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Despite successes in reducing transmission, Chagas disease (American trypanosomiasis) remains the greatest economic burden of any parasitic disease in Latin America afflicting mostly the poor and further contributing to poverty. We review a long-term (2001-2022), integrated Ecohealth approach that addresses sustainable development goals to reduce risk of Chagas transmission by the main native vector in Central America, Triatoma dimidiata, s.l. The basis of the Ecohealth intervention was the identification of the risk factors for house infestation, an understanding of and collaboration with local communities, and genetic and proteomic studies that revealed the epidemiology and mechanisms of the rapid reinfestation seen following insecticide application. We review the development of this approach from a pilot project in two Guatemalan villages, to an expanded initiative across three countries with vastly different ecology, cultures, and municipal organization, and finally development of a multi-institutional, large-scale project to develop a strategy to tackle the remaining hot spots in Central America. This integrated Ecohealth approach resulted in reduced risk of transmission as measured by a sustained decrease in house infestation without further use of insecticides, a reduction in vectors with human blood meals and the Chagas parasite, as well as other health and economic benefits. We discuss lessons learned and how this approach could be applied to other vector-borne diseases.
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Introduction: Rationale for developing an integrated strategy for sustainable disease control

Most vector borne diseases disproportionately affect the poorest people and are associated with multiple, and often overlapping social, environmental, and biological factors. Initially control of Chagas and many other vector-borne diseases used solely indoor spraying of residual insecticides; an approach that proved inadequate in some localities largely due to reinfestation and insecticide resistance (1–4). Reframing control of vector-borne disease as an integrated strategy addressing these multiple factors can provide a broader range of health, social and economic benefits thus promoting sustainable development. The Future We Want (5) set the stage for the 17 Sustainable Development Goals (SDGs) developed by the United Nations as a “shared blueprint for peace and prosperity for people and the planet, now and into the future” (https://sdgs.un.org/goals). The SDGs highlight the interrelatedness of ecosystems, human societies, and global health, often referred to as Ecohealth or OneHealth, the former in this manuscript.

Here we describe how a Chagas Ecohealth program is driven by local communities and built around this interrelatedness and highlight several SDGs addressed by this approach, improving the lives of over 50,000 people. The program simultaneously addressed reducing Chagas disease by reducing human-vector contact and several health, social, ecological, and economic factors. As we developed the Ecohealth program we became aware that the approach aligns with SDG goals, and by presenting it in this framework, it becomes clear that it is an approach that can be broadly successful, not only for tackling a single disease, but to create the future we want (Figure 1). Of the 17 SDGs, we describe how the Ecohealth program addressed good health and well-being (house improvements that made houses refractory to Chagas vectors), explicitly included establishing partnerships and strengthening institutions (with Ministries of Health, NGOs, local government, etc.), building sustainable communities (use of local materials and forest restoration), and reducing inequalities (improving the highest risk houses, education, and attention to gender issues) while providing economic growth and better nutrition (domestic animal management, planting fruit trees) (Goals 3, 17, 16, 11, 13, 15, 10, 4, 5, 1, 8, 2, 12). An important component of the Chagas Ecohealth approach is that all aspects of the control effort included decision making by members of the communities where Chagas disease is endemic.




Figure 1 | The four pillars of our Ecohealth program align with several of the United Nations Sustainable Development Goals. Early development included Goals 3, 17, 11, 10, and 16. After initial implementation we tackled Goals 1, 2, 8, 12, 13, 15, 4 and 5.





Chagas disease control in Central America: The problem and need for a new strategy


Chagas disease

The risk of Chagas disease is strongly linked with poverty. Traditional housing made of adobe, bajareque (mud and sticks), or vegetable material, common throughout rural Latin America, provides a perfect habitat for triatomines, the vectors of the Chagas parasite, Trypanosoma cruzi, if not maintained to prevent cracks in the walls (Figure 2). The insect vectors, all in the subfamily Triatominae (Hemiptera: Reduviidae), are blood feeders at each lifecycle stage and acquire the parasite from feeding on infected mammals. Triatomines hide during the day, coming out to feed at night. They take in a large quantity of blood necessitating simultaneous defecation, which can leave a liquid drop of T. cruzi-contaminated feces on the skin. A sleeping person may scratch the bite wound or rub the feces into the mucous membranes giving the parasite access to the bloodstream. Although fecal transmission is inefficient, the intense exposure to triatomine bugs for people who live in traditional housing puts them at serious risk of contracting the parasite. In southern Guatemala, 39% of Triatoma dimidiata carry the Chagas parasite (6). Early symptoms are mild and non-specific so often missed. However, ~30% of infected people will progress to a to life-threatening chronic Chagas disease (7) and approximately 5% of infected mothers will transmit the parasite congenitally (8). For diagnosis, at least two serologic tests are recommended (9, 10). Treatment is lengthy, using drugs developed in the 1960s that have limited efficacy in the chronic phase and come with very troublesome side effects (11); new treatments are actively being sought (12). Other less common modes of transmission include contaminated comestibles and solid organ transplant and blood transfusion (7). There is no vaccine available.




