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Risks of endemicity, morbidity and perspectives
regarding the control of Chagas disease in the Amazon Region

José Rodrigues Coura/*, Angela CV Junqueira
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Chagas disease, in the Amazon Region as elsewhere, can be considered an enzootic disease of wild animals or
an anthropozoonosis, an accidental disease of humans that is acquired when humans penetrate a wild ecosystem or
when wild triatomines invade human dwellings attracted by light or searching for human blood. The risk of endemic
Chagas disease in the Amazon Region is associated with the following phenomena: (i) extensive deforestation associ-
ated with the displacement of wild mammals, which are the normal sources of blood for triatomines, (ii) adaptation
of wild triatomines to human dwellings due to the need for a new source of blood for feeding and (iii) uncontrolled
migration of human populations and domestic animals that are already infected with Trypanosoma cruzi from areas
endemic for Chagas disease to the Amazon Region. Several outbreaks of severe acute cases of Chagas disease, as
well as chronic cases, have been described in the Amazon Region. Control measures targeted to avoiding endemic
Chagas disease in the Amazon Region should be the following: improving health education in communities, training
public health officials and communities for vector and Chagas disease surveillance and training local physicians to
recognise and treat acute and chronic cases of Chagas diseases as soon as possible.
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The entire Amazon Region, or “Pan-Amazonia”,
has more than 30 million inhabitants, covers 44% of the
South American landmass and extends through nine
countries: Bolivia, Brazil, Colombia, Ecuador, Guyana,
French Guiana, Peru, Suriname and Venezuela, as shown
on the map in Fig. 1.

The Brazilian Amazon Region covers 4,871,500 km?,
accounting for 67% of the 7,275,300 km? of Pan-Amazo-
nia (Table I). Pan-Amazonia not only has natural wealth
due to its enormous biodiversity and major oil and gas re-
serves, but also contains 20% of all the freshwater in the
world. This may be the greatest measure of wealth in the
future, given the freshwater scarcities the world is cur-
rently experiencing. Similarly, Pan-Amazonia contains
for one-third of the world’s broad-leafed forests (Castro
1998). Despite the region’s low human population den-
sity, which shows large variation among its nine coun-
tries, its greatest problems are disorderly occupation,
uncontrolled deforestation and the notoriously covetous
manner in which the region is regarded internationally,
precisely because of its biodiversity and natural wealth.

With respect to the Brazilian national territory, the
Amazon Region occupies approximately 58% of the
country and falls within the boundaries of nine states:
Acre (AC), Amapa (AP), Amazonas (AM), Maranhdo
(MA), Mato Grosso (MT), Rondonia, Roraima (RR),
Para (PA) and Tocantins (TO). The Brazilian Amazon
Region portrays the wealth and problems of Pan-Ama-

Financial support: CNPq (471716/2009-0)

+ Corresponding author: coura@ioc.fiocruz.br
Received 22 December 2011

Accepted 1 February 2012

zonia intensified, encompassing the largest river com-
plex in the world, the largest sedimentary basin on the
planet and the greatest ecosystem and biodiversity in the
biosphere. The Brazilian Amazon Region has enormous
potential in terms of the energy balance of light and heat.
It has been estimated than every square centimetre of the
region releases 420 calories/day (Branco 1990), though
harnessing, storing and transmitting the naturally re-
leased energy for human use remains impossible with
present-day technology. However, in addition to the ma-
jor problems of Pan-Amazonia noted above (disorderly
occupation, uncontrolled deforestation, risk of desertifi-
cation and international covetousness), on a much larger
scale, the Brazilian Amazon Region is characterised by
difficulties related to health promotion and healthcare
because of the lack of qualified professionals, the dis-
persion of the population over wide areas and the lack of
infrastructure for medical care.

Many diseases are endemic in the Brazilian Amazon
Region. Prominent among these diseases are malaria,
American cutaneous leishmaniasis, several arboviruses,
tuberculosis, leprosy, infectious diarrhoea, intestinal
parasitosis and other diseases that are also frequently
found in other regions of Brazil. More recently, dengue,
which re-entered Brazil through RR in 1982, has pro-
duced epidemics in the Amazon Region, similar to what
has been observed in several other Brazilian states, in-
cluding the epidemic caused by the entry of type 4 den-
gue into that state. In contrast, Chagas disease, which is
the main topic of this review, is thought to have existed
in the Amazon Region for millions of years as an en-
zootic disease of wild animals. However, the first human
cases were not diagnosed until 1941 in French Guiana
(Floch & Tasque 1941, Floch & Camain 1948) and 1969
in the Brazilian Amazon Region (Shaw et al. 1969).
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Fig. 1: location of Amazon Region in South America.

