
Contents lists available at ScienceDirect

BBA - Molecular Basis of Disease

journal homepage: www.elsevier.com/locate/bbadis

Review

Chagas disease: Historic perspective☆

Chen Chao (M.D.)a,b, José L. Leone (M.D.)c,d, Carlos A. Vigliano (M.D.)a,e,⁎

a Servicio de Anatomía Patológica, Hospital Universitario de la Fundación Favaloro, Av. Belgrano 1746, C1093AAS Buenos Aires, Argentina
bDirector de Acuchina, Av Rivadavia 5126 7th floor, "3", C1424CET Buenos Aires, Argentina
c Comité de Docencia e Investigación, Sanatorio Clínica Modelo de Morón, República Oriental del Uruguay 234, C1015ABF, Morón, Buenos Aires. Argentina
dDirección Médica, Clínica Bessone, Paunero 1668, B1663GJL, San Miguel, Buenos Aires. Argentina
e Instituto de Medicina Traslacional, Trasplante y Bioingeniería (IMeTTyB), Universidad Favaloro-CONICET, Solís 453, C1078AAI Buenos Aires, Argentina.

A R T I C L E I N F O

Keywords:
Chagas disease - Trypanosoma cruzi
History
Epidemiology
Pathogenesis
Treatment

A B S T R A C T

This review is a perspective on the history of Chagas disease, and it adopts a novel approach from literary
studies, historical documents and the science and epidemiology of the nature of the disease. From this analysis,
comes the review's working definition of the Contact Zone (CZ): “the space in which geographically and his-
torically separated people come into contact with each other and establish long-lasting relationships, which
usually involve coercive conditions, radical inequality and intolerable conflict.”

In the Patient-Physician CZ, we verified the triple transition phenomena: the American trypanosomiasis
shifted from a rural, acute, and vectorial transmitted disease to an urban, chronic and non-vectorial disease.

In the Academic CZ, we describe the original disagreements which denied the existence of the disease and
the current controversies about pathogenic mechanisms and etiological treatment.

From the News from Latin America, and in the Original CZ, we will review the evolution of different forms of
transmission.

As in any good story, research across broad disciplines is necessary to reveal historical perspectives, scientific
approaches, and the epidemiology of the disease, which has a prequel of 9000 years and an open ending: thus,
we explore across the Global CZ, with its multiple and unexpected actors.

1. Introduction

Chagas disease has been well researched in many other works, but
here, we described a historical perspective on Chagas disease, and base
it on a metaphor from the field of literary studies known as the Contact
Zone [2]. We will briefly explain the origin, meaning and use of this
metaphor, as we have found a few academic articles which refer to this
metaphor within the scope of medicine. To our knowledge, this is the
first time that Contact Zone will be used to comprehensively study this
disease.

Mary Louise Pratt, a Ph.D. in Comparative Literature from Stanford
University, and Professor of Spanish and Portuguese Language and
Literature at the New York University, in her 1991 seminal work stated
that, “in order to lay out some thoughts about writing and literacy”,
used the term Contact Zone to refer to “social spaces where cultures
meet, clash, and grapple with each other, in contexts of high asym-
metrical relationships of power...”, or in other words, “…the space in

which geographically and historically separated people come into
contact with each other and establish long-lasting relationships, which
usually involve coercive conditions, radical inequality and intolerable
conflict.” [3] In this sense, we will apply Contact Zone term to in-
vestigate Chagas' disease.

Ironically and strangely enough, Pratt states that one of the sources
that develop this metaphor was found in the reading and analysis of
extensive letter signed in the year 1613, with an unmistakable Andean
indigenous name: Felipe Guaman Poma de Ayala. Written in a mixture
of Quechua and Spanish, the manuscript was a letter addressed to King
Phillip III of Spain. It was titled “The First New Chronicle and Good
Government and Justice”. The first part “New Chronicle”, is an auto-
ethnographic text (i.e., “a text in which people undertake to describe
themselves in ways that engage with representations that others have
made of them.”). The second part, ironically titled “Good Government
and Justice”, “...combines a description of colonial society in the Andean
region with a passionate denunciation claim against Spanish

https://doi.org/10.1016/j.bbadis.2020.165689
Received 31 August 2019; Received in revised form 2 January 2020; Accepted 15 January 2020

☆ Tribute to the memory of Rodolfo Viotti, clinical investigator in Chagas disease [1].
⁎ Corresponding Author's Institution: Servicio de Anatomía Patológica, Hospital Universitario de la Fundación Favaloro. Instituto de Medicina Traslacional,

Trasplante y Bioingeniería (IMeTTyB), Universidad Favaloro-CONICET.
E-mail addresses: chaochen@acuchina.org (C. Chao), leonejoseluis@gmail.com (J.L. Leone), cavigliano@ffavaloro.org (C.A. Vigliano).

BBA - Molecular Basis of Disease 1866 (2020) 165689

Available online 27 January 2020
0925-4439/ © 2020 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/09254439
https://www.elsevier.com/locate/bbadis
https://doi.org/10.1016/j.bbadis.2020.165689
https://doi.org/10.1016/j.bbadis.2020.165689
mailto:chaochen@acuchina.org
mailto:leonejoseluis@gmail.com
mailto:cavigliano@ffavaloro.org
https://doi.org/10.1016/j.bbadis.2020.165689
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbadis.2020.165689&domain=pdf


exploitation and abuse”.
Additionally, Pratt suggests a contrast to the idea of the Contact

Zone with those of community. Specifically, the concept of “imagined
communities” in the context of the construction of modern nations:
limited, sovereign and fraternal, or, in other words, “closed” nations.

These concepts work well with “descriptions of interaction between
people in conversation, classrooms, medical and bureaucratic settings,
readily taking for granted that a situation is governed by a single set of
rules or norms shared by all participants.” The emphasis in our review
highlights that Chagas disease research is precisely defined by multiple
medical narratives built with non-shared rules by all the involved sta-
keholders.

Throughout this article, we will define the characteristics of each
group of people who came into contact with one another, emphasizing
asymmetries, but, without making value judgments, only describing
those opposing traits and factors in order to provide a unique per-
spective to understand how these differences have helped shape the
nature of the research on Chagas' disease, which had more than a
century of disagreements between the investigators.

2. The prequel to the first encounter

Like a modern film saga, every encounter has a prequel that an-
ticipates what is to come. The first ancestors, whom we will later call
Native Americans, walk, enter the continent and make contact with
vectors and T. cruzi. These actions initiated the sylvatic cycle of the
illness, approximately 9000 years ago.

We have chosen an illustration of a known ‘sick man’, Sir Charles
Darwin. On his start-up voyage around the world, he arrived by boat to
America, entered the continent, and had his personal encounter with
the vinchuca.

2.1. Pre-Columbus Chagas disease

Researchers established that Chagas' disease has existed as early as
7000 BCE when Aufderheide et al. in their study of exhumed mummies
from archaeological sites in both Peru and Chile, revealed a carbon
dating of their tissues at approximately 7000 BCE, and confirmed by
polymerase chain reaction (PCR) the presence of T. cruzi's kinetoplast
DNA [4].

Thanks to the arid desert of that region which preserved the de-
siccated soft tissue, these researchers confirmed that the disease was
present in Latin America, approximately 9000 years ago, where T. cruzi
infections in humans as like many other animals, acting as hosts.

The actual theory is that humans populated the western coast of
South America at an estimated 9500 years ago, and by doing so, became
part of the sylvatic cycle of Chagas disease. Whereas, the domestic cycle
developed much after, when civilization developed along with the
foundation of urban settlement. Andean population also domesticated
rodents in their home for consumption and rituals attracting hemato-
phagous insects like T. cruzi vectors. The T. infestans species (one of the
vectors) found optimum living places in wattle and daub houses, where
they can feast on blood from both humans and domestic animals [5].

