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Abstract The Brazilian Pantanal has been considered one
of the richest and most diverse wetland ecosystems in the
world. It is occupied by cattle ranching, and a variety of
wildlife species share the same habitats with domestic
livestock. We investigated infections of Trypanosoma
evansi and Trypanosoma cruzi in the sympatric suiformes-
collared peccary (Tayassu tajacu), white-lipped peccary
(Tayassu pecari), and feral pig (Sus scrofa) by parasitolog-
ical, serological, and molecular tests. Additionally, we
evaluated the health status of both positive and negative
suiformes by hematological and biochemical parameters.
The results show that peccaries and feral pigs play an
important role on the maintenance of both T. evansi and
T. cruzi in the Brazilian Pantanal. Health impairment was
observed only in the white-lipped peccary infected with
T. evansi. Despite presenting low T. evansi parasitemia, all
infected white-lipped peccaries displayed low hematocrit
values and marked leucopenia. The hematological values

showed that the T. evansi infection is more severe in young
white-lipped peccaries. The presented data show that feral
pigs and peccaries are immersed in the transmission net of
both trypanosome species, T. cruzi and T. evansi, in the
Pantanal region.

Introduction

Parasites are common in free-living animals and play a
decisive role in the structures of host communities, acting
in the process of natural selection, extinction, and genera-
tion of new species. In addition, the pattern of parasitic
infection changes according to host abundance and envi-
ronmental conditions. Consequently, hosts are linked with
their parasites in a dynamic equilibrium that, if ruptured,
may result in disease outbreaks. The appearance of
emerging and reemerging diseases worldwide demonstrates
that the complexity of the triad host–parasite–environment
is still underestimated in that many of the details
concerning the parasitic transmission cycle continue to be
unknown. This is specially the case of trypanosomiasis that
in Latin America is due mainly to Trypanosoma evansi and
Trypanosoma cruzi, both of which infect a broad range of
mammal species. However, almost nothing is known about
these trypanosomatid species in feral pigs and peccaries
throughout the Pantanal region, Brazil.

The Pantanal wetland is a seasonally flooded basin
covering approximately 140,000 km2 in the core of South
America. This region constitutes an important agro-industry
center in Latin America, supporting a cattle population of
around 4.5 million (Mourão et al. 2002). Wildlife is
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abundant in this region and shares the same habitat with
livestock (Lourival and Fonseca 1998). Despite increased
human encroachment, the Pantanal ecosystem is considered
to be one of the most well-preserved biomes in Brazil and
was added to United Nations Educational, Scientific, and
Cultural Organization’s World Heritage List in 2000.
Moreover, the Brazilian Pantanal has been described as a
“biological hotspot” for conservation, one of the ten most
biologically diverse regions, worldwide (Myers et al. 2000).
In spite of the importance of this region for the Brazilian
economy and biodiversity, the transmission cycles of
parasites that cross-infect humans, domestic animals, and
wildlife in the Pantanal region is still limited.

Although phenotypically similar to pigs and belonging
to the same order Artiodactyla, the collared peccary
(Tayassu tajacu) and the white-lipped peccary (WLP;
Tayassu pecari) belong to the Tayassuidae family and the
feral pig (Sus scrofa) to the Suidae family. Following the
early divergence from a common ancestor during the late
Eocene–early Oligocene, peccaries and pigs evolved sepa-
rately: peccaries in North America and pigs in Eurasia
(Ducrocq 1994). Today, the geographic range of the
gregarious peccaries extends from the southwestern US to
Northern Uruguay (Sowls 1984). At the study site, the
population densities for WLP and collared peccaries were
estimated around 9.6 and 3.7 individuals per square
kilometer, respectively (Desbiez 2007). Feral pigs, which
were found in the Pantanal since the 1800s, are considered
one of the “world’s worst invasive alien species” by the
World Conservation Union (IUCN 2000). The population
of feral pigs in the Brazilian Pantanal has been estimated to
be over one million animals dispersed in 10,000 groups
(Mourão et al. 2002).

