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Abstract. We report Trypanosoma cruzi infection in wild and domestic mammals from three orally acquired Chagas
disease outbreak areas in Brazil. Cachoeiro do Arari (Pará) displayed a panzootic scenery (positive mammals in all
ecologic strata), and human cases were probably the consequence of their exposure within the sylvatic T. cruzi trans-
mission cycle. In Navegantes (Santa Catarina), Didelphis spp. was the main reservoir host, given that 93% were infected.
In Redenção (Ceará), Monodelphis domestica and Thrichomys laurentius were also important for parasite maintenance.
TCI was present in the three studied areas. Additionally, Z3 was detected in an armadillo from Pará and TCII in a
triatomine from Navegantes. Domestic animals showed a high seroprevalence and should be considered sentinels in
surveillance programs. The importance of a reduction in wild mammalian fauna diversity and selection of suitable T.
cruzi reservoir hosts are discussed as risk factors for the re-emergence of Chagas disease.

INTRODUCTION

Since June 2006, Brazil has been considered free from Cha-
gas disease transmission caused by Triatoma infestans. This
was the conclusion of the 15th annual meeting of the Inter-
governmental Commission of the Southern Cone Initiative
against Chagas disease.1 Nevertheless, this statement is far
from descriptive of the possibility of Trypanosoma cruzi
transmission to humans. That is because intradomiciliary
transmission caused by T. infestans, an introduced exogenous
species,2,3 represents an important, but not the only, mecha-
nism of human infection. The other forms of transmission
include organ transplantation, blood transfusion, congenital
routes, and oral transmission because of the ingestion of con-
taminated food.4 The latter is currently acquiring an impor-
tant role in Brazil.5,6

The causative agent of Chagas disease, T. cruzi, is a dige-
netic kinetoplastid, primarily an enzootic parasite that dis-
plays great genetic variability, mainly attributed to a long
clonal evolution process in its almost 100 wild mammal host
species.7 In South America, T. cruzi has circulated in the
autochthonous mammalian fauna since its speciation.8,9 Since
that time, it continuously spread into the fauna that arrived
from 40 to 5 million years (myr) ago in different migration
waves.10,11 The first evidence of human infection by T. cruzi
came from Andean mummified human tissue, ∼9,000 years
ago.12 Others also found T. cruzi DNA from mummified hu-
man tissue from 7,000 years ago in Brazil.13 In fact, humans
probably entered in the T. cruzi transmission cycle immedi-
ately on their arrival in America.

Two main genotypes of the parasite (TCI and TCII) can be
distinguished, whereas the relatedness of a third one (Z3) is
still under debate.14,15 Thus far, the three genotypes have
been described infecting wild mammals throughout the coun-
try, except in the Amazonian region where TCII has not been
described as yet. In the Pantanal region, TCI and TCII may

be found infecting mammals in a similar ratio, whereas Z3-
infected mammals are less numerous. Moreover, in this biome
that displays an impressive diversity of mammal hosts, these
genotypes may be observed in single or mixed infections in all
possible combinations.16

Concerning human cases in Brazil, except for the Amazo-
nian region, they have always been associated with TCII, but
even this assumption has come into question. Parasites ob-
tained from infected patients in Icoaraci (Pará state [PA]) and
Catolé do Rocha (Paraíba state [PB]) were characterized as
TCI.17 In contrast, all the isolates derived from humans in-
fected during the outbreak in Navegantes (Santa Catarina
state [SC]) in 2005 belonged to the TCII genotype.18

