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The infection with the hemoflagellate parasite Trypanosoma cruzi originates from America where the wildlife cycle remains to alternate between mammals and hematophagous triatomines. Transmission through contamination of the bite site by vector feces containing highly infectious forms of parasite or direct ingestion of T. cruzi-infected triatomines appear to be the dominant transmission mechanisms. Man joins the transmission when he enters this wild environment or takes the leaves of palms carrying vectors to build houses. Rural Chagas disease develops associated with populations of low economic resources, with infection and reinfection of vector bites since childhood, and the consequent evolution toward chronic cases in adults, when there is little therapeutic benefit to infected people. The progressive migration of people from rural to urban areas and the adaptation of vectors to the peripheries of cities due to displacement caused by deforestation or urbanization that has favored the presence of enzootic cycles with Panstrongylus geniculatus as the most widely distributed species and mammals (synanthropic and domestic) allow vector transmission by ingestion of food contaminated with excrements containing infectious trypomastigotes as the dominant transmission mechanism in the urban environment. Human-to-human transmissions through vertical mother–child infection, transfusions, organ transplants, and the possibility of sexual transmission, transform the epidemiology and the clinical evolution of Chagas disease in the urban environment. Vectors of American trypanosomiasis are no longer restricted to the endemic area, but its presence has been demonstrated in nonendemic areas of the United States, Asia, and other latitudes. The worldwide plague of bedbugs (Cimex lectularius) threatens the possibility of expansion of transmission since they are vectors susceptible to infection, transmission to mammals, trans-stadial penetration, and not being affected by T. cruzi infection at least experimentally. These factors, added to the presence of an unknown number of migrating Latin American asymptomatic carriers together with the presence of triatomines in other continents, have initiated the globalization of a pathology originating in the American continent. Only with an integrative approach, based on new and better tolerated and efficient drugs, vaccines and residual action insecticides, all of them included in an epidemiological surveillance program.
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1 Introduction

Chagas disease (ChD), caused by the parasite Trypanosoma cruzi, is endemic in 21 countries in the Americas from the southern region of the United States to the northern part of Argentina. Approximately 6–7 million people are being affected by the disease with an estimated annually death rate of 12,000. People at risk of infection is estimated to be around 75 million due to the high number of people who remained undiagnosed or untreated, combined with the areas with remaining active transmission (1, 2). The houses with mud walls and palm roofs, the sign of Romaña, the heart disease in the elderly, the infected marsupial, the chicks in the chicken coop, and the bites of children by large nocturnal insects, all characterized rural ChD (3). In the Christmas of 2007, the largest outbreak of acute cases of oral transmission of the T. cruzi infection described to date happened in a middle-class neighborhood in the heart of the capital city of Venezuela. It was to be expected since the presence of the entire evolutionary cycle of the T. cruzi parasite had been previously described in Caracas. Since then, oral transmission has been described as the most frequent cause of acute cases of ChD in Venezuela, with four oral outbreaks reported in the capital city and two in cities in the west of the country. The other eight episodes of oral transmission have occurred in small towns (4, 5). Since 1967, numerous outbreaks of acute cases had been reported in Brazil where the main ChD transmission mechanism seems to be oral transmission as well (6). Subsequently, Colombia (7–10), Bolivia (11), and Guyana (12) are added in the list of countries with numerous outbreaks of oral transmission.

ChD has become an emblematic example of the urbanization of a metaxenic infectious disease that is difficult to imagine, since the existence of the infected vector seems essential for the transmission of ChD. In this article, we will review the epidemiological and clinical characteristics of T. cruzi infection in humans from their rural environment to the changing epidemiological characteristics of transmission in Latin American cities, as well as the issue on the export of the infection and the danger of globalization.



2 Rural Chagas Disease

Chagas disease is caused after an infection with the flagellate protozoan T. cruzi which circulates among vector insects of the Triatominae subfamily (Hemiptera: Reduviidae) and some 120 species of mammals, including humans, reflecting its zoonotic nature, representing various complex transmission cycles in domestic and wild environments.


2.1 Wild and Peridomiciliary Cycle

The epidemiology of the transmission of T. cruzi differs in each ecosystem, as each host and vector species have peculiarities (behaviors, immune response, genetic variants, etc.) that led to the adaptations in the ways in which the infection is maintained.

The wild cycle has existed for millions of years and is maintained among mammals with the common opossum (Didelphis marsupialis) (13) and wild triatomines of the genera Rhodnius, Triatoma, and Panstrongylus being the most important vectors. Wild animals become infected not only by ingesting the infected insect but also by contamination of the bite site with parasite containing feces left behind by the infective vectors. In turn, insects become infected by feeding on infected mammals. Didelphis marsupialis is the most important wild reservoir on the continent due to its wide geographical distribution, high rate of natural infection by T. cruzi, and the presence of infective metacyclic trypomastigotes in its perianal glands, the same stages of the parasite present in the rectal ampulla of the vector (14). This stage of the fluids expelled from these glands is highly infectious through subcutaneous, intraperitoneal, oral, and ocular routes (15).

