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h i g h l i g h t s

� The development of Trypanosoma
cruzi infection in mice was induced by
the oral route.
� It varied significantly according to the

genetics and number of parasites
inoculated.
� The inoculum volume and

developmental stages also influenced
the course of infection.
� Mice inoculated with metacyclic

trypomastigotes showed more
histopathological changes.

g r a p h i c a l a b s t r a c t

Oral route

Intraperitoneal route

Oral route

Intraperitoneal route

Blood trypomas�gotes

Metacyclic trypomas�gotes

T. cruzi II

T. cruzi II

Inoculation
Results

10 20 30
0

5.0×104

1.0×105

1.5×105

2.0×105 Oral
IP

B

Days after infection

B
T/

 0
.1

 m
L 

of
 b

lo
od

5 10 15 20 25
0

5.0×105

1.0×106

1.5×106

2.0×106
Oral
IP

   A

Days after infection

B
T/

 0
.1

 m
L 

of
 b

lo
od

a r t i c l e i n f o

Article history:
Received 20 February 2013
Received in revised form 12 August 2013
Accepted 21 August 2013
Available online 29 August 2013

Keywords:
Trypanosoma cruzi
Mice
Oral transmission
DTU
Parasitemia
Infectivity

a b s t r a c t

Oral infection has become the most important transmission mechanism of Chagas disease in Brazil. For this
study, the development of Trypanosoma cruzi infection in mice, induced by the oral and intraperitoneal (IP)
routes, was compared. Four groups of Swiss mice were used to evaluate the influence of parasite genetics,
number of parasites, inoculation volume and developmental stages on the development of the orally
induced infection: 1 – blood trypomastigotes (BT) via oral; 2 – BT via IP; 3 – culture metacyclic trypomastig-
otes (MT) via oral; and 4 – culture MT via IP. Animals inoculated orally showed levels of parasitemia, as well
as infectivity and mortality rates, lower than animals inoculated via IP, regardless of DTU (discrete typing
unit) and inoculum. Animals infected with TcII showed higher levels of these parameters than did animals
infected with TcI. The larger volume of inoculum showed a greater capacity to cause an infection when
administered via the oral route. BT infection was more virulent than culture MT infection for both routes
(oral and IP). However, mice inoculated orally with BT showed lower levels than via IP, while mice inocu-
lated orally with culture MT showed similar levels of infection to those inoculated via IP. Mice inoculated
with culture MT showed more histopathological changes than those inoculated with BT, regardless of
the inoculation route. These results indicate that this alternative experimental model is useful for evaluat-
ing infection by T. cruzi isolates with subpatent parasitemia and low virulence, such as those belonging to
the TcI and TcIV DTUs, which are prevalent in outbreaks of orally transmitted Chagas disease.
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1. Introduction

Chagas disease (ChD) or American trypanosomiasis is present in
21 countries, and despite advances in control, it is still being ac-
tively transmitted in many Latin American countries and consti-
tutes an important public-health problem (PAHO, 2006). Studies
indicate an incidence of approximately 200,000 cases per year; this
is the third most common parasitic infection in the world, after
malaria and schistosomiasis (World Health Organization, 2005).

In 2006, the Brazilian Ministry of Health received the Interna-
tional Certification of Elimination of Chagas Disease Transmission
by Triatoma infestans, conferred by the Pan American Health Orga-
nization. Although vector transmission is controlled, experimental
evidence and field observations demonstrate continued oral trans-
mission of the etiological agent Trypanosoma cruzi to humans and
several species of mammals. Various types of food and carriers of
the flagellate have been implicated in this transmission route, usu-
ally via infected triatomines related to human cases in the imme-
diate vicinity of the event (de Noya et al., 2010; Dias, 2006). Oral
infection has become the most important transmission mechanism
of ChD in Brazil, since vector transmission and T. cruzi transmission
through blood supplies have been controlled (Coura, 2006). During
the period of October 2005–2010, 756 cases of acute ChD were re-
ported in Brazil (Brazilian Ministry of Health, 2012). Importantly,
703 (93.0%) of these cases occurred in the Amazonian states, where
oral transmission is prominent.

Orally acquired human infection is not a recent epidemiological
occurrence for ChD. The first well-documented incidence of oral
transmission occurred in the southern state of Rio Grande do Sul,
and was attributed, among other sources, to food contaminated
by opossum urine (Nery-Guimarães et al., 1968). Concurrent out-
breaks of acute ChD have been reported in different regions of Latin
America, most likely due to transmission by alternative routes
(Coura, 2006).