Figure 2 | Thousands of people are tormented nightly by bites of the Chagas vectors (triatomine bugs) that live in the cracks and crevices of the adobe houses during the day and crawl down the walls to feed at night. Although transmission through bug feces is inefficient, living in this type of housing places people at risk of contracting Chagas disease due to the intense triatomine bug exposure.





The Chagas situation in Central America

In Central America, the highest prevalence of T. cruzi infection is in Guatemala, El Salvador and Honduras (13). Data is scarce and test kits, based on South American parasite strains, are known to miss many infections (10, 14), so the most recently published human T. cruzi-positive percentage (0.9 – 1.3%) (15) likely underestimates the true infection prevalence. Estimates suggest that 12% of the Central American population lives in conditions placing them at risk of Chagas, so it remains a serious public health issue (13).



Why Chagas control in Central America needs an integrated strategy

Rhodnius prolixus and Triatoma dimidiata sensu lato (s.l.) have been the most important Chagas vectors in Central America. R. prolixus, native to South America, was inadvertently introduced (16), but fortunately restricted to mainly to domestic ecotopes. The native T. dimidiata s.l. (a complex of at least three species (17),) is also present in sylvan ecotopes; the two species were found together in some localities in a country-wide survey (18). In 1999, the Central America Initiative for the control of Chagas disease of the Pan American Health Organization (IPCA-PAHO) recommended reducing human-vector contact and that vector control be focused on the domestic vector populations, with the goals of eliminating R. prolixus and reducing intradomicilary T. dimidiata s.l (19).. As a native species, the latter was not considered a candidate for elimination. In response, from 2000-2010 in Guatemala, all departments with domestic infestation were targeted, spraying houses with residual insecticides (20, 21). By 2008 it was certified that insecticides successfully eliminated transmission by the introduced species, R. prolixus (22). However, T. dimidiata s.l. frequently reinfested treated areas (1, 20, 23–25), requiring reapplication (26, 27). It was realized insecticide spraying would not control domestic T. dimidiata s.l. especially under conditions of low infestation (1). Repeated application is beyond the resources of many affected countries, insecticides can cause adverse environmental and human health effects, and resistance may emerge, as seen in the South American Chagas vector, T. infestans (3).

Control of T. dimidiata s.l. is challenging because its presence is dependent on interacting social, biological, and environmental factors. Deforestation, common in impoverished areas, removes vector habitat (e.g., animal nests) driving vectors into houses. Houses made of traditional materials, provide refugia, and animals, especially chickens, kept in houses when outdoor pens are not available, amplify vector populations by providing blood sources. Biologically, the T. dimidiata s.l. complex of species includes some in the process of domestication (17). The vector is also highly mobile among ecotopes and seasonally (4, 28), posing additional challenges to control. Insecticide application is only a provisional effort that does not prevent vectors from entering houses. Because of all these interrelated factors it was necessary to develop an integrated strategy centered around the communities that addresses the multiple risk factors.

To address this complicated zoonosis, the Ecohealth approach was focused on preventing human-vector contact with the goal of developing strong, sustainable communities (29–32). We developed interventions based on Ecohealth principles for the control of T. dimidiata s.l. beginning in 2000, with identification of risk factors for domestic infestation of T. dimidiata s.l (33, 34).. Below we describe the research that contributed to the development of this Ecohealth program.




Studies informing the integrated, Ecohealth approach

As a data-driven approach, we conducted genetic and ecological studies to distinguish vector taxa to target for intervention, understand the mechanism of rapid reinfestation including any regional differences, evaluate the success of the intervention and clarify the epidemiology. These genetic and ecological studies used both proteomic and DNA-based approaches and included reciprocal training of students across institutions and countries (35–41).