2.2. Chagas before the train: a young Darwin sets sail on the HMS Beagle

Charles Darwin traveled to Chile aboard the HMS Beagle in 1834. He
became severely ill while in Valparaiso, which kept him bedridden for
seven weeks. Initially accredited to typhoid disease, no other members
of the crew developed the illness. In March of 1835, Darwin crossed the
Andes into Argentina, where he described in his journals that he slept in
the village of Luxan (today's Luján de Cuyo) in the southern district of
Mendoza [6]. At night he experienced the attack of a “Benchuca”, a
Reduvid bug, as he described “the most disgusting to feel soft wingless
insects about one inch long crawling over one's body; before sucking
they are quite thin, but afterwards round and bloated with blood, and in

this state they are easily squashed” [7]. It is very likely that “Benchuca”
is the old name for “Vinchuca” (Reduvid bug) in modern Spanish, and
based on the distribution of triatomid bugs, Darwin was describing the
Triatoma infestans, known then as the “great black bug of the Pampas”
across that region. He studied the insect for at least four months, as well
as those regions which had a higher possibility for several potential
contacts with T. infestans.

From 1835 to 1841, Darwin reported no symptoms, which could be
a possible latent phase of Chagas disease. From 1841 to 1861, Darwin
described palpitations, sense of extreme fatigue, trembling, flatulence,
and vomiting to colleagues and physicians, but no one could really
identify the cause. They even thought that Darwin was suffering from
illness anxiety disorder (hypochondriasis) from his clinical presenta-
tions and family history of psychiatric tendencies [7]. At the age of
thirty-three, he abandoned his work due to physical exhaustion and
digestive disturbances, which can be well explained by an infection of
T. cruzi. Darwin experienced “anginal attacks”, and was finally diag-
nosed with “heart-failure” [8]. Darwin's disease has been of extensive
speculation from the scientific community. Still, two things are clear: 1)
he was exposed to Reduvid bug, and 2) his symptoms can be explained
by Chagas disease.

3. Medicine in the first Contact Zone: 110 years after Lassance
(1909–2019)

3.1. Discovery

The vast geographical area (an entire continent) and temporal space
(9000 years) of the prequel, along with the scarce reliable data of
Darwin's anecdote and the vinchuca bug, in contrast, the encounter in
the first Contact Zone has very spatial and temporal precision and is
well-documented: Lassance, 1908–1909.

Also, the socioeconomic, cultural context is clearly defined, wit-
nessed by the expansion of the Industrial Revolution in Central and
South America. This phenomenon had clear objectives: “Order and
Progress”. Latin America was to be populated with railroads carrying
both raw materials and people from the production center to the ports,
and from there, to the rest of the world (mainly Europe).

The groups in the Contact Zone are clearly defined. On the one
hand, patients, represented by Berenice, José, Joaquina, and their fa-
milies, were characterized by the following descriptions: rural popula-
tion, poverty, analphabetism, and disease. On the other hand, physi-
cians represented by Dr. Carlos Chagas and Dr. Belisário Penna, and the
Manguinhos team, lead by their mentor Dr. Oswaldo Cruz, were iden-
tified by these characteristics: urban population, satisfying basic needs,
and university education.

In particular, Berenice, the first diagnosed patient, concentrated
almost all the characteristics of marginalization and social exclusion
that defined this kind of patient for decades: gender (women), age
(childhood), economic condition (poverty), and health (sick).

The story is well-known: at the beginning of the 20th century, the
construction of Brazil Central Railroad in the state of Minas Gerais
bridged Belo Horizonte (capital of the state) to Rio de Janeiro. Stations
were added sequentially from one city to another: Curvelo in 1904,
Corinto in 1906, Lassance in 1908, and Pirapora in 1910. However,
when an outbreak of malaria in the region delayed all the efforts of
railroad construction, the current model in the vector combat era was
applied, thus, eradicating the vector, and the outbreak ended. It was the
tropical medicine model, also known as colonial or imperial medicine,
led by Ross and Masson, who clarified the role of mosquitoes as disease
vectors.

Thus, the Health Minister Calmon requested Dr. Osvaldo Cruz, di-
rector of the National Institute of Serum Therapy in Rio, to send a
professional to investigate the problem. Young Dr. Carlos Chagas, along
with Dr. Belisário Penna responded to investigate this case.

They used a wagon train as the central command of operations,
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moving from one city to another. In one of the towns, engineer
Cantarino Motta told Dr. Chagas about an hematophagous insect with a
nocturnal habit called “Barbeiros”. These insects had a flagellated
parasite similar to one that Chagas once described in monkeys that he
named Trypanosoma minensis. Chagas sent samples of “Barbeiros” to the
National Institute of Serum Therapy where Dr. Cruz inoculated mon-
keys. After 30 days, when Chagas examined the blood of lab monkeys,
he noticed the parasites were different from T. minensis. Trypanosoma
cruzi was the name he later gave to this new parasite, to honor his
mentor.

Looking for other human hosts, he found a girl named Berenice. She
had fever, facial edema and hepatic-splenic-lymph node syndrome. The
girl who was only two years old, was evaluated by Dr. Chagas, who had
found the parasite in her blood. In one of the few sets of circumstances,
Dr. Chagas performed the so-called “reverse triple discovery”: first
discovering the vector, then the parasite, and finally the disease in a
young girl (Fig. 1).

He presented this new disease to the public in 1909 [9] which
would later become known by his own name. Along with his colleagues
they defined all the clinical aspects of the disease between 1909 and
1917. However, he would soon find out that his research was over-
looked by the Eurocentric world.

Although the next section will refer in further detail to the academic
contact area, the extensive original Chagas' article was in a Portuguese-
German bilingual publication. Researchers from peripheral countries
must use the “dominant” scientific language of their time to commu-
nicate their findings. Still, scientists and physicians were not paying
attention to poor underdeveloped countries' diseases, because of World
War I beginning, and the focus was placed elsewhere. Positivist of the
undefined progress trickles down, ironically called “The War to End All
Wars”, leaded to starvation, famine, epidemic typhus and pandemic flu,
causing millions of deaths in the aftermath. Clearly, the European world
was not ready for American trypanosomiasis.

Berenice, diagnosed with Chagas disease, was re-examined, together
with her family when she was 53 years old [10]. She showed no typical
manifestations of the disease, although the complement fixation of
Machado Guerreiro and the xenodiagnosis were all reactive. At that
time, a strain was isolated, which was later named after her: Be-62 and
then another, sixteen years later, Be-78. Finally, the researchers com-
mented that she had “neurotic manifestations regarding the disease that
made her famous by fantasizing resentments against the barbeiro”.

In 2002, J.C·P. Dias et al. reported that Lassance is now free of
Chagas disease transmission, even though the municipality still remains
infested by Triatoma sordida in low densities and high dispersion, where
none are infected by T. cruzi and are restricted to peridomestic foci. The
general prevalence is about 5.03% with no infected individuals found
under 20 years of age. Girls like Berenice are now free of Chagas disease
[11].

3.2. Rediscovery

The rediscovery of Chagas disease had moved to a new geographic
area, from Brazil to the northern Argentine Republic. The protagonists
of the Contact Zone were the same: poor, rural, marginalized patients,
and urban and academic physicians, working in a Mission. In 1926, Dr.
Salvador Mazza from the Misión de Estudios de Patología Regional
Argentina (MEPRA), described the same disease as his colleague in
Brazil. Established in a railway car similar to Dr. Chagas, Dr. Mazza
assumed the studies on trypanosomiasis in Jujuy (north of Argentina),
publishing routine reports, traveling one this mobile laboratory from
one village to another, educating the population, and controlling the
vector as much as possible. After several years of study, he described
the new trypanosomiasis found in rural areas, to his fellow scientific
community. He explained the reality of the situation, finally confirming
the existence of T. cruzi in Argentina [12]. However, the reality was a
harsh one: the vector triatomine bug hides in the wattle and daub
housing, and emerged during the night when the inhabitants were
sleeping. The poor hygiene and social-economic conditions were part of
the Chagas disease cycle, and these points became a major emphasis for
Dr. Mazza everywhere he went (Fig. 2).

Another contribution from MEPRA, was a semiological value that
facilitated the clinical diagnosis of the disease's acute period, and which
became the description of the conjunctival syndrome, better known as
“sign of Romaña” [13]. The unilateral presence of palpebral edema,
conjunctival hyperemia and regional lymphadenopathy allowed the
disease to be identified in hundreds of children. Interestingly, this sign
is seen in many photographs of patients, including Berenice, but until
the time of its description it went unnoticed and undiagnosed. The
publication of this finding and its dissemination accelerated the time-
frame for the meeting between patients and doctors in rural Contact
Zones. And, in the academic Contact Zone this contributed to the end of
the controversy over the association between goiter and cretinism en-
demic with trypanosomiasis, which had generated so many doubts
about the existence of the disease. Unlike the Minas Gerais region in
Brazil or the Andean area of Argentina, in the Chaco santafecino, the
goitrogenic endemic was not as common, and this epidemiological
difference helped define the nosological autonomy of the disease.

