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ABSTRACT
Chagas is the most important endemic disease in Latin America. It was
progressively constructed as a relevant public issue, starting as a medical
problem, focusing later on housing conditions, poverty, or vector agents. In
recent decades, research has mainly focused on the parasite’s biological
characterization. In the meanwhile, both Chagas disease and knowledge
about it spread out geographically. We analyze the worldwide scientific
production on Chagas, showing that countries’ research strategies depend
on two main factors: endemicity and research traditions. This approach
complements previous studies, allowing us to better understand the con-
struction of Chagas disease as a social and scientific problem.
�RÉSUMÉ
Chagas es la enfermedad endémica más importante de América Latina. Se
construyó progresivamente como una cuestión pública relevante, comen-
zando como un problema médico, centrándose después en las condiciones
de vivienda, la pobreza o los agentes vectores. En las últimas décadas, la
investigación se ha centrado principalmente en la caracterización biológica
del parásito. Mientras, tanto la enfermedad de Chagas como el conocimiento
sobre ella se han extendido geográficamente. Analizamos aquí la producción
científica mundial sobre Chagas, mostrando que las estrategias de
investigación de los países dependen de dos factores principales: la ende-
micidad y las tradiciones de investigación. Este enfoque complementa los
estudios anteriores, permitiéndonos comprender mejor la construcción de la
enfermedad de Chagas como problema social y científico.
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Chagas is the most important endemic disease in Latin America, where over five million people are
infected (Pérez-Molina and Molina 2018). Historically, it mainly affected a well-defined population:
poor rural people. It was progressively constructed as a relevant public issue after Carlos Chagas
identified a parasite in Brazil in 1908 that he named "Trypanosoma cruzi,” in tribute to Oswaldo Cruz,
founder of Brazilian modern microbiology (Kropf 2009). A short time later it was established that this
parasite was the cause of a previously unknown disease, baptized with the name of his "discoverer.”

However, the conception of Chagas disease as a public problem has changed throughout the 20th

century. It started as a medical problem that mainly affected rural populations, to focus later on other
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issues, such as housing conditions, poverty, the social inequalities of Latin American societies, or the
consideration of the vector agents of the disease (mainly Triatoma infestans). Recent approaches have
emphasized the nature of the parasite and consequently the development of scientific knowledge about
it, which became the basis for public interventions to fight the disease.

Social problems arise as processes of collective definition and thematization (Becker 1963; Blumer
1971; Conrad and Schneider 1980; Spector and Kitsuse 1977). However, very often scientific knowl-
edge plays an important role to shape a given problem in a public arena; in this cases, scientific and
public problems are co-constructed (Gusfield 1981; Hilgartner and Bosk 1988). Therefore, when
a scientific problem transcends the boundaries of the academy and is translated in a public arena
(and negotiated by several actors) into a public problem, we find a paradoxical situation: the scientific
basis marks not only the origin of a public problem, but also the limits and the way it must be
approached and, eventually, solved. This enables research, regulations, and institutions oriented to its
resolution to emerge. A triumphalist rhetoric is usually installed, taking advantage of the existing
social demand, where every initiative promises to solve the problem (or at least part of it). This hides
the long and complicated process of transforming academic knowledge into useful artifacts. Indeed,
this "knowledge transfer” is a traditional bottleneck in semi-peripheral contexts. In Latin America this
key obstacle has been clearly identified from the 1960s on (Sábato and Botana 1970) and some authors
characterized it as the AKNA obstacle: Applicable Knowledge Not Applied (Kreimer and Thomas
2006). However, very often the knowledge produced is not used locally but in a developed country.
This has been perceived as "blind technology transfer” (Codner et al. 2012) or ‘cognitive expropria-
tion” (Kreimer and Zukerfeld 2014).

Therefore, we consider Chagas disease as a social, scientific, and a public problem. In fact, for long
decades, it has been labeled as a "tropical disease” in reference to its geographical distribution,
a "neglected disease” meaning the lack of interest in its resolution through pharmacological initiatives,
weak government policies and stigmatization as a "disease of poor rural people.” However, although in
a good part of the discourses these representations are still very present (WHO 2020), Chagas disease
does not fit well today inside those categories, since (i) its geographic scope has extended to other
"non-tropical” regions, (ii) various enterprises mainly associated with nonprofit organizations or
government initiatives are developing drugs, diagnosis kits, and other initiatives to fight it, which
makes this disease relatively less "neglected” than it was in the past, and (iii) in many countries, the
affected population, although still poor, is no longer mostly located in rural areas.

Qualitative approaches from the sociology and history of medicine (Kropf 2009; Zabala 2010) have
characterized the development of Chagas disease, and the knowledge produced, in several periods,
particularly in Argentina and Brazil. In the early twentieth century, knowledge production was focused
on clinical research, with a strong microbiological basis. Progress was made on the systematization of
the disease, its symptoms and on its definition as a relevant health issue. During the second period –
between 1940 and 1960 – several public interventions strategies such as "house improvements,” or
pesticides were designed. In the late 1970s, biochemistry and immunology, and later molecular
biology, provided new knowledge and redefined the disease, securing its inclusion in internationally
academic circles (Kreimer 2015). In Latin American countries, public health policies focused on vector
control, but these strategies lost relative weight, while the production of knowledge from molecular
biology increased, particularly from the 1980s onwards.