The aim of this review was to analyse the current
situation regarding Chagas disease in the Amazon Re-
gion and the risk of endemicity for the region as well
as to propose health promotion and disease prevention
measures. The characteristics of this disease are highly
diverse in this region when compared to other endemic
areas of Chagas disease in Latin America.

The current situation regarding Chagas disease in the
Amazon - Chagas disease in Pan-Amazonia can, overall,
be considered to be an enzootic disease of wild animals,
given that the foci of wild triatomines that are pre-adapt-
ed to human peridomestic environments have only been
reported in extremely rare localities. In such situations,
the insects feed off domestic animals and poultry as well
as wild animals, such as marsupials, that approach and
invade homes in their search for food (Coura et al. 1999,
2002b). With respect to human infection, Chagas disease
in Pan-Amazonia can be considered to be an anthropo-
Zoonosis, 1.e., an accidental disease in humans, which is
acquired when humans penetrate the wild ecosystem to
hunt, gather plant material or undertake tourist activi-
ties, among other reasons. Chagas disease can also occur
when wild triatomines invade human homes attracted by
the light or in search of food in the form of human blood,
although this usually occurs in the absence of wild mam-
mals (Coura 1988, Coura et al. 2007). Contamination of

TABLE I

Amazon area and the percentage occupied by each country

Amazon Region Amazon area

Countries (Km?) (%)
Brazil 4.871.5 57.23
Peru 764.2 59.45
Colombia 504.6 44.28
Bolivia 391.6 35.61
Venezuela 175.7 19.18
Ecuador 128.7 47.05
Guyana 215 97
Surinam 143 100
French Guiana 81 100
Total 7.275.3 44

source: Aguilar et al. (2007).

uncooked foods by the faeces and urine of wild triatom-
ines or by the scent secretions of Didelphis marsupialis,
which can host infective forms of Trypanosoma cruzi, is
of great importance regarding human infection in Pan-
Amazonia (Deane et al. 1984, Coura 20006, 2007). At
least 27 species belonging to nine genera of triatomines
have already been observed in Pan-Amazonia (Abad-
Franch & Monteiro 2007) and the great majority of these
species are naturally infected with 7. cruzi. Similarly, the
enormous fauna of wild mammals infected by 7. cruzi in
this region (Deane & Jansen 1939, Deane 1961, 1964a, b,
1967, Deane & Damasceno 1961, Barretto 1964, 1967)
demonstrates that there is a large reservoir of 7. cruzi
in the Amazon Region, thus maintaining the infection
cycle in this region.

As mentioned earlier, the first human cases of Cha-
gas disease reported in the Amazon Region were re-
ported by Floch and Tasque (1941) and Floch and Ca-
main (1948) in French Guiana. More than 20 years later,
additional cases were reported by Shaw et al. (1969) in
Belém, PA in the Brazilian Amazon Region. Since that
time, nearly all countries within Pan-Amazonia have re-
ported acute cases of Chagas disease, particularly Brazil
(Coura et al. 1993, 1994a, b, 1995a, b, 1999, 2002a, b,
2007, Valente & Valente 1993, Valente et al. 1994, 1998,
1999, 2000, 2009, Aguilar et al. 2007, Pinto et al. 2008,
Coura & Dias 2009, Brum-Soares et al. 2010).

Chagas disease in the Brazilian Amazon - As in
Pan-Amazonia overall, Chagas disease in the Brazilian
Amazon Region had always been considered to be an
enzootic disease of wild animals until Shaw et al. (1969)
described the first four cases of human infection with 7.
cruzi in Belém from a small outbreak most likely caused
by oral transmission. More recently, Pinto et al. (2008)
studied 233 acute cases of the disease that had been ob-
served between 1968-2005 at the Evandro Chagas Insti-
tute in PA. These patients had come from PA, AP and
MA. Most cases (78.5%, 183/233) were associated with
outbreaks, most likely occurring through oral transmis-
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sion, while 21.5% (56/233) had occurred as isolated acute
cases. Initially, these authors examined 430 cases of acute
Chagas disease from this institution. However, only 233
cases were studied because 197 cases did not fulfil the
criteria for acute cases, i.e., showing the presence of 7.
cruzi in direct fresh-sample examination, in stained thick
blood smears or using concentration methods, such as
Strout and quantitative buffy coat. This was the largest
sample of acute cases of Chagas disease assembled to date
after that included in the study by Laranja et al. (1956) in
Bambui, Minas Gerais (MG). Moreover, the notification
rate for acute cases in the Brazilian Amazon Region has
been increasing exponentially. Between 1969-2008, the
Health Surveillance Department of the Ministry of Health
reported a total of 761 cases, of which 75% (568 cases) oc-
curred between 2002-2008 (Brum-Soares et al. 2010).