4. The academic Contact Zone: initial battles and deception

Contact zone allows us to understand another conflict which de-
scribed a new asymmetry. In this case, the confrontation that took place
within a seemingly homogenous sociocultural group: the scientific
community, which we will herein name as the “Academy”.

The confronted sectors are university professionals, on the one side,
physicians represented by Chagas and their group: field clinical re-
searchers, young people - the vast majority of them Brazilians -, as they
are the “discoverers” of a “truly American” disease.

Fig. 1. Dr. Carlos Chagas in Lassance, Minas Gerais, Brazil, together with a
young female patient.

Fig. 2. Dr. Salvador Mazza, at MEPRA, studying the disease.
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On the other hand, the academics, represented in Buenos Aires by
Dr. Kraus, in Rio de Janeiro by the anti-Chagas groups and in Stockholm
by the members of the Nobel Committee: senior researchers, “city”
physicians, non-Americans or academics who only recognize the
knowledge from major European cities (Fig. 3).

4.1. Buenos Aires: conference in a foreign country

In his first trip abroad, Carlos Chagas was invited to Buenos Aires,
where he set forth his knowledge in a conference, professionally de-
scribing the principal manifestations of the disease [14]. However, one
of the findings was the association of goiter with American trypano-
somiasis, in which Dr. Chagas' own word “was still debatable”. Dr.
Chagas noticed the presence of goiter associated with the social con-
dition related to Chagas disease [15]. Different authors could not
confirm such association. His detractors took advantage of this, to
further slander Dr. Chagas name. Dr. Kraus et al. stated that there were
places in Argentina with triatomines infected with T. cruzi, but no pa-
tient with Chagas disease and goiter was found, because Dr. Kraus could
not find the parasite in their bloodstream [16].

4.2. Rio de Janeiro: the inner enemy

As with every paradigm shift, any fundamental new change in sci-
ence means initial criticism and doubt. In medicine, this is especially
true when the struggle for power and authority takes place [17]. Since
the discovery of Chagas disease by Dr. Carlos Chagas in 1909, several
important figures inside Oswaldo Cruz Institute, like Figueiredo de
Vasconcellos, Henrique da Rocha Lima and Butantan Institute's Arthur
Neiva, demonstrated their clear motivations of an anti-Chagas group,
each with their own reasons, since Dr. Chagas was appointed as the
Director of Oswaldo Cruz, and in June 1919 as General Director of
Public Health by the Brazilian government. The power struggle be-
tween different characters would discredit Dr. Chagas' role in the dis-
covery of the disease and any other debates related to his findings.

4.3. Stockholm: recognition and the failure to receive the Nobel Prize

In 1912, Chagas received the prestigious Schaudinn Prize for best
work in parasitology, the same work suitable for a Nobel Prize. He was
nominated for the Nobel Prize in 1921, but none was awarded that
year. Intrigue seemed to be part of an obscure reason why Dr. Chagas
did not receive the Nobel Prize [18]. During Johansson's chairmanship
of the Nobel Committee, one prize was given to his close friend, one to

scientists without any discovery, one to unnominated scientists, and all
this while Johansson was the principal evaluator. The Nobel Committee
decided not to give a prize in 1921 and the official reason was “to use
the money for investments in science” at the Nobel Institute that Jo-
hansson himself created.

Another member of the Committee in 1921 was Frithiof Lennmalm,
a supporter of the eugenics movement. He even proposed to create the
Eugenic Nobel Institute in 1919 and was supported by the members of
the Committee, but was later rejected by the Karolinska Institute. Dr.
Chagas' nomination was also discarded by evaluator Gunnar Hedrén at
the Nobel Committee on April 1921. Hedrén was required to submit a
written report about his evaluation, but no related document has been
found in the Committee Archives. By 1920, Dr. Chagas had been no-
minated twice for the Nobel Prize, and, no Euro-American scientist's
work was deemed nonessential, despite the fact that Dr. Chagas work
had and still has a direct socioeconomic impact affecting the lives of
millions.

5. Urban hospitals as type of Contact Zone

5.1. The chronic forms of the disease (1940–1970)

Between 1909 and 1940, the encounter between chagasic patients
and doctors occurred mostly in rural areas. In the mid 20th century, the
contact area moved to large urban centers since industrialization of the
countryside and social changes in cities, stimulating internal migration
within all Latin American countries.

The Industrial Revolution, with the railroad in the lead, had pene-
trated in the interior of the regions, along with the incipient non-stop
roads that move people to the cities. At first, the inhabitants migrated
from the center to the periphery, and over time, from the provincial
periphery to the center of big cities.

They brought their illnesses, among them: Chagas disease, malaria,
leishmaniasis, etc. The sedentary lifestyle of the metropolis would be
responsible for adding hypertension, diabetes, obesity, etc. However, in
the contemptuous local language of Buenos Aires, these migrants were
known as the “black heads,” provincial inhabitants that could also live
in the big cities, have political, labor, and labor union rights.

In the description made by Taquini et al. [19], in a twelve-case
report with chronic chagasic heart disease, “after 1946, more common
observations appear in hospital settings in Buenos Aires, as a result of
exodus to the capital from endemic areas”.

A similar situation was described in Rio de Janeiro. Benchimol [20]
pointed out that “with increasing rural migration to large urban centers
with better living conditions, more patients with Chagas heart disease
were found in the large cities and capitals of most States of the Fed-
eration”. He reported 51 cases of chronic chagasic heart disease ob-
served in that metropolis, “this capital, being a point of convergence
where individuals from the most diverse corners of the country flow.”
Most of the patients came from endemic areas, raising the possibility of
urban transmission in those who had never left the cities.

If a pediatric patient with the acute form were diagnosed in areas of
endemic contact, the adult chronic cases now will be detected in urban
centers with cardiac [21], digestive [22] and neurological forms [23].
In the first two decades of the twentieth century, doctors, microscopes
in hand, looked for patients with obvious clinical manifestations. In the
fourth and fifth decades of their age, they will carry the electro-
cardiograph and test tubes, recognizing cardiac alterations without
major clinical manifestations. Additionally, in the urban hospitals' set-
tings, patients will be given serologies, ECG and chest radiographs, to
determine a better understanding of the chronic cardiac form. Studies
of the digestive tract allow doctors to recognize the esophageal and
colonic problems, the mega syndromes related to the disease, and the
ones related to the autonomic nervous system.

Acute central nervous system involvement was initially diagnosed in
the first descriptive articles of the disease. Nervous system disease

Fig. 3. Carlos Chagas presenting the disease at the Brazilian Academy of
Medicine in August 1911.
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would be another object of controversy. In hospitals studies, patients
with reactive serologies, and the use of electromyogram, permitted the
recognition of chronic peripheral nervous system involvement [24].
Changes in medical care would be forever changed, facilitating the
understanding of other biological phenomena linked to chagasic in-
fection.

The Contact Zone has changed throughout the 20th century. The
groups changed as the patients moved, from the “inner” territories, to
the “big cities”. Their skin and their way of speaking identified them.
Doctors began to look for the chronic forms of the disease, but the
prejudices of the sick people from the provinces continued. There was a
severe asymmetry between doctor-patient relationship - among city
doctors and the “chagasics” of the “interior”.

Just as some patients modified their geographical locations with
migrations from the countryside to the city, so had the healthcare
practices. New ways of transmitting the disease were discovered. As for
the acquisition of the disease, during the first half of the 20th century,
the reliable route of transmission was still the vectorial one.

Although some of the non-vector routes of transmission were sus-
pected or described in a few cases, it was the changes in the healthcare
environment that resulted from the greater access of the population to
hospitals and the “medication life”, which allowed the detection and
improvement in infection control.

Large number of trauma patients (and complex surgeries they re-
ceived) had more risk to be transfused, therefore, potentially be in
contact with the parasite that came in blood bags [25].

