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I – Introduction 

The topic of this work is not related to any specific piece of legislation promulgated in Brazil. However, as a matter of public health it has provisions in the Brazilian Federal Constitution of 1988. Two articles establish the government mandatory duty to promote and provide the means to health access by the Brazilian population. Articles 196 and 197 of the Federal Constitution
 are self explanatory: 
“Article 196 - Health is a right of all and a duty of the State and shall     be guaranteed by means of social and economic policies aimed at reducing the risk of illness and other hazards and at the universal and equal access to actions and services for its promotion, protection and recovery.

Article 197 - Health actions and services are of public importance, and it is incumbent upon the Government to provide, in accordance with the law, for their regulation, supervision and control, and they shall be carried out directly or by third parties and also by individuals or private legal entities.”
II - Tropical Disease – Definition and Localization 

The English colonizers first used the expression “tropical disease” in India
 describing diseases that were thought to be related with its tropical climate. However, the term is not actually precise since the kind of illness usually indicated as “tropical” is, in fact, related to the social-economical situation of the infected people. In short, they are related to poverty. Thus, “tropical diseases” in the context of the developing and under developing countries, where they occur, should be renamed “poor diseases”. This nomenclature would better fit them, since poverty and lack of basic sanitary conditions are huge factors in their transmission chain.  

The Chagas’ disease, American trypanosomiasis, one of the so-called tropical diseases, exists only in the American Continent, specifically in Central and South America. It is caused by a flagellate protozoan parasite, Trypanosoma cruzi, transmitted to humans, mainly, by blood-sucking triatomine bug and blood transfusion. Those bugs are known by different names in each country the disease occurs, and in Brazil the most popular names are “barbeiro” or “chupão”.
The following map shows the distribution of the endemic regions around the American continent
: 
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The illness is named after the Brazilian scientist Carlos Chagas, which discovered it in 1909. Back in the beginning of the 20th century, he was designated by the Brazilian Secretary of Health - Oswaldo Cruz
- to fight the malaria fever in the State of Minas Gerais, at the countryside of Brazil. It was important to eradicate or, at least to control the malaria fever, since the federal government was initiating the construction of the biggest railroad of the country, the “Central do Brasil” railroad, which would cross several states.  But besides combating the malaria fever Carlos Chagas also diagnosed a new illness. At the Rio das Pedras Valley, in the countryside of Minas Gerais state, he discovered and described all the epidemiological cycle, from its causative agent and vectors through the clinical reactions, which characterize it. 


According to the Special Programme for Research and Training in Tropical Diseases (TDR), an independent global programme of scientific collaboration established in 1975 and co-sponsored by the United Nations Children's Fund (UNICEF), the United Nations Development Programme (UNDP), the World Bank and the World Health Organization (WHO), 18 countries in the world present the disease, all of them in the American Continent - the Southern Cone, Northern Central America and Mexico. The 2002 report from the World Health Organization indicates that 16 to 18 million people are infected with the disease in America, and of those infected 21.000 will die each year.




In South America, the majority of cases are found in Brazil, specifically in 6 states, Minas Gerais, Goiás, São Paulo, Bahia, Paraná, and Rio Grande do Sul.
 Although not an endemic area for Chagas’ disease in Brazil, the Amazon region has presenting an increment in the number of cases, which can be explained by the alarming rupture in its ecosystem, as well as by all the environment changes that happened in the last decades, which will be further discussed. This would be the perfect time to prevent the widespread of the disease in the area.

From the perspective of this work, it is important to call the attention to the fact that the Chagas’ disease has always occurred in the wild, and the transmission cycle between the small mammals that have the parasite and the vectors – triatomine bugs, has been going forever. What can be stated without doubt is that the illness’ dissemination among humans has started once human beings have interacted with the triatomine bugs in the endemic regions, where the disease occurs. And that interaction started when humans have invaded and modified the wild ecosystem. 
According to research, the disease first appears in Brazil long after the country’s discovery by the Portuguese, which happened in 1500. The predatory Portuguese colonization included irrational exploitation of the country’s natural resources leading to a continuous and progressive deforestation and the consequent reduction of the wild fauna. At the same time, and as a consequence of the miserable economic condition of rural workers, a new kind of dwelling construction appears in the country areas of Brazil. It is made of mud walls and thatched-roof and the Portuguese name for it is “cafua”. 
This kind of dwelling is very attractive to the vector bugs. The mud walls and thatched-roof have little holes and fissures where the triatomine bugs can hide. Once their natural habitat has been changed and reduced, the bugs look after other places to live. It is clear that the environmental intrusions in the country areas of Brazil combined with the extreme poverty of the rural population were the main factors for the rising and spreading of the Chagas’ disease.