Although ignored by the Southern Cone Initiative, orally
acquired infection is not a recent epidemiologic picture in
Chagas disease. The first description of this kind of transmis-
sion was attributed to, among others sources, food contami-
nated by opossum urine.19 This was almost 20 years before
the description of the extracellular cycle of T. cruzi in the
opossum’s anal gland.20 Almost 30 years passed before new
cases of human disease contracted by digestive infection were
reported, this time associated with sugar cane in the north-
eastern parts of Brazil in Paraíba state.21 In recent years,
these oral outbreaks have become more frequent, and several
human cases have been reported. These cases occurred in
different localities of the country that were formerly not con-
sidered endemic for Chagas disease and were always associ-
ated with severe acute forms of the disease and human deaths.
These epidemic outbreaks were seen, among others, in 1)
Navegantes (SC, south Brazil), 2005, attributed to sugar cane
juice ingestion; 2) Santana (Amapá state [AP], Amazonian
basin), 2005, attributed to the ingestion of contaminated Açaí
juice, a regional fruit; 3) Redenção (Ceará state [CE], north-
eastern Brazil), 2006, attributed to ingestion of contaminated
soup; 4) Macaúbas (Bahia state [BA], northeastern Brazil),
2006; and 5) Santarém, Belém, and Cachoeiro do Arari (PA,
north Brazil), 2006, attributed to the ingestion of the regional
fruits, Açaí and Bacaba.5,18,22,23

To understand the environmental changes that could be
implicated in these outbreaks, we studied the domestic and
wild mammalian fauna in the influence area of occurrence of
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three Chagas disease outbreaks: Navegantes (SC), Redenção
(CE), and Cachoeiro do Arari (PA). Beyond the classic pic-
ture of the entrance of humans into the active transmission
cycle of the parasite, the reduction of wild mammalian fauna
diversity and the selection of suitable reservoirs were exam-
ined as risk factors for the outbreaks. The zoonotic sceneries
of each place are discussed.

MATERIALS AND METHODS

Study areas. Expeditions were conducted shortly after the
Chagas disease outbreaks in April 2005 (Navegantes/SC) and
May and November 2006 (Redenção/CE and Cachoeiro do
Arari/PA, respectively; Figure 1). In all of these places, wild
and domestic animals in the areas where the human cases
occurred were studied.

Navegantes is located around latitude 26°52�48� and longi-
tude 48°39�00�, at 2 m above sea level on the cost of the Santa
Catarina state. The population is estimated to be 45,000 in-
habitants and has a tropical climate, with temperatures rang-
ing between 10°C and 35°C. The predominant biome is the

Atlantic rainforest. In all collection areas, herbaceous and
forest fragments were surrounded by extensive areas of agri-
culture. Animals and bugs from the forest fragment behind
the shoal where human infections took place were examined,
as well as animals from a small town and forest fragments
near that shoal.

Redenção is located in the Baturité mountain range region,
around latitude 4°13�32� and longitude 38°43�50�, at 89 m
above sea level. The population is estimated to be ∼26,000;
the climate is semi-arid with scarce rainfall between January
and April and temperatures ranging between 24°C and 35°C.
The collection area, originally part of a tropical semi-humid
forest, is currently characterized by secondary vegetation con-
sisting of low trees (� 6 m), rocky formations, and remnant
patches of semi-humid forest near deforested areas occupied
by monoculture plantations or unplanned household occupa-
tion (slum).

Cachoeiro do Arari is one of the cities included in Marajó
Island, located around latitude 01°00�41� and longitude
48°57�48�, at 20 m above sea level. Only 17,000 inhabitants are
living in an area of 3,117 km2. The climate is characterized as

FIGURE 1. Map of the distribution of recent Chagas disease outbreaks in Brazil (Navegantes city—April 2005; Redenção and Cachoeiro do
Arari cities—May and November 2006, respectively) and their representative natural environments involved in the T. cruzi transmission cycle.
� � T. cruzi–infected Didelphis spp. and Triatoma tibiamaculata were found in palm trees immediately behind the shoal where human infections
took place and in forest fragments that surround the shoal. Infected opossums and dogs were also found in a small town and in forest fragments
near that shoal. � � All collected small mammal species (N � 4) were found to be infected by T. cruzi in the forest fragments behind the slum
where human infections took place. Three of these four species were also captured and found to be infected by T. cruzi in rural areas of this
municipality. � � Panzootic scenery where T. cruzi–infected mammals were captured in all of the forest strata (terrestrial, arboreal, and flying
animals), in an Amazonian area characterized by an extensive Açaí fruit monoculture with a few remaining patches of the original vegetation. This
figure appears in color online at www.ajtmh.org.
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tropical humid, displaying regular rainfalls and winds, and
temperatures range between 27°C and 36°C. The area is
known as varzean, a freshwater swamp forest. In most of the
collection areas, the original native vegetation (Amazonian
forest) is being replaced by an extensive Açaí fruit monocul-
ture with a few remaining patches of the original vegetation at
the river banks.