Similarly, when treating and controlling pregnancy in urban hos-
pitals, mothers are detected in an indeterminate or chronic phase of the
disease that would later transmit trypanosomiasis to their offspring.
The existence of congenital Chagas is thus confirmed [26].

Even though laboratory accidents are few, they still exist. It should
be a warning to everyone that the history of the young Argentinian
physician, Dr. Mario Fatala Chabén, should never be repeated, as
T.cruzi infected him in his lab by accident. [27].

5.2. Chagas in immunosuppressed and transplant patients (1970–2019)

A new and very interesting aspect of the patient care in modern
urban hospitals, is the modification of the disease. Urban hospitals then
become an additional Contact Zone, beginning a new chapter for
Chagas' disease research.

Immunosuppression has become an increasingly frequent condition
that may modify the natural history of T. cruzi infection [28]. Between
the 1970s and 1980s, infected individuals with serious impairment of
the immune system, such as oncological, autoimmune diseases and
transplant recipients, were at risk of severe forms of Chagas disease
reactivation [29–31].

The first reports of T. cruzi infection in patients with HIV, were
published between 1988–1992. Approximately 20% of HIV-T. cruzi
infected patients experienced reactivation with meningoencephalitis
and/or myocarditis [32]. In the central nervous system (CNS), two
forms were observed: meningoencephalitis with trypomastigotes in
cerebrospinal fluid or pseudo-tumoral formation (chagoma) with brain
images indistinguishable from other opportunistic infections such as
toxoplasmosis and primary CNS lymphoma. CNS chagoma is associated
with high mortality, and to further define the diagnosis, a stereotactic
biopsy needs to be performed. The histopathological findings consist of
extensive uni or multifocal encephalitis, necrohemorrhagic tissue,
mononuclear infiltrate with predominantly perivascular distribution,
and amastigote nests inside macrophages, glia or endothelial cells.

Reactivations of T. cruzi infection are dependent on the severity of
the immune deficiency, as they have been described more often with a
CD4+ T-cell count< 200/mm3, and are associated with a high level of
parasitemia. Therefore, quantification of parasitic load with molecular
strategies would help to characterize the reactivation, and would allow
for early treatment [33]. The HIV-T. cruzi coinfection made it necessary

to include Chagas disease as an AIDS-defining illness.
Transmission of infection from infected organ donors to naïve re-

cipients was also further researched. In the early 1980s, transmission of
T. cruzi from known infected donors to negative recipients was reported
in kidney transplant recipients [31]. Approximately 20 years later, the
first cases of accidental transmission from unscreened donors were also
reported in the USA [34].

Organ transplantation in patients with chronic Chagas' disease and
the use of organs from infected donors has been a matter of debate for
many years [35]. The growing number of infected individuals now
living in non endemic regions has increased the possibility that they
might become transplant candidates or organ donors [36]. In Argen-
tina, data from Instituto Nacional Central Único Coordinador de Abla-
ción e Implante (INCUCAI) showed that 7% of all patients on the
waiting list were infected, including 6% of heart candidates [37].

Most of the published cases of transplanted T. cruzi–infected pa-
tients are related to kidney transplantation [38]. Reactivation has
shown to occur mainly within the first post transplant year with an
incidence of 15% to 35%. Favorable responses to benznidazole treat-
ment have been described with adequate graft and patient survivals on
long-term follow-up.

Heart transplantation is now accepted as a safe and effective in-
tervention for progressive Chagas cardiomyopathy [39]. The first car-
diac transplant for a recipient with Chagas cardiomyopathy was per-
formed in 1985 in Brazil [40]. This condition has become, over time,
the third leading cause of heart transplantation in Brazil and Argentina
[41,42]. Chronic Chagas disease infection used to be considered a po-
tential contraindication for transplantation due to the risk of potential
reactivation with immunosuppression. Reactivation has been reported
to occur in 23% to 75% of patients [43].

Reactivation can be completely asymptomatic, and only parasitemia
will show the recurrence of the infection. When clinical manifestations
appear, signs of subcutaneous involvement (reminiscent of erythema
nodosum or panniculitis) with tenderness and characteristic limb in-
volvement. Skin and subcutaneous tissue biopsies will show nonspecific
inflammatory infiltrate and numerous amastigote nests. Myocardial
reactivation may correspond to a focal or diffuse location. Acute
myocarditis is characterized by an intense inflammatory infiltrate
consisting of mononuclear and polymorphonuclear cells, edema and
numerous amastigote nests in cardiomyocytes.

A good response to 30–60 days of benznidazole treatment, with
adequate graft and patient survival after long-term follow-up, has been
reported. Mortality related to Chagas disease reactivation has been
reported to be 0.3%, and the survival rates are no different from those
of other heart transplant recipients [44].

Monitoring for T. cruzi reactivation is recommended, as treatment
can be initiated before the development of clinically significant disease.
PCR from blood and tissue fragments has become a decisive tool to
detect early infection as it shows positive results days to weeks before
circulating trypomastigotes detected by Strout method and blood smear
preparations [45,46].

In recent decades, the development of biological therapies has led to
an advance in the treatment of autoimmune diseases such as rheuma-
toid arthritis, psoriatic arthritis, spondyloarthropathy, and in-
flammatory bowel disease, among others. Numerous agents with dif-
ferent immune mechanisms are available, including anti-tumor necrosis
factor, anti-interleukin 1, anti-interleukin 6, anti-CD28, anti-CD20, and
anti-interleukin 12/23. These therapies, which are involved in immune
response modifications, can change multiple immunological pathways,
inducing an incremental risk for certain infectious diseases reactivation,
such as Chagas disease [47].

The approach of medicine in the Contact Zone, illustrates that the
evolution of medical care, and the increase in complexity across the
infected patients' care access, begins to erode the distinctive char-
acteristics of the groups. When non-vector transmission pathways are
diagnosed, physicians now can and should suspect the disease in other
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risk groups (Fig. 4).

6. News from the original Contact Zone: the Latin America
endemic areas of today

6.1. Control or persistence of vector, transfusional and congenital
transmission

With the second decade of the 21st century, comes a time of para-
doxes, even though the exodus from the countryside to the city persists,
the endemic areas (Original Contact Zone), remain a stable population
that continues to get sick.

Chagas' disease is a parasitic zoonosis which constitutes a severe
public health problem, and is endemic in 21 Latin America's countries.

The American trypanosomiasis has expanded from rural to urban
areas [20], and from endemic to non-endemic regions [48]. It is esti-
mated that between six and eight million people are infected with T.
cruzi, with an additional 65 million at risk of acquiring the disease by
vector-borne transmission, blood or congenital transmission, or food-
borne transmission [49].

Control and elimination of Chagas disease are achievable. The in-
cidence of Chagas disease in the Americas has been substantially re-
duced through efforts in vector control and systematic blood screening.
The estimated number of new cases has declined by 32%, from 41,000
in 2006 to 28,000 in 2010, and the mortality from 45,000 deaths per
year to the current 12,000 [49].

There are 130 triatomine species that contribute to maintaining T.
cruzi transmission among mammals in almost every terrestrial ecor-
egion of the Americas [50]. This means that Chagas disease will never
be eradicated and undermine the fact that effective disease prevention
will require stronger, long-term vector control-surveillance systems.

The campaigns to eradicate the vectors emerge, with notable suc-
cesses in some regions and disappointing results in others, due to the
presence of multiple interests found, and with a lack of persistence in
field actions. From the desks of the ministries are born projects that
stumble amid the true realities. It will be the inhabitants of the endemic
regions themselves and the health agents in intimate contact with them
who will produce the best results.

Vector control measures began when a small branch of the Oswaldo
Cruz Institute was established in Bambuí (Brazil) by Emmanuel Dias in
the early 1940s. In his early attempts, Dias tried everything possible to
eradicate triatomines from human dwellings, but positive results were
better obtained with organochlorine, gammahexachlorocyclohexane

(HCH, Gammexane), used successfully in both, 1948 by Dias and
Pellegrino, in Brazil [51], and by Romaña and Abalos, in Argentina
[52]. HCH (and/or dieldrin) remained the most widely used compound
against domestic Triatominae until the late 1970s, when it was replaced
with synthetic pyrethroids. The results from these types of campaigns
have been very satisfactory in Brazil, Uruguay, Chile, in large regions of
Argentina and Venezuela, and parts of Bolivia and Paraguay [53].