Identification of important vector taxa: Systematics

Vector taxonomic studies are important for identifying genetic lineages that vary in ecology which may impact epidemiological importance and require different intervention strategies. Different responses to insecticide treatment in different localities led us to investigate if there were differences among T. dimidiata s.l. populations at the systematic level related to epidemiological importance, for example, vectors that live year-round or visit houses seasonally or vary in T. cruzi infection prevalence. Many studies have shown that T. dimidiata s.l., the Triatominae species with the largest geographic range of any residing in contiguous continents (42), is a species complex of at least three independently evolving lineages (43). We have now formally described two of these lineages as new species, Triatoma mopan from the Rio Frio cave in Cayo, Belize (41) and Triatoma huehuetenanguensis from several communities in Huehuetenango, Guatemala (17). Although both species are infected with T. cruzi, and have evidence of human blood meals, as largely sylvan species they are less important for control of Chagas transmission to humans than is T. dimidiata s.l. This taxonomic work is ongoing, and it is likely that more species will be described within T. dimidiata s.l.



Vector movement: Population genetics and blood meal sources

Population genetic studies of vectors are important to assess movement among houses and villages and can explain reinfestation and epidemiological importance of particular populations. Several population genetic studies showed high mobility of the domestic and peridomestic populations of T. dimidiata s.l. in southern Guatemala. With low mobility one would expect high relatedness of individual vectors within a house and high genetic differentiation among houses and villages. However, Random Amplified Polymorphic DNA (RAPD) and microsatellite markers showed low relatedness of T. dimidiata s.l. within houses and low differentiation among houses and villages (39, 44). High mobility was also supported by low genetic differentiation among houses and villages 80 m–100 km apart (45, 46) and among six villages up to 10 km apart (39). Recent studies with over 2,000 SNPs across the genome support this high mobility, especially among nearby houses (4).

A time-course analysis of house infestation and reinfestation with the insect vectors focused on numbers of vectors found and their genetic relatedness in two nearby villages (4). In one village, houses were surveyed, treated with insecticide if infested and re-surveyed eight and 22 months later. After 22 months, 35% of houses were reinfested; genetic analysis indicated spraying was not fully effective and vectors were reinfesting from nearby houses. The second village functioned as an untreated control for seasonal dispersal and again high-infestation houses were sources for neighboring houses. These studies demonstrating high vector mobility showed the focus on individual houses was insufficient; a community level approach was important for sustained reduction of human-vector contact.



Assessment and epidemiology: Vector parasite presence and blood meal sources

Knowledge of the blood sources in the vectors provides an assessment of the effectiveness of the intervention in interrupting human-vector contact, e.g., a reduction in human blood meals following the Ecohealth intervention (37) and also reveals vector mobility and disease epidemiology, e.g., which vertebrates contribute to maintaining vector populations (47). Quantification of the parasite prevalence in the vectors is also important in the assessment of ongoing transmission risk and may reflect shifts to blood sources that do not support the parasite.

Vector feeding ecology studies were both DNA- and proteomics-based and indicate high mobility of vectors among ecotopes and houses. For example, in Anonito, Jutiapa, Guatemala 18-100% of the vectors had blood sources from animals (dogs, chicken, cats and cows) that were not present in the houses where the vectors were collected (40). Surprisingly, 50% of these vectors were nymphs, which are wingless, demonstrating mobility is not restricted to adults. Additional evidence of vector mobility is although 80% of vectors were collected inside houses, these vectors had evidence of feeding both inside (e.g., human) and outside (e.g., cow) of the houses.

Furthermore, studies of vector blood meal sources clarified the disease epidemiology and suggested interventions by indicating which animals were more important in different localities. For example, dog, human, and bird (most likely chicken) were the major blood sources in the highly domesticated populations of T. dimidiata s.l. in southern Guatemala (37, 40, 48, 49). In El Salvador, there was little feeding on dog and more feeding on mouse and pig; whereas in Honduras, there was less feeding on bird and more on mouse (48). These differences may have to do with the prevalence of the animal and whether they sleep in the house. The difference also suggests control measures, e.g., controlling dog populations may be more effective at limiting T. dimidiata s.l. proliferation in Guatemala but not El Salvador. Other technologies (e.g., mass spectroscopy and genomics) also proved useful in detecting blood sources (50, 51).

In summary, development and assessment of the impact of the Ecohealth intervention was realized by systematic, population genetic and molecular ecology studies. Discovering regional differences in vector taxa including behavior indicated the need to develop a location-specific approach. Vector population genetics and blood meal sources revealed the high mobility of both adults and nymphs, can explain the rapid reinfestation and supported a regional, rather than individual household intervention. Studies of blood meal sources supported the high migration and revealed regional differences in epidemiology. Reduced human blood sources along with decreased parasite prevalence in the vectors were early indicators of the success of the Ecohealth intervention. Sustainability of the changes was increased by partnerships (Goal 17) that played an important role in developing these assessment tools and training of students across countries and cultures, community members as well as Ministry of Health personnel including physicians, nurses, vector-control technicians, and home health workers increased overall education (Goal 4).