Wild mammal studies. For each place, linear transects were
generated, and the capture points were established with
Tomahawk (Tomahawk Live Traps, Tomahawk, WI) and
Sherman (H. B. Sherman Traps, Tallahassee, FL) baited with
a mixture of peanut butter, banana, oat, and bacon and set 20
m apart along linear transactions in all kind of vegetation
formations and habitats. The total effort was 820 (SC), 960
(CE), and 1,100 traps/night (PA), and the capture success
was 2.6% (SC), 2.9% (CE), and 2.4% (PA). The trapped
animals were taken to the field laboratory, � 2 km from the
capture point, where the remaining procedures were under-
taken. All manipulators were adequately dressed with pro-
tective equipment, following protocols approved by the
FIOCRUZ Committees of Biosafety and of Bioethics (license
0179-03). The wild animal captures were licensed by the Bra-
zilian Institute of Environment and Renewable Natural Re-
sources (IBAMA) licenses 068-2005 and 225-2006 (IBAMA/
CGFAU/LIC). For each captured species, morphological
identification, reproductive condition, and age estimation
(body weight for rodents and degree of tooth eruption for
marsupials) were recorded. The identification of rodents and
bats was confirmed by karyriologic analyses as described else-
where.24

Sample collection. Blood was collected from domestic ani-
mals (dogs and pigs) by puncture of the cephalic vein in hep-
arinized vacutainers, with the informed consent of their own-
ers. These blood samples were carried to the field laboratory
for further procedures. Wild animals were anesthetized (ke-
tamine, 100 mg/kg) and had their blood collected by cardiac
puncture in non-heparinized tubes. Fresh blood samples were
gathered and processed as follows: 0.2–0.4 mL of blood was
cultured in two tubes containing Novy-Mc Neal-Nicole me-
dium (NNN) with a liver infusion tryptose medium (LIT)
overlay. The remaining blood was centrifuged, and the serum
or plasma obtained was stored at −20°C. Although triatomine
collection was not the aim of our work, bugs from Naveg-
antes/SC, when observed in domestic or peridomestic areas,
were collected. If tripomastigote forms were seen, the ani-
mal’s feces were cultured in tubes containing NNN with a LIT
overlay. A total of nine insects were examined.

Parasitologic and serologic diagnostic procedures. The
fresh blood samples from all animals and the anal glands of
Didelphis specimens were microscopically examined in the
field laboratory for the presence of T. cruzi. In our laboratory,
the hemocultures were examined every other week for 5
months. Positive hemocultures were amplified for cryopres-
ervation and molecular characterization.

Serologic diagnoses were obtained using the indirect im-
munofluorescence antibody test (IFAT), performed with the
adapted IFI-Chagas Bio-Manguinhos Kit (Fiocruz, Rio de Ja-
neiro, Brazil).25 Muridae rodents’ sera were tested with fluo-
rescein isothiocyanate (FITC) anti-rat, whereas domestic ani-
mals were tested with their respective anti-species IgG
(Sigma, St. Louis, MO) conjugate. Echimyidae rodent and
marsupial serologic diagnoses were performed with specific

intermediary antibodies anti-opossum and anti-Thrichomys
sera previously raised in rabbits, and the reaction was visual-
ized using the FITC-labeled anti-rabbit serum (Sigma). The
cut-off value for wild animals was 1:40 for marsupials and 1:10
for the others, as adopted in other studies. These cut-off val-
ues were based on the lowest serum dilution of an animal with
positive hemoculture in previous studies of our group.26,27