The pictures show, in detail, what was above described
:
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Two factors reassure the illness’ social and ecological background. The first one is the almost complete inexistence of the disease among the indigenous people of the Amazon and Central regions of Brazil. Although living inside the forests, they live in a different kind of house, called “maloca”, where the bugs do not hide. Another factor is that native people tend not to disrupt the environment in which they live and by doing that they do not cause disequilibrium in the causal agents and vectors’ habitat. The second factor is the absence of the disease in North America, despite the existence of the causative agents and the vectors in Arizona and California. The lack of mud wall houses - “cafua” – in concert with better life conditions in North America are indicators of the ecological and social features of the Chagas’ disease.
 
Once considered a countryside illness Chagas’ disease is now a serious medical problem in urban centers, where it is caused primarily by blood transfusion. The migration of rural population to the big urban centers in search of better life conditions carried with it the parasite. Once in the city, those already infected by the protozoan parasite are put in contact with the non-infected population and the cycle begins.  
II – Transmission and Life Cycle 


The three major ways the protozoan parasites are transmitted to humans are:
· By blood feeding "assassin bugs’ (sub-family Triatominae), which live in cracks and crevices of poor-quality houses, usually in rural areas. They emerge at night to bite and suck blood. The feces of the insects contain parasites, which can enter the wound left after the blood meal, usually when it is scratched or rubbed;
· Through transfusion with infected blood; and 
· Congenitally, from infected mother to fetus.
The life cycle of the disease can be described as followed:
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An infected triatomine insect vector (or “kissing” bug) takes a blood meal and releases trypomastigotes in its feces near the site of the bite wound. Trypomastigotes enter the host through the wound or through intact mucosal membranes, such as the conjunctiva [image: image5.png]


. Common triatomine vector species for trypanosomiasis belong to the genera Triatoma, Rhodinius, and Panstrongylus.  Inside the host, the trypomastigotes invade cells, where they differentiate into intracellular amastigotes [image: image6.png]


. The amastigotes multiply by binary fission [image: image7.png]


and differentiate into trypomastigotes, and then are released into the circulation as bloodstream trypomastigotes [image: image8.png]


. Trypomastigotes infect cells from a variety of tissues and transform into intracellular amastigotes in new infection sites.  Clinical manifestations can result from this infective cycle. The bloodstream trypomastigotes do not replicate (different from the African trypanosomes). Replication resumes only when the parasites enter another cell or are ingested by another vector. The “kissing” bug becomes infected by feeding on human or animal blood that contains circulating parasites [image: image9.png]


. The ingested trypomastigotes transform into epimastigotes in the vector’s midgut [image: image10.png]


. The parasites multiply and differentiate in the midgut [image: image11.png]


and differentiate into infective metacyclic trypomastigotes in the hindgut[image: image12.png]


.


The disease has two successive phases, acute and chronic. The acute phase lasts 6 to 8 weeks, in which the patient develops a small sore at the bite, and if it is near the eye, the eyelid becomes swollen. This is a characteristic symptom of Chagas’ disease, known as Romaña’s sign. Within a few days, fever and swollen lymph nodes may develop. This initial phase is responsible for the death of young children. Once the acute phase subsides, “[m]ost of the infected patients recover an apparent healthy status, where no organ damage can be demonstrated by the current standard methods of clinical diagnosis. The infection can only be verified by serological or parasitological tests”
. This form of the chronic phase of Chagas’ disease is called indeterminate form and most patients remain in this stage. 
However, after several years of starting the chronic phase, “20% to 35% of the infected individuals, depending on the geographical area will develop irreversible lesions of the autonomous nervous system in the heart, esophagus, colon and the peripheral nervous system”
. The chronic phase lasts the rest of the life of the infected individual. 
The Chagas’ disease represents the first cause of cardiac lesions in young, economically productive adults in the endemic countries in Latin America.”

III – Prevention and Control 

As methods of prevention we can list
: 
1) Treatment of homes with residual insecticides; 

2) Blood screening to prevent transmission through transfusion;
3) Drug treatment for acute early indeterminate and congenital, and  
4) House improvement (substituting plastered walls and a metal roof for adobe-walled, thatch-roofed dwellings).

For therapy, two drugs (nifurtimox and benzinidazole) can be used for the early chronic phase, but not thereafter. T. cruzi antigens can stimulate autoimmunity, so the prospects for an effective vaccine are slim
. 

Control relies on killing vector insects in houses, improving housing to turn them unsuitable for colonization by vector insects, and comprehensive health education initiatives. Educating the population is a major step in controlling the disease, since after the acute phase, no specific symptom is evidenced by the infected person, and so no treatment is provided. However, if the population is aware of the disease treatment can be effective and on time.