Determining the environmental and social risk factors for infestation: Community surveys

In addition to the biology, development of the integrated approach required an understanding of the environmental and social determinants that contribute to Chagas transmission and cultural practices that might influence these. We conducted extensive community surveys which included Knowledge, Attitude and Practice (KAP) questions alongside an assessment of house conditions and vector infestation and the data were used to develop models to understand the most important risk factors for T. dimidiata s.l. infestation. Early studies suggested that environmental conditions including dirt floor and poor hygiene conditions, such as clutter in and around houses, were risk factors for T. dimidiata infestation in Costa Rica (52, 53). These factors as well as deteriorated walls made of vegetable fiber, mud and sticks (bajareque) or adobe were also identified as risk factors in Guatemala (54). T. dimidiata s.l. was usually found in dark corners on the walls near beds and chicken nests in these traditionally built houses (54, 55). A statistical analysis of 17 possible risk factors for intradomicilary T. dimidiata s.l. infestation in Guatemala documented the link of low socioeconomic status with infestation along with: house age, house condition (including construction materials and condition of plaster), house hygiene, cement vs. dirt floor and animals in the houses (33). From this data three broad categories of houses were described: type A, lowest risk and most prosperous, built of cement block or completely plastered adobe; type B, intermediate with at least partially plastered adobe walls; and, type C, the highest risk with no plaster or cracked plaster on walls, animals in the house and clutter. These categories have been further refined to a quantitative scoring system of house types developed from a large-scale study (11 villages, >2,000 houses) in Guatemala, Honduras, and El Salvador to objectively classify houses with respect to their infestation risk (34). The model generated from this statistical analysis had moderate ability to predict infested houses and excellent ability to predict uninfested houses. Later work developed more sophisticated modeling methods to improve sampling and data-based interventions. One study modeled complex interactions of risk factors and identified mutually exclusive sets of risk-factors, for example, (chicken coops AND deteriorated bedroom walls) OR (accumulation of objects AND dirt floors AND many occupants AND over 3.5 years of electricity) (56). A later model, built on the threshold of 8% for human transmission (57), developed a sampling strategy that used less personnel and time by targeting houses with high risk of infestation and random sampling instead of the more traditional strictly random sampling (58).

The results of these community surveys on environmental and social risk factors of infestation provided key information reinforcing the need for an integrated Ecohealth approach. The most important SDGs at this stage were the realization that good health and wellbeing required reduction in poverty and inequalities (Goals 3, 1 and 10).

Below we describe three major collaborative studies developing and implementing the Ecohealth approach. First, development and piloting of the approach in the heavily infested department of Jutiapa, Guatemala; second, testing the broader applicability in areas that differ in ecology, culture, ethnicity, and social administrative structure in Guatemala, El Salvador, and Honduras; and third, a large-scale intervention leveraging the participation of many institutions to establish protocols to target remaining hot spots and eliminate Chagas across Central America.




Implementation and assessment


Data-driven development of integrated, community-engaged Ecohealth approach: Pilot project (2001-2008)