The national serological survey conducted by the
Campaign Superintendence of the Ministry of Health
between 1975-1980 (Camargo et al. 1984) revealed that
the mean prevalence for Chagas disease in Brazil was
4.2% and that the highest rates observed were in the
states of Rio Grande do Sul (8.8%), MG (8.8%), Goids
(7.4%), Alagoas (6%), Bahia (5.4%), Parana (4%), Pi-
aui (4%), Paraiba (PB) (3.5%) and Pernambuco and MT
(2.8% cach). In the Amazon Region, the two states with
the highest prevalence were AC, with 2.4% (possibly
due to the migration of people with Chagas disease from
northeastern Brazil) and AM, with 1.88%, while the rate
in PA was only 0.5%. However, after analysing the data
in greater detail, Silveira and Passos (1986) identified
pockets of Chagas infection with rates higher than the
national average. Among these, they highlighted Colares
in PA, with 5.1% and Barcelos, Novo Airdo and Japura in
AM, with 6.3%, 6.8% and 6.9%, respectively.

After this national survey, several other studies were
presented, including reports on acute outbreaks, case
reports and reports on the prevalence and morbidity of
Chagas disease in the Brazilian Amazon Region. Among
these investigations, studies by Coura et al. (1993, 1994a,
b, 1995a, b, 1999, 2002a, b), Valente and Valente (1993),
Valente et al. (1994, 1998, 1999, 2000, 2009), Pinto et al.
(2001, 2003, 2004, 2008), Albajar et al. (2003), Junqueira
et al. (2005), Xavier et al. (2006) and Brum-Soares et al.
(2010) can be highlighted.

In three preliminary serological surveys of 2,254
residents in the main settlement of the municipality of
Barcelos (Coura et al. 1999) carried out in 1991, 1993
and 1997, we found a mean prevalence of Chagas disease
of 13%. However, serological tests using the confirma-
tory techniques of indirect immunofluorescence, con-
ventional and recombinant ELISA and Western blotting
(Tesa-blot) were only capable of confirming 2.8-5% as
positive findings. A survey that we conducted recently
using immunofluorescence of samples on filter paper
from 4,880 residents of Barcelos showed that 221 indi-
viduals (4.5%) presented strongly reactive serological
tests, i.e., tests considered to be positive, while 302 in-
dividuals (6.2%) presented weakly reactive serological
tests, which were considered to be doubtful. We are cur-
rently collecting venous blood samples from the latter
cases to obtain serological confirmation.

Risks of endemic Chagas disease in the Brazilian
Amazon - The risks of endemicity of Chagas disease in
the Brazilian Amazon Region are listed below according
to Coura et al. (1993, 1994a, b, 1995a, b, 1999, 2002a, b),
Anonymous (2005), Junqueira et al. (2005) and Brum-
Soares et al. (2010). These risks would be expected to be
the same throughout Pan-Amazonia, although there will
be features specific to each country. These risks are as
follows. (i) There is an extensive reservoir of wild mam-
mals infected with 7. cruzi, represented in the Brazil-
ian Amazon Region by 33 species in six orders, namely
Marsupialia, Chiroptera, Rodentia, Edentada (Xenar-
thra), Carnivora and Primata (Table II). (i) Out of the
27 species of triatomines recognised in Pan-Amazonia
(Abad-Franch & Monteiro 2007), 16 belong to the genera
Belminus, Cavernicola, Eratyrus, Pantrogylus, Rhodnius
and Triatoma, all of which have been found in the Brazil-
ian Amazon Region (Coura et al. 2002a, b, Junqueira et
al. 2005) and 10 of which (Table IIT) have been found
to be infected with 7. cruzi. (iii) There have been sev-
eral outbreaks of acute Chagas disease transmitted via
the ingestion of foods contaminated with the faeces and
urine of triatomines or the scent secretions of marsupi-
als in the Brazilian Amazon Region, particularly in PA,
AP, MA and AC (Valente et al. 1999, 2009, Pinto et al.
2008) and, more recently, in AM. (iv) The uncontrolled
deforestation in the Amazon Region with the concomi-
tant reduction in the numbers and expulsion of the wild
mammals that are the natural source of food for triatom-
ines has stimulated pre-adaptation and adaptation of tri-
atomines to human homes. (v) The increasing migration
of people and their domestic animals from regions that
are endemic for Chagas disease to the Amazon Region,
which has been favoured through the opening of new
highways, the construction of hydroelectric schemes,
the exploration for oil and gas and other activities re-
quiring labour, may promote the transfer of Chagas
disease from endemic areas to the Amazon Region. Fi-
nally, (vi) the lack of knowledge about and the specific
requirements for Chagas disease surveillance in the
Amazon Region, as well as access difficulties and the
predominance of plant gathering activities among the
native population of this region, as mentioned earlier,
constitute not only a future risk, but also the current
reality of autochthonous disease in this region.