IV – The Chagas’s disease in the Amazon Region
The Brazilian Amazon has been considered a non-endemic area for Chagas’ disease, regardless the enzootic cycle involving a variety of wild mammals and triatomine bugs, whose natural environment has already been immensely altered by human activities, in important ways for vector-host balance.
 However, the number of cases recently reported has increased urging for a complete understanding of the factors, in order to halt the expansion of the disease in the area. This is the time for avoiding the epidemics, with the Trypanosoma cruzi   domestic cycle still in the adaptation phase, it is the perfect opportunity for adoption of vector control measures. 
The two major problems the Amazon faces: human migration from other areas and uncontrolled deforestation, constitute the greatest risk for the establishment of an endemic Chagas’ disease in this part of Brazil
.
Although no cases of domestic triatomines have been described for the Amazon it cannot be definitely concluded that the region is not endemic. At least 18 species of triatomine have been found in the region, rising up the probabilities for an endemic area. 
The Chagas’ disease cases reported in the area called the attention of the scientist in face of their unique transmission cycle. It is well known that the triatomine bugs like dry and not dense vegetated areas, which is not the native environment of the Amazon region of Brazil. However, with the increasing and fast deforestation of huge areas, the conditions are changing and becoming more attractive to the triatomine bugs.

Two cases will be reported in this work, which will emphasize the environmental characteristics of the Chagas’ disease occurrences in the region.   
The first case was a study conducted by the Chagas’ disease Multidisciplinary Research Laboratory of the University of Brasilia, in a region called Paço do Lumiar County (population 55,000), 20 km from the capital do the state of Maranhão, in the northeast region of Brazil.
  The work was conducted in 15 villages, separated by partly deforested argillaceous pathways with scattered houses, where mud walled, thatch-roofed houses are usually located beneath or beside large palm trees and no clear delineation separated peridomestic areas from the dense rain forest habitat of wild animals. The county’s economy is dependable on subsistence agriculture and fishing. Raising domestic animals, producing manioc root flour and grains, and harvesting greens and fruits necessitate clearing areas of forest.  


In the study, the researchers described a trophic network of “five levels comprising different species dwelling in palm tree microhabitats. A single class of top predator mammal (Didelphidae) was found in the study area. The absence of other top wild predators upon which bugs feed may contribute to peridomiciliar and domiciliary invasion during the wet season.”
 This observation is important because it contrasts with earlier descriptions of seven families of mammals, belonging to Primates, Edentates, Marsupials, Carnivores, Rodents, and Chiroptera classes which were hosts for triatomines in relatively undisturbed ecoregions.  So, as factor of environmental disequilibrium, the elimination of a single class of invertebrate or vertebrate animals in a trophic network may be a major risk factor leading to more triatomine species entering houses and initiating a new cycle of transmission of T. cruzi infection.

One conclusion of the study, related to the number of unknown cases of Chagas’ disease in the region is alarming. The researchers found that 

“a child <10 years of age with a positive immunofluorescence test (see methods) was considered a host of acute T. cruzi infection. Considering the age-specific prevalence of T. cruzi infections in adults (30) and the fact that for each acute case that is clinically identified an estimated 20 to 100 others are unrecognized (34), autochthonous human Chagas disease in the Amazon Basin may reach 7,860 to 39,300 cases. The latter figure is consistent with serologic evidence of T. cruzi infection in the Brazilian Amazon region presented in the national report on Chagas disease.”

The characteristics of the infection transmissions described here do not indicate a need for insecticide spraying in the Amazon region, for the cycle of transmission of T. cruzi is deeply embedded in a natural trophic network comprising wild animals belonging to several classes and trophic levels.

Risk factors associated with the possibility of emergence of endemic Chagas’ disease in the Amazon Basin were described in the study. First, the broadleaf moist rain forest ecosystem may be invaded by triatomine species (T. infestans and T. rubrofasciata), which are considered completely adapted to human domiciles, or by other triatomines (P. megistus and T. brasiliensis, T. pseudomaculata, and T. sordida), which can be found in different ecosystems but frequently enter and colonize houses. Second, several Amazon Basin triatomine species (R. pictipes, R. prolixus, R. neglectus, R. nausutus, T. vitticeps, T. rubrovaria and others) can adapt to human dwellings, where they could become important vectors of the T. cruzi infections. 
One main conclusion of the study was that no vestiges of triatomine colonization were found in houses or their surroundings in the study area, which push away the “ordinary” transmission cycle of the disease, in which the bugs invade the mud walls houses, transforming those houses in their habitat. The research conclusion is that starving adult bugs, such as R. pictipes and R. neglectus, may leave their natural shelters at night to feed on human hosts, probably attracted by light in the houses. 
Factors associated with triatomines flying from palm tree to houses were addressed in the study. It concludes that the scarcity of birds and mammals during the wet season may be an important factor associated with anthropic predation and the presence of T. cruzi-infected insects in houses in the rainy season. The research ends with the conclusion that domiciliation of triatomines may not be required for an increasing endemicity of Chagas disease in the Amazon Basin, which calls for a full attention of the health authorities in Brazil, since this could be a new way for transmission of the disease, not yet detected by the authorities. Thus, new methods to prevent transmission of T. cruzi infections to humans in the Amazon Basin, meaning new strategies are needed, which will not necessarily be similar to those used in controlling endemic Chagas disease in other ecosystems, such as the Cerrado and Caatinga ecosystems in Brazil.