The abovementioned historical and sociological studies have proposed explanations to account
for the lack of connection between the production of knowledge on Chagas disease and the social
and economic use of such knowledge for prevention and treatments. In particular, it was noted that
large pharmaceutical laboratories lacked interest because the people affected by Chagas disease are
from particularly poor rural areas. It has also been suggested that T. cruzi is an attractive research
model for international science (Kreimer 2015, 2019) because it shares features with other
Trypanosomatidae that cause other diseases, such as sleeping sickness caused by T. brucei in
Africa (Kennedy 2013), and Leishmaniasis (Aslett et al. 2009) in Africa, America and Europe
(Suárez et al. 2012).
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Until now, most existing literature has analyzed Chagas disease as a "Latin American” disease and
has therefore considered only the knowledge produced in this region. However, research has also been
carried out in other countries, due to the interest of several worldwide scientific groups, or, probably
more important, because of the spread of Chagas beyond Latin American countries. Indeed, Chagas
has gone from being "a Latin American health problem to [. . .] a world health problem” (Schmunis
and Yadon 2010: 1). Bern et al. (2019) identified 11 species, other than Triatoma infestans, the vector
insect of the disease, in the southern states of the US where at least 300,000 people are estimated to be
infected. According to Strasen et al. (2014) there are Chagas infected people in most European Union
countries, through transmission by various routes (blood transfusion, mother to child).
Unsurprisingly, a higher incidence is found in Spain, Italy, and Portugal where Latin American
migrants concentrate, but there are also a growing number of cases in Switzerland, Sweden, and the
Netherlands.

We propose in this article to identify the historical evolution of the production of knowledge on
Chagas disease. We stress the diversity of studies, in the crossroads of epistemic objects and scientific
specialties. The objects range from the parasite (T. cruzi) up to the population of vectors, passing
through the clinical manifestations, research on treatments and drugs, as well as epidemiological
studies.

The theoretical assumption of our work is that in every form of construction of a public problem, in
particular health problems (Epstein 1996) there is one or more underlying knowledge, which at the
same time proposes the basis on which the problem is formulated, the way actors are involved, and the
forms of public intervention (Gusfield 1981; Kreimer 2019).

The study of this vast production of scientific knowledge about Chagas has been partially addressed,
particularly focusing on characterizing historical stages of this disease and the knowledge produced
during each period. Thus, we identified various stages of research on Chagas in Argentina (Kreimer
and Zabala 2007), as well as the relationship between the production and use of knowledge, taking
Chagas as a sociological model for the study of such processes in semi-peripheral contexts (Kreimer
2019). Kropf (2009) has published a complete history of scientific and medical research on Chagas in
Brazil, while Zabala (2010) carried out an analogous work in Argentina.

Methodology

Unlike existing qualitative studies of this disease (Briceño-León 1990; Kropf 2009; Zabala 2010), or
a scientometric study focused on Chagas cardiomyopathy (González-Alcaide et al. 2018), we
consider the total production of knowledge on Chagas registered in the Web of Science (WoS). In
this way, we will identify epistemic communities and observe the thematic and geographical
distribution of knowledge production and the degree of intensity of each of the issues that are
part of the global agenda.

But to understand Chagas as a social, scientific, and public problem not only disciplines or
specialties are relevant. There are also technical conditions (e.g. DNA sequencing), the positions of
disciplines in a specific field at a historical moment (e.g. genetics in molecular biology at the end of the
twentieth century), social and political issues (e.g. migrations), health issues (the relationship between
Chagas and pregnancy), among others. This is why we complemented our study with an historical and
sociological analysis using interviews as sources that could lead us to understand how research on
Chagas disease has evolved and spread around the world in this multi-level framework.

Article selection

We used the following search strategy to obtain articles’ metadata from WoS: "TS = Benzinidazol or
TS = Benznidazol or TS = Nifurtimox OR TS = Cruzi* OR TS = chagas OR TS = tripanosoma cruzi OR
TS = trypanosoma cruzi OR TS = t. Cruzi.” It was executed on April 01, 2019 and it brought up 24,178
articles published from 1921 through April 01, 2019.
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Clustering, interpretation, and labeling

Documents were processed using the bibliographic coupling approach (Kessler 1963) which groups
articles according to the similarity of their references. The hypothesis underlying this technique is that
texts sharing more references are closer in epistemic space. We used the software "BiblioTools”
(Grauwin and Jensen 2011) to create clusters linking articles that share three or more references.
Note that clustering by shared references filters out irrelevant records brought up by the search
strategy, as these are not connected (through common references) to the records that represent the
core of our query. We end up with 19,403 articles distributed among 14 clusters (containing one
hundred or more documents), each article belonging to a single cluster.