For domestic animals, the cut-off value adopted was 1:40, as
suggested by the Ministry of Health.28 The dogs were also
screened for Leishmania infection using an IFI-Leishmania
Bio-Manguinhos Kit (Fiocruz). Dogs with higher serologic
titers for Leishmania than T. cruzi were not considered in-
fected by T. cruzi. When the amount of blood was not suffi-
cient, priority was given to hemoculture. Animals were con-
sidered infected by T. cruzi when serologic analysis or hemo-
culture was positive. Hemoculture prevalence was calculated
considering the seropositive animals.

Molecular characterization of the parasites. The amplified
positive hemocultures derived from mammals (N � 17) and
triatomines (N � 3) were incubated at 56°C for 2 hours with
100 �g/mL proteinase K and 0.5% sodium dodecyl sulfate
(SDS). Genomic DNA was extracted from parasite lysates
using phenol-chloroform (1:1) and precipitated with sodium
acetate and ethanol.29 A miniexon Multiplex PCR assay was
performed using the following primers: TCI, 5�-ACA-
CTTTCTGTGGCGCTGATCG-3�; TCII, 5�-TTGCTCGCA-
CACTCGGCTGATCG-3�; Z3, 5�-CCGCGWACAAC-
CCCTMATAAAAATG-3�; Trypanosoma rangeli, 5�-
CCTATTGTGATCCCCATCTTCG-3�; and the conserved
region of miniexon gene 5�-TACCAATATAGTACAGA-
AACTG-3�.30 The amplified polymerase chain reaction
(PCR) products were analyzed in ethidium bromide–stained
agarose gel electrophoresis (2%) and visualized under UV
light.

RESULTS

Each one of the outbreak’s locations showed a unique epi-
demiologic scenery concerning the fauna composition in-
volved in parasite maintenance in the wild and the degree of
human disturbance (Figure 1). In Navegantes and Redenção,
the small mammalian fauna was predominantly composed of
synantropic animals. In Navegantes, the suitable reservoir
species were Didelphis aurita and D. albiventris, which dis-
played high parasitemia, as expressed by the high prevalence
of positive hemocultures. In Redenção, the small mammalian
fauna diversity was restricted to three species: D. albiventris,
Monodelphis domestica, and Thrichomys laurentius. The
more preserved area, Cachoeiro do Arari, displayed the
higher diversity of small mammalian fauna (N � 8 species)
and a panzootic scenery, with positive hemocultures in mam-
mals captured in all of the forest strata (terrestrial, arboreal,
and flying mammals).

Trypanosoma cruzi infection in wild mammals and triatom-
ines. Trypanosoma cruzi infection in mammals was mainly
sub-patent because only two marsupial species (one D. albi-
ventris from Navegantes and one M. domestica from Re-
denção) displayed tripomastigote forms in fresh blood prepa-
rations and no parasites were observed in the anal glands.
Species of the synantropic marsupial genus Didelphis com-
prised the unique small mammalian host present in all areas
studied, displaying a high relative abundance. The overall
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positive seroprevalence of this genus reached 88.5%, and
positive hemocultures were detected in 52.2% of the infected
animals (Tables 1–3).

In Navegantes (SC), only the synantropic genus Didelphis
represented the main reservoir system due to their high trans-
mission potential, as shown by the high prevalence of positive
hemocultures and high relative abundance of these species. In
addition, these mammals were the only two species infected
by T. cruzi, and 67% of them were captured in peridomestic
areas (Table 1). In Navegantes, the two main genotypes of the
parasite (TCI and TCII) were isolated from two infected bugs
collected in the palm trees, immediately beneath the area
where infected opossums were also collected and near the
shoal where humans became infected. Another bug was col-
lected inside a residence, and its isolate was characterized as
TCII.