For our initial development of the integrated Ecohealth intervention, our transdisciplinary team engaged two highly endemic communities in southern Guatemala (La Brea and El Tule, Quesada, Jutiapa). These villages, despite regular insecticide spraying by the Ministry of Health, showed substantial reinfestation (38). Led by a medical entomologist we shared the data of household risk factors with the community (Figure 3A) and following an initial insecticide spray to knock down the numbers of vectors inside the houses, we jointly selected four interventions to maximally reduce T. dimidiata s.l. infestation and support development. These four interventions included (1): wall plastering to remove the cracks and crevices and make the houses refractory to the insect vectors, (2) cementing the floors to remove habitat for egg laying, and (3) building chicken coops and moving the chickens outside and away from the house thus removing a food source that amplifies the vector populations while simultaneously increasing nutrition and promoting economic development, and (4) reforestation with native trees to replace vector habitat and support economic development. In the first two years, with the help of anthropologists and sociologists, we studied community practices and gender roles to ensure that interventions were culturally appropriate and sustainable (30, 59, 60). We learned that wall plastering was the most common house improvement undertaken; traditionally, women, using their hands, plaster the walls to beautify the house (30). Customarily just mud was used, which rapidly cracks, recreating triatomine hiding places. To improve the plaster, community residents supplied locally - sourced materials, including sand, dirt, and volcanic ash. Architects and engineers evaluated the materials and designed a new formulation more resistant to cracking (Figure 3B), which is adapted to each village by first testing the adherence of plasters made with different ratios of sand to dirt. They also formulated a “cement-like” floor using volcanic ash and lime at approximately 1/10th the cost of commercial cement. Where river sand was far from the village, the Municipality assisted with transportation of the materials. We worked alongside the Vector Control Program personnel of the Ministry of Health while they conducted the entomological surveys and applied insecticide. Once optimized, instruction was provided to the larger community by two young men that we hired from the village (one shown instructing, Figure 3C), enabling community residents to make the improvements to their own houses (Figure 3D). The process was sequenced so once the walls were plastered, supplies were provided to complete the cement-like floors, then chicken wire was provided, and the householders constructed chicken coops and moved their chickens outside the house (Figure 4). Later fruit tree seedlings were provided, and a plant nursery established in the village. Throughout the process we included education on Chagas disease transmission and house and yard hygiene and provided training to the community residents and Ministry of Health personnel.




Figure 3 | The Ecohealth approach to Chagas vector control engages the community (A) and uses local materials and cultural practices so it is sustainable and acceptable to the community. Architects and engineers, using local materials supplied by the community developed a new formulation that would keep the walls and floors refractory to the triatomine bugs for years (B), a technician we hired from the community (C), and ministry of health personnel (along with researchers, not pictured) teach and work alongside the community, using familiar cultural practices, to implement the approach (D).






Figure 4 | Chickens are traditionally kept near the bed for their protection (A), which amplifies the vector population and increases human-vector contact. As part of the Ecohealth intervention, chicken wire was supplied to community residents who constructed outdoor chicken coops (B) removing the vector blood source from the houses and increasing chicken production.



In choosing and implementing interventions, ecosystem effects were considered and mitigated. For example, we provided fruit trees that the community planted to replace trees harvested for chicken coops and to promote reforestation, improve nutrition and develop new economic opportunities, like selling the fruit.

Ecohealth includes pre- and post-intervention assessment, and we used multiple ways to evaluate the impact such as community participation, house condition, infestation, blood meal sources and community satisfaction. Assessments and interventions were conducted over several years in two villages, La Brea (2001-2020) (38) (Pereira et al., submitted), and El Tule (2004-2011) (37). There was strong community participation, 87% or 90% of community residents improving their houses, La Brea and El Tule, respectively, which correlated with a reduction in “at risk” houses from 62% to 15% (La Brea, 2002-2009) and 39% to 18% (El Tule, 2004-2009). Annual household infestation measures along with post-intervention socioeconomic surveys 4–5 years out documented a statistically significant and sustained decrease in infestation in both villages receiving the Ecohealth interventions (from 9.3 to 1.5% and 25 to 4.6%) concomitant with a significant improvement in the quality of the houses. This sustained reduction in infestation is dramatically different to the reinfestation that previously occurred (1, 27, 38). Indeed, two years prior to the intervention, 42% of homesteads were infested in one village despite insecticide spraying all the known infested houses one year prior (38). Importantly, in both villages infestation remained below the 8% threshold of infested houses where transmission is unlikely (57). We also studied blood meal sources in El Tule and following wall plastering the blood meals of the insect vectors had shifted away from human blood sources (almost 40% before interventions to less than 10% after and none in the five T. dimidiata s.l. collected at the final survey), indicating reduced human-vector contact and that changes in blood sources can be used as an early marker to test the effectiveness of the interventions (37). A decrease in T. cruzi infection in the vectors (~50% in 2004, < 20% in 2009 and 0 in 2011) correlated with this shift in blood sources (37), which may be due to greater feeding on chickens, as the parasite does not replicate in birds. There was also a higher number of houses with chicken coops following the intervention and community residents reported eating and selling more chickens and eggs. The survey in 2020 in La Brea indicated unanimous satisfaction with the Ecohealth intervention among community residents that performed the intervention. They noted the low cost of the intervention, the ease of maintenance and an improvement in their social status (Figure 5) (Pereira, et al., submitted).




Figure 5 | The same house before (A, C) and after (B, D) Ecohealth improvements inside and outside, respectively. Once the houses are improved the finished walls and floors and brighter interior encourages residents to keep it clean, which removes bug refugia and further reduces infestation.