To understand the scientific meaning of the clusters, we extracted the metadata associated with
each article: authors, institutions, countries, keywords, thematic fields, journals of publication, refer-
ences, referenced journals and words present in titles. Detailed information about clusters is available
online (http://rid.unrn.edu.ar/handle/20.500.12049/7238)

To summarize the information and label the clusters, we used the highest frequencies of appearance
and σ values. A short example can help understand this point: The 4th cluster "VecTRO” has, among
its top 10 keywords, the words "Reduviidae,” "Transmission,” "Hemiptera,” and "Vector(s),” all
referring to the vector (insect) of the disease. In addition, "Reduviidae” (the second keyword by
percentage) has a σ of 47.83 while "Tripanosoma Cruzi” has a σ of −10.85. This means that Reduviidae
is the most specific (and relevant) keyword, confirming that articles in the cluster deal with the vectors
rather than with the parasite or other organisms involved in the disease. For all clusters, we
supplemented this information by reading in full the most relevant referenced articles.

Interviews with specialists

We held three rounds of meetings with six specialists in core disciplines in Chagas disease research. In
addition, we interviewed specialists in different areas of Chagas research, who provided their inter-
pretations of the clusters. We interviewed a social scientist specialized in neglected diseases;
a biotechnologist specialized in molecular biology and protein description; a biologist specialized in
DNA sequencing; a biologist specialized in parasitology and a pharmacologist specialized in drug
search research. At each meeting we conducted a brief general interview to set up the subject and
create confidence regarding the level of information that we were managing (a critical point, since
many senior researchers mistrust anyone outside their field of expertise). Then we showed the data,
along with a brief explanation of the methodology. We asked the specialists to provide their own
interpretations of the clusters, without giving them any previous interpretation to avoid influencing
them. Once they had provided their interpretations, we compared them to the previous interpreta-
tions, in a process that gave rise to interesting exchanges and greatly enhanced this study. Finally, we
sent all specialists the final versions of the interpretations to prevent any involuntary errors or any
additional content from slipping into the clusters. Once a given cluster had been interpreted, we
defined a "label” to describe it. Labels usually consisted of joining a relevant keyword and the most
representative discipline in the cluster.

Characterization of countries

We calculated the proportion of articles per country in each cluster, to provide a measure of the
relative effort made by each country in a subfield, following the method presented in detail in Levin
et al. (2016). Note that articles are attributed to a country regardless of the number of authors
belonging to one of its institutions, i.e. an article authored by five researchers in Switzerland, one in
Italy, and two in the US is attributed equally to the three countries. Normalization according to
relevant "worldwide effort” provides the RCA Index (Balassa 1965). Finally, we applied Principal
Component Analysis (PCA) using the FactoMineR package (Le et al. 2008) to find the most significant
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correlations between countries’ efforts. To interpret the PCA results, we added variables for socio-
economic, scientific, and epidemiological characterization of the countries, such as GDP, scientific
growth rate, presence of autochtonous Chagas disease or participation in large international projects
for Chagas research. These additional variables are not used to compute the principal axes, but they
help to understand the data.

Dynamics

Finally, we analyzed the data over time, considering time "windows” and observing the associations
among them. This provided a picture of what happened with the research topics over time.

General data about research on Chagas disease in the world

A general analysis of the distribution of research on Chagas worldwide (measured in number of WoS
articles) shows that out of the top ten countries (over 500 articles), six of them are from the Americas
(US, Brazil, Argentina, Venezuela, Mexico, and Chile), where the disease exists naturally, while the
other four are European countries, three of which have a robust biomedical and pharmaceutical
tradition (UK, France, Germany) (Table 1).

With the exception of Venezuela, the five Latin American countries correspond to those with
greater scientific development in general, measured in terms of production, number of researchers,
and sponsors in international scientific cooperation (Kreimer and Levin 2013).1 They are also
countries with high percentages of infected populations (0.6% to 3.64%) (Buscaglia, Kissinger and
Aguero 2015).2

The apparently high participation of the US and European countries raises new questions. What
variables explain the presence of non-Chagas-endemic countries? What are the historical dynamics of
participation of non-Chagas-endemic countries?

Predominant themes in Chagas research

The bibliographic coupling approach (Kessler 1963) reveals 14 main Chagas clusters. Since the
timespan analyzed is long, the references in some clusters may correspond to very different periods.
Table 2 provides general information on all clusters and includes average year of publication for the
articles in each cluster (AYP).

These clusters allow us to describe the main sub-fields into which Chagas research has been divided.
Following Cambrosio and Keating (1983), we consider each subfield to be made up of multiple

Table 1. General data on Chagas’ knowledge production.

Articles People

Country

Total articles on
WoS for the study

period

Number of Chagas
articles on WoS for the

study period

Contribution to
world research on

Chagas (%)

Total Chagas
production/
country (%)

Endemic
Chagas

1 Brazil 834,082 8,080 33.4 0.97 Yes
2 USA 16,098,877 5,643 23.3 0.04 No
3 Argentina 228,846 3,108 12.9 1.36 Yes
4 United Kingdom 4,388,252 1,532 6.3 0.03 No
5 France 2,558,866 1,265 5.2 0.05 No
6 Spain 1,344,261 1,362 5.6 0.10 No
7 Venezuela 42,831 758 3.1 1.77 Yes
8 México 293,386 825 3.4 0.28 Yes
9 Germany 3,004,281 758 3.1 0.03 No
10 Chile 147,417 613 2.5 0.42 Yes
�
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disciplines that fight within the field to impose their vision, and the disciplinary stake. This description
of science structure differs noticeably from the information drawn directly from WoS categories
(Levin et al. 2016).3 This shows that WoS broad subject categories are inadequate for interpreting our
results because their construction reflects a more disciplinary structure while our clusters shows us
which disciplinary part of the cluster prevails and allow us to build more accurate labels.