In large areas of South America, transmission was originally limited to the wild cycle in the tropical forest environments, where triatomines fed on small mammals, without human intervention. The presence of T. cruzi does not appear to greatly affect naturally infected triatomines or mammals, suggesting equilibrium between species as a result of long periods of adaptation.

Drought, floods, deforestation, urbanization, and other events facilitate the migration of mammals, resulting in the progressive reduction of food sources for triatomines and extending the radius of the flight in search for food. Adult triatomines attracted to light, heat, or odors can find human dwellings (16). In addition, hungry insects can be passively transported from jungle areas when moving building materials or harvesting and reaching human households. Inside the house, with people and domestic animals, they find the possibility of a blood intake, and therefore the probability of transmission of T. cruzi to people (17).

The natural link between the wild and domiciliary cycles is basically made up of breeding domestic mammals and some wild mammals that occasionally arrive in the human habitat and reside in the peridomicile. Dogs, cats, and other mammals such as goats, sheep, rabbits, pigs, horses, and cattle, are food sources of T. cruzi-infected triatomines, all becoming reservoirs for the parasite. Synanthropic murids, weasels, skunks, ferrets, bats, and man himself can be added when coming in contact with vectors while resting in sheds. Birds such as chickens, although they do not allow the development of T. cruzi, they are triatomine source of food and contribute to the maintenance of the parasitic cycle (18). In certain regions, dogs, opossums, and rodents are probably the most important reservoir hosts in the peridomiciliary cycle (19).

Enzootics in human populations that frequently involve man and his domestic animals constitute zooanthroponotic foci (17) where the peridomicile cycle is a good example (20). The role of humans in the dynamic of transmission is very important by the fact that the life expectancy of a human being is usually over 70 years, and parasitemia can remain for more than 40 years, giving it a particular function as host-reservoir for T. cruzi (21).

The proportion of reservoirs infected with T. cruzi varies according to geographic location, local epidemiology, density of triatomines, and their rate of infection with T. cruzi. The circulation of the parasite in the domestic cycle is dynamic, and the reservoirs become infected at an early age by contact with infected triatomines (22). Triatomines from the wild environment must “adapt” to the domestic environment to colonize and transmit the parasite to the inhabitants of the house. The domestication of triatomines is a complex process, with important genotypic and phenotypic consequences (23). The transition from the wild to the domestic environment is mainly due to the stability of the habitat, with the latter being more stable than the wild due to the ease of continuous reproduction without predation and the permanent source of food (people and domestic animals) (22).

The possibilities of interaction of the elements of the biological cycle among animals and man could constitute the following:

	- Wild T. cruzi-infected triatomines infect man or domestic carnivores (dogs and cats) by contamination or by ingestion in the wild environment itself or after invading human dwellings.

	- Wild mammals infected by T. cruzi contaminate man when he skins them and uses their blood or raw viscera as food.

	- Wild mammals parasitized by T. cruzi penetrate the dwellings or the peridomicile, being a source of infection of domestic triatomines, which later contaminate man and domestic animals.

	- Domestic carnivores become contaminated by feeding on wild mammals parasitized by T. cruzi, which they capture from the wild or have invaded the home (24).

	- Domestic mammals and man become infected by ingesting feces of infected triatomines or the infected insects themselves contaminating food (22)

	- Domestic mammals and man become infected by ingesting food contaminated by the secretions and excretions of the odoriferous glands of marsupials that enter the house contaminating food and beverages (14)



The existence of human ChD is purely accidental. The concentration of parasites is diluted in the environment between vectors and the multitude of reservoirs (25). As man came into contact with natural sources and caused ecological imbalances, he forced the infected triatomines to occupy human dwellings, allowing the latter to find shelter and enough food in domestic animals and humans. Through this, man becomes an active part of the epidemiological chain of American Trypanosomiasis.

Trypanosoma cruzi cycles (wild, peridomiciliary, and domiciliary to which the urban one is added, in areas without triatomines) have a tendency to immortalize themselves; they are not closed, even being isolated from the others. There is an accommodation of the epidemiological chain that seems to be in accordance with the biological determination of parasitosis itself, but to other causes that make it more complex and worsen its endemicity, depending on the ecological, economic, political, and cultural practices of the society (26).



2.2 Epidemiologic and Clinical Characteristics of Chagas Disease by Cutaneous Vector Transmission

In rural areas, contamination of the point of the bite (skin or mucosa) with excrements of the triatomine infected with T. cruzi is the most frequent vector transmission. The vectors Triatoma infestans and Rhodnius prolixus, depending on the geographic location, are mostly responsible for domiciliation in low-income homes with palm roofs or mud walls. Inhabitants are subjected to frequent vector bites and may have knowledge about the existence of the vector in their homes and its association with ChD.

Acute cases are isolated and generally present in children with evidence of entry point such as the Romaña sign (bipalpebral edema and preauricular adenopathy) and the skin inoculation called Chagoma characterized by a painful nodule caused by the bite. These acute cases can occur with all the symptomatic procession of fever, prostration, and myocarditis and are generally left unnoticed, undiagnosed or confused with other pathologies (arbovirus diseases, malaria). The inoculum of an infecting triatomine is lower in this transmission as it refers to the content of metacyclic trypomastigotes in the rectal ampulla of the hematophagus that manages to penetrate through the site of the bite.