The protozoans, T. cruzi and T. evansi (Kinetoplastida,
Trypanosomatidae), are considered to be of medical
importance because these species are the etiological agents
of the arthropod-borne Chagas disease (American trypano-
somiasis) and “Mal de Cadeiras” (Surra), respectively.
These flagellates display strikingly distinct life strategies
and are known to have a large diversity of domestic and
wild mammalian hosts. Besides vectorial transmission,
hosts also may become infected by both T. cruzi and
T. evansi through the oral route. It is worth mentioning that
the more important pathological feature due to T. cruzi
infection refers to cardiopathy, while the main outcome of
T. evansi infection is severe anemia. Both flagellates have
been found in the Pantanal region infecting dozens of host
species (Herrera et al. 2004, 2005, 2007).

The ecological scenario that favors the entrance of a new
or alternative host in the transmission cycle of a given
parasite remains poorly understood. Unraveling this puzzle
can be crucial for wildlife conservation. In this context, the
role played by peccaries and feral pigs on the transmission

cycles of both T. evansi and T. cruzi in the Pantanal region,
a sylvatic enzootic area for pathogenic trypanosomatids, is
still largely unknown.

The aim of the current study was to: (a) estimate the
prevalence of T. evansi and T. cruzi on peccaries and feral
pigs in the Pantanal region; (b) evaluate the effect of these
infections on the health status, expressed by hematology
and serum biochemistry; and (c) review the role of the
collared peccary, white-lipped peccary, and feral pigs in the
transmission cycles of these flagellates.

Material and methods

Study area

We sampled peccaries and feral pigs in the Rio Negro
region, a well-preserved area of the southern Pantanal. The
region is dominated by large areas of gallery forests and
savannas, open grasslands, and thousands of shallow lake
basins. Once a traditional ranching property, only 10% of
the study site is used for cattle today; the remaining 90%
has been transformed into a private reserve (5,400 ha). The
length and severity of flooding and drought vary from year
to year.

Collection of samples

We collected blood from WLP, collared peccaries, and feral
pigs during 2002 and 2003. Animals were baited with corn
and manioc and caught by trapping. Traps consisted of
boxes (3×1.5×1.5 m) with a guillotine-style drop gate door
triggered by a rope in the rear of the trap. All trapping and
handling procedures were conducted in accordance with the
authorization of the Brazilian Environment Protection Insti-
tute. In addition, biosafety techniques and individual
protection equipment were used for all sampling procedures.

Peccaries and feral pigs were immobilized with zolaze-
pam and tiletamine chlorhydrate (Zoletil® 50), sexed,
weighed, and placed in rough age classes based on tooth
wear (Sowls 1984). Blood was collected by vein puncture
using a vacuum system (Vacuum II®, Labnew, Campinas,
Brazil) containing ethylenediaminetetraacetic acid. The
animal was then placed back into the trap and was not
released until it was fully recovered from the anesthetic. For
biochemical analyses and serological tests, plasma and sera
were separated by centrifugation and stored at −20°C until
use.

Parasite infection

The microhematocrit centrifuge technique (MHCT) was
used to search for trypomastigote blood forms of T. cruzi
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and T. evansi (Woo 1970). Hemoculture (HC) was
performed for T. cruzi in Novy, McNeal, and Nicolle
medium covered with an overlay of liver infusion tryptose
mixed with 10% fetal calf serum and 140 mg/ml of
gentamicin sulfate. The tubes were examined in the
laboratory twice monthly up to 5 months. High parasitemia
was defined by positive MHCT for both trypanosomatids
and in the case of T. cruzi also by HC.

In order to obtain DNA for carrying out the molecular
test polymerase chain reaction (PCR) for T. evansi, 30 μl of
whole blood was applied on filter paper confetti placed
in a 0.5-ml Eppendorf tube, dried, and stored at room
temperature.

DNA extraction from the buffy coat collected on filter
paper and PCR diagnoses were performed according to
procedures previously described (Herrera et al. 2005).

We used the immunofluorescence antibody test to detect
antibodies against T. cruzi and T. evansi according to
standard procedures (Camargo 1964), with minor modifi-
cations (Herrera et al. 2004). Antigen used in T. cruzi
serology was obtained from parasites harvested from axenic
culture in the exponential phase. For T. evansi, antigen was
prepared by filtration of rodent infected blood through
anion exchange chromatography column (diethylami-
noethyl cellulose) as described by Lanham and Godfrey
(1970). Parasites were washed three times by centrifugation
with 0.1 M phosphate buffered saline pH 7.4 and
resuspended in 0.85% saline solution. The suspension
containing parasites was diluted to yield 40 cells per field
under ×400 magnification and distributed on glass slides.
Negative control samples were obtained from animals born
at a zoo and positive control serum samples were obtained
from positive parasitologically testing animals (including
PCR). We used the antibody conjugate antipig immuno-
globulin G (fluorescein isothiocyanate, Sigma®) for the
three suiformes species. The cutoff values defined for
T. cruzi and T. evansi were 1:10 since it was the lowest
serum sample titer in which parasites could be detected by
both HC and PCR.