We also studied the diachronic dynamics of these clusters. Figure 1 shows the development of the
clusters as they unfold over time from the 1970s to the present.

The cluster with the largest number of articles (CardioCAR, 3008 art. [15.5%]) corresponds to
clinical trials and drugs in the chronic phase of the disease, principally regarding its cardiac effects
(Subject "Cardiac & Cardiovascular Systems”: 14.86%, σ = 26.4; Keyword "Cardiomyopathy”: 8.64%,
σ = 26.4).

As one of the interviewed biologists pointed out:

There is a common thing here . . . from my point of view, from the discipline, obviously, why not, because . . . it
starts from the same problem that is "chronic Chagas disease,” with "heart disease,” with "cardiomyopathy,”
which is the big question of how to solve this issue and if the treatment, let’s say, makes sense to be given to people
who have chronic disease with cardiac symptoms, because what was shown in some works with some of these
"trials” is that . . . uh . . . even though you treat them, if they have already entered the heart problem, no . . . it stops,
it does not reverse, as the disease continues to evolve. And that’s one of the big questions they asked themselves,
what is the endpoint, what is the . . . what are you going to measure as success in a clinical trial of treatment.
(Biologist 1, 2019)

This research was performed mainly in Brazil, Argentina, and Spain, with AYP = 2012. Two reasons
account for the large total number of articles and recent increase in this cluster. Firstly, in the late
1980s there was a change in paradigm regarding the chronic phase of the disease, because it was
formerly believed that once a patient was infected, disease progression was related to autoimmune
aspects. However, the use of more advanced PCR techniques such as qPCR (Marti et al. 2008;
Schijman et al. 2011), showed that the parasite was still present in the human body long after the
original infection. This changed the way in which intervention on the disease was sought, because
antiparasitic strategies became relevant in the chronic phase and changed the dynamic of the cluster in
the 1990s. Secondly, new techniques enabled more effective diagnosis, and in conjunction with the
migratory processes of Latin American parasite carrier populations to Europe and the US in recent
decades, these techniques drove research on diagnosis and promoted the publication of studies on
chronic treatment of Chagas in other countries like Spain or Switzerland. Some of the interviewed
specialists pointed us in this direction:

[on cluster dynamics] . . . because of the paradigm shift that occurred with respect to how it is done, what is the
theory of what the pathological process is, let’s say. At one time it was thought, until the eighties, that it was an

Table 2. Principal topic clusters.

ID Number of articles % Label Topic AYP

8 3,008 15.5 CardioCAR Clinical and drug studies in chronic phase. 2011
4 2,855 14.7 IFN-IMM Studies of in vitro and in vivo infections of T. cruzi and immune responses. 2006
3 2,110 10.9 AbodyPAR Functional description of parasite surface. 1986
5 2,012 10.4 VectorTRO Entomology and population studies of several vectors. 2007
1 1,695 8.7 DrugsBIOCHEM Drug Search. Nitrofurans. Biochemistry. 2005
7 1,658 8.5 GenBMOL Genomics of T. cruzi. 2007
10 1,299 6.7 TryStrainPAR Studies onT. cruzi molecular variability. 2005
6 1,244 6.4 TrypBMOL Biomolecular description of T. cruzi and life cycle. 2004
12 1,004 5.2 KetoBIOCHEM Studies in vivo and in vitro of T. cruzi inhibitors. 2007
2 835 4.3 ProtBMOL Protein structure and expression. Search for targets for treatments. 2004
9 772 4.0 BloodHEM Studies on T. cruzi in blood and transfusion problems. 2002
11 500 2.6 VectPAR Studies of host and vector and dynamics of the parasite between them. 2008
15 227 1.2 DigeGASTRO Achalasia caused by T. cruzi. 1999
14 184 0.9 PlantPHA Search for natural product with antiparasitic activity. 2010
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Figure 1. Dynamics over time of the main clusters.
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autoimmune issue. That the parasite entered, did something that stayed there sleeping, let’s say, and then an
autoimmune process was the one that generated . . . because the parasite was never found [. . .] Then it was
discovered with more sensitive techniques such as PCR [. . .] presence of DNA of the parasite in the heart, in the
target organs, in the blood, like . . . the parasite always has to be persistent in the individual to cause the disease,
that is, it is not only autoimmune, but it is an infectious disease. (Biologist 2, 2019)

The 2nd largest cluster (IFN-IMM, 2855 art. [14.7%]) contains in vitro studies on the T. cruzi immune
response. The countries most involved in this research are Brazil and the US, with AYP 2006. These
in vitro immunological studies seek to describe the disease mechanism at biochemical level. This
research line was very important during the past decade, but seems to be in a stable phase as these
immunological techniques are no longer a scientific novelty. Biologist 1 saw immediately this when he
saw the metadata:

it seems to be a lot of immunological information here. In vitro too . . . with several authors that are no longer in
the top of the knowledge production . . . (Biologist 1, 2019)

The 3rd largest cluster (AbodyPAR, 2110 arts. [10.9%]) is the oldest cluster (AYP = 1986). It addresses
the functional description and structure of T. cruzi, mainly surface glycoproteins involved in recog-
nizing and infecting hosts. This topic was important in the identification of targets for pharmacolo-
gical intervention. These studies were conducted mainly in Brazil, Argentina and the US. The
dynamics of this cluster is unique: it started from the very beginning of research on Chagas disease,
with major growth in the 1980s – associated with the rise in the development of T. cruzi molecular
biology – and a peak in the early 90s. After that, however, knowledge production fell off abruptly as
most of the information about the parasite at functional level was by then available.