In Redenção (CE), where only synantropic species were
collected, young animals prevailed throughout (64.3%). All
collected rodent species were involved in the maintenance of
the parasite transmission, because all of them were seropos-
itive (Table 2). Marsupials were involved not only in the
maintenance but also in the amplification of the T. cruzi
transmission cycle, because 56% of positive hemocultures
were obtained from 60% of the infected animals, with three
coming from seronegative animals (Table 2). One M. domes-
tica showed trypanosomatids in a fresh blood smear. An ac-
tive peridomiciliary transmission cycle could be observed,
given that representatives of the collected species (28.6%)
were found in peridomestic areas, showing 75% serum posi-
tivity and 33.3% positive hemocultures.

In comparison to the other outbreak areas, Cachoeiro do
Arari (PA) displayed the highest mammalian fauna diversity
(Table 3). All collected species except two showed high suit-
ability as reservoirs (high transmissibility) because positive
hemocultures were obtained from all of them. The most abun-
dant species were Proechimys goeldii, D. marsupialis, and
Hylaeamys spp. (�Oryzomys spp.). Of these species, D. mar-
supialis displayed the higher serum and hemoculture preva-
lence (Table 3). It is worth mentioning that hemoculture-
positive–tested animals were captured in all of the forest
strata, pointing to a complex and well-established transmis-
sion cycle in this study area.

Altogether, 17 isolates were obtained from mammals. All
of them were characterized as TCI, except one from the Dasy-
pus novemcintus captured in Cachoeiro do Arari, which was
characterized as Z3.

Trypanosoma cruzi infection in the domestic mammals. In
all studied areas, domestic animals were exposed to infection,

as shown by the presence of anti-T. cruzi antibodies, but they
seem to play a minor role in the T. cruzi transmission net.
Actually, despite the high seroprevalence observed in dogs
and pigs (Table 4), all of them displayed low parasitemias
given that no positive hemoculture was achieved (N � 37),
and fresh blood sample examinations (N � 84) were nega-
tive.

The pigs from Cachoeiro do Arari, which were predomi-
nantly (63.6%) settled in sylvatic areas (disturbed ones) near
açaí plantations, were the domestic animals with highest se-
roprevalence (72.7%).

DISCUSSION

The oral route is probably the most ancient dispersion
strategy of T. cruzi among mammals (including humans). The
efficiency of this route is attested by several reports on ex-
perimental infection of mice and opossums by ingestion of T.
cruzi–infected triatomines and/or mice.31,32 In addition, it was
recently observed that the gastric juice improves the infective
potential of the parasite.33,34 Indeed, infection by the oral
route may better explain infection of predators (top of food
webs) rather than skin contamination with infected feces of
triatomines in the often dense animal fur. This is also prob-
ably the case with primitive hunting communities that were
recognized consumers of raw meat35 and probably were not
very concerned about washing hands or foodstuffs.

All of the cited outbreaks resulted from the ingestion of
comestibles contaminated with infected non-domiciliated tri-
atomines that occasionally entered human dwellings because
of attraction to light and food sources.5,23 In fact, the increase
of flying activity of the triatomine winged stages in warmer
seasons has already been described.6 Fragmentation and the
resultant habitat loss are the primary causes of loss of biodi-
versity because of 1) reduction or elimination of some habitat
specialist species, and therefore, of diversity; and 2) positive
selection of generalist species that can adapt and survive in
the consequent degradated habitats.36,37 The consequence of
this process is the increased opportunity for contact among
humans, domestic animals, and wildlife.38

Empirical evidence shows that habitat fragmentation can
increase or decrease disease prevalence within a host species,
depending on the specific biology of the host–parasite rela-
tionship.39 Increased species diversity could reduce human
disease risk by impeding dominance of particular species that
act as suitable reservoirs of a given parasite. Therefore, de-
pending on the ability of the selected species to maintain
and/or amplify a given parasite, transmission of this parasite

TABLE 1
Capture and prevalence of infection by T. cruzi in the small mammalian fauna in Navegantes (Santa Catarina state, Brazil), just after the

occurrence of a Chagas disease outbreak in April 2005
Capture of the small mammalian fauna Prevalence of infection

