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Molecular characterization of Trypanosoma cruzi Mexican strains and 
their behavior in the mouse experimental model

ABSTRACT
Introduction: For a long time, the importance of Chagas disease in Mexico, where many 
regarded it as an exotic malady, was questioned. Considering the great genetic diversity among 
isolates of Trypanosoma cruzi, the importance of this biological characterization, and the paucity 
of information on the clinical and biological aspects of Chagas disease in Mexico, this study 
aimed to identify the molecular and biological characterization of Trypanosoma cruzi isolates 
from different endemic areas of this country, especially of the State of Jalisco. Methods: Eight 
Mexican Trypanosoma cruzi strains were biologically and genetically characterized (PCR 
specific for Trypanosoma cruzi, multiplex-PCR, amplification of space no transcript of the 
genes of the mini-exon, amplification of polymorphic regions of the mini-exon, classification 
by amplification of intergenic regions of the spliced leader genes, RAPD - (random amplified 
polymorphic DNA). Results: Two profiles of parasitaemia were observed, patent (peak 
parasitaemia of 4.6×106 to 107 parasites/mL) and subpatent. In addition, all isolates were able 
to infect 100% of the animals. The isolates mainly displayed tropism for striated (cardiac and 
skeletal) muscle. PCR amplification of the mini-exon gene classified the eight strains as TcI. 
The RAPD technique revealed intraspecies variation among isolates, distinguishing strains 
isolated from humans and triatomines and according to geographic origin. Conclusions: The 
Mexican T. cruzi strains are myotrophic and belong to group TcI.
Keywords: Trypanosoma cruzi. Mexico. Biological characterization. Genetic characterization.

RESUMO
Introdução: Durante muito tempo, foi questionada a importância da doença de Chagas 
no México onde muitos a consideravam um padecimento exótico. Considerando a grande 
diversidade genética existente, entre os isolados de Trypanosoma cruzi, a importância da 
caracterização biológica desses e o escasso número de informações sobre os aspectos clínicos e 
biológicos da doença de Chagas no México, o objetivo deste trabalho foi realizar a caracterização 
biológica e molecular de isolados de Trypanosoma cruzi originários de diferentes áreas 
endêmicas deste país, principalmente do Estado de Jalisco. Métodos: Oito cepas mexicanas 
de Trypanosoma cruzi foram caracterizadas biologicamente e geneticamente (PCR específica 
para Trypanosoma cruzi, PCR-multiplex, amplificação do espaço não transcrito dos genes do 
mini-exon, amplificação das regiões polimórficas do gene do mini-exon, classificação pela 
amplificação de regiões intergênicas dos genes do spliced leader, RAPD - random amplified 
polymorphic DNA). Resultados: Foram observados dois tipos de parasitemia: patente 
com picos máximos de parasitemia entre 4,6x106 e 107 parasitas/mL e subpatente. Além 
disso, todos os isolados foram capazes de infectar 100% dos animais. Observou-se tropismo 
predominante pelo músculo estriado (cardíaco e esquelético). As técnicas de PCR do gene do 
mini-éxon classificaram as oito cepas como TcI e a técnica de RAPD mostrou variação intra-
especifica das mesmas, separando as cepas isoladas de humanos daquelas de triatomíneos e 
por origem geográfica. Conclusões: As cepas mexicanas de Trypanosoma cruzi são miotrópicas 
e correspondem ao TcI.
Palavras-chaves: Trypanosoma cruzi.  México. Caracterização biológica. Caracterização genética.

Although, in the past, Chagas disease was 
considered to be restricted to the American 
continent where it is found in 18 countries, it 
has become a worldwide disease due to intense 
people migration. This disease is a public health 
problem because it causes increased morbidity and 
mortality in South America, Central America, and 
Mexico, where it is considered to be a neglected 
disease. According to data from the World Health 
Organization, approximately 8 million people are 
infected with Trypanosoma cruzi on the American 
continent1-3.

In Mexico, the importance of Chagas disease 
has been neglected for many years. The disease 
was seen as an exotic ailment and did not receive 
adequate government attention. The prevalence 
of Chagas disease in the country ranges from 1.6% 
to 5.8%, with positivity rates of 0.4% to 19% in 
different states, 0.17% to 17% in blood banks4-6. 
and from 5% to 21.5% in rural areas6. In the 1970s, 
the largest number of acute Chagas disease cases in 
the country was recorded in the State of Jalisco7,8. 
However, since this time only isolated acute cases 
have been diagnosed, a fact suggesting a large 
number of unreported sick people. The prevalence 
of Chagas disease in this state ranges from 1.8% to 
17% in the general population and 21.6% in the rural 
population6,9.

