disease in carriers of malignant neoplasia
does not undergo modifications, even if it is observed with respect to neoplasia.
While there is no controversy about this specific aspect involving the association of
Chagas disease to neoplasia, a higher incidence of uterine leiomyoma in carriers of
Chagas disease has been described [68]. However, another study did not verify a
higher frequency of gynecological neoplasia under necropsy, concluding that there
are no risk factors between them. Both in older studies and in more recent ones
evaluating the association of the two diseases, the types of neoplasia analyzed
involve all lineages of cancer, the chronic stage and the many clinical forms of
Chagas disease [64, 65, 67, 69].

Another situation involving the association of both diseases refers to the immu-
nosuppressor treatment for malignant neoplasia, which corresponds to a new, com-
plicating factor. Infectious diseases generally worsen in the presence of
immunosuppression, reactivating those that are latent and flaring up the chronic
ones, which has been demonstrated in carriers of the coinfection between 7. cruzi
and AIDS [39]. Thus, there have been accounts of isolated cases of leukemia or
lymphoma associated to Chagas disease and treated with immunosuppressor drugs
that developed serious encephalitis or myocarditis, resulting in death [70, 71]. The
necropsy reveals the marks of acute Chagas disease, with the presence of the
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parasite in the lesions, generally in places different from the usual chronic disease.
These clinical and anatomopathological presentations were, indeed, reactivation of
the chronic Chagas disease. Again, in the 7. cruzi and AIDS coinfection, this became
more evident, but it already occurred in the association between Chagas disease,
malignant neoplasia, and immunosuppressor treatment, having been described in
the nervous system, heart, and other regions of the body, such as larynx, esophagus,
and stomach [72]. The frequency with which this reactivation occurs associated to
Chagas disease, malignant neoplasia, and chemotherapy treatment is unknown. In
literature, there are descriptions of cases and, when the samples are reported, the
reactivation is not always found [73]. Some factors are pointed as responsible for
this situation, such as the type and dosage of the chemotherapy medicine, the stage
of Chagas disease, the cycle and genetics of the parasite, the specific immunological
condition of the patient, and the type of neoplasia [74]. The methodologies used in
the reports of the literature do not systematically analyze all of these possibilities
and, thus, the differences between the studies can be understood. However, some
data must be highlighted as relevant. There are no reports of reactivation events on
patients associating Chagas disease to malignant neoplasia without an immunosup-
pressor treatment. Thus, immunological alterations inherent to neoplasia would not
suffice to modify the one necessary for controlling the parasitemia. The reactivation
of Chagas disease on carriers of malignant neoplasia has only been described in
literature in association with leukemias or lymphomas and chemotherapy. When the
association to solid tumors of all origins is reported, even in the immunosuppressor
treatment of different types, the flare-up has not been observed, with the natural
evolution of Chagas disease maintained. Thus, the immunodepression that happens
in hematological and lymphatic neoplasia, associated to the therapeutic immuno-
suppression would be needed to compromise the immunological control of the
T. cruzi, allowing for the reactivation. Such specific immunodepression for hemato-
logical neoplasia has been reportedly related to the modifications of the immuno-
logical functions of the B and T cells, observed in Hodgkin’s lymphoma [75].
Another situation involving the association between the two diseases is that in
which Chagas evolves with megaesophagus and megacolon. The digestive mega
would potentially favor the surfacing of malignant neoplasia, since the stasis of the
bolus in the esophagus and of the feces in the colon is considered to be a risk factor
for the neoplasia becoming malignant [76]. In the esophagus, the stasis would be
responsible for inflammation, ulcers, and pseudo polyps on the lining, causing
accelerated cellular proliferation, with the possibility of a malignant transformation.
The presence of gastroesophageal reflux would also contribute to causing chronic
esophagitis. In the colon, the fecal stasis would allow for a higher duration of the
contact between the carcinogenic substances present in the feces with the lining,
with predisposition to neoplasia. There have been descriptions on the literature
regarding the relation between malignant neoplasia and megaesophagus, but in very
varied frequencies, and as the casuistry increases, the neoplasia frequency decreases;
thus, it is impossible to discard the hypothesis of these being random factors [77,
78]. It is also noticeable, likewise, that this relation occurs regardless of whether or
not the cause of the megaesophagus is Chagas-related, as it is reported in regions
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that are not endemic for Chagas disease, in idiopathic achalasia, with the same fre-
quency. Thus, the association would happen more with the dilation of the organ than
with the etiology. Cases of this association have been observed in the service of care
to carriers of Chagas disease by the author, but in a frequency similar to that of other
malignant neoplasia; it does not seem to be a cause-and-effect relation, as it happens
with other literature reports. The same cannot be considered for the relation between
megacolon and colon cancer, which does not seem to occur. Extensive reviews
available in the literature for chagasic megacolon evaluating the relation with colon
cancer have demonstrated its nonexistence [79, 80]. People have attributed it to fac-
tors that block the action of fecal carcinogenic, such as a diet that is rich on vegeta-
ble fibers and anaerobic microbiotics, which could be exacerbated in the cases of
megacolon. It can be interpreted that the negative relation between megacolon and
colon cancer would be with the dilation, not the etiology. The verification that, in
Wistar rat with megacolon produced by benzalkonium and treated with a chemical
inducer of colon cancer, tumour ocurred less frequently in animals with a megaco-
lon, contributing to the sense that the enteric denervation would have a fundamental
role in chronic carcinogenesis, aside from those mentioned and not with the Chagas
disease etiology [81]. However, the same does not hold true for chagasic mega-
esophagus, although the denervation exists with the same intensity. Thus, there are
carcinogenic factors linked to chagasic megacolon and anti-carcinogenic factors
well documented in literature [82], but there is no definition yet of which of them
would be fundamental; the authors conclude that more investigations should be
performed.

Experimental studies on chemically induced colon tumors demonstrate a lesser
frequency of those in Wistar rats infected with 7. cruzi, without a megacolon, sug-
gesting the participation of the parasite in the protection against colon cancer [83].
A factor that protects against cancers in general and that depends on 7. cruzi has
been proposed since the last century, when Russian researchers published reports of
cure and reduction of tumors in experiment animals treated with extracts of the
parasite [84]. However, other authors at the same occasion did not manage to repeat
such experiments, as well as not verifying a higher frequency of malignant tumors
in clinic studies with chagasic patients [64, 85]. Considering the possibility that
infections caused by different microorganisms present antitumoral activities, includ-
ing protozoa, the study of the carcinolytic action of T. cruzi kept on being explored
and the evidence of this situation has been verified more recently [86]. The mecha-
nisms proposed as responsible for this tumoricidal effect would involve the immu-
nological response the 7. cruzi triggers in the host, which would also act on the
tumor [87] and properties intrinsic to the parasite [88]. A protein with low molecular
weight named calreticulin, which has properties of interaction with components of
the complement and the capacity to inhibit the angiogenesis, which have an inhibi-
tory relation with malignant neoplasia, has been identified in the 7. cruzi [89]. Such
protein is mainly in the endoplasmic reticulum and has several effects on the organ-
ism, being present in animals and plants, with an identity, greater or lesser, among
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the species. The activity of calreticulin in the 7. cruzi has also been verified, in ani-
mals, to delay the tumoral growth of melanoma [90]. However, there is no proof yet
that these tumoricidal actions of 7. cruzi represent advances in preventing, curing,
or delaying the growth of malignant neoplasia in carriers of Chagas disease.

13.2.4 Solid Organ Transplantation and Chagas Disease

Organ transplantation in patients with chronic CD and the use of organs from
infected donors has been a matter of debate for many years in endemic countries,
and in the last decade also in non-endemic countries. Despite the situation in both
scenarios is different, there is a common concern: we assist to a disparity between
the number of organs potentially available to be transplanted and the number of
persons in the waiting list. Due to this situation, there is a need to consider the use
of organs from donors with some specific infections whose transmission could be
easily monitored as well as their potential risks, through protocols that facilitate
effective prophylaxis or, if not possible, at least preemptive strategies that can mini-
mize risk of disease in the recipient. Several guidelines on the indication and accept-
ability of solid organs coming from 7. cruzi infected donors have been published
[91, 92], as well as the management of 7. cruzi infected receptors that needs to be
immunosuppressed before transplantation [91, 92]. In this regard, the wider experi-
ence was based on heart transplantation [93, 94].

Transmission of 7. cruzi infection is not universal after solid organ transplanta-
tion from 7. cruzi infected donors, but acute forms of the disease may appear in
immunosuppressed hosts that previously did not have the infection [95, 96].
Transmission occurs in 15-30% of recipients of an organ (other than the heart) from
an infected donor. Patients at risk of having CD should be screened for disease
before immunosuppression for two main reasons [91]: (1) to avoid and/or minimize
the possibility of reactivation when immunosuppressed before organ donation; (2)
to close monitor and follow up organ receipts, in order to early diagnose 7. cruzi
transmission.

Regarding recipients with CD, it is important to highlight that due to immuno-
suppression, they can also develop reactivation of CD, already described in Sect.
13.2.1 of this chapter, that has high mortality associated if untreated. The risk of
reactivation in people suffering from CD at post-transplant period has been reported
in different Latin American series, mainly in solid organ transplantation [97], and it
shows differences by organ type. In case of kidney transplantation, reactivation risk
was 9-16% [98]; 50-100% when heart was the organ transplanted [93, 99, 100];
and 17-40% in case of bone marrow transplantation [101].