Hematology

The following tests were performed during the first 12 h
after blood collection: (1) packed cell volume (PCV),
measured by the MHCT; (2) total red blood cells (RBC)
and total white blood cells counted in a Neubauer chamber;
and (3) hemoglobin (Hb) concentration, determined using a
spectrophotometer. Red cell indexes such as the mean
corpuscular volume, mean corpuscular hemoglobin, and
mean corpuscular hemoglobin concentration were calculated
from the results obtained from RBC, Hb, and PCV. We
performed the differential leukocyte count using blood
smears fixed with methanol and stained with Giemsa.

Biochemical assays

In the same week of collection, we measured: total protein,
albumin, bilirubin, alkaline phosphatase, alanine amino-
transferase, aspartate aminotransferase, and the plasmatic
determination of fructose in the plasma samples using
enzymatic colorimetric methods, by commercial kits. The
globulin values were obtained from the difference between
total protein and albumin concentration. Statistical analyses
for biochemical assays were only performed for WLP.

Statistical analyses

We conducted Chi-square (X2) and Kruskal–Wallis tests to
determine differences among hematological and biochem-
ical values by age and sex groups. The Pearson analysis
was applied for evaluating the correlation between hema-
tological and biochemical values from positive and negative
WLP samples. We used the package Statistical Analysis
System (Stokes et al. 2000) only for WLP data since the
number of captured animals of the other examined swine
species was too low.

Results

Animals

We sampled 68 WLP, 39 adults (ten males and 29 females),
20 subadults (11 males and nine females), and nine young
(four males and five females), eight adult collared peccaries
(six males and two females), and 15 adult feral pigs (12
males and nine females). All animals examined were in
good physical condition and clinically normal.

Parasite infections

All three suiformes species displayed high T. evansi serum
prevalence with low parasitemias detected only by PCR.
High serum prevalence of T. cruzi infection was recorded in
the three species sampled. However, high parasitemias as
corroborated by positive HC were only found in feral pigs.
The prevalence of parasite infections in peccaries and feral
pigs are shown in Table 1. No mixed infection by T. cruzi
and T. evansi could be detected with any of the employed
tests.

Hematological and biochemical analyses

Only T. evansi was associated with a health deficit concern
in WLP. In this sense, we found the following significant
hematological differences: (1) reduced RBC ( p<0.02),
platelet ( p<0.05), and lymphocyte counts ( p<0.04) in
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infected young; (2) decrease in leucocyte counts and
hematocrit values for all infected animals of the three
age groups ( p<0.05); (3) increase in neutrophil counts
( p<0.005) for infected young WLP. The means and
standard deviations of hematological values that displayed
statistical difference between T.-evansi-infected and unin-
fected WLP are shown in Table 2.

Discussion

A reservoir host is best defined as one or a complex of
species responsible for the long-term maintenance of a
given parasite into a particular environment. Thus, the
host–parasite–environment constitutes a peculiar biologic
unit that changes continuously (Ashford 1996).

WLP infected by T. evansi displayed anemia as a
cardinal sign, a common feature found in all other hosts
species, except for capybaras (Hydrochoerus hydrochaeris;
Franke et al. 1994; Herrera et al. 2004). The anemia
observed in all WLP infected by T. evansi was microcytic
normochromic, as a result of the significantly lower
hematocrit values. Anemia was more expressive in infected
young WLP. The mechanisms underlying anemia in
T.-evansi-infected animals are still under debate. Hemolysis
as a result of immune mediated erythrophagocytosis and
depression of erythropoiesis may be implicated (Seed and
Hall 1985; Silva et al. 1995).

The significant decrease of the leukocyte counts found in
all T.-evansi-infected WLP suggests an immune suppres-
sion effect (Holland et al. 2003). The probable consequence
of such suppression is that animals become more suscep-
tible to secondary infection. Mainly in infected young WLP,
the registered marked decrease of lymphocyte counts is a
significant complicating factor. In addition, the intense
neutrophilia recorded in young infected WLP may be
related to the recurrent peaks of T. evansi parasitemia, a
common feature in salivarian trypanosomes (Woo 1970;
Silva et al. 1995).