Order Species Capture prevalence (number of animals) Serology (positive animals) Hemoculture (parasite recovery) Parasite characterization

Rodentia Akodon montensis 13.6% (3) 0% 0% –
Euryoryzomys russatus 13.6% (3) 0% 0% –
Mus musculus 4.5% (1) 0% ND –
Sphiggurus spp. 4.5% (1) ND 0% –

Marsupialia Didelphis albiventris 40.9% (9) 88.9% (8) 25.0% (2) ND
Didelphis aurita 22.7% (5) 100% (5) 60.0% (3) TCI (2)
Total 100% (22) 59.1% (13) 38.5% (5) TCI (2)

ND � not determined.
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may be enhanced. The herein described epidemiologic profile
seems to be associated with at least one of the following fac-
tors: 1) loss of food sources for triatomines caused by defor-
estation and human colonization40; 2) reduction of mamma-
lian diversity and selection of suitable reservoirs41–43; and 3)
high wild mammalian infection rates.44

The marsupials D. albiventris, D. aurita, D. marsupialis, and
M. domestica and the rodent species P. goeldii and T. lauren-
tius prevailed overall (Tables 1–3). The epidemiologic impor-
tance of these mammals is increased because all of them (ex-
cept for P. goeldii) are recognized synanthropic animals and
can approach human dwellings, acting as a link between the
transmission in sylvatic and peridomestic areas.26,45,46

Navegantes and Redenção are unpreserved areas where
loss of biodiversity and habitat destruction are shown by both
aspects: the low diversity of small mammal species collected
and the exclusive presence of synantropic animals. In both
outbreak areas, the reduced small mammalian diversity and
the selection of suitable reservoir hosts of T. cruzi were the
common traits observed and should be considered as one of
the possible factors that enhanced chances of human infec-
tion. A similar scenery was already described for other para-
sitic diseases, such as Lyme disease, American Cutaneous
Leishmaniasis, Hantavirus, and West Nile virus.44,46–49 More-
over, and considering T. cruzi, it was reported that habitat
fragmentation and loss of small mammal diversity may favor
transmission among wild small mammals in an Atlantic Rain
Forest landscape.27 Small mammalian diversity reduction as-
sociated with an increase of suitable T. cruzi hosts enhances
the chance of the vector (triatomines) feeding on an infected
animal. This causes an increase in the parasite population,
and, as a result, the transmission cycle is amplified. It is hard
to imagine that the triatomines only recently started to fall

down in soups or juices. More likely, they always were acci-
dentally ingested by humans, especially during the summer,
when high temperatures favor bug activity. The absence of
infection is probably explained by the fact that fewer insects
and uninfected insects were involved in these cases.

Species of the genus Didelphis, considered the classic and
most important reservoirs of T. cruzi, are basically synan-
thropic and are favored by human disturbance. For these rea-
sons, they are highly prevalent in disturbed areas, and their
higher abundance is strongly indicative of a loss of small
mammalian diversity.45,50 Indeed, opossums were the most
abundant captured animals and displayed the highest serum
and hemoculture prevalence in all studied areas. The impor-
tance of these animals is increased by the fact that they may
eventually act as vectors of the parasite, allowing parasite
transmission through food contaminated with their scent
gland contents.19,20,51

In Navegantes, the two species of Didelphis were highly
abundant (65% of the collected mammals), and 93% of these
were infected. The five isolates obtained were characterized
as TCI, whereas both genotypes of the parasite could be iso-
lated from local triatomines. These results are in accordance
with another study of that outbreak, which also characterized
nine isolates from humans, all of them belonging to the TCII
genotype.18 Considering the genotype involved in human in-
fection and the fact that both T. cruzi genotypes could be
detected in triatomines, the absence of TCII found infecting
mammals in our study may be explained by 1) selection of the
TCI genotype by any component involved in that parasitic net
or 2) the relative abundance of the mammals infected with
TCII was too low to allow their capture.