In recipients with a negative PCR before transplant, a positive PCR after treat-
ment confirms diagnosis. For recipients with a positive PCR before transplant, a
quantitative PCR should be used to assess the increase in parasitic load after
transplant.
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13.2.4.1 Immunosuppression for Organ Transplantation

in a Person with Chagas Disease: How to Deal

with Reactivation Risk
When the receipt is a person with CD, it is recommended to establish a protocolized
and close follow-up in order to early detect reactivation. Besides periodic clinical
evaluation, PCR is the recommended test in immunosuppressed individuals in order
to assess reactivation [102, 103]. Sequential PCR [104] (either quantitative or quali-
tative, but always better quantitative in order to assess an increase in parasitemia
burden) weekly the first month after transplantation, every 2 weeks the next 2 months
and then, monthly up to 6—12 months is the most common course used. After that,
monitoring intervals can be lengthened, and any unexplained illness (e.g., fever of
unknown origin) or suspected rejection event would be reason for more frequent
monitoring [105]. After that, all infected transplanted recipients should be periodi-
cally (at least once a year) assessed for cardiomyopathy and gastrointestinal Chagas
disease, together with a PCR test.

Immunosuppressive drugs in transplantation context, and its relation with reacti-
vation episodes, are not well known. Among the reports on this regard, there is
evidence of high incidence of parasite infection reactivation in Chagas disease
patients on mycophenolate mofetil-based immunosuppressive regimen [106], com-
pared to azathioprine.

In the context of CD in transplant recipients, the management of reactivation
could be addressed by two main strategies:

1. Prevent reactivation. Prophylaxis recommendation post-transplant with BZD or
NFX is not universal. There are reports in favor of BZD prophylaxis post-
transplant, and there are reports in which there were no evidence of 7. cruzi
transmission in a negative recipient after a prophylaxis regime [107]. There is no
prospective randomized evidence to support that trypanocide treatment before
transplantation is useful to inhibit or to avoid post-transplant reactivation.
However, infected candidates with proven parasitemia may benefit from try-
panocide treatment before transplantation [108]. In case of infected living donors
should receive trypanocide treatment for at least 30 days prior to donation to
allow clearance of parasitemia. Donation should take place as soon as possible
after completion of treatment [108].

2. Treat confirmed reactivations. A second strategy in order to manage reactivations
is to ensure a close follow-up and to start a treatment with BNZ or NFX as soon
as reactivation is diagnosed. CD reactivation etiologic treatment is indicated in
people receiving solid organ transplantations from a 7. cruzi infected donor with
primary infection, confirmed clinical and/or parasitological reactivation and/or
seroconversion (AIl recommendation) [109]. There are several publications in
which clinical and parasitological response to BNZ treatment was assessed,
mainly after heart transplantation, but not exclusively [108]; and no differences
in survival were found after 5 years of follow-up between recipients with and
without Chagas disease after heart transplantation [110].
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Regarding follow-up period after transplantation, there is no consensus, but sev-
eral authors recommend at least 1 year, as the period in which the risk of reactiva-
tion is higher. Nevertheless, there are reports of late reactivation up to 6 years after
transplantation (in a patient still with tacrolimus and mycophenolate) [111].

13.2.5 Systemic Autoimmune Diseases and Chagas Disease

The coexistence of CD and systemic autoimmune diseases, as systemic lupus ery-
thematosus (SLE), psoriasis, and rheumatoid arthritis, has been rarely reported in
scientific literature [48].

With the emergence of CD in non-endemic countries, the number of cases
reported and the evidence on this topic has slightly increased [29, 48, 112]. To con-
trol systemic autoimmune diseases, chronic immunosuppressant treatment is neces-
sary, and the effects of immunomodulatory drugs on 7. cruzi parasitemia dynamics
and CD course in humans are not well known, with only experimental evidence
available from animal models with contradictory results [113—115]. There is no
consensus on the follow-up strategy recommended. There is not enough evidence of
an association between immunosuppressive doses of corticosteroids alone and
higher rates of 7. cruzi reactivation, and given the lack of evidence, no preemptive
therapy is recommended [116].

Nevertheless, the early diagnosis of 7. cruzi infection in patients underlying
those diseases and the early indication of treatment improve prognosis. In immuno-
suppressed patients, trypanocidal treatment with BNZ or NFX is indicated (BII rec-
ommendation) [109]. No cases of reactivation have been reported up to now in
patients treated timely [48, 117], and in a report of dos Santos-Neto et al., an accu-
rate treatment shortly after a reactivation diagnosis was also successful [112]. Some
authors suggest adding 7. cruzi serology to initial screening studies in patients at
risk of having CD before starting biologic therapies in CD and universal in CD
endemic areas. There is no consensus on the follow-up strategy recommended.

13.3 Conclusions

Immunosuppression of any etiology is a health condition that could be intercurrent
in people with 7. cruzi infection, and is more and more frequent in endemic and
non-endemic countries due to new epidemiological scenarios. In regions where the
main forms of transmission of Chagas disease are controlled, the patients are at the
chronic stage and more advanced ages, which allows for the presence of comorbidi-
ties. The evaluation of the parasitemia by Trypanosoma cruzi is considered neces-
sary, as well as the presence of this parasite in locations where the reactivation of the
disease is suspected. Early diagnosis of reactivation and accurate treatment and
follow-up are key to overcome this severe and even fatal clinical situation, in immu-
nosuppressed patients.
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Emphasis on global surveillance is necessary to overcome the diagnostic limita-
tion in HIV infected or 7. cruzi infected patient and to establish control strategies.
Sustainability in the training of human resources and the improvement of guidelines
for the management of coinfected patients and for the early diagnosis, treatment,
prophylaxis, and control of reactivation are highlighted, with emphasis on maternal-
fetal transmission, in severe and in atypical reactivation.

Malignant neoplasia and systemic autoimmune diseases are among the comor-
bidities of concern, as they run their course with immunodepression and immuno-
suppression due to the chemotherapy treatment. Literature on the subject is limited,
but enough to demonstrate that the natural evolution of Chagas disease is only mod-
ified in the presence of chemotherapy treatment, since there may be a reactivation.
The occurrence is not frequent, but it is serious when the reactivation happens on the
nervous system, as a pseudotumoral meningoencephalitis or in the heart, as myocar-
ditis. In the association with the neoplasia of several origins, without chemotherapy,
the natural evolution happens for both diseases.

Organs from donors with 7. cruzi infection may save lives. Comprehensive
guidelines in order to ensure a correct management in recipients with and without
T. cruzi infection, and in donors with 7. cruzi infection will minimize reactivation in
these especially vulnerable groups.

In general, new tools to better manage people at immunosuppressive state, like
molecular diagnostic methodologies and new treatment options will improve the
comprehensive management of such potentially fatal health situations.

References

. Rassi A Jr, Rassi A, Marin-Neto JA. Chagas disease. Lancet. 2010;375(9723):1388-402.
. WHO. Chagas disease in Latin America: an epidemiological update based on 2010 estimates.
Releve epidemiologique hebdomadaire. 2015;90(6):33—43.

3. Egui A, Lasso P, Perez-Antén E, Thomas MC, Lopez MC. Dynamics of T cells repertoire
during Trypanosoma cruzi infection and its post-treatment modulation. Curr Med Chem.
2019;26:6519. https://doi.org/10.2174/0929867325666181101111819.

4. Cardoso MS, Reis-Cunha JL, Bartholomeu DC. Evasion of the immune response by
Trypanosoma cruzi during acute infection. Front Immunol. 2015;6:659.

5. de Morais CG, Castro Lima AK, Terra R, dos Santos RF, Da-Silva SA, Dutra PM. The dia-
logue of the host-parasite relationship: Leishmania spp. and Trypanosoma cruzi infection.
Biomed Res Int. 2015;2015:324915. https://doi.org/10.1155/2015/324915.

6. Novy P, Quigley M, Huang X, Yang Y. CD4 T cells are required for CD8 T cell survival during
both primary and memory recall responses. J Immunol. 2007;179(12):8243-51.

7. Planelles L, Thomas MC, Alonso C, Lépez MC. DNA immunization with the Trypanosoma
cruzi HSP70 fused to KMP11 protein elicits a cytotoxic and humoral immune response against
the antigen and leads to protection. Infect Immun. 2001;69(10):6558-63.

8. Martin D, Tarleton R. Generation, specificity, and function of CD8* T cells in Trypanosoma
cruzi infection. Immunol Rev. 2004;201:304-17.

9. Morell M, Thomas MC, Caballero T, Alonso C, Lépez MC. The genetic immunization with

paraflagellar rod protein-2 fused to the HSP70 confers protection against late Trypanosoma

cruzi infection. Vaccine. 2006;24:7046-55.

DN =


https://doi.org/10.2174/0929867325666181101111819
https://doi.org/10.1155/2015/324915

Chagas Disease: A Parasitic Infection in an Immunosuppressed Host 229

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Rodrigues MM, Ribeirao M, Boscardin SB. CD4* Th1 but not Th2 clones efficiently activate
macrophages to eliminate 7rypanosoma cruzi through a nitric oxide dependent mechanism.
Immunol Lett. 2000;73(1):43-50.

Brown DM, Lampe AT, Workman AM. The differentiation and protective function of cytolytic
CD4 T cells in influenza infection. Front Immunol. 2016;7:93.

Magalhaes LM, Villani FN, Nunes Mdo C, Gollob KJ, Rocha MO, Dutra WO. High interleu-
kin 17 expression is correlated with better cardiac function in human Chagas disease. J Infect
Dis. 2013;207(4):661-5.

Sousa GR, Gomes JA, Damasio MP, Nunes MC, Costa HS, Medeiros NI, Fares RC, Chaves
AT, Corréa-Oliveira R, Rocha MO. The role of interleukin 17-mediated immune response
in Chagas disease: high level is correlated with better left ventricular function. PLoS One.
2017;12(3):e0172833.

Guedes PM, Gutierrez FR, Silva GK, Dellalibera-Joviliano R, Rodrigues GJ, Bendhack LM,
Rassi A Jr, Rassi A, Schmidt A, Maciel BC, Marin Neto JA, Silva JS. Deficient regulatory T
cell activity and low frequency of IL-17-producing T cells correlate with the extent of cardio-
myopathy in human Chagas’ disease. PLoS Negl Trop Dis. 2012;6(4):e1630.

de Araujo FF, Vitelli-Avelar DM, Teixeira-Carvalho A, Antas PR, Assis Silva Gomes J, Sathler-
Avelar R, Otavio Costa Rocha M, Eldi-Santos SM, Pinho RT, Correa-Oliveira R, Martins-
Filho OA. Regulatory T cells phenotype in different clinical forms of Chagas’ disease. PLoS
Negl Trop Dis. 2011;5(5):¢992.