The 4th cluster is VecTRO (2012 arts. [10.4%]), with AYP 2007. It groups entomological studies on
populations of the vectors (insects), in particular Triatoma infestans. These are studies from Brazil,
Argentina and also Mexico, which appears for the first time, with more than 10% of the articles in one
cluster. These studies focus on surveillance of the insect vector (Triatoma infestans), description of
diversity and evolution of insects and the effect of insecticides used to control them. It is a very old
cluster, dating back to the very origin of Chagas research, but which has been growing steadily.
Increasing interest is explained by (a) the inception and widespread use of satellite methods for
studying insect populations, which generated new, more precise knowledge and renewed interest in
the subject (Ceccarelli et al. 2015; Gorla 2002; Hay et al. 2006), and (b) the increase in vector
distribution as a result of climate change (Cerda et al. 2008), which makes it relevant to study new
regions. The dynamics of this line of work is explained by the increasing importance assigned to
Chagas disease in the US as a result of migrations both of people (Kjos et al. 2008; Sarkar et al. 2010)
and insects as a result of climate change (Sarkar et al. 2010; Waleckx et al. 2014). Both facts are
reflected in this cluster by the high participation of the US as well as the presence of Mexico, unusually
represented in this line. In this regard, the CDC reports that since 2008, there has been increasing
interest in US states regarding epidemiologic surveillance of the disease. In 2008, only two US States
were addressing the issue: Arizona, because of its proximity to Mexico, and Massachusetts, due to
Latino immigration. At present, systematic studies are being conducted in more than eight States
(Bennett et al. 2018).

The 5th cluster (DrugsBIOCHEM, 1695 arts [8.7%]) groups texts about basic research in search of
drugs (pharmacology) with antiparasitic effects using biological/chemical approaches (in contrast with
molecular and biochemical approaches). These articles were published mainly in Brazil, the US, UK,
Argentina, Uruguay, and also Spain and Chile. One of the pharmacologists we interviewed gave us key
information to understand this cluster:

With Spain, having done the PhD there, on issues that had nothing to do with, we maintained a relationship with
our group of origin and in turn, we went to other groups more related with calculus and others, in turn, with
postdoctoral activities in Madrid - we did the doctorate in Pamplona, then Madrid, Pamplona itself another
different group, there were three groups with which direct contact was established, then the concept of
Trypanosoma cruzi or Chagas was incorporated into those groups. Now those groups work on Chagas because
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of us. It was very well seen to engage in a neglected third world disease. In addition, many proposals arise from
Glaxo, GSK, which propose platforms - or the DNDi itself - to find new drugs, it was an important new economic
vein. When you work on that -development of new drugs- it is the same to work on cancer or on T. cruzi.

With the group from Chile, one of them appears down there, there is the Malla group and the Morelho group, it
was one of the Chilean academics we worked with. We did a whole series of EPR studies, Nuclear Magnetic
Resonance . . . [. . .] and then we had models in the amastigosta form. It had more collaboration with Chile than
with Argentina. (Pharmacologist, 2020)

Many of these studies are associated with clinical trials propelled by the (Drugs for Neglected Diseases
Initiative) DNDi, in which Spain, in recent years, plays a major part based on studies at hospitals in
Barcelona and Madrid (Munoz et al. 2009). Here we could find also articles focusing on the
surveillance of Chagas prevalence in non-endemic countries (Requena-Méndez et al. 2015). The
increase in Latin American immigration, particularly Bolivian immigrants to Spain – among whom
the prevalence of Chagas disease has been reported to be higher than 18% (Requena-Méndez et al.
2015) – explains the recent high level of interest in the subject in Spain and other non-Chagas-endemic
countries in clinical studies and drug development (Gascon et al. 2010).

The 6th cluster (GenBMOL, 1658 arts. [8.5%]) consists of articles on the genomic description and
molecular biology of trypanosomatids. This line of study gathers articles from the 80s and early 90s
that gave rise to the T. cruzi genome projects (Zingales et al. 1997) and other tripanosomatidae
parasites, like T. brucei and T. leishmania. Its growth from the year 2000 is explained by the fact that
this was the time when the most important genome results were achieved. With the inception of
bioinformatics, this line became even more important, and is still active today (Ferpozzi and Levin
2014).

The 7th cluster (TryStrainPAR, 1299 arts. [6.7%]) consists of studies on parasite diversity at
a molecular level and the underlying epidemiology. They depend mainly on the inception of PCR
techniques and their successive improvements, which have maintained interest and broadened their
usefulness. We have mentioned above how the inception of qPCR enabled more precise diagnoses
(Abras et al. 2018), modifying important conceptions regarding the chronic phase of the disease.
Notwithstanding, the dynamics are similar to those for line 4, because even though the techniques are
valuable, they are not a novelty and no great progress is expected from them alone.