Domestic and peridomestic foci of vector popula-
tions have been described in different subregions of the
Amazon Region. These foci include Triatoma maculata
in rural and urban areas of RR, Panstrogylus genicu-
latus in peridomestic areas on the island of Marajo, PA
(Valente et al. 1998), Rhodnius stali in Alto Beni, Bo-
livia, and Panstrogylus herreri in the Marafion valley,
Peru. The presence of Rhodnius prolixus in the Orinoco
region, which is located at the transition to the Amazon
Region, is of concern (Aguilar et al. 2007). There are in-
dications that domestication of 7. maculata is occurring,
in indigenous areas of the Amazon Region in TO. This
finding is also of concern, given that 7. maculata is an
important vector in Venezuela.

Since Carlos Chagas (1924) confirmed that the para-
site 7. cruzi was present in isolates prepared by Aben-
Athar in 1922 from monkeys of the species Saimiri
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TABLE I1

Mammals from Brazilian Amazon found infected with Trypanosoma cruzi

Order

Species

References

Marsupialia (Didelphiomorphia)

Chiroptera (T cruzi or T. cruzi-like)

Rodentia

Edentada (Xenarthra)

Carnivora

Primates

Calluromys spp
Didelphis marsupialis

Marmosa cinerea
Metachirus nudicaudatus

Monodelphis brevicaudata
Philander opossum
Carollia perspicillata
Choeroniscus minor
Glossophaga sorcina
Lonchophylla mordax
Mycronycteris megalotis
Molossus major
Molossus ater
Phyllostomus hastatus
Plyllostomus alongatus
Noctilio labialis
Saccopterix bilineata
Agouti paca

Coendou spp
Dasyprocta spp

Echymys chrysurus
Nectomys squamipes
Oryzomys capito
Proechimys guayannensis
Rattus rattus

Sciurus spp

Cyclopes ditactylus

Dasypus novemcinctus
Tamandua tetradactyla
Nasua nasua

Tayra barbara

Cebuella pigmea

Sanguinus fuscicollis weddelli

Sanguinus imperator imperator

Sanguinus midas niger

Saimiri sciureus

Saimiri ustus

Lainson et al. (1979), Miles et al. (1981)

Rodrigues and Mello (1942), Deane (1961, 1964b),
Lainson et al. (1979), Miles et al. (1981), Povoa et al.
(1984)

Deane and Jansen (1939), Deane (1961), Lainson et al.
(1979), Povoa et al. (1984)

Deane (1958), Lainson et al. (1979), Miles et al.
(1981), Povoa et al. (1984)

Miles et al. (1981), Povoa et al. (1984)
Deane (1958), Lainson et al. (1979), Miles et al. (1981)
Dias et al. (1942)

Dias et al. (1942)

Dias et al. (1942)

Dias et al. (1942)

Dias et al. (1942)

Deane (1961, 1964a)

Deane (1961)

Deane (1961, 1964a)

Dias et al. (1942)

Dias et al. (1942)

Dias et al. (1942)

Lainson et al. (1979)

Lainson et al. (1979), Miles et al. (1981)

Deane (1960), Lainson et al. (1979), Pévoa et al.
(1984)

Miles et al. (1981)

Deane (1960)

Lainson et al. (1979), Povoa et al. (1984)
Deane (1961), Lainson et al. (1979)
Miles et al. (1981), Povoa et al. (1984)
Miles et al. (1981), Povoa et al. (1984)
Miles et al. (1981)

Rodrigues and Mello (1942), Deane (1961, 1964a),
Lainson et al. (1979), Povoa et al. (1984)

Rodrigues and Mello (1942)
Lainson et al. (1979), Pévoa et al. (1984)

Ferreira and Deane (1938), Rodrigues and Melo
(1942), Deane (1961,1964b)

Ziccardi et al. (2000)
Ziccardi et al. (2000)
Ziccardi et al. (2000)
Miles et al. (1981)

Chagas (1924), Deane (1964b), Ziccardi and
Lourengo-de-Oliveira (1997)