The detection of chronic cases of ChD is the frequent situation in rural areas among exposed people who do not know that they are infected. Patients are diagnosed late either fortuitously by some medical control or a serology in blood banks in the case of having a voluntary donor situation or by establishment of symptoms of incipient or advanced heart failure such as cardiomegaly, edema, arrhythmia, and other electrocardiogram alterations.

The serological diagnosis with determination of specific IgG by two diagnostic methods is the guideline to follow since the isolation of the parasite is very difficult at this stage of the disease. Antiparasitic treatment is selective as it depends on the physical conditions of the patients and is not recommended if they are already in the advanced stages of the disease (27).

Control in rural endemic areas depends on the efficiency of the control programs of each country, since it depends on the availability of national resources, distance and access facilities of health institutions and they are highly variable in Latin America.




3 Urban Chagas Disease

Much of the rural exodus has settled on the outskirts of the main cities. People transfer rural living conditions such as crops and infected domestic animals, which favor the maintenance of the periurban cycle. The maintenance of poultry attracts Triatoma maculata, and the association of rodents around the houses coexisting with Rhodnius prolixus are conditions already demonstrated in urban neighborhoods (24, 28–30). The biological cycle has moved from the wild environment to the peridomiciliary and domestic environment, demanding new control strategies such as vaccine production and urban planning to avoid the domiciliation of primary and secondary vectors in urban areas (31). The dilution factor of the parasite plays an important role in the transmission dynamics (32, 33). This concept can be extrapolated to the infection of vectors and reservoirs by T. cruzi (34). In rural areas, the population density of T. cruzi decreases in the environment, either in its various vectors or in the diversity of reservoirs. In contrast, in urban settings, the parasite is concentrated in few reservoirs including man and in vectors, practically restricted to a single species such as Panstrongylus geniculatus, favoring exposure and infection of blood-sucking triatomines.

Chagas disease has other more marked expressions of transmission in cities. Congenital transmission is not exclusive to the urban environment, but it is in the cities where the diagnosis is made. Cases derived from transfusions and transplants of tissues and organs are more appreciated in the cities where the blood banks and the transplant institutions operate. For these reasons, we include these two transmission mechanisms in the urban environment.


3.1  Evidence of the Presence of the Enzootic Cycle in Latin American Cities

The presence of some species of reservoirs and vectors has been noted in modern Latin American cities. Triatoma dimidiata is present in the capitals of Central America and in Guayaquil (Ecuador); Triatoma infestans in the cities of Uruguay; Triatoma rubrofasciata in the cities of Recife, Belem, and Salvador (Brazil); Panstrongylus megistus in El Salvador; P. geniculatus in the metropolitan area of Caracas (16, 35–38), and T. maculata colonizing houses in an urban area of Maracaibo in Venezuela (39). In the cities of Bolivia and southwestern Peru, guinea pigs behave as the main reservoirs when raised as food sources for man, while in Panama and Costa Rica, Rattus rattus seems to be the main domiciliary reservoir (20).

The study on the presence of T. cruzi foci in the Caracas valley and of its reservoirs and potential and/or real vectors dates from the investigations of Quintini (40), who found a morphologically different reduvid to R. prolixus in the gardens of the Central University of Venezuela. Benain Pinto in 1949 (41) recorded an infection rate of 30% for R. prolixus and 100% for P. geniculatus inside homes in the Petare region of Caracas, where he observed the colonization of homes by R. prolixus. By xenodiagnosis, he found 20% of people positive for T. cruzi, doubting the autochthonous origin of the cases, due to the high migratory potential of people from rural areas to the city and the proximity of endemic areas to the Caracas valley.

Pifano in 1986 (42) reported the existence of 39% infection with T. cruzi and 0.5% with Trypanosoma rangeli (a species of trypanosomatid from the continent that shares the same ecological niche as T. cruzi) in P. geniculatus in highly urbanized areas of the Caracas valley. Studies of the intestinal content of these triatomines revealed that there was frequent feeding on humans. Additionally, they found an infection rate of 47% for T. cruzi in D. marsupialis and natural infection in Calluromys phillander (weasel) and Sciurus granatensis (squirrel).

The genus Panstrongylus has shown a great adaptive plasticity, and species considered wild such as P. geniculatus (16, 43), P. megistus (44), and P. rufotuberculatus (45) have shown adaptation to human houses. P. geniculatus, widely distributed in America, is found from southern Mexico to northern Argentina (46). It is of great epidemiological importance since this triatomine has frequently been found to be infected with T. cruzi (16, 43). The invasion of the human houses by P. geniculatus has been documented in Venezuela (47, 48). The existences of enzootic foci of T. cruzi in the Caracas city, in which P. geniculatus and D. marsupialis participate, have already been demonstrated (49, 50). Herrera and Urdaneta-Morales (36) reported a 17% T. cruzi infection in Rattus rattus in the periphery of Caracas with abundant invasion of the heart and moderate tropism towards the skeletal and smooth muscles of the intestine. They found low parasitemias in naturally infected rodents, which contrasted with the high mortality produced in laboratory animals, suggesting the no adaptation and selection of the isolates (14). In 2016, the presence of a zoonotic focus T. cruzi—rodents—P. geniculatus was confirmed in the vicinity of a house where a fruit juice was prepared (37), facilitating its accidental contamination and causing the appearance of acute ChD cases about 6.7 km away in a school of the same city, which gives rise to the largest reported outbreak of oral transmission recorded to date (51).