In Mexico, genetic characterization by mini-
exon analysis of isolates obtained from triatomines, 
domestic and wild reservoirs, and human cases 
with cardiac manifestations revealed the presence 
of T. cruzi group I9-11. However, there have been few 
reports of T. cruzi II in this country11.

In 1999, six lineages of T. cruzi were established: 
TcI and TcII with five subgroups denominate 
Trypanosoma cruzi IIa to IIe12-13. Recently, an updated 
nomenclature for the T. cruzi was established in a 
consensus, namely, TcI, TcII (TcIIb), TcIII (TcIIc), 
TcIV (TcIIa), TcV (TcIId), and TcVI (TcIIe)14.
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METHODS
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Experimental studies show that T. cruzi strains cause peculiar 
tissue lesions as a result of specific and predominant tropism for 
different types of mammalian cells, such as macrophages, cardiac 
and skeletal muscle cells, and neurons15-16.

Studies investigating Mexican T. cruzi strains have shown 
differences in the biological behavior of strains obtained from 
different hosts and different endemic regions of the country, as 
well as differences in the resistance to drugs used for the treatment 
of experimental infection (benznidazole and nifurtimox). In 
humans, the predominant clinical manifestation of Chagas disease 
is cardiomyopathy, whereas digestive abnormalities are observed at 
a low frequency as demonstrated recently9, 17-20.

In view of the wide genetic diversity among T. cruzi isolates, the 
importance of biological characterization of these strains, and the 
scarcity of information about clinical and pathological aspects of Chagas 
disease in México, the aim of the present study was to characterize 
biologically and molecularly T. cruzi isolates originating from 
different endemic areas in México, especially from the State of Jalisco.

The following eight T. cruzi strains were studied: three strains isolated 
from Triatoma pallidipennis (CGH2, CGH4, and CGH6 strains), two 
from Triatoma longipennis (CGH1 and CGH3 strains), one from 
Triatoma picturata (KR1 strain), one by xenodiagnosis from a patient 
in the acute phase of disease (NINOA strain)21, and one isolated from a 
patient with the chronic cardiac form (INC-5 strain)22 (Table 1).

A total of 240 non-isogenic male adult (6-8 weeks) mice were 
used. The animals were kept under suitable temperature, humidity, 
and availability of water and food ad libitum.

Parasitological study
Groups of 30 mice were inoculated intraperitoneally with 3×104 

blood trypomastigotes with CGH3, CGH4, CGH6, INC-5, and 
NINOA strains and CGH1, CGH2, and KR1 strains with 3×104 culture 
trypomastigotes obtained from Triatomine Artificial Urine medium.

Blood trypomastigotes were identified and quantified on 
alternate days for 50 days. Strains presenting patent parasitaemia were 
quantified using the method of Brener, and those presenting subpatent 
parasitaemia were monitored using the microhematocrit method.

Histopathology
For histopathological analysis, 10 animals of each group were 

euthanized by cervical dislocation on the day of parasitaemia peak 
and the remaining animals at 120 days after infection. The following 

organs and/or tissues were collected: heart, skeletal (quadriceps) 
muscle, lung, and gastroesophageal, gastroduodenal and ileocecal 
junctions. The specimens were fixed in buffered 10% formalin, 
embedded in paraffin, and cut into 3- to 4-µm-thick sections with a 
microtome. The sections were stained with hematoxylin and eosin.

We investigated the presence of amastigote nests in the whole 
tissue area and the inflammatory processes were semiquantitatively 
classified into absent (-), mild (+), moderate (++), and severe (+++), 
as previously described23-26.

DNA obtained from parasites
Blood cultures were performed in liver infusion tryptose (LIT) 

medium using blood of mice inoculated with the different isolates. 
Positive blood cultures were maintained in an incubator at 28°C in 
LIT medium supplemented with 5% fetal bovine serum. For parasite 
isolation, the 5-mL culture was duplicated with LIT medium every 
week to obtain exponential growth of the parasite. One week later, a 
volume of 40mL was completed, and the parasites were washed three 
times with sterile saline, resuspended in 2mL, and divided into two 
centrifuge tubes. The parasite suspension was centrifuged at 3,500rpm 
for 10min at 4°C and decanted. The sediments were stored at -20°C 
until the time of DNA extraction. DNA was extracted using the phenol-
chloroform-isoamyl alcohol method according to Macedo et al.27.