The 8th cluster (TrypBMOL, 1244 arts. [6.4%]) consists of articles on cell invasion mechanisms by
which the parasite infects mammal cells. These are peripheral studies with relation to Chagas, but
contribute somewhat useful information for understanding the context of the disease and providing
better guidance for treatments.

The 9th cluster (KetoBIOCHEM, 1004 arts, APY = 2007) is about in-vitro studies of several
inhibitors and other intracellular conditions of growth and expression of T. Cruzi, like
Ketoconazole, an antimicotic drug studied for Chagas and Leishmaniasis (caused by T. leishmania).

The 10th cluster (ProtBMOL, 835 arts. [4.3%]) is highly specific, addressing chemotherapies and
biological chemistry in the study and evaluation of mechanisms and drugs for the treatment of Chagas
disease in the laboratory. It addresses parasite evasion mechanisms.

There are four additional clusters. They include hematological and transfusion studies (BloodHEM,
772 arts.); studies on the dynamics of the parasite between host and vector (VectPAR, 500 arts.);
digestive diseases (Achalasia) associated with Chagas (DigeGASTRO, 227 arts) and a very small and
recent cluster (PlantPHA, 184 arts., AYP = 2010) focusing on the search for natural products with
antiparasitic activity, in which the only Chagas-endemic participating country is Brazil.

Understanding the complexity of Chagas research

One important aspect of this scientometric analysis is to reveal, through the diversity of the 14 clusters,
the complexity of "Chagas disease” as a research object. The 14 topics involve a broader spectrum,
longer time scale and participation of more countries than had been described to date in the
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aforementioned qualitative studies. For example, some disciplines – such as pharmaceutical research –
are found to have a degree of development which had not previously been noted, as well as develop-
ment in contexts that had not been taken into account, such as the US or Switzerland.

With our analysis we can see how disciplines (e.g. Parasitology), fields (e.g. Triatominae studies) and
sub-fields (e.g.Molecular Biology ofT. cruzi) are related in order to build Chagas as a broader problem. The
research on Chagas disease has evolved from four broad topics (Figure 2): a) parasites, evolving from the
oldest studies on antibodies and proteins toward a diversification in current studies on parasite molecular
biology, metabolism, proteins, and genome; b) the search for drugs, both natural and synthetic; c) human
hosts (patients), evolving toward the study of associated cardiac diseases (cardiomyopathies), immunolo-
gical studies and studies on diagnosis in humans, and d) vectors, consolidated in a research line well-
distinguished from the rest andwith few links to other research lines. The 14 clusters derive from these four
major ways to look at the problem. Surprisingly, the recent literature (Bern et al. 2019) points out that the
main achievements in Chagas disease control were through vector control programs, but our study
indicates that the knowledge production in this area is less intense. The temporal evolution of clusters

Figure 2. Topics, number of articles and clusters in Chagas disease research.
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reveals the relative interest of the research community. Thus, while the study of the vector has remained
consistently organized in two clusters (but only one, VecTRO, represents 80% of this topic, the study of
patients is represented by three clusters with a huge prevalence of CardioCAR (75%), pointing out the
clinical character of this topic). The study of drugs is tackled in four clusters: the two biggest clusters are
related to very basic and classic research (IFN-IMM and DrugsBIOCHEM), while the two smallest to
seeking new drugs and studies of current treatments. Finally, the parasite itself has been the focus of the
greatest interest, with five clusters and themajor number of articles, in line with the previous interpretation
in which Trypanosoma cruzi is interesting because it shares features with other parasites and is used as
a "model organism.”

International distribution of Chagas research

Our study also allows us to investigate in detail the relative contribution of different countries. Three
countries are world leaders, as they are present in nearly all the clusters: Brazil, the US, and Argentina.
Spain, France, and the UK are very important too, though they focus on fewer topics. To better understand
the international distribution of Chagas research, we carried out a PCA analysis on the RCA Indexes. The
two main dimensions explain respectively 36% and 17% of the data variability (Figure 3).

Interpretation of the axis points out that the first axis contrasts countries conducting biomedical
research with biomolecular orientations in the laboratory (clusters GenBMOL, ProtBMOL,
TrypBMOL) with Chagas-endemic countries where research focuses on more pressing issues,
such as cardiology, epidemiological and diagnostic studies, field research, and patients
(CardioCAR, BloodHEM), as well as entomological studies to describe and ultimately control
the vectors (VecTRO, TryStrainPAR). This contrast can be related to a difference in wealth: rich
countries spending a significant fraction of their wealth on science on the right, poor countries on
the left. Nearly all the subjects on the left side are "applied” and pharma-oriented to natural or
plant-derived products (without much chemical or molecular synthesis, PlantPHA), whereas those
on the right include more basic research and more advanced strategies in the search for drugs at
Immunological level (SuprIMM, IFN-IMM). There are more Chagas-endemic countries (on the
left, Bolivia, Paraguay, Colombia, Peru, Mexico) than non-Chagas-endemic countries (on the right,
EU, Asia). The exceptions are Argentina and Brazil, because they have a relatively higher degree of
development and greater weight in biomedical research. Thus, close to the center we find countries
of intermediate development, with high incidence of the disease, and major development of
research on Chagas, in particular Argentina and Brazil, and to a lesser extent, Venezuela and
Chile.