Suspected in the 1930s by Mazza [12], transfusion-based trans-
mission of Chagas disease was first recognized in Brazil and other
countries in the 1940s and early 1950s [25,54].

In the absence of the vector, one of the potential modes of trans-
mission of Chagas disease in non-endemic regions is through blood and
blood products. While many blood components can transmit the in-
fection, platelets are the most frequent cause of transfusion-related
transmission. As most patients with Chagas disease are asymptomatic
and unaware of their condition, in the case of blood donation, they can
inadvertently represent a serious threat to the safety of the blood supply
in non-endemic areas [55].

Since the 1980s, screening of the blood supply has become accepted
as an important pillar of the four sub-regional Chagas disease control
initiatives. In Brazil, Chagas' Disease Control Programme was fully
implemented in the 1980s, when it reached practically all the endemic
areas, and in 1991, the Southern Cone Initiative was created, aiming to
control the disease transmission through eliminating the Triatoma in-
festans and controlling blood banks. As a result, the prevalence of
chagasic donors in blood banks reduced from 4.4% in the 1980s to 0.2%
in 2005 [56].

With the control of vectorial and transfusional routes of infection
with T. cruzi, congenital transmission has become an important source
of new cases. The prevention of congenital Chagas' disease remains of
substantial importance in endemic and nonendemic regions.

Maternal-fetal transmission occurs in approximately 5% of the
newborns from infected mothers, although this rate varies between
countries, ranging from 1.0% to 12%. The risk of transmission is in-
fluenced by several factors, such as maternal parasitemia levels, age,
anti-T. cruzi immune response and parasite strain [57].

In Argentina, around 1500 children are born each year with T. cruzi
infection. The prevalence of maternal infection has dropped from 9.0%
to 2.6%. The rate of congenital infection had an irregular evolution and
its national average fluctuated between 1.9 and 8.2% [58].

The first case of congenital chagasic infection was reported by Dao
in Venezuela, in 1949 [26], and in Argentina the first case was de-
scribed by Jörg in 1953 [59].

Congenital Chagas' disease may cause spontaneous abortion, pre-
mature birth, intrauterine growth retardation, and stillbirth. Infected
children may or may not have clinical signs of disease at birth. The
clinical spectrum of congenital infection with T. cruzi varies from severe
compromise to the presence of a few mild symptoms. Cases of con-
genital T. cruzi infection should be treated as soon as the diagnosis has
been confirmed [57]. Treatment with benznidazole in women of
childbearing age significantly reduces the parasitemia, and was effec-
tive in preventing the congenital transmission of T. cruzi to their chil-
dren. It also had a protective effect on the women's clinical evolution
and an observed 32% to 64% conversion rate to negative serology in
benznidazole-treated women after long-term follow up [60–62].

6.2. Sexual transmission

Early studies [9,63], suggested that T. cruzi can spread via sexual
transmission. Experimental studies in laboratory animals revealed the
presence of T. cruzi amastigote nests in the reproductive system of
acutely infected mice, and sexual transmission of the parasites from T.
cruzi-infected mice to naïve recipients were also observed.

Araujo et al. hypothesized that endemicity of Chagas infection in
urban areas of Latin America and in non-endemic countries can be
transmitted sexually, when in the absence of insect vectors and other

Fig. 4. A “triple transition,” which conceptually reflects changes in the mod-
ality of Chagas disease of> 100 years. (Modified from Viotti-Vigliano
“Enfermedad de Chagas”, Editorial Médica Panamericana, 2015. Reproduced
with authorization from Editorial Médica Panamericana Médica - Prohibited
any use without the express consent of Editorial Médica Panamericana).
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modes of the infection. They showed clinical, parasitological and nu-
cleic acid data that T. cruzi footprint nuclear DNA are presented in
human male ejaculates, in which injected to mice, they can detect T.
cruzi amastigote nests in heart, and afterwards, in skeletal muscles [64].

Evidence that Chagas disease can be transmitted sexually, coupled
with the migration of individuals with Chagas disease to previously
non-endemic countries and increased travel to endemic countries, is a
potential threat to public health worldwide.

6.3. Oral transmission

Initially in endemic rural regions, and then in food and beverage
stalls along the roads, and in the growing suburbs that expand in areas
with vectors parasitized by T. cruzi, people can ingest the parasites,
producing foci of disease. This event had called to the attention of
health authorities and researchers.

The most notorious outbreaks involved pediatric patients. In school
situations, they were given juices to drink which were contaminated
with vector feces containing parasites. On other occasions, the infected
triatomines will be directly blended together with the fruits to make the
juices. These cases were initially studied for prolonged febrile syn-
drome, until the serological and parasitic finding was confirmed [65].

It seems that, from the point of view of biology and metaphors,
Chagas disease was tenaciously associated with the idea of edge, per-
iphery, margin and contact; and the usual affected group are children of
school age, low or middle class, and sometimes urban. There is another
group, an “invisible group”: municipal, provincial or national entities in
charge of bromatological controls, making sure infected juices are not
present in children's table. Although the Contact Zone approach in-
itially is not apparent, it can be seen between the interaction of same
old patient groups and the National States that fail to avoid this new
form of epidemic.

7. The academic Contact Zone again: paradigm changes and
clashes

Thomas Kuhn in his work, now a classic [66], redefined the term
paradigm applied to the scientific community. In this sense, a paradigm
can be defined as a set of interrelated theoretical concepts that allow an
approximation to reality, based on scientific evidence.

The confronted sectors are determined by the historical moments in
which the interpretation of reality changes. Paradigm shifting goes
through the following stages. Whatever subject is studied, at first, there
is an established paradigm that constitutes the accepted science of that
time. It may seem monolithic and undisputed unit, that paradigm al-
ways contains unresolved issues. When these various aspects are stu-
died, the crisis of the established paradigm emerges. Usually, those who
challenge the status quo are young researchers from Institutions or
peripheral countries who propose a new approach, and who produce a
scientific revolution. This establishes a “new” paradigm. Over time,
both young researchers and the dominant paradigms “age”, other
young people appear with their novel concepts that explain the “gaps”
of the previous researchers, and thus, ad infinitum, the cycle is re-
started. The Academic CZ comes to a boil.

7.1. The evolution of the interpretation of pathogenic mechanisms

In terms of the modification of the paradigms of pathogenic inter-
pretation, it followed a relatively orderly pattern, and according to the
stages proposed and suggested by Khun: one concept gradually replaces
the other with the approval of the scientific community as a whole.

In order to understand the historical interpretation of Chagas' dis-
ease pathogenesis, it is necessary to remember the moments when the
seminal findings of the 20th century occurred, which changed our view
of biology and disease. (Reviewed in Laguens et al., [67]).

The antibodies and the complement system were discovered in the

first decade of the 20th century, when Carlos Chagas described the
disease. The role of lymphocyte as a key cell of the immune response
was established in the 1960s. Clonal theory of immunity and molecular
characterization of antibodies were from the same period. Recognition
of DNA as the molecular basis of genes dated back to 1953, but mole-
cular biology, as we understand it today, began to develop in the late
1970s. With the introduction of PCR, a key tool for genetic research;
and in the 1990s, the monoclonal antibody industry began to develop.

Three epochs can be distinguished on this chronological basis:

7.1.1. 1909–1960 period
The first case description of human trypanosomiasis by Carlos

Chagas was Berenice's case, a two-year-old girl, who presented with
fever of 39.4 °C, palpebral edema, adenomegaly, hepatomegaly and
presence of T. cruzi in peripheral blood, with subsequent remission of
the signs and symptoms [68].

The characteristic lesions are: bi-palpebral edema or unilateral
(Romaña sign), with or without conjunctivitis, adenomegalies and cu-
taneous lesions at the site of inoculation (chagoma), which can occur
more frequently as nodules and/or erythema. The histological appear-
ance reveals numerous amastigote nests in the basal layer of the epi-
dermis, in the dermis and hypodermis, and within macrophages with an
inflammatory infiltrate consisting of mononuclear and polymorpho-
nuclear cells.