Clenet ML, Gagnon F, Moratalla AC, Viel EC, Arbour N. Peripheral human CD4*CD8* T
lymphocytes exhibit a memory phenotype and enhanced responses to IL-2, IL-7 and IL-15. Sci
Rep. 2017;7(1):11612.

Xie D, Hai B, Xie X, Liu L, Ayello J, Ma X, Zhang J. Peripheral CD4*CD8* cells are the acti-
vated T cells expressed granzyme B (GrB), Foxp3, interleukin 17 (IL-17), at higher levels in
Th1/Th2 cytokines. Cell Immunol. 2009;259(2):157-64.

Perez-Anton E, Egui A, Thomas MC, Puerta CJ, Gonzalez JM, Cuellar A, Segovia M, Lépez
MC. Impact of benznidazole treatment on the functional response of Trypanosoma cruzi
antigen-specific CD4*CD8* T cells in chronic Chagas disease patients. PLoS Negl Trop Dis.
2018;12(5):e0006480.

Giraldo NA, Bolanos NI, Cuellar A, Guzman F, Uribe AM, Bedoya A, Olaya N, Cucunuba
ZM, Roa N, Rosas F, Velasco V, Puerta CJ, Gonzédlez JM. Increased CD4*/CD8" double-
positive T cells in chronic Chagasic patients. PLoS Negl Trop Dis. 2011;5(8):e1294.
Arguello RJ, Albareda MC, Alvarez MG, Bertocchi G, Armenti AH, Vigliano C, Meckert
PC, Tarleton RL, Laucella SA. Inhibitory receptors are expressed by Trypanosoma cruzi-
specific effector T cells and in hearts of subjects with chronic Chagas disease. PLoS One.
2012;7(5):€35966. https://doi.org/10.1371/journal.pone.0035966.

Lasso P, Mateus J, Pavia P, Rosas F, Roa N, Thomas MC, Lépez MC, Gonzalez JM, Puerta
CJ, Cuéllar A. Inhibitory receptor expression on CD8* T cells is linked to functional
responses against Trypanosoma cruzi antigens in chronic chagasic patients. J Immunol.
2015;195(8):3748-58.

Arguello RJ, Vigliano C, Cabeza-Meckert P, Viotti R, Garelli F, Favaloro LE, Laguens R,
Laucella SA. Presence of antigen-experienced T cells with low grade of differentiation
and proliferative potential in chronic Chagas disease myocarditis. PLoS Negl Trop Dis.
2014;8(8):¢2989.

Albareda MC, Olivera GC, De Rissio AM, Postan MA. Assessment of CD8(+) T cell differen-
tiation in Trypanosoma cruzi-infected children. Am J Trop Med Hyg. 2010;82(5):861-4.
Fiuza JA, Fujiwara RT, Gomes JA, Rocha MO, Chaves AT, de Araujo FF, Fares RC, Teixeira-
Carvalho A, Martins-Filho OA, Cangado GG, Correa-Oliveira R. Profile of central and effector
memory T cells in the progression of chronic human Chagas disease. PLoS Negl Trop Dis.
2009;3(9):e512.


https://doi.org/10.1371/journal.pone.0035966

230 M. A. Shikanai-Yasuda et al.

25. Mateus J, Perez-Anton E, Lasso P, Egui A, Roa N, Carrilero B, Gonzdlez JM, Thomas MC,
Puerta CJ, Lépez MC, Cuéllar A. Antiparasitic treatment induces an improved CD8* T cell
response in chronic chagasic patients. ] Immunol. 2017;198(8):3170-80.

26. Viotti R, Alarcon de Noya B, Araujo-Jorge T, Grijalva M, Guhl F, Lépez MC, Ramsey J,
Ribeiro I, Schijman A, Sosa-Estani S, Torrico F, Gascon J. Towards a paradigm shift in the
treatment of chronic Chagas disease. Antimicrob Agents Chemother. 2014;58(2):635-339.

27. Perez CJ, Lymbery AJ, Thompson RCA. Reactivation of Chagas disease: implications for
global health. Trends Parasitol. 2015;31(11):595-603.

28. da Costa SC. Immunocompromised host: from the early events until the impact of acquired
immunodeficiency syndrome. Mem Inst Oswaldo Cruz. 2000;95(Suppl 1):141-4.

29. Pinazo MJ, Espinosa G, Cortes-Lletget C, Posada Ede J, Aldasoro E, Oliveira I, Mufioz J,
Gallego M, Gascon J. Immunosuppression and Chagas disease: a management challenge.
PLoS Negl Trop Dis. 2013;7(1):e1965.

30. Campos SV, Strabelli TM, Amato Neto V, Silva CP, Bacal F, Bocchi EA, Stolf NA. Risk fac-
tors for Chagas’ disease reactivation after heart transplantation. J Heart Lung Transplant.
2008;27:597-602.

31. Camargos S, Vieira Moreira MD, Meneses Cury Portela DM, Imperes Lira JP, Santos Modesto
FV, Marques Miranda Menezes G, Ribeiro Moreira D. CNS chagoma: reactivation in an
immunosuppressed patient. Neurology. 2017;88(6):605—-6.

32. Ferraresso MG, Torre AC, Piva MMM, Barcan L. Chagas disease reactivation: cutaneous man-
ifestations in a transplanted patient. An Bras Dermatol. 2018;93(6):890-2.

33. Gomez CA, Banaei N. Trypanosoma cruzi reactivation in the brain. N Engl J Med.
2018;378(19):1824.

34. Salvador F, Sdanchez-Montalva A, Valerio L, Serre N, Roure S, Treviiio B, Pou D, Sulleiro
E, Bocanegra C, Molina I. Immunosuppression and Chagas disease; experience from a non-
endemic country. Clin Microbiol Infect. 2015;21(9):854-60.

35. Egui A, Lasso P, Thomas MC, Carrilero B, Gonzalez JM, Cuellar A, Segovia M, Puerta CJ,
Lopez MC. Expression of inhibitory receptors and polyfunctional responses of T cells are
linked to the risk of congenital transmission of Trypanoosma cruzi. PLoS Negl Trop Dis.
2017;11(6):e0005627.

36. de Oliveira Carneiro da Motta J, de Oliveira KF, Caldas NG, de Lima Nogueira Guimaraes A,
Carvalho Costa IM, de Paula CD, Soares Takano GH. Cutaneous presentation of Chagas’ disease
reactivation in a heart-transplant patient. J] Eur Acad Dermatol Venereol. 2017;31(2):e120-1.

37. Campos FP, Pansard HM, Arantes LC, Rodrigues AT, Daubermann MF, Azambuja MF,
Argenta LC, Silva LA. A case of Chagas’ disease panniculitis after kidney transplantation. J
Bras Nefrol. 2016;38(1):127-31.

38. Sartori AM, Ibrahim KY, Nunes Westphalen EV, Braz LM, Oliveira OC Jr, Gakiya E,
et al. Manifestations of Chagas disease (American trypanosomiasis) in patients with HIV/
AIDS. Ann Trop Med Parasitol. 2007;101(1):31-50.

39. Almeida EA, Ramos AN Jr, Correia D, Shikanai-Yasuda MA. Co-infection Trypanosoma
cruzi/HIV: systematic review (1980 - 2010) Coinfeccido Trypanosoma cruzi/HIV: revisdo
sistematica (1980 - 2010). Rev Soc Bras Med Trop. 2011;44(6):762-70.

40. Rocha A, Ramos AN Jr, Sartori AMC, Correa D, Gontijo ED, Tatto E, et al. Recommendations
for diagnosis, treatment and management of Trypanosoma cruzi: human immunodeficiency
virus (HIV) coinfection. Rev Soc Bras Med Trop. 2006;39(4):392-415.

41. Freilij H, Altcheh J, Muchinik G. Perinatal human immunodeficiency virus infection and con-
genital Chagas’ disease. Pediatr Infect Dis J. 1995;14(2):161-2.

42. de Freitas VL, da Silva SC, Sartori AM, Bezerra RC, Westphalen EV, Molina TD, et al. Real-
time PCR in HIV/Trypanosoma cruzi coinfection with and without Chagas disease reactiva-
tion: association with HIV viral load and CD4 level. PLoS Negl Trop Dis. 2011;5(8):e1277.

43. Available from: https://unaids.org.br/wp-content/uploads/2018/07/2018_07_17_Fact-Sheet_
miles-to-go.pdf2. Accessed 28 Sep 2018.

44. Epidemia de VIH nos paises de lingua oficial portuguesa -ONUSIDA Comunidade dos Paises
de Lingua Portuguesa — CPLP. Org. Chequer P. UNAIDS, 4th ed. 2018. Available from: http://


https://unaids.org.br/wp-content/uploads/2018/07/2018_07_17_Fact-Sheet_miles-to-go.pdf2
https://unaids.org.br/wp-content/uploads/2018/07/2018_07_17_Fact-Sheet_miles-to-go.pdf2
http://www.aids.gov.br/pt-br/pub/2018/epidemia-de-vih-nos-paises-de-lingua-oficial-portuguesa

Chagas Disease: A Parasitic Infection in an Immunosuppressed Host 231

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

www.aids.gov.br/pt-br/pub/2018/epidemia-de-vih-nos-paises-de-lingua-oficial-portuguesa.
Accessed 28 Sep 2018.

Stauffert D, Silveira MF, Mesenburg MA, Manta AB, Dutra AS, Bicca LC, et al. Brief com-
munication. Prevalence of Trypanosoma cruzi/HIVcoinfection in southernBrazil. Braz J Infect
Dis. 2017;21(2):180-4.