The study of autochthonous cases of ChD in the city of Rio de Janeiro has been conducted since in 1943 vectors and reservoirs infected with T. cruzi were detected. Although the State of Rio de Janeiro is not classified as an endemic area, occurrence of domestic invasion by Triatoma vitticeps at various locations in the state of RJ has been described (52).



3.2 Human T. cruzi Infection by Oral Vector Transmission

The most striking thing due to the epidemiological change is the oral transmission of infection by T. cruzi. However, there are other types of transmission which have contributed to the urbanization of ChD and are related to human-to-human transmission.


3.2.1 Epidemiological and Clinical Characteristics of Oral Vector-Borne Chagas Disease

Oral transmission of T. cruzi is known from experimental studies carried out in mammals fed with infected vectors, whether these are metaxenic (triatomines) or mechanical (flies) (53). It is difficult to understand that the skin of a “cachicamo” (Dasypus novemcinctus) or the fur of a D. marsupialis or an anteater (Myrmecophaga tridactyla) allows the penetration of the prosbocide of a hematophagus insect. The coexistence of these insects in the caves of mammals, allowing their ingestion, is more feasible (16).

Oral transmission of T. cruzi to man becomes important after the emergence of outbreaks in Brazil in 1967. Since then, records appeareing in other countries and have greatly increased (4, 8, 10, 54). It is very possible that in rural areas, cutaneous and oral vector transmission occurred at the same time since human contact with the vectors is daily due to coexistence in infected houses (55). It is also possible that isolated cases of oral transmission to man have always occurred, which go unnoticed due to our ignorance in medical practice. Hence, recognizing this entity in order to identify both, outbreaks and isolated cases, is of utmost importance. Causal agent T. cruzi can contaminate drinks or food by accidental incorporation of infected vectors or by contamination with urine from marsupials that roam open kitchens, these vehicles can be shared by several people. These factors determine the following more highlights epidemiological and clinical characteristics of the oral transmitted ChD (4):

	- Outbreaks occur in groups in families (6), friends, schools (51, 56), and restaurants (9)

	- There are no signs of entry of the parasite through the skin (Romaña or Chagoma of inoculation)

	- The inoculum of parasites is considerably high since the entire contents of the digestive tract of one or more vectors with very infective metacyclic trypomastigotes are incorporated. The intestine of a T. infestans can harbor 684,000 trypomastigotes (57)

	- The group’s symptoms are simultaneous and characterized by fever, prostration, and edema of the face and extremities

	- The medical examination detects frequent cardiomegaly due to pericardial effusion. The cases are usually of moderate and severe intensity and often require hospitalization (58, 59)

	- Mortality is around 5% (5)

	- The occurrence of transmission can occur at a distance from the site where the food was contaminated (60)

	- People have total ignorance of the clinical entity with the vectors. This includes patients, doctors, and even health authorities

	- The initial diagnosis must be based on serology with determination of IgM and IgG, specifying all persons exposed to the infection, whether or not they are symptomatic. Ideally for all those exposed, but if the group is large, take blood samples to isolate the parasite and determine the parasitic DNA in moderate or severe cases (61)

	- Massive treatment of all positives even if they have only one positive test. Benznidazole for 60 days or nifurtimox for 90 days with periodic evaluations of baseline parameters (62)

	- Generally, the sanitary workers who handle the outbreak are exposed to interviews by the media, and uniform criteria must be used to avoid confusion and misunderstandings in the messages to the public.






3.3 Transmission of T. cruzi Infection From Human to Human

One of the great pitfalls in the Control of Chagas Disease is due to the multiple transmission mechanisms and that vector transmission, although it is the most important, is not the only modality. There is man-to-man transmission, which is carried out from mother to child or transplacental transmission, transmission by transfusions of blood products and organ transplants, and the possibility of sexual transmission is also being investigated. Laboratory accident due to the mishandling of biological material or infected animals is another transmission mechanism and the reactivation of a latent infection in immunosuppressed patients. Migrations of people from areas where there is vector transmission of T. cruzi to urban centers in Latin America and other countries around the world have modified the epidemiological panorama of ChD, favoring transmission in which the vector is not involved.