The acute phase usually affects children, and main manifestations
are acute chagasic myocarditis and meningoencephalitis, which if not
adequately treated, can cause a mortality of approximately 5 to 10%
[69]. After a few months, symptoms disappear and the disease remains
silent, with difficult detection of the parasite in blood, for which the
diagnosis is made by titration of anti-T. cruzi antibodies. The so-called
“indeterminate stage” attempts to define an asymptomatic period pre-
senting without signs of the disease. It follows the acute stage and can
last the entire life of the patient. The indeterminate phase of Chagas'
disease is characterized by positive serology in the absence of clinical
manifestations including cardiac, digestive and nervous system.

In 1911, Carlos Chagas differentiated between acute infection (with
or without meningoencephalitis) and chronic infection, where he de-
scribed the cardiac disease with numerous cases of heart rhythm al-
terations (bradycardia and heart block), along with frequent occurrence
of heart failure. He described “the chronic myocarditis” as a histo-
pathological substrate for the arrhythmic forms of adults [70].

Gaspar Vianna began pathological studies of this new entity, finding
forms of amastigotes within muscle cells, intense inflammatory reaction
of interstitial tissue, pericarditis, zones of inflammatory infiltration
without the presence of parasites, and parasitic fibers without pericel-
lular inflammatory reaction [63]. A last observation led to the postu-
lation of indirect mechanisms, independent of the parasite, as re-
sponsible for the production of cardiac damage [71]. According to the
terminology of that era, an “allergic” mechanism was involved in the
production of tissue damage. In 1929, Magarinos Torres argued that
chronic chagasic heart disease is the result of active and progressive
myocarditis, due to the continuous action of the parasite associated
with an “allergic” state of the host [72].

A new pathogenic hypothesis of chronic Chagas disease was pro-
posed in the 1950s by Fritz Köberle. He proposed dysautonomia (de-
nervation of the parasympathetic autonomic nervous system neurons)
as a cause of digestive tract dilations (Chagasic megaesophagus and
megacolon) and heart illness (chagasic heart disease) [73]. It is well
known that, in Chagas' disease, there is a loss of autonomous system
neurons, which is involved in the pathogenesis of megaviscera, as well
as motor neurons presenting with subclinical manifestations. However,
the role of the alterations on the autonomous system that plays over the
heart is still controversial [74]. The possibility that autonomic dis-
turbance of the nervous system disturbances plays a pathogenic role in
the development of chagasic heart disease seems unlikely, especially
after thousands of denervated heart transplants experiences.
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A third pathogenic hypothesis, based on both pathological ob-
servations of human hearts and experimental studies, postulated that
cardiac damage would be a consequence of vasculopathy, with arteritis
and loss of cardiac microcirculation components. This would lead to
loss of contractile units by ischemic necrosis, together with inflamma-
tion and reparative fibrosis [75], (Reviewed in Rossi M et al. [76]).

7.1.2. 1960–1993 period
In a span of 25 years, from 1957 to 1983, there was an explosion in

the research and development of immunology. In the following decade,
those developments built the foundation of the 21st century's im-
munology. This progress was seen at the beginning of the 60s, when
previous work hypothesized that immune mechanisms played a key role
in the myocardial damage.

Bases of autoimmunity were established at the same time when
Witebsky and Rose defined the criteria necessary to diagnose an auto-
immune disease [77]. It would almost be inexorable if attempts were
made to explain the discrepancy between the presence of lesions and
the absence of the parasite. These are the consequence of the devel-
opment of immune mechanisms awareness of cardiac tissues triggered
by T. cruzi infection, in which once established, the presence of the
parasite was no longer a condition necessary for the persistence and
aggravation of myocarditis [78].

In addition, experimental models of chronic infection were devel-
oped at the same time, making it possible to investigate the involve-
ment of autoimmune mechanisms in the production of cardiac damage.
During this period most studies showed:

• Presence of similar antigens between parasite and mammalian tis-
sues (molecular mimicry).

• Activation of autoreactive clones during acute phase infection with
persistence during the chronic phase.

• Cardiac tissue antigens not accessible to immunological recognition
(sequestered antigens) and modification of molecular structure of
normal antigens induced by the destruction of parasitic cardiac
myocytes during the early phase of infection.

7.1.3. 1993–2019 period
Towards the end of 1993 and the beginning of 1994, two studies

published almost simultaneously, initiated a change in the conception
of pathogenesis and clinical treatment of chronic Chagas' disease. The
first was the discovery of the DNA of T. cruzi in the myocardium of
patients with chronic chagasic myocarditis [79], and the second was a
non-randomized clinical study, which showed improvement of clinical
and serological evolution in patients treated with benznidazole [80].

Use of highly sensitive parasite detection techniques, such as PCR,
has demonstrated that T. cruzi, or the parasite fragments persist in the
target organs, frequently as a stimulus for the observed chronic in-
flammatory response producing tissue damage [81,82]. That fact re-
places the previous emphasis on the immune approach, focusing the
greatest efforts on investigating the mechanisms by which small
quantities of parasite can trigger severe damage [83].

Treatment with tripanocid drugs during the undetermined phase
prevents the development of cardiomyopathy, in addition to negati-
vizing the specific serological reactions anti-T. cruzi in a significant
proportion of patients [80]. This supports the role of parasitic presence
in chagasic myocarditis. In addition, there is an association between the
areas of myocarditis, or severe fibrosis, with the discovery of amplifi-
cation of the DNA of T. cruzi in chronic chagasic hearts [84]. Also,
parasitic traces are absent in areas without injury, which supports the
interpretation that the persistence of the parasite is decisive for the
development of cardiac lesions [85].

However, the fact that it is necessary to resort to ultrasensitive
techniques to detect T. cruzi in tissue lesions makes it almost impossible
for the parasite to produce a direct injury, raising the question of the
existence of damage amplification mechanism. Accumulated evidence

about the existence of cross antigens between T. cruzi and mammalian
tissues, and presence of humoral and cellular immune self-activity (both
humans and infected animals), were initial signs supporting auto-
immune hypothesis as the main reason for the production of lesions, if,
on the contrary, they are the expression of an epiphenomenon resulting
from tissue damage, without pathogenic liability [86].

At present, immunological mechanisms responsible for chronic
cardiac inflammation seem to be the most important one. The identi-
fication of cell populations that make up the inflammatory infiltrate of
chronic chagasic heart disease, with preponderance of T-lymphocytes
and macrophages, show markers of participation of immune system
[87], and the detection of most cytokines and chemokines described in
chronic inflammation [88]. Regardless of their origin, they may be
responsible for cell damage, but they do not clarify any contribution to
the primary mechanisms that lead to the appearance of the in-
flammatory infiltrate. Chagas heart disease is an inflammatory cardio-
myopathy that develops in approximately one-third of people infected
with the protozoan parasite T. cruzi, and is characterized by an in-
flammatory infiltrate with predominance of mononuclear cells (lym-
phocytes and macrophages) and fibrosis, of moderate to intense grade,
with slow and progressive evolution leading to ventricular dilation,
complicated with alterations in electrical conduction (complex ven-
tricular arrhythmias), and heart failure.

Historically, several hypotheses were raised on the pathogenesis of
chronic Chagas disease: direct action of the parasite, immunological
mechanisms of damage, dysautonomia, and pathology of micro-
circulation. Pathogenic interpretation based on autoimmunity, which
prevailed until the last 25 years, was not only crucial from a speculative
point of view, but had practical consequences, such as abandoning the
use of trypanocidal drugs during the chronic phase of infection. The use
of highly sensitive techniques for the detection of the parasite, such as
PCR, has demonstrated that T. cruzi, or fragments thereof, persist in the
target organs of the disease and would stimulate the observed chronic
inflammatory response, which produces tissue damage.

Chronic Chagas' heart disease may represent a unique example of
co-infectious autoimmunity, different from viral autoimmune myo-
carditis that would represent post-infectious autoimmunity, or from
Crohn's disease caused by loss of digestive tolerance to intestinal bac-
terial antigens. Chagas' heart disease represents a different model of
cardiac remodeling than other human diseases, where the presence of a
causal infectious agent is observed in the lesions, and the persistence for
years of an inflammatory cardiac infiltrate. They lead to cardiac re-
modeling and heart failure, with the histopathological substrate of cell
death, fibrosis and hypertrophy, all which characterize chronic chagasic
cardiomyopathy [67] (Fig. 5).

Even if mechanisms of probable dysregulation of the immune or
autoimmune response in chronic Chagas heart disease are demon-
strated, the fact that parasitic persistence is necessary to trigger the
inflammatory response itself indicates the need for etiological treat-
ment.