Ziccardi and Lourengo-de-Oliveira (1997)

source: Coura et al. (2002b), Junqueira et al. (2005), Ziccardi and Lourengo-de-Oliveira (1997), Ziccardi et al. (2000).
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TABLE III

Triatomines from Brazilian Amazon found infected and not infected with 7rypanosoma cruzi

Species found infected
Eratyrus mucronatus
Microtriatoma trinidadensis ~ Miles et al. (1981)

Panstrogylus geniculatus

Lent and Wigodzinsky (1979), Miles et al. (1981)

Dias et al. (1942), Rodrigues and Mello (1942), Almeida (1971), Povoa et al. (1984), Brazil et

al. (1985), Barrett and Guerreiro (1991)

Panstrogylus lignarius

Deane and Damasceno (1949), Almeida (1971), Lainson et al. (1979), Lent and Wigodzinski

(1979), Miles et al. (1981), Povoa et al. (1984), Brazil et al. (1985), Barrett and Guerrreiro (1991)

Panstrogylus rufotuberculatus
Rhodnius brethesi
Rhodnius neglectus

Lent and Wigodzinski (1979)
Coura et al. (1999)

Brazil et al. (1985)

Rhodnius paraensis
Rhodnius pictipes

Lent and Wigodzinski (1979), Miles et al. (1981)
Lent and Wigodzinski (1979), Rodrigues and Mello (1942), Almeida (1971), Lainson et al.

(1979), Miles et al. (1981), Povoa et al. (1984), Brazil et al. (1985), Barrett and Guerreiro (1991)

Rhodnius robustus

Species found not infected
Belminus herreri Miles et al. (1981)
Cavernicola lenti Barrett and Guerreiro (1991)
Cavernicola pilosa
Rhodnius nasatus
Triatoma maculata

Triatoma rubrofasciata

Lent and Wigodzinski (1979), Miles et al. (1981), Povoa et al. (1984), Brazil et al. (1985)

Dias et al. (1942), Almeida (1971)

Brazil et al. (1985), Rebello et al. (1998)

Almeida (1971), Lent and Wigodzinski (1979), Barrett and Guerreiro (1991), Rebello et al. (1998)
Lainson et al. (1979), Miles et al. (1981), Brazil et al. (1985), Rebello et al. (1998)

source: Coura et al. (2002), Junqueira et al. (2005).

sciureus, Chagas disease has been evolving from an en-
zootic disease of wild animals to an anthropozoonosis.
The latter term denotes animal diseases that are trans-
mitted to humans when they invade wild ecotopes or
when animals penetrate human homes because of their
proximity, as shown in Fig. 2. In some areas, such as in
the middle and upper Negro River microregion, Chagas
disease can be considered to be occupational and en-
demic because it is transmitted regularly and continu-
ally between individuals who gather piacaba (a species
of palm tree) material and their families. However, the
constant epidemic outbreaks that have been occurring
in different areas of the Amazon Region require a new
surveillance and control strategy involving the training
of technicians to achieve early diagnosis and the training
of multipliers, especially elementary school teachers and
healthcare agents to monitor the disease.

Morbidity of Chagas disease in the Brazilian Amazon
- The clinical manifestations of acute Chagas disease in
the Brazilian Amazon Region are generally severe, un-
restrained and different in certain aspects from its mani-
festations in the classic areas where the disease occurs.
We believe that the greater severity of the acute phase of
the disease in the Brazilian Amazon Region is due to the
transmission mechanism, which is oral in most cases. In
such cases, the inoculum is almost always larger than
in cases involving vector transmission. Borges-Pereira
et al. (1988) demonstrated that the mean volume elimi-
nated by a triatomine per defecation includes approxi-

mately 140 parasites, while inocula received through
oral transmission are believed to be much larger (Coura
2006). In the series of 233 cases studied by Pinto et al.
(2008), fever was present in 100% of the patients, head-
ache in 92.3%, myalgia in 84.1%, pallor in 67%, dyspnea
in 58.4%, lower-limb oedema in 57.9%, facial oedema in
57.5%, abdominal pain in 44.2%, myocarditis in 39.9%
and exanthema in 27%. In the present series, electro-
cardiographic abnormalities were present in 51.1%. In
the series by Pinto et al. (2008), attention was drawn to
pericardial effusion, which was observed in 46.2% of the
cases, with a general mortality rate of 5.6%. Among the
13 individuals who died, in 10 cases (76.9%), death was
due to cardiovascular impairment. The main difference
between their study and several others addressing the
acute phase of Chagas disease in classical endemic areas
was the severity of the disease. Two-thirds or more of
the acute-form or initial cases in the classical endemic
areas are asymptomatic or oligosymptomatic. However,
Pinto et al. (2008) drew attention to facial oedema and
the high percentage of exanthema in their sample, which
are characteristics that are very specific for oral trans-
mission (Fig. 3). Facial oedema most likely results from
penetration of 7. cruzi into the oral mucosa at the begin-
ning of the infection and the high rate of exanthema re-
sults from the large size of the inoculum, thereby leading
to dissemination of the parasite in the form of parasitic
septicaemia. Similarly, myalgia and abdominal pain are
caused by parasitic action on the skeletal musculature
and digestive tract, respectively. These characteristics
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Fig. 2: palm trees habitat of triatomines and opossum infected with
Trypanosoma cruzi invading huts in the Amazon Region.