Polymerase chain reaction and
random amplified polymorphic DNA

PCR specific for T. cruzi was performed according to Wincker 
et al.28 using the following primers that amplify a fragment of 330 bp: 
121 (5’-AAA TAA TGT ACG GG(G/T) GAG ATG CAT GA-3’) 
and 122 (5’-GGT TCG ATT GGG GTT GGT GTA ATA TA-3’).

For the differential diagnosis of T. cruzi and T. rangeli, multiplex 
PCR was performed as described by Souto et al.29 using primers that 
amplify a sequence of the D7 divergent domain of the 24Sα gene: 
D72 (5’-TTT TCA GAA TGG CCG AAC AGT-3’), D75 (5’-GCA 
GAT CTT GGT TGG CGT AG-3’), and RG3 (5’-GGC CAA AGG 
GTA AGG CTC-3’).

Two techniques were used for the strains genotypic classification. 
The first technique consisted of amplification of the mini-exon gene 
as described by Souto et al.29 using the following set of primers: 
TC (5’-CCCCCCTCC CAG CCG ACA CTG-3’), TC1 (5’-GTG 
TCC CCG ACC TCC TTC GGG CC-3’), and TC2 (5’-CCT GCA 
GGC ACA CGT GTG TGT G-3’). For the second technique, the 
intergenic regions of the spliced leader genes were amplified in two 
reactions as described by Burgos et al.30 In the first reaction, SL-IRac, 
the UTCC (5’-CGT ACC AAT ATA GTA CAG AAA CTG-3’) and 

TABLE 1 - Mean features of Trypanosoma cruzi Mexican strain.

    Strain

Characteristic CGH1 CGH2 CGH3 CGH4 CGH6 KR1 NINOA INC5

Biological procedence T. longipennis T. pallidipennis T. longipennis T. pallidipennis T. palillipennis T. picturata human acute phase human chronic phase

Geographical procedence (state) Jalisco Jalisco Jalisco Jalisco Jalisco Jalisco Oaxaca Guanajuato

Parasitaemia peak (DAI) ND ND 31 29 27 ND 27 & 33 27

Maximum peak ND ND 107 4.6 x 106 8 x 106 ND 7.5 x 106 6.1 x 106

Parasitaemia type sub-patent sub-patent patent patent patent sub-patent patent patent

Mortality of mice infected (%) 6.6 3.3 3.3 16.6 6.6 10.0 20.0 53.3

Taxonomical group* TcI TcI TcI TcI TcI TcI TcI TcI

T: Triatoma; DAI: days after infection; ND: not detected; TcI: Tripanosoma cruzi I; *Taxonomy was established by Zingales et al. 
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RESULTS

TCac (5’-CTC CCC AGT GTG GCC TGG G-3’) primers were used, 
in which the 150-bp band corresponds to TcI, the 200-bp band to 
TcII (a, c), and the 157-bp band to TcII (b, d, e). The second PCR, 
SL-IR I, confirms TcI identified in the previous reaction when a  
475bp is amplified. The UTCC (5’-CGT ACC AAT ATA GTA CAG 
AAA CTG-3’) and TC2 (5’-CCT GCA GGC ACA CGT GTG TG-3’) 
primers were used in the second reaction.

The random amplified polymorphic DNA (RAPD) technique was 
performed to determine intraspecies variations between the Mexican 
T. cruzi strains as described by D´Avila et al.31 For this purpose, 
1ng DNA was mixed with 1.0U Taq DNA polymerase (Promega, 
Madison, WI, USA), 125µM dNTPs (Sigma-Aldrich, St. Louis, 
MO, USA), 1mM MgCl2, and 1.0µL 10× buffer in a final volume of 
10µL. Five separate reactions using 6.4 pmol of the following primers 
were carried out: M13-40-F (5’-GTT TTC CCA GTC ACG AC-3’), 
λgt11-F (5’-GAC TCC TGG AGC CCG-3’), L-15996 (5’-CTC CAC 
CAT TAG CAC CCA AAG C-3’), λ31F (5’-GAA GGC ACA TGG 
CTG AAT ATC-3’), and λ183R (5’-GCG AAA TAC GGG CAG 
ACA-3’). Amplification was carried out in a PE 9600 thermocycler 
under the following conditions: denaturation at 95°C for 5 min, 
annealing at 30°C for 2 min, and extension at 72°C for 1 min, followed 
by 33 cycles of denaturation at 95°C for 30 s, annealing at 40°C, 
and extension at 72°C for 1 min and a final step at 72°C for 5 min.