Dolcini G, Ambrosioni J, Andreani G, Pando MA, Martinez Peralta L, Benetucci J. Prevalence
of human immunodeficiency virus (HIV)-Trypanosoma cruzi co-infection and injectable-
drugs abuse in a Buenos Aires health center. Rev Argent Microbiol. 2008;40(3):164—6.

WHO map of global distribution of 7. cruzi/HIV infection. Available from: http://www.who.
int/chagas/Global_distribution_7"_cruzi_HIV_coinfection_2006_2010.pdf.

Benchetrit AG, Fernandez M, Bava AJ, Corti M, Porteiro N, Martinez Peralta L. Clinical and
epidemiological features of chronic Trypanosoma cruzi infection in patients with HIV/AIDS
in Buenos Aires, Argentina. Int J Infect Dis. 2018;67:118-21.

Ramos AN Jr, Correia D, Almeida EA, Shikanai Yasuda MA. History, current issues and future
of the Brazilian Network for attending and studying Trypanosoma cruzi/HIV coinfection. J
Infect Dev Ctries. 2010;4(11):682-8.

Rodrigues DBR, Correia D, Marra MD, Giraldo LER, Silva EL, Silva-Vergara ML, et al.
Cytokine serum levels in patients infected by human immunodeficiency virus with and without
Trypanosoma cruzi coinfection. Rev Soc Bras Med Trop. 2005;38(6):483-7.

Silva JS, Barral-Netto M, Reed SG. Aggravation of both Trypanosoma cruzi and murine leu-
kemia virus by concomitant infections. Am J Trop Med Hyg. 1993;49(5):589-97.

Dolcini GL, Solana ME, Andreani G, Celentano AM, Parodi LM, Donato AM, et al.
Trypanosoma cruzi (Chagas’ disease agent) reduces HIV-1 replication in human placenta.
Retrovirology. 2008;5:53.

Del Castilho M, Mendoza G, Oviedo J, Branco RP, Anselmo AE, Silva M. AIDS and Chagas’
disease with central nervous system tumor-like lesion. Am J Med. 1990;1990(88):693—4.
Gluckstein D, Ciferri F, Ruskin J. Chagas’ disease: another cause of cerebral mass in the
Acquired Immunodeficiency Syndrome. Am J Med. 1992;92:429-32.

Spina-Franga JA, Machado LR, Yassuda N. Anticorpos a Trypanosoma cruzi no liquido céfal-
oraqueano. Arq Neuro-Psiquiat. 1988;46:374-88.

Ferreira MS, Nishioka SA, Silvestre MT, Borges AS, Nunes-Araujo FR, Rocha A. Reactivation
of Chagas’ disease in patients with AIDS: report of three new cases and review of the litera-
ture. Clin Infect Dis. 1997;25:1397—-400.

Cordova E, Boschi A, Ambrosioni J, Cudos C, Corti M. Reactivation of Chagas disease with
central nervous system involvement in HIV-infected patients in Argentina, 1992-2007. Int J
Infect Dis. 2008;12:587-92.

Nisida IV, Amato Neto V, Braz LM, Duarte MI, Umezawa ES. A survey of congenital Chagas’
disease, carried out at three health institutions in Sao Paulo City, Brazil. Rev Inst Med Trop
Sao Paulo. 1999;41(5):305-11.

Bisio M, Altcheh J, Lattner J, Moscatelli G, Fink V, Burgos JM, et al. Benznidazole treatment
of chagasic encephalitis in pregnant woman with AIDS. Emerg Infect Dis. 2013;19(9):1490.
Available from: https://wwwnc.cdc.gov/eid.

Agosti MR, Ercoli P, Dolcini G, Andreani G, Peralta LM, Ayala SG. Two cases of mother-
to-child transmission of HIV and Trypanosoma cruzi in Argentina. Braz J Infect Dis.
2012;16:398-9.

Herndndez C, Cucunubd Z, Parra E, Toro G, Zambrano P, Ramirez JD. Chagas disease
(Trypanosoma cruzi) and HIV co-infection in Colombia. Int J Infect Dis. 2014;26:146-8.
Shikanai-Yasuda MA, Carvalho NB, Gallafrio CN, Medeji C, Silva SC, Bezerra R, et al.
Trypanosoma cruzi parasitemia in immunosupressed patients with HIV infection or organ
transplant recipientes. 63rd ASTHM Annual Meeting. New Orleans, LA, USA, November
2-6,2014.

Guariento ME, Allegro FC, Almeida EA. Chagas’ disease associated with chronic infirmities
in outpatients fllowed in a university hospital. Rev Bras Clin Med. 2009;7:84-8.


http://www.aids.gov.br/pt-br/pub/2018/epidemia-de-vih-nos-paises-de-lingua-oficial-portuguesa
http://www.who.int/chagas/Global_distribution_T_cruzi_HIV_coinfection_2006_2010.pdf
http://www.who.int/chagas/Global_distribution_T_cruzi_HIV_coinfection_2006_2010.pdf
https://wwwnc.cdc.gov/eid

232

M. A. Shikanai-Yasuda et al.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

Chapadeiro E, Lopes ER, Mesquita PM, Pereira FEL. Ocorréncia de neoplasias malignas asso-
ciadas a doenga de Chagas. O Hospital. 1964;66:111-4.

de Lustig ES, Puricelli L, Lansetti JC. Association of Chagas disease and cancer. Medicina
(Buenos Aires). 1980;40:43-5.

Almeida EA, Figueiredo DM, Guariento ME, Souza ML, Wanderley JS. Clinic profile
and evolution in chronic chagasic patients with malign neoplasm. Rev Soc Bra Clin Med.
2008;6(1):1-7.

Almeida EA, Martins CBF, Pinto JE, Carvalhal SS. Doenga de Chagas em portadores de neo-
plasias malignas. Estudo do comportamento das lesdes chagdsicas em sete (7) casos necrop-
siados. Anais da V Reunido de Pesquisa Aplicada em doenga de Chagas. 116. 1988.

Murta EFC, Oliveira GP, Prado FO, Souza MAH, Murta BMT, Adad SJ. Association of uterine
leiomyoma and Chagas’ disease. Am J Trop Med Hyg. 2002;66(3):321-4.

Dominical VM, Cavellani CL, Rocha LP, Corréa RRM, Pereira GA, Teixeira VPA. Chagas’
disease and gynecologic neoplasias. Ann Diagn Pathol. 2010;14:337-41.

Almeida EA, Metze K, Teixeira MAB, Lopes ER. Encefalopatia chagdsica em imunossuprim-
ido por tratamento quimioterépico em portado de leucose cronica. Apresentagdo de caso com
necropsia. Rev Soc Bras Med Trop. 1991;24(Suppl 1):33.

Metze K, Metze IL, Almeida EA, Moraes SL. Reactivation of Chagas’ disease myocarditis
during therapy of Hodgkin’s disease. Trop Geogr Med. 1991;43(1&2):228-30.

Rezende REF, Lescano MA, Ramalho LNZ, Figueiredo JFC, Dantas RO, Meneghelli UG,
et al. Reactivation of Chagas’ disease in a patient with non-Hodgkin’s lymphoma: gastric,
oesophageal and laryngeal involvement. Trans Royal Trop Med Hyg. 2006;100:74-8.
Barrouse AF, Costa JA, Eposto M, Laplume H, Segura EL. Enfermedad de Chagas e inmunos-
supresion. Medicina (Buenos Aires). 1980;40(Suppl I):17-26.

Brener Z, Chiari E. The effects of some immunosuppressive agents in experimental chronic
Chagas’ disease. Trans R Soc Trop Med Hyg. 1971;65(5):629-36.

Bergman L, Mitrou PS, Demmer M, Ruhmann FT, Weidmann E. Impaired T and B cell func-
tions in patients with Hodgkin’s disease. Cancer Immunol Immunother. 1987;25:59-64.

Ford MB, Mitchell MF. Epidemiologia do cancer. In: Boyer KL, Ford MB, Judkins AF, Levin
B, editors. Oncologia na Clinica Geral. Rio de Janeiro: Guanabara-Koogan; 2000. p. 2—-16.
Huggins D. Carcinoma do esdfago associado ao megeesdfago chagasico (relato de um caso).
An Instituto de Higine e Med Trop. 1976;4:1-4.

Rezende JM, Rosa H, MGM V, Andrade-Sa N, Porto JD, Neves Neto J, et al. Endoscopia no
megaesodfago. Estudo prospectivo de 600 casos. Arq Gastroenterol. 1985;22:53-62.

Meneses ACO, Lopes MAB, Rocha A, Fatureto MC, Lopes GP, Lopes ER, et al. Megas e
cancer. Cancer do intestino grosso em chagasicos com megacolon. Arq Gastroenterol Sao
Paulo. 1989;26(12):13-6.

Garcia SB, Aranha AL, Garcia FRB, Basile FV, Pinto APM, Oliveira EC, et al. A retrospec-
tive study of histopathological findings in 894 cases of megacolon. What is the relationship
between megacolon and colonic cancer? Rev Inst Med Trop Sao Paulo. 2003;45(2):91-3.
Kannen V, Oliveira EC, Motta BZ, Chaguri AJ, Brunalde MO, Garcia SB. Trypanosomiasis-
induced megacolon ilustrates how myenteric neurons modulate the risk for colon cancer in rats
and humans. PLoS Negl Trop Dis. 2015;17(4):1-11.

Manoel-Caetano FS, Borim AA, Caetano A, Cury PM, Silva AE. Cytogenetic altera-
tions in chagasic achalasia compared to esophageal carcinoma. Cancer Genet Cytogenet.
2004;149:17-22.

Escalante ED, Oliveira EC, Cunha FQ, Vespticio MVO, Ribeiro-Silva A, Aprilli F at al.
Trypanosoma cruzi infection and/or administration of the nonsteroidal anti-inflammatory
nimesulide increase the number of colonic crypts overexpressing metallothioneins in rat colon
carcinogenesis. Braz J Med Biol Res. 2006;39:895-9.