E:

Fig. 3: severe exanthema in acute case of Chagas disease by oral trans-
mission (Pinto et al. 2008).

are typical of outbreaks of acute Chagas disease that oc-
cur through oral transmission in the Brazilian Amazon
Region and in several other regions of Brazil, such as in
Catolé do Rocha in PB and Navegantes in Santa Cata-
rina (Shikanai-Yasuda et al. 1991, Steindel et al. 2008,
Shikanai-Yasuda & Carvalho 2012).

The manifestations of the chronic phase of Chagas
disease described in the Brazilian Amazon have been
similar to those in other areas of Brazil, with the excep-
tion of “megas” (enlargement) of the oesophagus and of
the colon. Megas either does not appear or is very rare in
the Amazon Region, as is true in other countries located
north of the Equator. Recently, Brum-Soares et al. (2010)

carried out a seroepidemiological and clinical study in
152 individuals living in the municipality of Barcelos us-
ing an extensive epidemiological questionnaire and four
serological tests: indirect immunofluorescence in serum,
conventional and recombinant ELISA and Tesa-blot.
Cases that were reactive in the indirect immunofluores-
cence test and positive in at least two other tests were con-
sidered to be positive, cases with only one reactive test
or with very low titres were considered borderline and
cases with four non-reactive tests were considered nega-
tive. Using this methodology, these researchers found
38 positive cases (25%), 31 borderline cases (20.4%) and
83 negative cases (54.6%). This epidemiological study
showed that the activity of gathering material from the
piacaba was 10.4 times more frequent among seroposi-
tive individuals when compared to seronegative individ-
uals and 86.7% of the cases recognised species belong-
ing to the genus Rhodnius as the local vectors in piagaba
plantations. However, among seronegative individuals,
only 34.2% recognised this vector. An analysis of age
and sex-matched seropositive and seronegative individu-
als showed that there were electrocardiographic abnor-
malities in 36.8% of the seropositive individuals, but
only 18.4% of the seronegative individuals. Precordial-
gia and palpitations occurred more frequently among
seropositive individuals. Clinical analysis of the diges-
tive tract and radiological evaluation of the oesophagus
in 29 pairs of individuals (seropositive and seronegative)
did not show any significant changes. A previous study
conducted in the same region by Albajar et al. (2003)
showed that there was a direct relationship between se-
ropositivity, the frequency of performing piacaba gath-
ering activities and the presentation of clinical, electro-
cardiographic and echocardiographic manifestations.
Albajar et al. (2003) also described two fatal cases of
dilated myocardiopathy due to chronic Chagas infec-
tion in which the heart radiography and electrocardio-
gram findings were typical of the disease. One case was
proven to be an infection caused by 7. cruzi using his-
topathology and in situ polymerase chain reaction. Sub-
sequently, Xavier et al. (2006) reported three new cases
typical of chronic Chagas myocardiopathy proven using
serological, clinical, radiographic, electrocardiographic
and echocardiographic examinations. Two of these cases
died, one after two years and one after three.

Intergovernmental initiative for the surveillance and
prevention of Chagas disease in the Amazon Region (AM-
CHA4) - A preliminary meeting was held under the aus-
pices of Economic Latin America Net Work on Genetics
and Control of Triatomines from 30 July-2 August 2002
under the direction of Dr Christopher Schofield. Many re-
searchers from Brazil and several other South American
countries participated in this meeting, which was coordi-
nated by Prof Felipe Guhl in Palmari, in the municipality
of Tabatinga on the Solimdes River, Brazil, at the border
with the Colombian municipality of Leticia.