In Redenção, the local transmission net of T. cruzi was
shown to be dependent on three small mammal species. Here,

TABLE 3
Capture and prevalence of infection by T. cruzi in the small mammalian fauna in Cachoeiro do Arari (Pará state, Brazil), just after the occurrence

of a Chagas disease outbreak in November 2006
Capture of the small mammalian fauna Prevalence of infection

Order Species Capture prevalence (number of animals) Serology (positive animals) Hemoculture (parasite recovery) Parasite characterization

Rodentia Hylaeamys spp. 22.6% (7) 28.6% (2) 50.0% (1) TCI (1)
Proechimys goeldii 35.6% (11) 18.2% (1 + 1*) 50.0% (1) TCI (1)

Marsupialia Didelphis marsupialis 22.6% (7) 100% (7) 85.7% (6) TCI (6)
Marmosops parvidens 3.2% (1) 100% (1) 0% –

Edentata Dasypus novemcinctus 3.2% (1) ND 100% (1) Z3 (1)
Chiroptera Artibeus fimbriatus 3.2% (1) ND 100% (1) TCI (1)

Epitesicus spp. 6.4% (2) ND 50.0% (1) TCI (1)
Noctilio albiventris 3.2% (1) ND 0% –
Total 100% (31) 38.7% (12) 91.7% (11) TCI (10)/Z3 (1)

* Seronegative animal where parasites could be recovered.
ND � not determined.

TABLE 2
Capture and prevalence of infection by T. cruzi in the small mammalian fauna in Redenção (Ceará state, Brazil), just after the occurrence of a

Chagas disease outbreak in May 2006
Capture of the small mammalian fauna Prevalence of infection

Order Species Capture prevalence (number of animals) Serology (positive animals) Hemoculture (parasite recovery) Parasite characterization

Rodentia Rattus rattus 7.1% (2) 100% (2) 0% –
Thrichomys laurentius 39.3% (11) 100% (11) 0% –

Marsupialia Didelphis albiventris 17.9% (5) 60.0% (3) 33.3% (1) TCI (1)
Monodelphis domestica 35.7% (10) 60.0% (3 + 3*) 66.7% (1 + 3*) TCI (3)
Total 100% (28) 78.6% (22) 22.7% (5) TCI (4)

* Seronegative animal where parasites could be recovered.
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T. laurentius was shown to be highly exposed to infection and
important in maintaining the parasite cycle in the wild, as
noted by the high seroprevalence observed, even in recently
weaned animals. It has already been shown that T. cruzi ex-
perimental infection of this species results in severe tissue
damage that may predispose these rodents (especially the
young) to be predated on by larger mammals (e.g., adult
opossums), fostering parasite transmission.52 In Redenção,
seropositive rodents displayed low parasitemias, because no
positive hemoculture was achieved. In contrast, M. domestica
and D. albiventris displayed higher parasitemia and, there-
fore, T. cruzi transmissibility potential, as expressed by the
elevated rates of positive hemocultures and the fact that one
M. domestica displayed tripomastigote forms in fresh blood
preparation, the only animal in this study with a positive
blood smear. The T. cruzi recovery from seronegative M.
domestica probably occurred because of a recent infection,
where specific antibodies could not yet be detected. Alto-
gether, these data suggest two distinct roles played by the
marsupials in Redenção: maintaining and transmitting the
parasite when predated on (in the same way as T. laurentius)
and transmitting to the triatomine vector.