3.3.1 Congenital Transmission

Congenital infection with Trypanosoma cruzi is a global problem, occurring on average in 5% of children born from chronically infected mothers in endemic areas, with variations depending on the region, with Bolivia being the country with the highest frequency of congenital ChD infection (63). In countries where vector transmission is controlled, such as Uruguay, the only way to acquire ChD is by congenital transmission (at least until 2015), which has a prevalence of 4% (64). The congenital ChD is a neglected public health problem in Brazil, since there is no systematic search for T. cruzi in pregnant women from endemic areas; the prevalence of ChD in pregnant women ranged from 0.1% to 8.5%, with congenital transmission rates from 0% to 5.2% in Brazil (65). The estimated incidence of congenital ChD is approximately 10,000 cases per year (1). Screening for T. cruzi infection during pregnancy is very important because although antiparasitic treatment is contraindicated at this stage, the doctor needs to be prepared to receive a child with a probable transplacental infection who should be treated immediately. The greatest risk is constituted by those mothers with high parasite loads, since if the pregnancy is not interrupted due to fetal death, the possibility of a child with ChD with severe symptoms is high. The few cases of congenital transmission described in Venezuela in the last decades have been two cases of pregnant women infected orally with T. cruzi (62, 66) in whom parasitic infection results in massive fetal invasion. ChD control programs in endemic countries generally do not include screening for infection by serology in pregnant women, this measure being highly beneficial in the prevention of transplacental infection (67).



3.3.2 Blood Transfusions

Currently, blood transfusion is the second way of acquiring the infection after vector transmission in various regions of America. Between 2006 and 2011, it was found that 2.55%–3.29% of donors in Paraguay had positive serology for ChD (68). The transmission of ChD by transfusion of blood products depends on the donor’s parasitaemia, the recipient’s immune status, and possibly the T. cruzi genotype involved, among other factors (69). T. cruzi can survive in whole blood and blood products for long periods of time (70). Investigating the origin of donors, as well as the active search for individuals with ChD through the detection of antibodies against T. cruzi in the comprehensive evaluation of blood donors are actions in blood banks to rule out the risk of transmission to others persons. Díaz-Bello et al. (71) found that in 254 blood donors sent from different blood banks for presenting anti-T. cruzi antibodies in screening tests in a reference center in Caracas Venezuela, 50.79% had IgG antibodies detected by ELISA-IgG or Indirect Hemaglutination and Complement Fixation Test; the “artificial xenodiagnosis” was positive in 8.5% of the people with positive serology (71). In Chile, screening for T. cruzi is the main source of identification of people with ChD (72). In the United States, there is a legislation for the use of serological tests to reduce the risk of transmission of T. cruzi infection in the blood (Guidance for Industry. US Department of Health and Human Services Food and Drug Administration Center for Biologics Evaluation and Research December 2017; Chagas Biovigilance Network (http://www.aabb.org). Through the active search of specific T. cruzi IgG in blood banks, some autochthonous human cases have been found in the United States (73). In several communities in Spain, the detection of anti-T. cruzi is already a standard for Latin American blood donors (74).



3.3.3 Organ Transplant Transmission

Transmission of ChD by organ transplantation from an infected donor to a recipient without ChD is rare, but it can occur with solid organ transplants such as kidney (0%–18.7%), liver (29%), heart (75%) and even bone marrow (75). More than transmission by transplantation per se, the greatest problem in these patients is the reactivation of latent infection, a condition that must be taken into consideration in all centers where transplants are performed, even in nonendemic countries.

In the case of transmission by organ transplantation, PAHO recommends taking into account the following (75):

	If the recipient has ChD, it is necessary to consider the use of drugs such as benznidazole or nirurtimox in the event that parasitaemia reappears, regardless of whether there are symptoms or not. It is evident that in these patients, very sensitive diagnostic methods must be used that allow the discovery of T. cruzi trypomastigotes in peripheral blood or the real-time polymerase chain reaction (RT-PCR).

	If the recipient does not have ChD, but the donor does, consider the possibility of indicating etiological treatment for the donor. It is not appropriate for a donor to be in the acute phase of ChD, or to have chronic cardiomyopathy or intestinal forms, or to donate the heart or any other organ.

	As with blood transfusions, it is essential to find out if the patient or recipient of transplanted organs comes from areas endemic for ChD and to carry out the appropriate laboratory screening (75).



In transplant patients with fever or other clinical manifestations such as hepatomegaly, splenomegaly, lymphadenopathy, myocarditis, or meningoencephalitis, ChD should be suspected when it comes from endemic areas of Latin America (76).



3.3.4 Sexual Transmission

Human infections produced by T. cruzi could be sexually transmitted, according to several investigations that provide epidemiological, clinical, parasitological, immunological, and nucleic acid data of the parasite (77–79). Experimental studies in laboratory animals revealed the presence of amastigote nests of T. cruzi in the seminiferous tubes, epididymis, and vas deferens, as well as in the uterus, tubes, and ovary of acute infected mice (80). Interestingly, the life cycle of T. cruzi was observed in the ejaculation of one infected mouse. Sexual transmission of parasites was observed from mice infected with T. cruzi to negative receptors (81). Furthermore, amplification of parasite DNA from germ line cells of infected human hosts and their descendants suggests that T. cruzi infections can be transmitted sexually (82). The endemicity of the infection in urban areas of Latin America, and its recognition to some extent in Africa, Asia, Europe, and Oceania, in absence of insect vectors and other modes of infection can be explained by sexual transmission of T. cruzi (83–85). The analysis of four families with acute ChD with fever, headache, malaise, generalized muscle pain, prostration, and occasional signs of heart problems revealed the sexual transmission of T. cruzi infection in humans (78).