In addition to the assessment of movement and blood meal sources, spatial analysis of the distribution of vectors revealed no evidence of clustering of the 31 T. dimidiata s.l.-infested homesteads in one village (38). The village did contain five “hot spots’’, each of which was centered on a single homestead having an exceptionally high vector count and which together accounted for 52% of all vectors collected. High numbers of nymphs were found in these houses indicating ongoing reproduction. These hot spots may explain results of recent studies using markers across the genome documenting “reinfestation” by insecticide survivors and migrants from nearby houses (4). Spatial analysis failed to implicate sylvan or passive transport as sources for reinfestation (38); there was no concentration of infested houses at the periphery of the village or evidence that infested homesteads were concentrated along the main road. The geospatial evaluation reinforced that insecticide spraying focusing on individual houses is not an effective control strategy, rather an integrated approach including house improvements making houses refractory to vectors, in addition to improving the quality of life, provide for sustainable vector control. Even with the hot spots, overall household infestation remained low (58).

In summary, the Ecohealth approach resulted in a sustained reduction in house infestation at a level below 8% where Chagas transmission is unlikely (57), a shift away from human blood sources indicating reduced human-vector contact, and a reduction of T. cruzi infection in the insect vectors, further supporting this approach for the long-term reduction of risk of Chagas (37, 38). In addition, due to an increase in the number of chicken coops, nearly threefold in one village (37), chicken and egg production increased dramatically, which provided more protein and improved the community residents’ economic status. A reduction in prevalence of soil transmitted intestinal parasites in schoolchildren is also expected with the floor improvements and the trees planted provide additional nutritional and economic benefit. Indeed, trees planted in La Brea, Guatemala are producing fruits that are eaten, used in wine making and sold commercially.



Testing the Ecohealth approach in diverse settings: Three countries (2011-2014)

After demonstrating the effectiveness of the integrated Ecohealth approach in the two communities described above, we investigated applying this approach in settings that differ in ecology, cultures and ethnicities, predominant house materials and municipal organization (34). We chose villages in Guatemala (cloud forest to tropical forest), El Salvador (deciduous forest), and Honduras (mountainous pine/oak forest) from the areas of highest Chagas endemicity in Central America and determined the risk factors for infestation with T. dimidiata s.l. to see if the Ecohealth approach would be likely to work in these different settings. Teams from each country, which included Ministry of Health personnel, and in some countries, researchers, conducted the surveys, which again covered family and socioeconomic issues, household practices and care of domestic animals, knowledge of Chagas disease, entomological parameters and house condition. We also used this opportunity to train additional personnel in these countries.

Results of these surveys showed differences in many of these parameters. For example, most houses were made of adobe or cement block in El Salvador, bajareque and adobe in Guatemala, and adobe in Honduras (34). In the villages studied in El Salvador walls had less deteriorated plaster and fewer houses had dirt floors than those in Guatemala or Honduras and residents had generally higher levels of education. Assessment of >2,000 houses across 11 villages showed considerable variation in infestation; the highest was in Guatemala and most of the insects collected were in cracks in walls made of bajareque or adobe. Multimodel inference used to identify predictors of house infestation in these 11 villages found that of the 25 factors assessed, house wall materials and condition, and signs of infestation, (e.g., dead triatomines, exuviae, eggs and characteristic vector fecal streaks) were among the most important predictors. Considerable geographic heterogeneity is indicated by improved predictive power of the model when random village effects are included.

In a later publication, the role of sylvan, synanthropic, and domestic animals in the Chagas transmission cycle was assessed by comparing infestation, blood meal sources and T. cruzi prevalence in vectors collected during the surveys. The villages in Guatemala showed significantly higher infestation and colonization indices (number of houses with nymphs/number of houses surveyed) than El Salvador or Honduras (48). There were also significant differences in blood sources in vectors among the three countries, for example, opossum in Guatemala might be linking sylvatic and domestic transmission cycles whereas in Honduras, dog plays a major role in maintaining domestic transmission and bird, followed by human, were the most prevalent blood sources in El Salvador. T. cruzi infection in vectors was lowest in Guatemala and similar in El Salvador and Honduras.

Despite the differences, risk factors in the three settings reveal that house improvements and domestic animal management are a viable strategy in all of these localities for interrupting Chagas transmission (34, 41); however, the particular interventions most likely to reduce human-vector contact needed to be decided at a local scale. The expansion demonstrated that the approach could be applicable in different ecosystems and cultures in Mesoamerica.