Klyueva NG, Roskin G. Cancerolytic substance of Schuzitrypanum cruzi. Ann Rev Soviet
Med. 1946;4:127-9.

Hauschka TS, Goodwin MB. Trypanosoma cruzi endotoxin (KR) in the treatment of malignant
mouse tumors. Science. 1948;107:600-2.



Chagas Disease: A Parasitic Infection in an Immunosuppressed Host 233

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Cabral HRA. The tumoricidal effect of Trypanosom cruzi: its intracellular cycle and the
immune response of the host. Med Hypotheses. 2000;54(1):1-6.

Ubillas L, Freire T, Berriel E, Chiribao ML, Chiale C, Festari MF, et al. Trypanosoma cruzi
extracts elicit protective immune response against chemically induce colon and mammary
céancer. Int J Cancer. 2016;138:1719-31.

Ramirez-Toloza G, Abello P, Ferreira A. 2016. Is the antitumor property of Trypanosoma
cruzi infection mediated by its calreticulin? Front Immunol. 2016;7:1-8.

Lépez NC, Valck C, Ramirez G, Rodriguez M, Ribeiro C, Orellana J, et al. Antiangiogenic and
antitumor effects of Trypanosoma cruzi calreticulin. PLOS Negl Trop Dis. 2010;4(7):e730.
Aguillar-Gtizman L, Lobos-Gonzdlez L, Rosas C, Vallejos G, Falcon C, Sosoniuk E, et al.
Human survivin and Trypanosoma cruzi calreticulin act in synergy against a murine mela-
noma in vivo. PLoS One. 2014;9(4):e95457.

Pinazo MJ, Miranda B, Rodriguez-Villar C, Altclas J, Brunet Serra M, Garcia-Otero EC,
et al. Recommendations for management of Chagas disease in organ and hematopoietic tissue
transplantation programs in nonendemic areas. Transplant Rev (Orlando). 2011;25(3):91-101.
Chin-Hong PV, Schwartz BS, Bern C, Montgomery SP, Kontak S, Kubak B, et al. Screening
and treatment of Chagas disease in organ transplant recipients in the United States: recommen-
dations from the Chagas in transplant working group. Am J Transplant. 2011;11(4):672-80.
Diez M, Favaloro L, Bertolotti AM, et al. Usefulness of PCR strategies for early diagno-
ses of Chagas disease reactivation and treatment follow-up in heart transplantation. Am J
Transplant. 2007;7(6):1633-40.

Kransdorf EP, Zakowski PC, Kobashigawa JA. Chagas disease in solid organ and heart trans-
plantation. Curr Opin Infect Dis. 2014;27(5):418-24.

Amato Neto V, Matsubara L, Uip DE, et al. Transplante de coracao: doador com doenga de
Chagas e evolucao do receptor. Rev Hosp Clin Fac Med Univ Sdo Paulo. 1992;47:92-4.
Kun H, Moore A, Mascola L, et al. Transmission of Trypanosoma cruzi by heart transplanta-
tion. Clin Infect Dis. 2009;48:1534-48.

Riarte A, Luna C, Sinagra A. Enfermedad de Chagas en el huésped trasplantado. Medicina
(Buenos Aires). 2000;60:31-2.

Riarte A, Luna C, Sabatiello R, et al. Chagas disease in patients kidney transplants. Clin
Infect Dis. 1999;29(3):561-7.

Fiorelli A, Stolf N, Honorato R, et al. Later evolution after cardiac transplantation in Chagas
disease. Transplant Proc. 2005;37:2793-8.

Godoy HL, Guerra CM, Viegas RF, et al. Infections in heart transplant recipients in Brazil:
the challenge of Chagas’ disease. J Heart Lung Transplant. 2010;29:286-90.

Altclas J, Sinagra A, Dictar M, et al. Chagas disease in bone marrow transplantation: an
approach to preemptive therapy. Bone Marrow Transpl. 2005;36:123-9.

Piron M, Fisa R, Casamitjana N, et al. Development of a real-time PCRassay for Trypanosoma
cruzi detection in blood samples. Acta Trop. 2007;103:195-200.

Duffy T, Bisio M, Altcheh J, et al. Accurate real-time PCR strategy for monitoring blood-
stream parasitic loads in Chagas disease patients. PLoS Negl Trop Dis. 2009;3:e419.

Cicora F, Paz M, Mos FA, Petroni J, Roberti JE. Belatacept-based immunosuppression in a
chagasic adult recipient of en bloc pediatric kidneys. Transplantation. 2014;98(4):e34-5.
Guiang KM, Cantey P, Montgomery SP, Ailawadhi S, Qvarnstrom Y, Price T, Blodget
E. Reactivation of Chagas disease in a bone marrow transplant patient: case report and review
of screening and management. Transpl Infect Dis. 2013;15(6):E264-7.

Bestetti RB, Souza TR, Lima MF, Theodoropoulos TA, Cordeiro JA, Burdmann EA. Effects
of a mycophenolate mofetil-based immunosuppressive regimen in Chagas’ heart transplant
recipients. Transplantation. 2007;84(3):441-2.

Salvador F, Sanchez-Montalvéa A, Sulleiro E, Berastegui C, Jauregui A, Pont T, Los-Arcos I,
Len A, Gavalda J, Molina I. Case report: successful lung transplantation from a donor sero-
positive for Trypanosoma cruzi infection (Chagas disease) to a seronegative recipient. Am J
Trop Med Hyg. 2017;97(4):1147-50.



234

M. A. Shikanai-Yasuda et al.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Disease Argentine Collaborative Transplant Consortium, Casadei D. Chagas’ disease and
solid organ transplantation. Chagas’ Transplant Proc. 2010;42(9):3354-9.

Bern C, Montgomery SP, Herwaldt BL, et al. Evaluation and treatment of Chagas disease in
the United States: a systematic review. JAMA. 2007;298(18):2171-81.

Godoy HL, Guerra CM, Viegas RF, Dinis RZ, Branco JN, Neto VA, Almeida DR. Infections
in heart transplant recipients in Brazil: the challenge of Chagas’ disease. J Heart Lung
Transplant. 2010;29(3):286-90.

Cicora F, Escurra V, Bibolini J, Petroni J, Gonzalez I, Roberti J. Cerebral trypanosomiasis in
a renal transplant recipient. Transpl Infect Dis. 2014;16(5):813-7.

dos Santos-Neto LL, Polcheira MF, Castro C, Lima RA, Simaan CK, Correa-Lima
FA. Trypanosoma cruzi high parasitemia in patient with systemic lupus erythematosus. Rev
Soc Bras Med Trop. 2003;36:613-5.

Bilate AM, Salemi VM, Ramires FJ, de Brito T, Russo M, Fonseca SG, et al. TNF block-
ade aggravates experimental chronic Chagas disease cardiomyopathy. Microbes Infect.
2007;9:1104-13.

Kroll-Palhares K, Silvério JC, Silva AA, Michailowsky V, Marino AP, Silva NM, et al. TNF/
TNFRI1 signaling up-regulates CCR5 expression by CD8+ T lymphocytes and promotes
heart tissue damage during Trypanosoma cruzi infection: beneficial effects of TNF-a block-
ade. Mem Inst Oswaldo Cruz. 2008;103:375-85.

Pérez AR, Fontanella GH, Nocito AL, Revelli S, Bottasso OA. Short treatment with the
tumour necrosis factor-alpha blocker infliximab diminishes chronic chagasic myocar-
ditis in rats without evidence of Trypanosoma cruzi reactivation. Clin Exp Immunol.
2009;157:291-9.

Nishioka Sde A. Benznidazole in the primary chemoprophylaxis of the reactivation of Chagas’
disease in chronic chagasic patients using corticosteroids at immunosuppressive doses: is
there sufficient evidence for recommending its use? Rev Soc Bras Med Trop. 2000;33:83-5.
Barousse AP, Costa JA, Eposto M, Laplume H, Segura EL. Chagas disease and immunosup-
pression. Medicina (Buenos Aires). 1980;40(Suppl 1):17-26.



®

Check for
updates

People Voices 1 4

Francisco Javier Sancho, Colin J. Forsyth,
Claudia Nieto-Sanchez, Esteban G. Baus,
and Leonardo de la Torre Avila

14.1 A Mother Against Chagas Disease
Francisco Javier Sancho

When she was 18 years old, Idalia Isabel (Yaya) donated blood for a relative who
had broken his hip in his city, Xalapa, in the state of Veracruz, Mexico. What was
supposed to be a routine blood collection ended in complications. And blood tests
were performed over and over again until her arm turned purple. A week later, she
was on a stretcher in the epidemiology area of the hospital, surrounded by doctors
who told her they had discovered that she was suffering from Chagas disease.

“And what is that?” she asked.

“A deadly disease,” they told her, straight away and unambiguously.

Now she is 26 years old; when she is asked if she remembers herself being afraid
at that time, she answers “No” with an open smile. This is strange. Everybody is
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afraid of the word deadly; moreover, if it is told you when you are 18 years old. But
to face scary words, there are other words that do not provoke fear, and Yaya had
saved one of them for her: the catch-all term mother.

“I only knew that my mother was going to solve everything. I have always trusted
her. And I left it up to her.”

In fact, Elvira Hernandez, a schoolteacher, a widow with three children including
Yaya, moved heaven and earth to get an accurate diagnosis and a prompt treatment
for her daughter. She had already had the experience of dealing with her other chil-
dren’s severe health complications. It was not the first time. “This chamaca is not
going to die because of Chagas disease,” she promised herself.

Elvira was not satisfied with what some health workers told her. She now says
that she applied the methodology she had learnt while working as a teacher, when
she had to help students with learning difficulties or behavioral problems: to be
patient, devote her time to understand the cause of the situation, and put herself
together to find solutions. She surfed the Net and immediately learnt that, although
Chagas disease causes more than 7000 deaths per year and affects around eight mil-
lion people mainly in Latin America but also in non-endemic countries such as the
USA or Spain, it is not a synonym of death if it is treated promptly. She also learnt
that it is not only transmitted by the kissing bug or chinche besucona, as it is called
in Mexico, but also through blood transfusions, organ transplants, oral transmission,
and even from mother to child during pregnancy or childbirth. This scared her, and
she decided to have a blood test immediately. Later, she knew that her daughter pos-
sibly had caught the disease through a vinchuca because the test result was negative.