At this meeting, the participants discussed the prob-
lems of Chagas disease in Pan-Amazonia and the need
to create an intergovernmental initiative involving the
nine countries with territory in the Amazon Region for
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the purpose of surveillance and prevention of the dis-
ease in these countries. The participants suggested that
a new meeting to be organised by the Pan-American
Health Organization (PAHO) should be held to create
AMCHA. This meeting was duly held in Manaus, AM
from 19-22 September 2004.

The meeting in Manaus had the following objectives
(Anonymous 2005): (i) assessment of the risk that en-
demic Chagas disease might become established in the
Amazon Region, (ii) determination of the research need-
ed for the surveillance and prevention of Chagas disease
in the Amazon Region, (iii) proposals for achieving sur-
veillance and prevention of Chagas disease in this region
and (iv) proposals for a system of international coopera-
tion for the surveillance and prevention of Chagas dis-
ease in the Amazon Region (AMCHA). This meeting,
promoted by PAHO, was attended by representatives
from all nine countries in the Amazon Region. In ad-
dition to the official representatives of these countries,
more than 90 researchers from the different countries in
the Amazon Region took part, including the President
of the Brazilian National Research Council, Prof Erney
Plesmann Camargo. The participants held detailed dis-
cussions about the problems of Chagas disease in the
region, the objectives of AMCHA and the way in which
the organisation would be brought into operation.

Three additional meetings were held: in Cayenne,
French Guiana, from 2-4 November 2005, in Quito,
Ecuador, from 18-20 September 2006, and in Caracas,
Venezuela, from 28-30 October 2008. However, despite
recognising the risk that Chagas disease might become
endemic in the Amazon Region, the need to increase
research in the region and to increase understanding of
the endemic disease, the various proposals regarding the
surveillance and prevention of the disease and the great
efforts exerted by PAHO, very little concrete action was
achieved. It is hoped that at the next meeting to be held
with INCOSUR (Southern Cone Initiative to Control/
Eliminate Chagas Disease) in Bolivia in 2012, we may
be able to increase international cooperation regarding
the surveillance and prevention of Chagas disease in
Pan-Amazonia and that the AMCHA initiative can fulfil
the objectives that were proposed at the founding meet-
ing in September 2004, held in Manaus, in the Brazilian
Amazon Region. An overview discussion addressing the
INCOSUR in the Americas and non-endemic countries
was held in Brazil (Coura et al. 2009).

Perspectives regarding the control of Chagas disease
in the Amazon - The majority of acute cases of Chagas
disease in the Amazon Region are caused by outbreaks
occurring via oral transmission (Pinto et al. 2008). Vec-
tor transmission is almost always connected with plant
gathering activities, particularly from pia¢aba palm trees
(Coura et al. 1999, 2002a, b, Brum-Soares et al. 2010), or
through accidental contact when people go into the forest
for various reasons. Transmission can also occur when
vectors and wild animals (marsupials) invade human
homes in search of food. Considering these factors, the
methods for the prevention and control of Chagas disease
in the Amazon Region are necessarily different from the

techniques applied in the classical endemic areas, where
the vectors are domesticated and transmission occurs
continually (Dias et al. 2002). In the classic endemic ar-
eas where the vectors have become adapted to homes, as
is the case for Triatoma infestans in some countries in
South America and R. prolixus in Central America and
some Andean countries, use of residual insecticides in
and around people’s homes is essential. In the Amazon
Region, where there has been no vector adaptation, with
the exception of the instances mentioned earlier, it is of
fundamental importance to train technicians to achieve
early diagnosis and treatment of acute cases. For triatom-
ines to be recognised as a part of epidemiological sur-
veillance, it is essential for a large amount of information
to be made available to the population through posters,
radio, television and the actions of healthcare agents and
elementary school teachers as well as through courses
and seminars to train surveillance multipliers.

Training for healthcare technicians - Training for
laboratory technicians aimed at early diagnosis of acute
cases of the disease and recognition of triatomines is of
fundamental importance for epidemiological surveil-
lance. Likewise, there should be training for doctors and
nurses focused on the clinical diagnosis and treatment of
acute and chronic cases of Chagas disease and on con-
trolling the disease in the Amazon Region.