Sexual transmission of T. cruzi infection is a potential threat to public health throughout the world, and further research is required on this mode of transmission.





4 The Transition From Rural Trypanosomiasis to Urban Tripanosomiasis

Chagas disease, once thought as a rural problem, has become common in cities (86, 87). The conditioning factors for the mobility of ChD from rural areas to cities are numerous and range from biotic to abiotic factors, which include parasites, human behavior, migrations, land cultivation, periphery human settlements, urbanization, climate change, and others of lesser weight (34). In recent decades, the world’s croplands, grasslands, plantations, and urban areas have grown considerably (88). Anthropogenic changes in the natural habitats of vectors and even hosts may contribute to directional selection pressures on sylvatic populations (89), which in turn may favor variation in terms of morphology and assemblages of species in urban, rural, and jungle environments (90). The modification of rural and urban environments can exert selection pressures on Triatominae populations in domiciliary habitats (91).

Multivariate modeling of Triatominae speciation could be related to a rapid process driven mainly by localized ecological factors (92). Climate change studies document that human behavior contributes significantly to global warming, the fragmentation of natural environments, and the loss of ecosystem processes and ecological resilience. Global warming has contributed to significant changes in insect morphology, as well as in physiological processes, such as development rates (93). There is increasing evidence that habitat disturbance resulting from anthropogenic land-use change can lead to increased vector abundance and, in many cases, increased risk of disease transmission (94, 95). The disturbance of the forest landscape can increase human contact with T. cruzi by increasing the invasion and reinvasion of vectors to homes from jungle foci (96). An extensive meta-analysis of Rhodnius species suggests that forest habitat loss may increase contact between Rhodnius and humans (97).

Infection by T. cruzi is balanced in the jungle environment among very ancient animal species. Progressively, the parasite has moved to other ecosystems with other mammals and vectors getting closer to man, to the point of dispensing with the hematophagous insects giving way to man-to-man transmission.

In Table 1, we compare the evolution of the most frequent vectorial transmission events that take place in rural areas with the most frequent vector transmission that occurs in urban areas in the understanding that these two different ecoepidemiological systems can be interchanged and overlapped.


Table 1 | Comparison between rural and urban vector-transmitted Chagas disease.



These features are not exclusive to the rural or urban condition.

The biological aspects related to cycles, vectors, reservoirs, and mechanisms of infection, as well as clinical characteristics and ecological conditions that were associated with the progressive transition towards urbanization of ChD are summarized in Figure 1. As this is a multifactorial pathology and includes many areas of knowledge, this figure does not encompass the socioeconomic, cultural, and political determinants that have contributed to the transition of ChD towards urbanization. Written informed consent was obtained from the parents (ON and TG) or legal guardians of the minor for the publication of images or potentially identifiable data included in this article.




Figure 1 | Differences in the ecoepidemiological and clinical patterns of Chagas disease in rural and urban ecosystems. The five evolutionary stages of Trypanosoma cruzi were visualized in a single microscopy field obtained from the intestinal content of the natural infected Panstrongylus geniculatus shown herein. Written informed consent was obtained from minor the legal guardian andnext of kin for the publication of any potentially identifiable images or data included in this article.





5 Exporting Chagas Disease

The estimated number of infected people in Europe is 68,000 to 123,000 (98) and from 200 to 300,000 in the United States (99) while the number is more limited in Japan, Canada, Australia, and New Zealand with a range of 140 in Australia to 12,000 in England (100). In the same proportion are the receiving countries of the great migration of Latin Americans to the world, where Spain stands out as the country that houses the largest number of Latin Americans in Europe (84, 85). Of 2,090,695 Latin Americans living in Spain, it is considered that 47,738 to 67,423 could have ChD (100). Hence, in 2007, the World Health Organization and the Pan American Health Organization convened a meeting entitled “Revisiting Chagas disease: from a Latin American health perspective to a global health perspective,” from which the “Non-endemic Countries Initiative” emerged to highlight the presence of ChD in nonendemic areas of the world (84).

The presence of Latin Americans in the world absorbed by the labor market, not necessarily rural, increases the probabilities of human-to-human transmission outside the American Continent. These infected people can become the source of infection of local hematophagous triatomines with vector potentiality. For health campaigns to recruit infected people in other latitudes, such as those carried out in Spain, and whose objective is to diagnose and administer treatment to serologically positive people, it is important to point out that although medical treatment considerably reduces parasitaemia and the values from serological tests, supervised antiparasitic treatment even in the acute phase in children does not guarantee the cure of this parasitosis (101)

The dispersal of the parasitic seed such as the presence of people infected with the T. cruzi parasite is the ingredient that guarantees the export of ChD and its globalization, from a neglected disease due to its affectation in human populations of low socioeconomic strata to a global public health problem.