The second axis reveals the applied aspects of research. Toward the top we find the descriptive
articles (VecPAR, TrystrainPAR) and articles on epidemiological surveillance, whether of patients
(BloodHEM), or insects (VecTRO), while toward the bottom there are clearly clusters about patients’
treatment (CardioCAR, PlantPHA and DrugsBIOCHEM). It is interesting to note that the oldest
clusters are at the top right, where countries with strong traditions of Chagas research (Brazil,
Argentina) together with the more highly developed countries are located (except Spain and
Switzerland). The newer clusters are below, associated with Spain, Switzerland, and Uruguay, coun-
tries that were involved in Chagas research through new demands on knowledge associated with
migrations, both of scientists and infected people.

I’m talking about the year 92, before that, Uruguay had nothing, then it was a group of theoretical chemists [. . .]
then I went to do my PhD to work in [. . .] something else [. . .] I did it in Spain [. . .] and when I came back already
in 94-95, the country had already changed, there was a greater capacity to get into the R&D of new drugs and it
seemed to us that Chagas was a line that had been left unfinished from the point of view of drug development [. . .]
I presented the first project, the CONACyT goalkeeper told me "Isn’t this disease already cured?” No, it was never
relevant. For Uruguay it was not relevant but it was for Latin America. (Pharmacologist, 2020)
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Figure 3. Distribution of countries, clusters and additional variables in the PCA.
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Discussion

We have shown that Chagas as a research problem is arranged into 14 subfields. There has been
overall growth in Chagas research, led by specific clusters, such as CardioCAR, DrugsBIOCHEM
or VecTRO. The only exception is AbodyPAR, which declined sharply as from the year 2000, as
explained above. Most of this increase arises from the contribution of research groups located in
countries without vector transmission of Chagas. The participation of these countries occurred
in stages, reflecting different phenomena: the US (where the interest in the increase of vector
transmission is more recent) and Spain have published research since the 1920s in the US and
the 1940s in Spain) as a result of the migration of infected persons and the migration of Latin
American scientists specializing in Chagas research (in particular from Brazil and Argentina).
France, Sweden, the UK, and Germany started knowledge production on Chagas from the
development of the T. cruzi Genome Project in the 1990s (Zingales et al. 1997). More recently,
China, Japan, Switzerland, Korea, Belgium, and Italy have produced articles on Chagas partly
through the DNDi, created in 2003, and among all these countries researchers in the US, Spain,
Switzerland, and Italy have increased their interest in the subject.

With regard to the participation of the different countries, we suggest a typology, with six profiles,
organized into two broad categories: Chagas-endemic and Chagas non-endemic countries. These
profiles are the result of crossing two main variables that arise in the interpretation of the analysis: 1)
endemicity; 2) Chagas research traditions.

(1) Chagas-endemic countries:

(a) Countries where Chagas research traditions are weak, which focus mainly on studying the
vector or the patients (Pharma, Cardio). Such are the cases of Bolivia and Mexico, which focus
mainly on epidemiology and classical parasitology.

(b) Countries with strong Chagas research traditions, which study local conditions of the disease,
the vector, tissues affected by the disease, and the way in which parasites interact with the
organisms at molecular level, both in patients and in the laboratory. Such are the cases of Brazil
and Argentina, whose topics are more "international,” e.g., immunology and cardioimmunol-
ogy (in association with USA and France), and to a lesser extent, modern entomology and
insect control. This is a result of (a) the well-known effect of the internationalization of
agendas, (b) widespread research methods, and (c) hegemonization of paradigms on how to
intervene in health problems and on research in peripheral contexts, which tends to become
autonomous and unrelated to local conditions (Kreimer 2019; Rodriguez-Medina et al. 2019).

(c) Countries with more recent, yet dynamic Chagas research traditions, and where the infection
rate is relatively low, such as Chile and Uruguay. Research in these countries is often associated
with other countries with strong pharmacological industries, such as Switzerland. Research in
those countries is often driven through international initiatives with poor links with endemic
countries. Those countries focused on the search for new drugs, with theoretical approaches
due the absence of samples and patients.

(2) Chagas non-endemic countries.

(a) Countries that have traditionally carried out Chagas research, particularly the US and Spain,
and to a lesser extent, Sweden. The high participation of the US in Chagas research has
a twofold explanation. Firstly, as a result of its strong participation in all fields of research
during the second half of the 20th century. Secondly, the US’s geographic proximity to Mexico,
a Chagas-endemic country, has created greater concern regarding diagnostic and treatment
methods, as shown by clusters one and five, and regarding vector control, due to the expansion
of the vector as a result of climate change (Elith et al. 2006; Lee et al. 2013). The participation of
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Spain (and to a lesser extent, other European countries), particularly from the 2000s on, can
also be explained as a consequence of strong migratory processes from Latin America, which
increased considerably in recent decades. It is estimated that just over one million Latin
Americans live in Europe, and many of them are carriers of the disease (Requena Méndez
2015).

(b) Countries that have joined the research dynamics in strong association with the research on the
T. cruzi genome, and whose interest is not exclusively oriented to Chagas disease, but rather in
understanding genetic/biological mechanisms, such as Sweden, France, Germany, and the UK.