The study suggests that the task of controlling emerging Chagas’ disease in the Amazon Basin should rely initially on an information, education, and communication program, which encourages control measures by the householder (e.g., use of screens, bed nets, insecticide-treated fabrics, and vegetation management).
The second case presented deals with the contamination of a whole family in the countryside of the state of Amapá, north region of Brazil. The study
 calls attention to transmission associated with family micro-epidemics, and claims that it deserves more attention. In a new approach the study suggests that Chagas’ disease may be transmitted by ingestion. 
Episodes involving whole families, in the absence of triatomine vectors in the dwellings, are a curious aspect of the disease in the Amazon region. The possibility of infection by ingestion, although a mechanism still not well elucidated, appears to be the best hypothesis to explain the increasing number of these episodes.

The research cites an episode where 17 people became infected by drinking assai palm fruit juice, a typical palm tree of the region. Sylvatic triatomine bugs attracted to electrical lights possibly fell into the machine used to process the juice consumed by the patients. All of the patients reside at the Monte Castelo sawmill, in the locality called Rio Bispo, municipality of Mazagão, State of Amapá , and belong to four families that live in a villa within 50 meters of each other. Among those families a common food habit was to consume “assai palm fruit juice” prepared daily at 8:00pm, in an electric machine and distributed to them. 
The houses are surrounded by palm trees called “urucuri” (Attalea phalerata), recognized to be a habitat for wild triatomines in the region – 30% of the examined trees (6/20) were infested with the triatomines Rhodnius pictipes and R. robustus, infected with trypanosomes identical to T. cruzi. The hypothesis proposes that oral transmission probably took place at night when one or more triatomines attracted to the electric lights fell into the juice being prepared in the machine and were mixed with the fruit pulp. Then the people who drank the juice became infected. This is the only common trace among all the infected people, since they were not bitten by the bug nor had blood transfusions.

The hypothesis is important, since transmission of Chagas’ disease was never related to ingestions of contaminated fruit. It also states the changing in the natural habitat of the causal agents, where the bugs feed as a major factor in the disease’s transmission cycle. The disruption of their habitat causes the bugs to get closer to  humans, from whom they can also feed.  
V – CONCLUSION

The traditional mechanism of transmission of Chagas’ disease involving contact with metacyclic forms in the feces of wild triatomines may not be the most common type of transmission in the Amazon where several other types of transmission appear to be occurring. The diversity of wild mammal reservoirs has suffered intense habitat devastation, giving rise to the triatomine bugs’ attraction to artificial lights and invasion of human habitations.

The risk for endemic Chagas’ disease in the Amazon Basin appears related to deforestation and new population settlements, shifting cultivation, and rapid human colonization of the vectors’ natural habitat in the last three or more decades, as well as the lack of multiple blood sources (hosts) for the vectors in the rainy season. Amazon Basin peri-urban and urban areas where acute cases of Chagas’ disease have been reported did not show signs of colonization of houses with triatomine bugs. Instead, transmission of T. cruzi to humans has been associated with sylvatic species (R. pictipes, R. neglectus, P. lignarius), which fly from palm trees to houses. New prevention and control strategies should take into consideration those new risk factors. The old methods of prevention would do no good in the Amazon case.
The ecological pressure of deforestation, with the destruction of the natural habitats of the vectors, may force the triatomines to change their behavior, as has already happened in several parts of tropical America, and may lead them to become adapted to human dwellings. 
The much needed implantation of an Epidemiological Vigilance Program for Chagas’ Disease in the Brazilian Amazon 
should be seen as a measure that recognizes the region’s priority for vigilance due to its geographical and human characteristics. In this manner, preventive actions should be undertaken and the region’s ample potential for becoming endemic should be recognized.  
As a conclusion, the two studies used as reference the call for the use of more modern antigens for new serological surveys for anti-T. cruzi antibodies,  considering the past 20 years of human intervention in the region. Special strategies in vector control should be adopted to combat the possible domestication of triatomine vectors in the region.
In short, to stop, or at least, control Chaga’s disease transmission in the Brazilian Amazon area is just a matter of political will.  
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