7.2. The etiologic treatment revisited

In the case of etiological treatment, the paradigm conflict in the
Academic Contact Zone still persists. The change in pathogenic inter-
pretation seems to have followed a relatively calm path as the issue of
etiological treatment of chronic patients seems to have not yet reached
its stage of equilibrium or widespread acceptance by researchers. In a
previous work [89], we established that the existing body of knowledge
until 1993 can be considered as the “old paradigm”, and towards the
end of that year and early 1994, two studies were apparently published
almost simultaneously that began in parallel to address the change in
the pathogenic conception and clinical treatment of chronic Chagas
disease. This latter is the new paradigm that “fights” with the previous
one, following Kuhn's postulates.

Etiologic treatment of Chagas' disease aims at eliminating T. cruzi
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Fig. 5. Pathogenic mechanisms of chronic chagasic cardiomyopathy. (Modified from Viotti-Vigliano “Enfermedad de Chagas”, Editorial Médica Panamericana, 2015.
Reproduced with authorization from Editorial Médica Panamericana - Prohibited any use without the express consent of Editorial Médica Panamericana).
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infection through agents capable of destroying the parasite in the host.
In 1936, Mazza et al. detected the trypanocidal effect of a quinolone
derivative (Bayer 7602) when using it for the first time in humans in the
treatment of an acute case [90]. Based on the knowledge that 5-ni-
trofuran compounds were active against the circulating form of T. cruzi
[91], Brener, in 1961, suggested their use in long-term schedules to
interrupt the parasite's cycle within the host [92]. Later, in vivo in-
vestigations in mice indicated that certain compounds such as ni-
trofurazone, nifurtimox, and benznidazole are also active against the
tissue forms of the parasite, which had been previously shown in tissue
cultures [93]. The first plan for the therapeutic evaluation of Chagas'
disease was proposed at a meeting held in March 1962 in Rio de Ja-
neiro, Brazil. Experiments with benznidazole (N-benzyl-2-ni-
troimidazole acetamide) began in 1967 [94]. Benznidazole was laun-
ched in the 1970s and rapidly showed its efficacy in the treatment of
the acute phase of the disease. First results indicate that benznidazole is
effective in inducing a marked and sustained reduction in the circu-
lating parasites' level in the majority of chronic chagasic patients, but
adverse effects can lead to treatment discontinuation in 10–20% of
cases [95,96].

The mechanism of action of nifurtimox and benznidazole is by di-
rect toxic inhibition of the DNA synthesis of the parasite or indirect
interactions of nitroreduction intermediates with parasite components,
acting either on the intracellular forms (amastigotes) or extracellular,
circulating forms or trypomastigotes [97,98]. Main side effects are re-
lated to the enzymatic activity of nitro-reduction and the generation of
free radicals. This enzymatic activity is very low in children and young
adults, which would explain the minor incidence of side effects in those
age groups.

Since the 1970s, different therapeutic experiences were conducted
in acute and chronic cases of Chagas disease using Nifurtimox and
Benznidazole, comparing the effectiveness and tolerance of both drugs
inside groups of patients, in which therapeutic schemes, follow-up
periods and cure were all evaluated. The results showed high varia-
bility, with excellent results for acute phase and recent infection cases
(reviewed in Coura JR and Castro SL [97]).

In 1994, Viotti et al. showed improved clinical and serological
evolution in chronic chagasic patients treated with benznidazole,
compared to non-treated patients [80]. These data support the pre-
supposition of classical pioneer teams in the treatment of Chagas' dis-
ease who advocated antiparasitic treatment for chronically infected
persons as a strategy for possibly eliminating the parasite, thus pre-
venting or minimizing the clinical evolution of the disease [99].

Since then, much more clinical, experimental, immunopathological
and parasitological evidence has sustained the use of an anti parasite
treatment for adult patients with indeterminate Chagas' disease, or for
those with initial stages of Chronic Chagas cardiomyopathy [83,100].

Randomized-control trial showed that a short course of benznida-
zole treatment significantly reduced the detection of circulating para-
sites, but did not reduce cardiac clinical progression through five years
of follow-up in patients with advanced Chagas' cardiomyopathy [101].
The lack of correlation between the trypanocidal effect of benznidazole
and the clinical evolution of the disease may be related to limited drug
access or activity in the inflammatory and fibrotic foci of Chagas' car-
diomyopathy, a lack of reversibility of these lesions, or both [102].
However, all components of the primary endpoint were, although not
statistically significant, less frequent in the benznidazole group than in
the placebo group, and patients receiving benznidazole had sig-
nificantly fewer admissions to hospital for cardiovascular causes than
those receiving placebo. According to the results of the BENEFIT trial in
Brazil, the relative risk reduction of the primary endpoint by 15%,
compared with placebo, suggests a complementary role in the com-
prehensive palliative therapy of chronic Chagas cardiomyopathy [103].

The set of scientific results of the last 20 years has led to a review of
the parasite's role as a trigger and sustainer of tissue damage, and
therefore, to a reconsideration of antiparasitic treatment. The presence

of T. cruzi is now accepted as a trigger for the pathophysiological
phenomenon of the chronic infection, as well as a key factor for its
magnitude and persistence [74,85].

As previously stated, a recent change in the scientific paradigm on
the pathogenesis of chronic Chagas disease has led to a consensus that
all T. cruzi-seropositive patients should receive etiological treatment
[104]. This important scientific advance has spurred the rigorous eva-
luation of the safety and efficacy of currently available drugs (benzni-
dazole and nifurtimox), as well as novel anti-T. cruzi drug candidates in
chronic patients [105].

Ergosterol biosynthesis inhibitors, such as posaconazole and ravu-
conazole, are better tolerated, but their efficacy, at the doses and
treatment duration used in the initial studies, was significantly lower
than with benznidazole treatment. Such results are more related to
suboptimal exposure and/or treatment duration. Combination therapies
are a promising perspective, but the lack of validated biomarkers of
response to etiological treatment and eventual parasitological cures in
chronic patients remains a serious challenge [106,107].

The current criterion for cure in the chronic phase of the disease is
the negativization of at least two serological tests, such as enzyme-
linked immunosorbent assay (ELISA), indirect immunofluorescence
assay, and indirect hemagglutination assay. The serological evolution of
treated subjects with chronic T. cruzi infection is variable. The rate of
seronegativization after treatment is about 60–70% in children who
have been treated before fifteen years of age, and 30–50% in adults
after fifteen to twenty years of follow-up [108].

Treatment failure is indicated by a positive parasitological and/or
molecular test (persistence of parasitemia). Although specific, xeno-
diagnosis have low sensitivity (20–50%) during chronic phase com-
pared to PCR (30–80%) [109]. The level of susceptibility of different
lineages and how this factor may interfere with treatment response are
unknown, although some results suggest there is an impact [110].

From this standpoint, a trypanocidal effect is relevant for the cure of
subjects [111], the potential impact on decreased morbidity and mor-
tality [112,113] and the prevention of vertical transmission of Chagas
disease [60–62]. In this framework, the PAHO recommends to offer
trypanocidal drugs to all subjects with chronic T. cruzi infection [49].

8. The global Contact Zone in the digital communication era

The original Contact Zone is a specific space-time point, which we
summarize in the expression: Lassance, 1909. In this circumstance, only
two well-defined groups interact: patients and physicians.

One hundred and twenty years later, the current Contact Zone is
global, i.e. the spatial variant is multidimensional, T. cruzi infection
ceased to be American to spread across the globe. And, the initial dyad,
patient-doctor, has multiplied in these various stakeholders of non-
governmental organizations of patients and physicians, government
agencies (Ministry of Health, etc.), supra-government entities (WHO,
etc.), public and private health care systems, the pharmaceutical in-
dustry, etc.

Furthermore, the dynamics of multiple interactions have multiplied
and accelerated due to the numerous means available in the digital
communication era. Both the media and the flow of information online
and in real time, have revolutionized the way they learn, treat and
reflect on Chagas disease. Currently we don't think about isolated points
of information. In the original Contact Zone, there was only one emitter
(physicians) and a single receiver (patients), and in the original aca-
demic Contact Zone, there was an emitting group (scientists who
“know”) and a receiving group (the practical physicians who “learn”).
Now, we conceive the flow of information in true networks of reciprocal
learning and mutual interaction (Fig. 6).