Thus, the demonstration of potential vectors transmitting the infection in the two modalities described, the cutaneous vector and the oral vector, the presence and dispersal of reservoirs susceptible to natural infection plus the parasite, envision the emergence of enzootic cycles in nonendemic periurban areas and the Urban Chagas disease.


5.1 Vectors


5.1.1 Evidence of the Presence of Vectors Outside the Traditional Endemic Area

The distribution of ChD has traditionally been circumscribed to the geographic extent of American Trypanosomiasis in America. This parasitic infection originates from the American Continent and its extension depends in turn on the presence of hematophagous vectors infected with T. cruzi of the Rhodnius, Triatoma, and Panstrongylus genera. The vectors spread first to South America, then to Central America and North America, and finally to other continents. Triatoma infestans originating from Bolivia spread from northeastern Brazil to southern Argentina becoming the main vector in South America. Rhodnius prolixus originating from Colombia and Venezuela spread to the Andean region, the Guyana, and Central America (102). In endemic countries, Triatoma infestans is considered to be the main vector domiciled in the countries from the southern cone of America, Rhodnius prolixus and Triatoma dimidiata in the Andean and Central American countries, and Triatoma barberi in Mexico (31).

Natural infection by T. cruzi has been documented in the United States in vectors, wild animals, and in domestic dogs (103–108). Indigenous human cases have been reported in the southern United States (73, 109, 110).

The discrete typing units (DTU) related to the TcII and TcVI group members have been found in insects in California (111). The analysis of 1,510 specimens of triatomines from the southern United States, especially from Texas, yielded these findings: 54.4% T. cruzi infection prevalence of 6 species of triatomines. This prevalence is distributed as follows: T. gerstaeckeri (63.3%; n = 897) and T. lecticularia (66.7%; n = 66) greater than in T. sanguisuga (47.6%; n = 315), T. indictiva (47.8% n = 67), T. rubida (14.1%; n = 64), and T. protracta (10.5%; n = 19). On the other hand, T. gerstaeckeri (n = 548) were more frequently infected with TcI (53.9%) than TcIV (34.4%), and 11.9% showed mixed TcI/TcIV infections. In contrast, T. sanguisuga (n = 135) were more frequently infected with TcIV (79.3%) than TcI (15.6%), and 5.2% showed mixed infections (112). These findings require surveillance in the control of T. cruzi infection based on vector control and frequent monitoring of the triatomine population in other areas of the United States where findings of naturally infected triatomines have been reported (113).



5.1.2 Role of Other Insects as Efficient Vectors of Chagas Disease

The potential role of other vectors susceptible to infection by T. cruzi is a further concern. It has shown that bedbugs, Cimex lectularius, an insect with worldwide distribution, are able to infect experimental animals not only through the skin but also by oral route (114). This important finding could mean that T. cruzi can be transmitted through this biological vector in any of the continents outside the traditionally endemic areas.

Bed bugs (Cimex lectularius) are capable of harboring and transmitting T. cruzi for up to 97 days (115). The pathogen can persist in the insect even through molting processes, between one nymphal stage and the next. This discovery can change the status of bed bugs from a nuisance pest to a public health problem. As ChD is considered a neglected tropical disease and if the parasite that causes it really begins to spread also through bed bugs, it would cause a setback on decades of progress in the control of the disease. The proliferation of these insects is not always associated with lack of hygiene, but rather comes through contamination, feeds on our own blood, and begins to proliferate and spread very quickly, which have recently experienced explosive growth, spreading in rural areas and big cities around the world. Bed bugs share many important traits with triatomine insects. More research is needed to judge whether transmission of bed bug disease to humans can happen in a real-world environment.




5.2 Reservoirs

Since American trypanosomiasis is a widely distributed zooanthroponosis in America, it is essential to know the role played by wild and urban reservoirs in the transmission dynamics of this highly relevant pathology in human public health. As a wild enzootia, this parasitosis is present from latitude 42° N (North Carolina and Maryland, USA) to parallel 49° S (southern areas of Argentina and Chile), including the Caribbean islands, such as Curaçao (25, 116).

Natural infection with T cruzi has been demonstrated in a total of 180 species of mammals belonging to the following orders: Didelphidomorphia, Lagomorpha, Chiroptera, Rodentia, Pilosa, Cingulata, Carnivora, Primata, and Perisodactyla (25). In the amazonian region of Brazil, Jansen etal. (117) examined a total of 6,587 wild mammal specimens during the period 1992–2017. They found that 17% of mammals were seropositive and 8% of all animals displayed positive hemocultures, mainly Philander spp. and Didelphis spp. The coati Nasua nasua, the capuchin monkey Sapajus libidinosus, and the golden lion tamarin Leontopithecus rosalia are the mammals with higher rates of positive hemocultures. The DTU TcII has been found in small rodents from Louisiana in the United States (118). TcI is frequently found in opossums and TcIV in dogs and raccoons (106, 119).

Moving to the peridomiciliary areas, some studies arise, which explore the role of canines as reservoirs in rural areas of the western part of Venezuela, showing a general seropositivity of 67.6% (382/565) to T. cruzi (120).