It was relevant to know whether there was a medicine for the disease. Elvira read
that the two drugs to treat it (benznidazole and nifurtimox), in spite of being ancient
and having side effects, are effective especially in children and women of childbear-
ing age but also in adults with a chronic condition who have not generated other
complications in vital organs such as the heart, liver, or intestines. She learnt that
only 30% out of the people who get the infection might develop the disease. And the
word death became distant. Even so, she contacted other specialists abroad. She
could travel to Argentina, invited to an assembly of affected people; and there she
went with Yaya. She met Dr. Sergio Sosa-Estani, who works for the Drugs for
Neglected Diseases Initiative (DNDi) and is a member of the Global Chagas Disease
Coalition. He indicated prompt treatment and follow-up care.

The treatment produced side effects, but Yaya overcame them and 2 months later
she started to feel much better. From 2010, when she was diagnosed, onward her
tests have been free from the infection. She became a lawyer. “In fact, I wanted to
be a doctor. I was diagnosed when I was about to enroll at university. I was advised
to choose a more relaxed university career because the disease was going to burden
me. That is why I changed to Law. Today, I am a safe and sound lawyer.”

Since then, she helps her mother in the association they founded to accompany
other people diagnosed in Mexico. In her Facebook Page, they answered weekly the
enquiries of potentially affected people who have not received enough care and do
not know where to go in order to get it, as Yaya comments.
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Yaya and Elvira are also members of the Asociacion Mexicana de Personas
Afectadas por Chagas (AMEPACH), which in 2018 hosted the V Assembly of the
international federation FINDECHAGAS that gathered some 20 associations of
affected people from several endemic and non-endemic countries in Xalapa.

During the Assembly, the associations addressed the strengthening of the cohe-
sion among them and the visibility of this problematic as well as the establishment
of collaboration networks among all the actors involved in the fight against Chagas
disease. One of their greatest challenges is to fight against words that stigmatize or
cause panic when talking about the disease: an illness of poverty; deadly; forgotten;
an illness of migrants, among others. Chagas disease is nowadays a global health
challenge affecting all social classes. However, there are still many gaps, mainly as
regard the access of affected people to diagnosis and treatment.

Research and programs developed by some organizations of the Global Chagas
Disease Coalition, such as Mundo Sano, DNDi, ISGlobal, CEADES, Ayuda en
Acciodn, or Baylor College, among others, attempt to advance drastically in those
aspects. The benznidazole register in Mexico and the USA in 2017 was one of the
steps to bring treatment closer to affected people. On the other hand, the Pan
American Health Organization (PAHO) has also included the control of the Chagas
disease mother-to-child transmission among the priorities for the following years, at
the same level as some serious illnesses, such as AIDS, syphilis, or hepatitis B, are
approached.

Another gap is related to actual affectation data of this illness around the world.
Only in Mexico, for example, some studies estimate that the number of affected
people might be around one million, although official data register no more than a
thousand positive cases per year mainly detected in blood banks.

Arturo Diaz, 62 years old, is a doctor in the area of internal medicine in Tantoyuca
hospital in Veracruz. He attended the affected people’s assembly because he became
interested in the disease 10 years ago, when he had a patient with cardiomegaly,
with neither history of high blood pressure nor other complications. His patient was
32 years old. “I thought his condition could be due to Chagas disease. The patient
underwent a rapid test, and he tested positive. Then, we performed more serological
tests. If two out of three results are positive, we consider the patient affected by
Chagas disease,” says Dr. Diaz.

Dr. Diaz comments that, since then, many colleagues have updated their knowl-
edge about Chagas disease to be able to diagnose it promptly. After having assisted
more than a hundred cases in diverse states of Mexico, he states that “we must be
responsible with this disease. We must pay more attention. Underestimating it
means putting many people’s lives at risk. In my area of expertise, when we per-
formed a cardiovascular evaluation to a patient referred by a surgeon, we have the
chance of investigating whether that patient is affected or not.”

Dr. Diaz has participated in numerous first-rate trainings for healthcare workers.
But, according to him, much remains to be done; for example, to consider the
Chagas disease training in university programs so that health professionals have the
precise tools for diagnosis and treatment.
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“It is not just a problem concerning health authorities. We cannot and must not
expect them to solve it by themselves. Chagas disease, like Dengue fever, is one of
the most worrying vector-borne diseases. We should not put the blame on others;
instead, we have to help each other, share experiences and knowledge, and look for
more help.”

During the Assembly of the associations of affected people, the delegates chose
the new steering committee of the federation that will work during the following
3 years on behalf of all of them. Precisely, Elvira Hernandez’s association,
AMEPACH, was the one chosen for the presidency. Besides, the associations issued
a manifesto asking for and offering collaboration to health authorities, WHO, and
PAHO to work on the implementation of Sustainable Development Goals (SDG) for
the control and end of neglected diseases.

Elvira’s first action was to travel to Mexico City for a public act of presentation
of the federation. She will now lead the fight for affected people not only in her
country, but also around the world.

“A friend told me that once you become a mother, you become everyone’s
mother, so I will fight for all affected people in the same the way I fought for my
daughter. And I will do it with her help.”

14.2 Yerko: A Life Taken Too Soon by Chagas Disease
Colin J. Forsyth

Yerko Alvarez loved three things: his family, his church, and music. He was one of
the first people I met when I moved to Santa Cruz de la Sierra, Bolivia in 1996; he
was married to my wife’s sister, and our children played together at family gather-
ings. He had a way of putting people at ease and was quick to smile or make a joke,
but he was also a devoted and concerned father, and showed a more serious side
when looking after his children, for whom he wanted the best possible future.
Frequently, my wife’s relatives joined together to celebrate holidays, or birthdays,
or simply to enjoy a good churrasco. These occasions were always highlighted by
Yerko playing the guitar and singing the traditional songs of Santa Cruz.

Yerko, one of seven children, grew up in the rural community of El Forestal,
approximately a 2-h drive from Santa Cruz. His childhood home, like most homes
in the Bolivian countryside at the time, was made of natural materials, with walls of
adobe bricks and a thatched roof. In the cracks and crevices of the adobe and within
the thatched roof lived kissing bugs, insects known locally as vinchucas, a term
derived from a Quechua word describing the way they glide down from the roof in
the evening to drink the blood of the people sleeping below [1]. Yerko recalled being
bitten by vinchucas during his childhood, waking at night to find them in his bed,
and in the morning seeing the stains on the walls from where the insects, gorged on
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blood, dragged themselves back to their hiding places. At the time, they were simply
considered a nuisance. The children even played with their eggs, which resembled
grains of rice. What Yerko did not realize is that as he slept as a child and scratched
the areas where he was bitten by the vinchucas, a deadly parasite had entered his
bloodstream. There were no obvious signs or symptoms to tell him he had been
infected with Trypanosoma cruzi, the protozoan that causes Chagas disease. Life
went on as if nothing had changed.

Later in his childhood Yerko’s family moved to the city of Santa Cruz, and he
met and married my sister-in-law. They had three children: two boys followed by a
girl. My sister-in-law taught English and Yerko worked as an assistant in a phar-
macy; they were very active in their church, where Yerko directed the music.
Although they had a decent life, Yerko eventually came to regret not having gone to
the university; he realized he had the potential to do more and provide a better future
for his children. He therefore enrolled in the university in his late 30s and began
studying toward a degree in pharmacy. His plan was to become a pharmacist and run
his own pharmacy one day.

Despite having commenced his studies at a later age, Yerko did very well, receiv-
ing high grades in his courses. But then something went terribly wrong. As part of
his job, Yerko delivered medicines to pharmacies in Santa Cruz. One day, as he was
walking in the city carrying a box of medicine to make a delivery, he suddenly cried
out in pain and collapsed on the street. The people passing by avoided him, unsure
of what was wrong. Fortunately, an acquaintance happened to be walking by, recog-
nized Yerko, and called for help. He was rushed to the hospital. Yerko had suffered
a stroke.

The physicians were perplexed. How could a man in the prime of his life be
stricken with such a serious, unexpected blow to his health? Despite the fact that
Yerko lived in an area endemic for Chagas disease, where in many communities
over 50% of the adult population was infected with 7. cruzi [2], Yerko was not tested
and his 7. cruzi infection was not detected. Instead, the doctors assumed that Yerko
had acquired trichinosis from eating undercooked pork. Slowly, he recovered and
was even able to return to his studies, and it seemed as if the danger had passed.

But it hadn’t. As Yerko continued working toward his pharmacy degree, his
health, still fragile in the aftermath of the stroke, began to deteriorate further. It
started with a persistent cough which stemmed not from a cold, but from his heart’s
diminished ability to pump blood. Yerko tried improving his diet and exercising
regularly, but he still began to feel increasingly tired. His heart had enlarged. He
started to experience palpitations, chest pain, and shortness of breath. Even as his
health worsened, he continued looking toward the future. He finished his course-
work despite his constant pain and fatigue. His eldest son, now in high school, had
to physically support Yerko to help him walk into the classroom for the final exam
of the last course he needed for his pharmacy degree.
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It was around this time that a doctor realized Yerko had heart damage caused by
Chagas disease. This doctor tried antiparasitic treatment, but Yerko’s health did not
improve; the damage to his heart was irreversible. He died in 2012 at the age of 44.

It is always shocking to lose someone so young. In Bolivia, stories are often told
of people in their 30s and 40s, in the prime of their health, who suddenly, unexpect-
edly collapse dead, usually while playing soccer, enjoying time with their families,
or walking home from work. Sudden death is a frequent outcome of Chagas disease.
Some people even express the notion that a death from Chagas disease is “good”
because it happens quickly and unexpectedly.