Several outbreaks attributed to oral infection have been re-
corded in different regions of Brazil, including Catolé da Rocha,
Paraíba (Shikanai-Yasuda et al., 1991), Macaúbas, Bahia (Dias
et al., 2008) and Redenção, Ceará (Roque et al., 2008) in the North-
east. Oral outbreaks have also been recorded in regions that were
previously not considered endemic for ChD, such as the Amazonian
states of Pará, Amapá and Maranhão in the North (Valente et al.,
2009; Pinto et al., 2008), and in the municipality of Navegantes,
Santa Catarina in the South (Steindel et al., 2008). In all these out-
breaks, some cases involved severe acute forms of human illness
and deaths, and were attributed to local contamination of fruit
juices in the North/Northeast outbreaks and sugar-cane juice in
the South.

Different biological, biochemical, genetic and molecular charac-
terization studies have demonstrated the great heterogeneity of T.
cruzi species (Macedo and Segatto, 2010). Today, their strains are
grouped into six discrete typing units (DTUs), termed TcI–TcVI (Zin-
gales et al., 2009). Several of these DTUs have been found in human
cases associated with oral-transmission outbreaks, with TcI, TcIII
and TcIV predominating in northern Brazil (Monteiro et al., 2012;
Marcili et al., 2009; Valente et al., 2009) and TcII predominating in
the south, where mixed infections with TcI and TcVI have recently
been detected as well (Andrade et al., 2011; Steindel et al., 2008).
Although the oral route is the most common form of parasite trans-
mission between animals in nature, most experimental studies are
performed with mice inoculated intraperitoneally, and few studies
on the development of experimental T. cruzi infection via this route
exist (Camandaroba et al., 2002; Deane et al., 1963).

Therefore, we aimed to standardize the conditions for the study
of experimental oral infection in mice, with IP inoculation as the

comparative parameter, analyzing the influence of the genetic
strain, developmental form, quantity and volume of parasites
inoculated.

2. Materials and methods

2.1. Mice

Male Swiss mice aged 21–28 days old from the Central Animal
Facility of the State University of Maringá (Universidade Estadual
de Maringá – UEM) were used for this study. Authorization for
the use of animals for experimentation was given by the Ethics
Committee on Animal Use in Experiments of UEM (process No.
113/09).

2.2. T. cruzi strains and developmental forms of the parasite

In all experiments, the Y strain of T. cruzi, and in comparative
studies to evaluate the influence of parasite DTU on the develop-
ment of oral infection, the Colombian strain were used as reference
strains for the DTUs T. cruzi II (TcII) and T. cruzi I (TcI), respectively
(Zingales et al., 2009).

2.2.1. Blood trypomastigotes (BT)
For experiments with TcI and TcII, trypomastigotes obtained

from the blood of previously infected Swiss mice were utilized.
Samples were collected through the retro-orbital plexus vein with
the anticoagulant heparin. The blood was centrifuged at 1500 g to
separate its components, and the buffy coat containing trypom-
astigotes was removed, resuspended in LIT (liver infusion tryptose)
culture medium, counted by the Brener (1962) technique, and ad-
justed to a concentration of 1 � 104 and 5 � 104 BT/0.1 mL. For the
remaining experiments with BT, blood was centrifuged at
1200 rpm to separate the blood components, and the supernatant
containing the parasites was removed. After addition of LIT med-
ium, the trypomastigotes were counted by the Brener (1962) tech-
nique. For the experiments to evaluate the influence of volume, the
inocula were adjusted to 1 x 104 and 5 � 104 BT in 0.1 and 1.0 mL;
and for the experiment with different developmental forms, the
inocula were adjusted to 5 � 104 BT/1.0 mL.

2.2.2. Culture-derived metacyclic trypomastigotes (MT)
Trypomastigotes were obtained from acellular culture in LIT

medium during the stationary phase. Parasites present in the cul-
ture were counted in a Neubauer chamber, and the inocula were
adjusted to 2 � 106 culture MT/1.0 mL.

2.3. Experimental groups

2.3.1. Influence of parasite DTU and inoculum volume
Groups of 20 mice which received two different inoculations of

blood trypomastigotes (BT) were inoculated with either the TcI or
TcII strains. These groups were divided into four subgroups of five
animals inoculated with: (a) 5 � 104 BT via the oral route; (b)
5 � 104 BT via the intraperitoneal route (IP); (c) 1 � 104 BT via oral;
and (d) 1 � 104 BT via IP. For the volume test, a group of 20 mice
inoculated with 5 � 104 BT of the Y strain, divided into four sub-
groups of five animals, were inoculated with volumes of: (a)
1.0 mL via oral; (b) 1.0 mL via IP; (c) 0.1 mL via oral; and (d)
0.1 mL via IP.

2.3.2. Influence of different developmental forms
A total of 80 mice were used, divided into two groups: (a) 40

animals inoculated via oral divided into two subgroups, 20 with
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