Navegantes and Redenção displayed good overall condi-
tions and an urban profile, so humans do not continuously
expose themselves to the wild environment. Despite the high
prevalence of infection in the small mammalian fauna, the
outbreaks reported in these places can be considered acci-
dents that may happen again, but only idiosyncratically. In
contrast, Cachoeiro do Arari, an Amazonian varzean region,
displayed a panzootic scenery, shown by the high prevalence
of infection and positive hemocultures of almost all captured
mammals and a tight human interaction with the wild
environment. T. cruzi infection was spread among terrestrial,
arboreal, and flying mammals, showing that parasite trans-
mission was occurring in all ecologic strata. In this sense,
all collected animal species were shown to be suitable hosts
for T. cruzi and participate in the transmission cycle. Here,
the reduction of small mammalian diversity was not so
obvious, but one important sign was observed: the expressive
abundance of the marsupial D. marsupialis (Table 3). Indeed,
the high relative abundance of this reservoir species is an
early sign of environmental disturbance caused by human
action.45,50 It is worth mentioning that, in comparison to
the other studied areas, Cachoeiro do Arari presents the
highest degree of preserved original biota and, consequently,
the lowest degree of environmental disturbance. Hence,
Cachoeiro do Arari showed the classic picture of acquisition
of Chagas disease as a consequence of the entrance of hu-

mans in a very wide and active wild transmission cycle of T.
cruzi.

Besides dogs, the domestic animals in the T. cruzi trans-
mission net in Cachoeiro do Arari also included pigs (Table
4). However, in both species, the parasitosis seems to have
reached its dead-end hosts, because 1) infectivity of triatom-
ines is not probable given that hemocultures of these animals
were all negative; 2) these animals have no natural predators
in the area; and 3) they seem to not be the main food sources
for triatomines because of the high availability of blood
sources in the wild.

Areas that present a predominance of monocultures (habi-
tat loss), a reduction in mammalian fauna diversity, and/or
domestic areas in close proximity to the wild are significant
candidates to increase and spread the T. cruzi transmission
net beyond wild habitats. In these areas, domestic animals
represent the last obstacle before parasite populations reach
humans. Indeed, domestic animals should be considered sen-
tinels of a T. cruzi transmission net, which have to be sur-
veyed to identify risk areas.

The panzootic situation observed in Cachoeiro do Arari
showed a very well-established and broad transmission cycle
of T. cruzi to which humans are highly exposed. The impact of
açaí exploitation, common throughout the Amazonian region,
represents an important threat to human health because new
cases continue to appear in other localities. The absence of
domiciliary triatomines has excluded the Amazonian region
from the Brazilian Chagas disease map for a long time. Pres-
ently, however, special attention should be given to this re-
gion because 1) large areas continue to be deforested and
replaced by Açaí monoculture; 2) human infection rates are
increasing in that region; and 3) local health professionals are
not qualified to face this new problem.

Altogether, the outbreaks of Chagas disease in such distinct
ecologic scenarios reflect the significant biological versatility
of T. cruzi and point to its highly complex epidemiology,
which still needs to be clarified. These outbreaks also point to
the importance of human action as a risk factor for the emer-
gence of the characteristic epidemiologic picture of orally
transmitted Chagas disease.

Infection through an oral route reflects the disease’s an-
cient transmission strategy among humans. Ancient men
probably acquired the infection predominantly through the
oral route, through consumption of raw meat. The vectorial
transmission, already important when the ancient hunter and
gatherer men started to use caves as shelter, regained impor-
tance a long time thereafter, in the mud dwellings built after
European colonization, when transmission was caused by do-
miciliated T. infestans. Presently, with the control of this tri-
atomine species and because of forest devastation, the oral
route once more assumes epidemiologic importance. This is
not a new epidemiologic profile of the parasite transmission
but a re-emergence of an ancient one.
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TABLE 4
Serum prevalence of T. cruzi infection by immunofluorescence assay

in domestic animals examinated in areas where Chagas disease
outbreaks occurred in Brazil (Navegantes–Santa Catarina state—
April 2005, Redenção–Ceará state—May 2006, and Cachoeiro do
Arari–Pará state—November 2006)

Species
Localities

(total of animals)
Positive
animals

Serological
titers range

Dog SC (40) 50% (20) 1:40–1:80
CE (16) 18.7% (3) 1:40–1:80
PA (12) 41.7% (5) 1:40–1:80

Pig PA (11) 72.7% (8) 1:40–1:160
SC � Santa Catarina State; CE � Ceará state; PA � Pará state.
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