8.1. Open-access publications and dissemination of information

There was a time were researchers spent long hours in libraries
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pouring through bulks of academic journals and reports. Those pub-
lications have been the basis of our citations. At the end of the 21st
century, with the emergence and growth of the internet, researchers
began to shift their preference to online databases. These catalogues
were paid subscriptions or Open-access modality where end-users can
access and download materials free-of-charge (generally through public
funding, private funding, donations, or university funding). The whole
idea behind Open-access is to democratize information. There are pros
and cons in this new modality, but it has permitted the Chagas disease's
knowledge to be spread to the rest of the world.

One example is PLOS, where in the last 10 years, it has published an
elevated percentage of Chagas related articles (in this review
[33,61,76,87,88,108,113,117,119,121]).

8.2. The impact of patient and medical organizations

Since information is diffused faster, physicians now know the ex-
istence of Chagas' disease and it's many narratives. Those patients are
no longer “invisible”, and doctors are now accessing more information,
and are aware of the characteristics of identification, diagnosis, treat-
ment and epidemiology of the disease.

Initially, each Latin American country had non-governmental or-
ganization (NGO) for educational or financial fund-seeking purposes to
help patients. As an example, in Argentina, we mention ALCHA
(Asociación Lucha contra el Mal de Chagas). Subsequently, true mixed
networks have emerged, including Mundo Sano and Médecins sans
frontières, and the NGOs that promote and investigate various diseases,
and some specific ones, like NHePaCha (Nuevas Herramientas para la
Enfermedad de Chagas).

8.3. Chagas disease in popular culture

The early history of the spread of this disease, especially the “re-
discovery” of Mazza, in the Northern provinces of Argentina, was
documented in the film “Casas de fuego”, a quite reliable production
with historical facts and with wide broadcasting to the general public,
which constitutes the current and global Contact Zone.

And, since this work is a tribute to Rodolfo Viotti, we cannot fail to
comment on a mention that our remembered “Lolo”, Rodolfo said “if
Chagas disease had reached the television series, Dr House (Season 4,
episode 13), all physicians (Latin Americans, Northern “gringos“,
European, Asian, etc.) should be able to diagnose and treat trypano-
somiasis, because there are no longer national or continental borders
that stop their spread.”

8.4. The indifference of the pharmaceutical industry

Another component of the Chagas disease continuum is the phar-
maceutical industry. In short, we still only have two drugs to treat this
pathology. It is remarkable that infectious diseases that appear later,

such as HIV, have dozens of drugs for their control and cure.
Large pharmaceutical companies won't see any profit in developing

orphan drugs for neglected diseases where production costs and mas-
sive market distribution are problematic for them. Decades have passed
and we still use the same remedies for Chagas disease. Millions of pa-
tients are still waiting for a definitive cure and physicians are still
discussing the effectiveness of present medications [114]. We have no
doubt that if an expensive biological drug was available, the pharma-
ceutical industry would put formidable pressure to convince the med-
ical community to treat all patients at all periods of the disease, through
multiple actions of influence in patient organizations and in payers-
financing, whether public or private. In the meantime we are still
waiting.

8.5. Modern obstacles in healthcare systems

Modern healthcare requires massive investment of capital, which
poses a problem for nonprofit institutions. Because of this, medical-
industrial complexes are the new modality [115]. These are vast net-
works of investor-owned businesses supplying healthcare for profit. The
system, in theory, is better than the nonprofit counterpart, where the
free market should operate to improve the quality and efficiency of
health-related management, whereas competition should respond by
offering better and more varied products and services, at lower costs.
But medical-industrial complexes create problems that influence the
health policy of a country's overuse of health-care, fragmentation of
services, super-specialization of disease, overemphasis on technology
and “cream-skimming” practice (choosing patients for characteristic(s)
other than their need for care, enhancing the profitability of the pro-
vider) [116].

Because patients with Chagas disease generally come from low
socio-economic strata, it is apparent why there are so few hospital
services dedicated to the care and monitoring of these patients in a
comprehensive way.

8.6. The World Health Organization (WHO) and the London declaration

The WHO classified Chagas as a Neglected Tropical Disease, a group
of infections in underdeveloped regions typical in tropical and sub-
tropical conditions [117].

Based on the history of Chagas disease, the triatome vector has been
able to adapt to new environments and new hosts, further spreading the
disease worldwide. Human economic activities changed the sur-
rounding ecosystem, in which deforestation, mining, lumbering, and
urbanization are all connected to this increasing dissemination of
Chagas disease [118].

Generally, populations with this disease live in poverty, without
basic sanitation and in close contact to vectors or infected hosts. And as
time goes by, Chagas disease is no longer confined to Latin America,
spreading worldwide, affecting between six and eight million people

Fig. 6. Summary of the history of Chagas disease
from the perspective of Contact Zone. (Modified
from Viotti-Vigliano “Enfermedad de Chagas”,
Editorial Médica Panamericana, 2015. Reproduced
with authorization from Editorial Médica
Panamericana - Prohibited any use without the ex-
press consent of Editorial Médica Panamericana).
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(with 65 million at risk) [49], and with easy flights available in every
big city, the endemic population can go from their countries, to others
where the disease is not widely known. (I.e. a major reason why the
United States and Europe are getting Chagas disease diagnosis more
than ever).

8.7. Goals of Chagas disease control

Chagas disease has an impact in upper-middle income countries,
including the United States, with> 300.000 cases, and Europe, esti-
mated to have between 68.000 and 122.000 cases. Underreporting is a
significant part of a problem [118,119].

Finally, but not least, on the centenary of the disease in 2009, a
roadmap was proposed to try to facilitate the dispersed efforts and thus
direct the different initiatives in the global contact area [120,121].

Goals to better control are summarized in the following points.

8.7.1. Evaluate the extension of Chagas disease in the Americas
We still don't know the full extension of the disease. We need to

develop diagnostic tests that are dependable, inexpensive and can be
used for screening in all patient groups. PCR as a diagnostic tool in
Chagas is debated, as it is expensive and extremely sensitive, with the
possibility to give false positives (DNA without infection with live
parasite has been observed during congenital infection in mouse
models), complicating interpretation of results and management. New
biological markers for identification of disease progression or cure are
also desirable to know the patient's whole picture [109].

8.7.2. Decrease in transmission
Current controls of Chagas disease are mainly on vector control

through indoor spraying of pyrenthoids and housing improvement.
Vector control is still the main preventive intervention against the
disease in endemic countries. As oral, congenital, transfusion and
transplant are part of the transmission risk, control programs and
screening should be developed with their independent assessment of
efficacy [53].

8.7.3. Increase access to treatment
Treatment options are also challenging because of the limited effi-

cacy and side effects of two available drugs for chronic chagasic car-
diomyopathy and digestive forms of the disease. Priority should be
focused on clinical trials of new drug candidates, strategies and policies
for access to treatment, and strengthening of vaccine development. The
last improvement we have, is the Benznidazole's pediatric formulation,
making drug administration to children easier. New medications are
progressing slowly, and there are few candidates. However, medica-
tions like Posaconazole failed to provide sustained reduction in circu-
lating parasites in clinical trials, and other triazoles are not superior to
benznidazole.

The prevalence of Chagas disease is expected to decrease progres-
sively over the next 3 decades, including a reduction in both incidence
and mortality. Morbidity has also been decreasing due to improved
medical care and the specific treatment in chronic individuals. At this
point, the next step is the tremendous challenge of using a universal,
specific treatment to manage the illness of the millions of individuals
with Chagas disease [122].

8.7.4. Interest in the development of a vaccine
As it may lead to an additional instrument for Chagas disease con-

trol [121].

8.7.5. Creating a monitoring database
The development of documented, accessible, accurate, and su-

pervised database for diagnosis, vector control and treatment program
would help enormously the health care team of each country.

8.7.6. Continuous education in all countries
Workshops, lectures, and courses are part of a physician continuous

education program where the main objectives are to achieve better
patient-care and update new medical resources.

There are still several challenges to be addressed to reach the goals
of the London declaration on Neglected Tropical Disease, which aims to
eliminate this disease (among others) as a public health concern [117].
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