However, this was not the case for Yerko and thousands like him. Yerko endured
a lengthy, slow, and painful decline, in which his family bore witness to his deterio-
ration and suffering. And it could have been avoided. If he had been tested at a
younger age and received antiparasitic treatment, killing the infection which trig-
gered his heart damage, he might still be alive today. Even failing that, if he had
received a pacemaker or other critical cardiological interventions, he might still be
alive today. But he received none of these things because, despite being at high risk
for Chagas disease and living in a region with high prevalence, he was not diag-
nosed and treated in time. Perhaps his physicians did not receive the necessary train-
ing on Chagas disease, or perhaps because of the urban setting they did not consider
Chagas disease as a potential risk. Or, like many doctors in Bolivia and elsewhere,
they may have felt that Chagas disease was untreatable, and thus it was better not to
look for it. Some doctors want to protect patients from the anguish of being diag-
nosed with a fatal disease [3]. Regardless, we now know that earlier detection and
treatment would give Yerko and others like him a better chance for survival.
Physician awareness is a key part of making this happen.

Every life lost from Chagas disease is tragic, but part of the story which is often
untold, and which raw statistics cannot adequately convey, is the empty space that
is left in families and communities when someone is taken too soon. When Yerko
died, his children (two of whom were still in high school at the time) lost the guid-
ance and love of a father at a critical juncture when they were transitioning to adult-
hood. His wife lost her partner of over 20 years. The loss of Yerko’s income, just
when he was on the cusp of starting a promising career, created financial challenges
for the family. His church lost an active and dedicated member, and the community
lost a future health professional. The sound of his voice, whether in song or laugh-
ter, is now conspicuously absent at family gatherings.

The point of Yerko’s story is that every death from Chagas disease matters; every
loss is irreplaceable. Therefore, it is imperative we continue taking the necessary
steps to prevent and diminish the awful toll of this disease. Greater awareness
among physicians who see patients at risk is a critical need in all countries impacted
by the disease. Systematic screening programs would also help detect the infection
in people like Yerko so that they can be treated while there is still a possibility of
preventing chronic complications from the disease. While the available drugs are
not perfect, and better evidence of benefits and efficacy are still needed, timely treat-
ment does give people with the infection a chance at living longer lives. Every per-
son with the disease deserves this chance.
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14.3 Behind Those Walls'
Claudia Nieto-Sanchez and Esteban G. Baus

Back in the 1920s, when Teresa’s? grandparents arrived to the little town in southern
Ecuador that she has always known as her home, people did not have access to elec-
tricity, water could only be brought to homes by mules, and the roads were nothing
more than bridle paths selectively built in areas where produce was cultivated and
harvested. Most farmers (or hortelanos, as they were called back then) did not own
the land where they lived or worked. Instead, they used to work for a patron or land-
owner who allowed them to work his land and take portions of the harvest in
exchange for service to him and his family. The portion of land assigned to them
would change year after year, meaning that once the terrain had been prepared for
the next harvest, the landowner would reclaim it and use it for his own benefit.
Everybody had to work: women, children, and of course, men. Raising cattle, feed-
ing the animals, collecting water, cooking, constructing fences, and farming were
among the many responsibilities that local families had to assume in exchange for a
place to live. They were never paid an actual salary for their work, and it was not
unusual for them to receive physical punishment if their work was not done as the
patron expected.

“Those were tough times” says Teresa. “Imagine how difficult it could be to
work that hard and never see a dime for what you do!” Knowing that the plot they
had been assigned would be taken away from them, people like Teresa’s grandpar-
ents would build temporary huts with the resources they had at hand: dirt, manure,
hay, and sticks. Those adobe structures would provide shelter for some time and
could be easily taken down when needed. With each move, people would normally
take with them the adobe blocks that were still in an acceptable condition to use for
building the structural base for their new home. Sometimes, those blocks would be
accompanied by uninvited pests.

“My grandmother used to tell us that when she moved here with my grandfather,
she could see chinches® everywhere in the adobe, especially in the cracks. She grew
up in a city nearby, and as she was trying to keep her house as tidy as possible, she
could see chinches walking on the walls or along the edges of their beds. There were
many: big, small ... many! She was so bothered that she used to bring water on her
donkey to boil it and throw on them—there was no other way to kill those bichos*.
My grandfather used to get mad at my grandmother because he thought that the
water would weaken the adobe and the house would fall apart. After that, she
decided to expose beds, blankets, and jergas® to the sun on regular basis,” remem-
bers Teresa.

'Editing and English proofreading: Christine Fram.

2Real names have been substituted with pseudonyms.

3Local name for triatomines.

*Local name for insects.

SForm of horse blanket used as mattress in rural areas of Latin America.
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She used to hear this and other stories from her grandparents when she was a
child, almost 40 years ago. “It was like having a TV under the starts every night,”
she jokes. Together with her younger uncles and aunts, Teresa used to ask them
repeatedly to tell the story of their lives—and through that, the story of her own vil-
lage. “One day, the landowner asked my grandfather to build a stone fence. He spent
days working on it. Once he finished and went home to rest, the fence was destroyed
by another worker who disliked my grandfather. The day after, the patron scolded
him and threaten to hit him. My grandfather reacted, and the patron kick him out of
the hacienda. As he went back home to collect his kids and wife, the landowner fol-
lowed him and asked him to leave immediately. It was very hard for him. That house
was a hut, but was all they had at that time.” After walking for several days, the
family was able to reach another hacienda, find a new job, and initiate another cycle
of working and moving on.

It was through these stories that Teresa learned how her grandfather and other
farmers from the area organized a movement to rebel against their patron by indefi-
nitely occupying the land they had worked throughout all those years of exploita-
tion. “They just refused to leave, and after many years of fighting, the landowners
decided to sell their land to the farmers,” she remembers. Teresa and most of her
neighbors are the grandchildren of that generation of rebellious workers who
decided to fight for their rights. The spirit of those times survives not only through
stories like hers but also through legal and social arrangements that originated dur-
ing those times of struggle. Ownership of land in the village, for example, is depen-
dent upon a communal title that secures equal use of living and productive spaces
for the heirs of the families who settled in the area in the 1960s, when a land reform
in Ecuador facilitated legalization of occupied properties.

Presently, in addition to electricity and regular (once a day) ranchera® transporta-
tion using the gravel-surfaced roads surrounding the village, local families are enti-
tled to basic services such as basic education and healthcare. Although an important
achievement in legal terms, gaining access to these kinds of services is still chal-
lenging for rural populations in Ecuador. This is particularly true for conditions that,
as in the case of Chagas disease (CD), are consistently neglected by healthcare
providers and systems. “We never learned that there was a relationship between the
chinches that we usually see coming from the fields and any disease. It was only
when researchers from Quito and Ohio came here that we started talking about
Chagas,” says Teresa.

She is referring to the Healthy Living Initiative (HLI), a transdisciplinary
research effort aimed at describing and addressing the socioeconomic dynamics
involved in CD transmission in southern Ecuador. After determining that CD was
affecting rural communities from Loja province, the research team decided to go
beyond the field’s usual borders and embrace a different approach: a complex prob-
lem must be treated in a complex way, and a transdisciplinary approach was needed
to tackle an issue that was simultaneously environmental, economic, social, and
political. To respond to this complexity, the HLI was created as a holistic strategy

®Open bus.
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that mobilizes various stakeholders interested in improving people’s lives and aims
to understand community dynamics to promote health. One of the challenges to
controlling CD was that the members of these rural communities did not see this
disease as a priority; other problems that had a greater effect on their daily lives
were considered more urgent. Therefore, another aspect of this strategy involves
interventions under the HLLI umbrella to address these problems and gradually build
trust between the community and the participating research institutions.

Information about CD is so difficult to obtain for local residents that they see
HLTI’s presence as an opportunity to ask questions about their own diagnosis. “There
is a man from this neighborhood who got diagnosed with CD some years ago. When
he learned that this group was coming here, he decided to come all the way from
Quito and talk with them [the researchers] about his problem. He lives with that
condition because there is no cure for CD. My grandmother also died from cardiac
problems. The doctors said that her heart was enlarged, and we think it was the
result from all those years being bitten by chinches. She was never diagnosed or
treated for Chagas, though.”

Besides general education concerning the disease itself, most of the work devel-
oped by HLI is focused on CD prevention through infrastructure improvement.
“The researchers have told us that sometimes there are no symptoms. We used to
scratch our skin with both hands when the chinche bit us—we did not know that we
were infecting ourselves by doing that. Chinches leave a welt that becomes hard
after scratching and lasts 3 or 4 days. We don’t do that anymore. We are more care-
ful now and when we see the bicho, we are careful to pick it up with a plastic bag or
a piece of paper to kill it,” says Teresa.

HLI has also promoted and helped secure basic sanitation improvements for the
communities. For instance, HLI was actively involved in securing access to drink-
ing water systems for this community. In 2016, community members organized to
improve their existing water collection and distribution system. After receiving a
donation from Rotary Club International, each family contributed the 32 weeks of
work necessary to bring tubes and material from the source to their homes. In
Teresa’s words, this was a substantial improvement for local families. “Now we
have access to water day and night. Before the new system was completed, we only
had intermittent service, and one neighbor would tell the other ‘Hey, water is com-
ing,” and we all had to run to collect water for cooking or to wash clothes. Having
water on a regular basis has helped us to clean our homes more regularly.” Similarly,
some residents have put plaster on their walls, which has also helped them to keep
insects under control. “Some chinches still come from the fields, but since the walls
are plastered, we can spot them more easily. Of course, they can still enter the
homes through some openings, but much less frequently than in the past.”

The struggle to improve living conditions for local families continues. Teresa and
other women in the communities interested in handicrafts created a group of arti-
sans to generate additional income for their homes. They spent over a year, making
multiple trips to local government offices and using their own resources to advocate
for a permanent stand in the Sunday market to offer their products. “It was a long
fight, but we finally achieved it. It is not ideal yet because the transportation that
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comes down here leaves early, so we have to close our stand before the other mer-
chants, but it is worth it because we can have an independent source of income. I
love what I do, and I love where I live. But more than anything, I love to be
independent.”