In an area with important risk of transmission of T. cruzi to humans in western Mexico, the importance of rats as reservoirs of T. cruzi was searched. From 312 Rattus norvegicus examined, 71 (22.7%) were positive for T. cruzi by indirect hemagglutination, which was confirmed by xenodiagnoses. These results and their association with a high prevalence (77.9%) of triatomines (Meccus phyllosomus longipennis) infected with T. cruzi allowed them to conclude that rats seem to constitute an important domiciliary and peridomiciliary reservoir for T. cruzi, furthering the risk of infection for human beings (121).

In the founder focus in Caracas, where the largest oral ChD known outbreak originated, 2 out of three domestic dogs were serologically positive and 4/10 rats captured around the juice-prepared house were parasitologically and molecularly positive to T. cruzi (101).

Undoubtedly, the diversity of the fauna of potential reservoirs in rural and wild areas is much greater than in cities; however, the few species of important reservoirs in urban and periurban areas are of great importance in maintaining transmission. Rats, mice, dogs, cats, and occasionally opossums are the species responsible for maintaining transmission in this ecosystem. In a city as Caracas, with an estimated population of 3.5 million inhabitants (122), there should be at least 875,000 rats, according to very conservative calculations with respect to cities like New York where it is estimated that the rat population is 25% of the human population (123). In 1989, it was calculated that with an estimated population of 3,575,989 inhabitants in Caracas, there should be 286,079 dogs (8% of the human population) of which 14,304 would be strays (124). The presence of high densities of reservoirs susceptible to infection by T. cruzi, (rats and dogs) in cities maintains the danger of urban cycles. As the complete T. cruzi cycle has been demonstrated in Caracas, its natural consequence are oral ChD outbreaks and in fact, four urban outbreaks have occurred in this city (5).

The process of globalization of ChD from America initially began with the migration of patients to other continents, and then it was followed by the dispersion of triatomines to Southeast Asia and Africa (125).

The only thing missing is the dispersal of infected domestic or wild mammals, and in that sense, the majority of pets are dogs and cats. However, migration of wild animals that act as reservoirs for ChD has occurred. This is the case of raccoons, which is an important reservoir in the United States (126). It was introduced in Europe, initially in Germany in 1923 where it is already considered a pest, since they have reached one million specimens. In Spain, raccoon is a plague in the Community of Madrid, but it has spread mostly to the entire country (127). Epidemiological surveillance on this potential host in Europe is a necessary control measure.




6 Final Remarks

Trypanosoma cruzi remains in the wild in many endemic regions of Latin America where the persistence of the parasite is successful among blood-sucking vectors and natural reservoirs. Once the passage to man has been made, the same transmission mechanisms are carried out as among mammals that coexist with vectors, such as cutaneous and oral vector transmission, and congenital transmission, then other forms of transmission such as transfusion, organ transplantation, or accidental mechanisms are introduced to the epidemiological scene as part of the technologies of man. New settlements in the Amazon region associated to agricultural activities especially the açai mass cultivation where the triatomines live, have increased the oral transmission outbreaks in Latin America (128). First at all, migration has occurred from the rural areas to the main Latin American cities as Caracas and Rio de Janeiro where the population size of expansive slums make it difficult to applied sanitary measures (129). In addition, human migration has been moved from the endemic to nonendemic countries. Added to these aspects are the incomplete measures of ChD control looking for cases in infants and young ladies, lack of access to treatment, and toxicity of the old antiparasitic drugs and their limited efficacy even when administered in children, in acute, supervised phases, are all circumstances under which the drugs should be more effective (101). Improving the active search for infected people at different levels (schools, medical certificates, control of pregnant women, military, blood banks, transplantation units, etc.), as well as the medical care for chagasic patients, community participation under the citizen science approach, rats and dogs surveillance, are aspects to be incorporated into the local Programs of Chagas Disease Control. Although traditional vector control and active search for cases have been proven to be insufficient, they are basic control measure for epidemiological surveillance.

Human-to-human transmission can be a public health problem in the transmission of T. cruzi from already infected people to the healthy population. It is probable that these events will gradually decrease, and their penetration in the population would theoretically become less and less. However, since there are vectors and reservoirs susceptible to infection by T cruzi, the only thing missing is the seed of the parasite to close natural transmission cycles in nature in other latitudes different from the American continent. This step is already guaranteed with the growing volume of Latin American migrants to other regions of the planet. All these mentioned factors lead us to the conclusion that once transmission is established in a certain place, the different transmission mechanisms of T. cruzi guarantee the perpetuity of ChD. A discussion is required at various decision levels to increase investment in vaccines and new antiparasitic drugs as the main strategies added to modern vector control. Including the spatial structure of city streets, for example, can more accurately describe the spatial characteristic associations of insect infestations and help to develop effective public health interventions to reduce transmission in densely populated areas (130). Geographic Information Systems coupled with rigorous spatial analysis and remote sensing data (spatially continuous and satellite-derived proxies of environmental factors) cannot only provide information on the factors and mechanisms responsible for heterogeneous contacts between vertebrate hosts and vectors but also help guide science-based disease surveillance, control, and prevention programs (131, 132).
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