T. evansi infection in juvenile animals is more severe due
to the decrease of the platelet count that may be associated
to a disseminated intravascular coagulation (DIC), an
important homeostatic disorder found in T. evansi infections
(Sudarto et al. 1990; Delarue et al. 1997). The genesis of
DIC is associated with the deposit of immune complexes in
the microcirculation, leading to a pathological activation of
the coagulation system. Also, these immune complexes are
known to cause damage in the heart, liver, brain, and kidneys
(Robinson and Maxie 1993).

The data show that peccaries and feral pigs in the
Pantanal region act as a maintenance host for T. evansi in
the natural environment due to their cryptic infections (only
detectable by PCR) associated with high serum prevalence
rates. Apparently, pigs efficiently control infections by
T. evansi since both experimental and natural infections
resulted in low parasitemias (Reid et al. 1999; Ng’ayo et al.

Table 2 Hematologic values for T.-evansi-infected and uninfected white-lipped peccaries according to age groups

Hematologic parameter Infected Noninfected

Adult Subadult Young Adult sub-adult young

RBC (×106 per microliter) 4.8±0.7 5.3±0.8 5.8±1.1 6.8±0.9
Platelet (×105 per microliter) 1.2±0.5 1.6±0.4 1.7±0.5 2.2±0.9
WBC (×103 per microliter) 14.5±4.9 18.6±5.8 20.0±7.0 16.5±5.0 23.5±8.2 21.9±6.5
Hematocrit (%) 28±5 31±3 31±3 31±4 36±6 35±4
Neutrophils (×103 per microliter) 12.8±3.3 8.1±3.7 11.2±6.7 7.9±4.8
Lymphocytes (×103 per microliter) 6.6±4.2 7.3±3.2 11.7±17.5 12.2±3.8

The data are expressed by mean and standard deviation.
RBC Red blood cells, WBC white blood cells

Table 1 Prevalence of trypanosome infections in peccaries and feral pigs from Rio Negro subregion, Pantanal

Wild suiformes Trypanosoma evansi Trypanosoma cruzi

MHCT PCR IFAT MHCT HC IFAT

White-lipped peccaries (n=68) neg 11/31.4 35/51.5 neg neg 39/57.4
Collared peccaries (n=8) neg 1/33.3 3/37.5 neg neg 2/25.0
Feral pig (n=21) neg 4/44.4 9/42.8 neg 2/9.6 12/57.1

The data are expressed by number of positive following percentage of positivity.
MHCT Microhematocrit centrifuge technique, PCR polymerase chain reaction, HC hemoculture, IFAT immunofluorescence antibody test
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2005). Periods of low or undetectable parasitemia do not
assure vectorial transmission but may maintain the long-
lasting course of infection (Herrera et al. 2001). As rapid
onsets of T. evansi parasitemia can occur due to stress
conditions, such as prolonged droughts and habitat loss,
these gregarious species may also act as competent
reservoirs, assuring the vectorial transmission of T. evansi
in this biome.

Feral pigs appeared to be implicated with the mainte-
nance of T. cruzi in the wild and may constitute a human
health risk due to: (1) having a high T. cruzi serum
prevalence rate, with high parasitemias; (2) their abun-
dance; (3) providing an important link between sylvatic and
domestic transmission cycles by the invasion of perido-
mestic areas; and (4) local people getting into close contact
with feral pigs through traditional hunting practices
(Lourival and Fonseca 1998).

The abundance and diversity of ecological resources in
the Brazilian Pantanal maintain a dynamic equilibrium
among parasites, hosts, and the environment. This phe-
nomenon is recognized as a buffer system for occurrence of
outbreaks (Dobson et al. 2006). However, the Brazilian
Pantanal has been suffering a continuous human interfer-
ence via substitution of forested areas and native grassland
by exotic pastures. The principal epidemiological outcome
of this ecological simplification is the expansion of the
interface between wildlife, humans, and domestic animals
and consequent enhancement of pathogens flow, which
may lead to disease emergence. In this context, the
challenge of maintaining natural epidemiological balance
while allowing economic growth is a major concern of
health and conservation organizations.
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