14.4 The Most Beautiful Photograph Ever Taken
Leonardo de la Torre Avila

She turned up in our consulting room breastfeeding her 8-month-old daughter, with
a heart rate of 35 beats/min, numbers of a heart which should had stopped but kept
on giving. Angélica, a 33-year-old Bolivian woman, was waiting for a phone call
from the hospital about a pacemaker implantation she needed, but the doctor in
charge of her case claimed that she could not wait any longer and requested an
immediate hospitalization. The baby went back home with Angélica’s sister-in-law
who had recently arrived in Spain and insisted in accompanying her to see the doc-
tor because she had seen Angélica got dizzy when walking.

That night, her heart rate decreased to 29 beats/min; some minutes later, the
pacemaker was implanted and Angélica saved her life. Because total anesthesia
would have not allowed her to breastfeed her baby, she asked to be administered
local anesthesia for the procedure. The next day, she came back home to feed her
baby; but before that, she decided to tell us her story.

14.4.1 An Endless Road

Her father came from Vilacaya (Potosi) and her mother from a little town close to
Punata (Cochabamba). They met in Yapacani (Santa Cruz) and some of their kids
were born there. Then, the family moved to El Chapare, more precisely to Vueltadero,
close to 2 de Marzo; some time later, with seven children, they moved to Yacuiba
(Tarija) and, after a while, they came back to El Chapare, but this time to Senda
Cinco, near Cerro Verde. When she arrived in the city of Santa Cruz, Angélica, the
couple’s fifth daughter, was less than 17 years old. The endless road would go on to
some points in Spain: Lorca (Murcia) and, after that, Sabadell (Catalonia).

In Yacapani, they lived on the rice farming; in El Chapare, they grew yucca, rice,
and oranges, and they had to sell a small store. Because her father got ill, the family
had to move to Yacuiba. After her father’s death, Angélica, her mother, and her two
younger brothers came back to the tropic of Cochabamba where families were com-
ing from all over the country. “I had to move, I lost the school year, I had to start
again,” she told us; one day, she realized that her mother was not supporting the
family, and she dropped out of school. When they were living in Santa Cruz, one of
her brothers who was working as a taxi driver told her that there were working posi-
tions at the airport. She stopped cleaning houses to start cleaning the huge toilets.
Later, when she gained her bosses’ confidence, she started cleaning planes. She
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replenished magazines asking herself whether she was going to be able to fly on one
of those planes someday. And that day would come sooner than later.

At that time, Angélica got pregnant but remained silent because she was afraid of
her mother’s reaction; besides, her boyfriend had disappeared. “I had always been
plump, so no one at work realized that I was pregnant.” She continued working in
silence until her skin paleness was impossible to hide. She was 7 months pregnant
when she had the first medical control, and doctors told her that there were “two
little hearts” there. When her twins were born, she knew she had to accept her sis-
ter’s invitation from Murcia: “You have to come; if not, how are you going to sup-
port those two?” Angélica left her 2-month-old babies to her mother and got on
a plane.

In Lorca, Angélica worked in the harvest of almonds and olives to send the
money she earned to Bolivia. Then, she decided to move to Barcelona where live-in
maids had better salaries. She says that she moved to another city because she did
not want to be controlled by her family. She took care of an elderly woman for
7 years in Sabadell. We asked her if it was there where she met her husband; she
answered that she met him again there, but she had met him for the first time in
Bolivia when she was 15 years old and he, Satil, was a widower 14 years older than
her with two daughters and was living in Spain. Like most Peruvians, Satl decided
to perform some immigration procedures—in that case, family reunification—in
Bolivia because they were more favorable. “He wanted me to work in his house in
Peru to take care of his daughters,” she tells us smiling. They were in contact by
telephone and, later, they met again.

When Angélica got her immigration papers after 8 years working in Spain, she
was already living with Saul. He helped her to make the travel she had wished for
so long: “I went back to Bolivia to get my children.” “I left them when they were
6 months old,” she reminds us. “My mother always told them about me; I always
called them.” When they met her, they stuck to her as if nothing had happened, as if
she had raised them. “They did not want to be far from me, they took me to their
school.” As I was thinner than when I left, people in town did not believe I was their
mother. “Here they are, look,” she says while she shows the most beautiful photo-
graph ever taken, the one of that day at school. “I always talk to them; I always tell
them that everything I do is for them.”

Angélica stayed 6 months in Bolivia, while the house she had saved the money
for was being built. She came back to Barcelona and got a job taking care of another
elderly woman who was going to die in her arms some time later. Satil and Angélica
were blessed with another pregnancy; she remained silent again to keep her new job
until she was 8 months pregnant. She was really exhausted and told her boss, who
let her go with great sadness. Two weeks later, Angela was born.

14.4.2 A Family Fight Against Chagas Disease

Angélica’s father’s belly swelled up, but she thinks that alcohol killed him. Her
mother is now 60 years old and her heart is damaged by Chagas disease. Her elder
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sister says that Angélica and their two younger brothers could have acquired Chagas
disease in El Chapare. One of those brothers was diagnosed in the oil company he
works for. According to the family source, the youngest brother should be also
tested because he spent his childhood in the same house; but it is not necessary to
screen the elder brothers born in Yapacani. If the Chagas disease transmission was
congenital, as her elder sister states, it is because their mother was weak when the
younger brothers were born. The time spent in Yacuiba does not generate suspi-
cions. The memory of vinchucas is linked to the tropic “where we used to catch
them,” she says.

However, Angélica felt depressed when she was diagnosed. “I thought that only
my mother had been infected by the disease, not me.” Then, she understood why she
had been so tired during the last 3 years and the severe dizziness she attributed to
other causes. A nurse called Amparo gave her the news. They were both alone in the
walk-in clinic in Numancia in a gynecological follow-up visit. Angélica was saved
because she was pregnant of her daughter Angela and the Generalitat de Catalunya
had implemented some years earlier a Chagas disease screening protocol for Latin
American pregnant women. This is the way of saving one life, could be the newspa-
per headline. Angélica would not have asked to be diagnosed spontaneously. Once
her progressive heart damage was detected, she was saved by the doctors who hur-
ried the pacemaker implantation.

14.4.3 Six Lives Ahead

That night in hospital, Angélica picked up the phone. She called a friend with a posi-
tive 7. cruzi test who had not been treated because of work issues and told her: “You
have to be treated, you are young. If you get weak in the future, work is not going
to save you.” Angélica expected that her call from a hospital bed became binding
among her trust networks. Before that, she had already encouraged two acquain-
tances to ask for diagnosis, and one of them was already under treatment in Sabadell.

All these actions emerged when Angélica knew that her heart has been damaged
by Chagas disease. She says that people will not ask to be tested if they are not
informed about its true risks. “One does not visit the doctor because of Chagas dis-
ease; one visits the doctor because of a headache,” she admits. Now, she is asking
for a change in practices: “Before it is too late, people must consult about Chagas
disease. Isn’t it true that the disease progresses little by little but it progresses fast
when you get weaker? Sometimes, people seem to be stubborn; they know that
Chagas disease is affecting others in the area, but anyway they do not visit the doc-
tor. They must not wait for too long!”

Angélica assures that, if she would had known before, she had followed the treat-
ment. When we ask her why she did not activate the alarms when she knew her
mother had Chagas disease, she answers that she simply did not believe that she
could be infected too. Maybe she was not properly informed. There is another
explanation that can be inferred from something that happened to her when she was
a child. Because of her excited shouts when she found a barnyard animal that had
given birth in the field, she was attacked by a bee swarm. Some of the bees stung her
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ear, and someone decided to cure the infection by putting alcohol into it no matter
how. One thing or the other perforated her eardrum. Her family could not afford a
visit to a doctor. The story explains not only why Angélica hears with difficulty, but
also why the decision of looking for a doctor in those communities is usually post-
poned because they have learnt to consider it unaffordable.

But, although the past should not be ignored, it is now turn to look forward. At
their table, Angélica and Saul think every single day not only of the baby who lives
with them but also of his two daughters, of Angélica’s twins, and even of a young
girl Angélica and her mother adopted in Montero, Santa Cruz. She is a goddaughter
whose father died because of Acquired Immune Deficiency Syndrome (AIDS) and
was abandoned by her mother but finally was cared by a family with lots of love to
offer. Six children in total; that is a good reason to look forward!

“You are going to get better, you are going to get better. Only the good die
young,” Satl tells Angélica. She smiles; she learnt to start all over again when she
was a young girl. She knows that she must help her mother who will probably need
a pacemaker too, which is really expensive in Bolivia. She knows that she will have
to deal with the twins’ biological father. “When he saw their house and how cute
they are, he appeared and says he wants to take them to Chile.” She knows that
tonight she will have to avoid physical exertion and pick up her baby with the other
arm. The most crucial event will happen in a few days, when she will know whether
she has infected her little daughter with the parasite or not. The baby has already
had the ninth-month test, now they are waiting for the results.

Before leaving the hospital, Angélica receives a phone call from a friend and she
gets it without hesitation. Her friend works in France, but she has arrived in Spain
because of an emergency and she asks for accommodation at Angélica’s home for
the same night she is going to be released from hospital. “Come home; we can
accommodate you for one night,” she answers. Sometimes, Angélica helps some of
her friends who work as live-in maids when they come out from work and do not
have a place to go to. She lets them sleep in her living room. “Satl does not get
angry,” she says quietly.

Finally, the medical team say Angélica goodbye and recommend her to take care
of herself. A nurse reminds her that, from now onward, she will have to inform that
she has a pacemaker at airport controls. Angélica smiles. We imagine her coming
back to Bolivia soon. The metal detector will sound when she gets through the secu-
rity gate, but she will tell her story and will go on happily on her way toward repeat-
ing the most beautiful photograph ever taken.
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