Developing a strategy with multiple institutions to target the remaining hot spots: Partnerships (2018-2022)

Next we undertook a large-scale, multi-disciplinary and inter-agency initiative to engage many communities in a highly endemic area of Guatemala. The goals were to refine the necessary tools, methods, and technology transfer, developing a strategy to address the remaining Chagas hotspots in Central America (32). This large-scale initiative called the “Alliances for the Elimination of Chagas in Central America,” called just “Alliances” below, brought together the Guatemalan Ministry of Public Health and Social Assistance, national academic institutions and international non-governmental institutions (NGOs) including the Pan American Health Organization (PAHO), and for profit companies, each entering into a formal agreement and contributing their expertise in collaboration with the members of the local communities. The initiative included 32 villages in Comapa, and 19 in Jutiapa municipality, both in Jutiapa department, Guatemala. Complete survey data was gathered in 11 villages, including 6,096 people in 1,572 households. This area is known for many of the highest risk factors (rural population, majority living in poverty, high infestation and rapid vector reinfestation). Field work (2018-2021) included socioeconomic and household surveys, vector surveillance and control, house improvements, domestic animal management, reforestation, diagnosis and treatment of individuals, health promotion, training and identification of barriers to diagnosis and treatment. The latter involved workshops held jointly with all the civic organizations involved in Chagas care from the national, to departmental, to community leaders, universities, Chagas patients and international NGO partners to encourage better coordination. Engagement and training of the leaders and community residents of the 51 villages was also provided. The purpose of this large-scale control effort is to demonstrate that investing the resources of several institutions more broadly across a highly endemic area, could result in a geographical area where the vectorial transmission is interrupted by infestation below the threshold for likely transmission and where Chagas patients could be easily diagnosed and treated. After 4-5 years of training, program development and Ecohealth interventions, the management could be guided by the Ministry of Health, with community residents empowered with knowledge about Chagas disease and how to interrupt its transmission and with the satisfaction of achievement of development goals.

There was high household participation in the initial entomological and house condition surveys, 72-98% depending on the village (32). Many of the houses initially belonged to B (medium) or C (high) risk categories; these combined ranged from a high of 79% in a particular village to a low of 47%. Five of the villages had very high infestation (>20% homesteads infested), whereas three had low infestation (<8%). The absence of Rhodnius prolixus and the high prevalence of T. dimidiata s.l. inside the houses in the area were confirmed. All participating houses were treated with insecticide whether or not they were infested and community residents were instructed in house improvements. Participation in improvements varied among villages from a high of 79% of houses improved to a low of 21%. Chagas serological surveys were conducted in the five high infestation villages (2,531 serum samples) with diagnosis offered to the entire population. With high participation (72-73%) the seroprevalence of T. cruzi antibodies was 4-17%, depending on the village (average 11%), and was higher in women than men. Importantly, no child under five years old was found T. cruzi positive, indicating that the transmission was interrupted at least five years previous; there was some infection in 6-19-year-olds, which is likely due to T. dimidiata s.l., as this was after the elimination of R. prolixus. Most Chagas patients are 20-40 years old, likely reflecting infection by R. prolixus.

Barriers to diagnosis and treatment revealed by the Alliances project included centralized diagnosis facilities and a lack of training of healthcare personnel. Development activities included decentralization by the establishment of diagnostic facilities in the departments of Jutiapa, Chiquimula and Jalapa, and a new option of patients providing a sample at their local Health Center for analysis at a more regional facility. This greatly reduced the distance needed to travel for the patients and the time needed to obtain the results. The laboratory in Jutiapa is now fully functional in Chagas diagnosis, Chiquimula and Jalapa laboratories are still being established. Training was provided to people of the Ministry of Health and healthcare providers and there is a new Chagas Clinic in the Comapa Health Center in Jutiapa, with personnel trained in Chagas diagnosis and treatment including managing the challenging side effects of the treatment.

For ongoing vector surveillance, a community-based system was implemented in 32 villages with 80 boxes placed throughout the villages that the community residents could use to deposit any vectors found and so report to the Ministry of Health the reappearance of the triatomines.

By establishing partnerships and strengthening institutions (Goals 17 and 16), this approach demonstrated leveraging diverse expertise from international to national and local levels in a cooperative approach, infestation in a highly endemic area can be reduced below the level where Chagas transmission is likely to occur. The Alliances project supported work in 32 villages in Comapa implementing the already established house improvements, management of domestic animals, reforestation, and education with the addition of a community vector surveillance system to monitor and ensure maintenance of infestation below the level of likely transmission. In addition, the Ecohealth control strategy was extended to include locally available diagnosis and treatment. This multi-institutional approach of implementing the Ecohealth strategy can be applied to remaining hot spots of Chagas transmission in Mesoamerica to work towards eliminating Chagas disease as well as other vector borne diseases.