(c) Countries that have more recently started research on these topics, related to the search for
pharmacological interventions, strongly associated with the process of expansion of the disease
toward non-endemic zones (Switzerland, Japan, Belgium) and the consequent increase in the
interest of traditional countries (USA, Spain, Germany).

Particularly striking is the lack of large-scale continuous epidemiological studies, and social studies on
the complexity of vector transmission according to lifestyle, different infection rate per sex (which is
relevant, given that one of the modes of transmission is intraplacental). Also studies on the effects of
migrations on the expansion of the disease and their effects on transmission. This reflects a relatively
lack of interest in social and epidemiological aspects of the disease, which may be equally or more
relevant to tackle Chagas as a social problem (Kreimer and Zabala 2007).

Conclusions

Our characterization of Chagas disease research offers us a conclusion that reinforces the interpretations
suggested in previous qualitative studies and allows a slightly different look at the way public problems
are constructed. The qualitative interpretations noted that an important part of the research on Chagas
was due rather to a dynamic feature of globalized epistemic communities, than to a specific concern for
solving the health problem in affected countries. The high level of interest in the parasite, instead of in
patients, drugs and vectors, seems to reinforce this hypothesis. Indeed, it has been proposed that T. cruzi
operates as a "model organism” (Kreimer 2019), i.e., a species that has been widely studied, usually
because it is easy to maintain and breed in a laboratory setting and has certain experimental advantages
(Ankeny and Leonelli 2012). This promotes research dynamics centered on the object (parasite) rather
than on the broader problem generated by that object (the disease itself).

We also shown how research on vector (the insect) is the topic of less knowledge production in
spite of the fact that its control (the systematic fumigation of homes) has been identified as the most
successful strategy to fight against the disease (Dias and Schofield 1999; Morel 1999).

Almost a century of research has created an ever-larger stock of knowledge – as recorded in our
study – yet not greater development of applied research or innovations that would translate into new
drugs, new treatments, or better prevention. We can say that it was a happy story from the point of
view of scientific research, but a sad story regarding the social issues.

In fact, the former can be confirmed by the new geographical distribution of knowledge: reports of
most developed countries where Chagas disease is a new concern, which pointed out that there is no
need of new or advanced knowledge to control the disease in their territories (Bern et al. 2019).

Qualitative studies in Latin America have suggested that the generation of knowledge with the
supposed aim of addressing social problems, actually aims to develop knowledge that is considered as
"modern” or "close to the frontier” and therefore "negotiable” in an international knowledgemarket. This
hypothesis has been supported by the methodology used in the current study revealing the absence of
clusters clearly oriented to clinical studies, which might be crucial to treat sick people based upon more
robust knowledge. This is the case in the traditional endemic regions, namely, Latin American countries.
All those interpretations were strongly confirmed by our interviews allowing us to triangulate metho-
dologically several assertions like the utility of T. cruzi as a research model, the use of Chagas disease
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research to play in an international arena, the role of migrations in the spread of the disease and
developed countries’ focus in a research strategy that focus on diagnosis rather than on treatments.

Returning to our starting point about the relationship between scientific knowledge and public
problems, we must therefore make an adjustment, insofar as knowledge is no longer only "local” to the
former endemic countries, but has also become globalized. Consequently, the ways of publicly thematizing
the disease also exceed the limits of each country, unlike what happened in most of the 20th century.

Indeed, old categories like "neglected disease,” "disease of poverty,” or "tropical disease” are no
more fitted to the problem. Chagas disease is not (only) a tropical, poor, or neglected disease as we
have clearly shown. In contrast, our study suggests that the confluence of new endemic zones in
developed countries – where housing and sanitation conditions cannot be compared to those in Latin
America – plus applied research more closely related to industrial production, may generate new drugs
or treatments for Chagas disease. This production would leverage the knowledge accumulated in the
various sub-fields and specialties. Since such knowledge was pioneered by the most scientifically active
Latin American countries, it would be paradoxical that these countries should ultimately become
clients of the potential industrial developments located in developed contexts.

Notes

1. The presence of Venezuela may be surprising. However, in a relatively limited number of articles, the existence of
some highly active groups in this field in Venezuela may explain this relative "specialization”.

2. Data on Chagas prevalence and the percentage of transmission types are controversial and unreliable. Uruguay
currently has no vector transmission, while Chile has much lower prevalence than reported, although it does have
frequent Chagas cases. The Pan American Health Organization (PAHO) is in charge of gathering this informa-
tion and its reports include discrepancies. Given that Uruguay and Chile were Chagas-endemic during most of
the period, we shall consider them "Chagas-endemic countries” for analytical purposes.

3. The top 10 WoS subject categories of Chagas articles are: Parasitology; Tropical Medicine; Biochemistry &
Molecular Biology; Immunology; Infectious Diseases; Public, Environmental & Occupational Health;
Microbiology; Pharmacology & Pharmacy; Chemistry, Medicinal; and Cardiology. Entomology is way down the
WoS list in position 18, with less than two percent of the articles, and relegated to a marginal position. In contrast,
VecTRO – a cluster defined by the interest in the parasite-carrying insects – ranks 4th. Moreover, Cardiology only
ranks 10th in WoS, whereas our data found it to be one of the most dominant disciplines.�
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