Our research group has gained experience holding
training courses for malaria microscopists and laboratory
technicians within the public healthcare system to pro-
vide them with the skills to detect 7. cruzi during routine
tests for diagnosing malaria. The techniques taught in
these courses have included using hemograms and direct
investigation of 7. cruzi in fresh blood tests or stained
thick smear tests in suspected cases of Chagas infection
along with recognition of triatomines and examination
of their faeces to detect 7. cruzi. These experiences have
been of major importance for the surveillance of Chagas
disease in the Brazilian Amazon Region. Courses held
in the nine Brazilian states of the Amazon Region with
support from Médecins Sans Fronti¢res between 2006-
2008 have been of fundamental importance in detect-
ing acute cases of the disease in this region. Since that
time, 100-150 cases have been reported every year. Of
course, this is only a small proportion of the cases that
actually occur, given that the majority of the individuals
with the disease do not seek the public healthcare and
hospital services available in the region. The true occur-
rence rate will certainly be 10-20 times higher. However,
many acute outbreaks of the disease have been identi-
fied in the region, due in part to the dissemination of
information about the disease. Because of these courses,
a training manual for technicians addressing how to
detect 7. cruzi was prepared with funding from PAHO
through the World Health Organization (WHO) Chagas
disease program. This training manual has been revised
to produce a second edition on Chagas disease for wide
distribution in the Brazilian Amazon Region. A Spanish
edition of this manual is under preparation for distribu-
tion in Spanish-language countries.
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The course and the manual were first prepared by
Junqueira et al. (2009) and many collaborators, with
the second revised edition (2010-2011) being funded by
the Chagas Disease Ecoepidemiology Project for the
Amazon Region, Department of Science and Technol-
ogy/Ministry of Health and National Council for the
Scientific and Technological Development through the
Neglected Diseases Program of PAHO/WHO with co-
ordination by the Parasitic Diseases and Tropical Medi-
cine Laboratory of the Oswaldo Cruz Institute/Oswaldo
Cruz Foundation. The manual presents the following
modular structure: Modules I and II were administered
together during the afternoons of five working days
in one week with the aim of not disrupting the techni-
cians’ routine activities. The same approach was used
for Module III (Junqueira et al. 2009).

Based on the experience accumulated from the 12
courses presented in the Brazilian Amazon Region, we
are certain that this course model will have the same
success in the other countries of the Amazon Region.

Training for elementary school teachers and health-
care agents as multipliers - Training elementary school
teachers and healthcare agents as multipliers is of funda-
mental importance for the surveillance of Chagas disease
and other vector-transmitted diseases in the Amazon Re-
gion. Teachers have access to all children and children
have a special curiosity for natural phenomena and are
very good at spotting vectors such as triatomines in ar-
eas surrounding their homes and inside their homes, even
in areas where plant material is being gathered, such as
in the piagaba plantations of the Negro River region in
AM. Similarly, healthcare agents are an important link
between communities and regional healthcare centres
and they may play a prominent role not only in providing
primary care, but also in health promotion through edu-
cation of families, including by showing them examples
of the vectors and asking people to catch them and take
them to the regional centres for identification and investi-
gation of whether they are infected with 7. cruzi.

In 2008, a pilot course on Chagas disease and ma-
laria was conducted for 46 elementary school teachers,
with priority given to teachers working in the rural zone
of the municipality of Barcelos, in the Negro River mi-
croregion of AM. The duration of the course was 40 h
(1 week, full time) and was characterised by simple lan-
guage and considerable use of images, focusing on the
biomedical and social factors involved in the transmis-
sion and maintenance of the diseases. The process in-
cluded workshops and practical classes designed to guide
the teachers toward understanding pedagogical possibili-
ties for introducing these topics into the school curricu-
lum through approaches that would be appropriate for the
students’ different age groups and in accordance with the
local realities faced by each teacher. A questionnaire that
had previously been validated was applied before and af-
ter the course to investigate the changes in knowledge
that had been promoted through this educational process,
followed by quantitative and qualitative analyses.

It was found that the teachers had little knowledge
(before the course) regarding the transmission mecha-
nisms, prevention methods and ways in which the dis-

eases were associated with their vectors. An assessment
of knowledge about Chagas disease is being planned for
implementation in 2011/2012.

In the preliminary evaluation of knowledge about
malaria (Suarez-Mutis et al. 2011), all of the teachers
had “heard of” the disease, but only 48.3% of them cor-
rectly recognised the classic trio of symptoms of the dis-
ease (shivering, fever and sweating). In the test after the
course, 82.6% were able to provide a correct response.
In assessing the transmission mechanisms of the infec-
tion in the pretest, only 50% provided generally cor-
rect information, albeit confusing malaria with dengue,
while 73.3% gave the correct response in the test after
the course. In relation to measures for avoiding malaria,
19% presented a correct response after the course. Final-
ly, considering the lack of knowledge of Chagas disease
in the region, unlike the case for malaria, which is wide-
ly known, we believe that a lack of awareness of Chagas
disease will be more evident given the difference in its
vectors and transmission mechanisms and the low level
of previous knowledge about the disease and its clinical
manifestations in the region.
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