Conclusions: Data-driven, integrated Ecohealth approach leads to innovative, sustainable vector control strategies

The integrated Ecohealth vector control approach, initially based on reducing the risk factors for infestation of native Chagas disease vectors, proved to be successful in sustained reduction of vector transmission and promoted sustainable development (31, 37, 38)(Pereira et al., submitted). Beginning by demonstrating success in two villages over 20 years ago, it was expanded to three countries in Central America validating the approach for different ecologies, cultures, and social systems. More recently, the Alliances project, through partnerships, extended the strategy adding local diagnosis and treatment to tackle remaining hot spots on a large scale. Taken together, the Ecohealth intervention has improved the health and well-being of more than 50,000 people through integrated social transformations that eventually improved family health, household infrastructure and economics (31)(Pereira et al., submitted).

Ecohealth requires integrated actions among stakeholders (the community, universities, NGOs, municipalities, and Ministries of Health); this requires more organization and coordination than simply spraying insecticides. The Alliances project goal was to develop a strategy that could be overseen by the Ministry of Health to implement the required house improvements, relocation of domestic animals, reforestation and education along with developing the infrastructure and training for local diagnosis and treatment. In this process, interdisciplinary and intersectional participation is essential requiring more planning, negotiation, and coordination among groups. The Chagas Ecohealth approach especially required facilitating the development of relationships among people of the Ministry of Health and other organizations; strong partnerships are required to successfully implement the approach. With this approach, developing countries can be free of dependence on imported insecticides, avoid their adverse ecological effects, and can further sustainable development.

Full partnership with the community residents is key to acceptance and sustainability over the long term. Community residents have essential knowledge; they also perform the work and make the modifications according to their preferences. In building relationships with the communities, hiring community residents and developing their leadership skills was important. Their leadership, respect and identity within the communities was fundamental to the adoption of the strategy, as these individuals became examples as they were often the first to implement house improvements. Close, long-term collaboration with local Ministry of Health workers encouraged an open dialogue among the partners, establishing trust and empathy (31), enabling us to address gender issues. We acknowledged the power of women to influence people’s behaviors, both with respect to encouraging reduced human-vector contact, and to discovering economic development opportunities arising from movement of domestic animals and reforestation (59, 60). Surveillance is essential to long-term vector control. In addition to the benefits we describe above, an analysis of studies conducted across Latin America showed that community participation is more effective than active searches by trained personnel (61). They recommend community participation as a strategic component for long-term Chagas vector surveillance (61).

Our study across three countries in Central America acknowledged the cultural diversity of this region (indigenous Maya, Chorti, Xinca, Lencas as well as Ladino, etc.) and emphasized that Chagas control be adapted to local communities’ identity. Each village has unique cultural factors defining identity, requiring that development and implementation of the control strategies be culturally and gender appropriate (59). Community engagement varies among villages; although remarkably high, some have very high community participation (98%) and others lower (72%) (32). In some isolated villages where the transportation of the materials was done by the municipality, this involvement motivated the interventions. Affordability of the local materials is an important issue for sustainability (Pereira et al., submitted), the closer the proximity of the materials, the easier to maintain the house improvements. The attitudes of community leaders (formal and informal), access to education, the mentoring of local managers and the expectation of better living conditions are among the factors that influenced the adoption of the house improvements and other aspects of the Ecohealth interventions (59, 60) (Pereira et al., submitted).

Future challenges are to use these sustainable development goals to address additional diversity influencing Chagas transmission including other vector species. During our extensive work in Guatemala, we reported two new species within the T. dimidiata complex and have evidence of additional species yet to be described. In Mexico, there are 17 different vector species of which four live in houses year-round. Additional challenges are vectors that only enter houses seasonally. We have learned from working across three countries that the approach can and needs to be adapted to local situations including local vector species. The recently published “TriatoScore” assigning an epidemiological-risk score for Chagas disease vector control and surveillance looks to be a useful tool to adapt the effort to local conditions (62).

Although reducing human-vector contact is the strongest way to reduce Chagas and other vector borne diseases, currently, there is little interest in funding vector control strategies; however, there is increasing interest in sustainable development. Our development of the Ecohealth strategy for Chagas control demonstrates the opportunity of improved health in the context of the sustainable development goals. It is a stronger way forward to the future we want.
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