The amplified PCR products were fractionated by polyacrylamide 
gel electrophoresis after silver staining.

The bands profile obtained by RAPD was analyzed by evaluating 
the proportion of bands shared among strains. Dendrograms were 
constructed using the Gel Compar II® software package, version 5.0.

Statistical analysis
The Shapiro-Wilk test was used to determine whether the data 

presented a normal distribution, and the Levene’s test was used to 
assess the homogeneity of variances.

Two samples were compared using the Mann-Whitney test 
(independent samples) and the Wilcoxon test (dependent samples). 
For three or more samples, multiple comparison tests were performed, 
including the Kruskal-Wallis test followed by Dunn’s test (for 
independent samples) and Friedman’s test followed by a nonparametric 
least significant difference test. Spearman’s correlation coefficient was 
used to analyze the correlation between two variables. For parasitaemia 
analysis, the area under the curve was calculated by the method of 
Bezout (trapezoidal rule) to obtain a parameter of overall parasitaemia 
in relation to days of infection. Cumulative mortality as a function 
of time was analyzed using Kaplan-Meier survival curves. Statistical 
analysis was performed with the statsoft Statistica 8.0 software, and the 
level of significance was set at p<0.05 for all tests.

Ethical considerations
The study was approved by the Ethics Committee on Animal 

Experimentation of UFTM (protocol 153).

Parasitaemia
The eight T. cruzi isolates studied infected 100% of the inoculated 

mice. Five (62.5%) strains presented patent parasitaemia as 
determined by the method of Brener, including three isolates from 
triatomines (CGH3, CGH4, and CGH6) and the two strains isolated 
from humans (INC-5 and NINOA). The three strains presenting 

subpatent parasitaemia (37.5%) using the microhematocrit method 
were all isolated from triatomines (CGH1, CGH2, and KR1). All 
animals with patent and subpatent parasitaemia were observed for 
a period of 50 days (Figure 1).
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FIGURE 1 - Parasitemia curves by Mexican Trypanosoma cruzi strains, 
intraperitoneally inoculated (3x104 parasites) using the method of Brener on 
non-isogenic mice and followed for 50 days.

Parasitaemia peak was observed at 27 days in the isolates CGH6 
and INC-5, at 29 days in the isolate CGH4, and at 33 days in the 
isolate CGH3. In contrast, the isolate NINOA presented two peaks at 
27 and 33 days after infection. The CGH3 strain showed significantly 
higher parasitaemia than INC-5 and CGH4 strains when the area 
under the curve was evaluated (p=0.032) and when compared with 
the CGH4 strain based on peak parasitaemia (p=0.01) (Figure 1).

Pre-patent period and survival
The pre-patent period was similar in all strains, presenting 

variations observed between days 2 and 11 after infection. No 
significant difference in the pre-patent or patent periods duration 
was observed between strains (p=0.21).

The highest mortality rate was observed for mice inoculated with 
strain INC-5 (53.3%), followed by those inoculated with strains 
NINOA (20%) and CGH4 (16.6%). Low mortality rates ranging 
from 3.3% to 10% (p<0.05) were observed for all other strains.

Histopathology
Analysis of tissue parasitism in mice inoculated with the different 

Mexican strains showed the presence of amastigote nests in all tissues 
of infected animals in both the acute and chronic phases. The highest 
percentage of infected tissues was observed in animals inoculated 
with the strain INC-5 during the two phases (Figure 2). In addition, 
skeletal muscle was the only tissue in which parasites were detected in 
100% of the animals during the two phases, except for strain NINOA 
that was observed in 92.8% of the animals during the chronic phase.

The least infectious strains during the acute phase were CGH4, 
CGH3, and CGH2. The CGH1 strain was the least infectious strain 
during the chronic phase. However, the strains CGH3, CGH4, 
CGH2, and KR1 were more infectious during the chronic phase 
compared with the acute phase.

The largest number of amastigote nests in the atria and ventricles 
was observed in animals inoculated with strain INC-5, irrespective 
of the phase of infection. In the atria, this number was significantly 
higher during the acute phase when compared with isolates CGH2, 
CGH3, CGH4, and NINOA, and during the chronic phase when 
compared with strains CGH2, CGH3, and CGH4. However, in 
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the ventricles, the INC-5 strain in the amastigote 
nests was significantly higher during the acute phase 
when compared with strains CGH1, CGH2, CGH3, 
CGH4, and KR1, and during the chronic phase when 
compared with strains CGH1, CGH2, CGH3, and 
CGH4 (p<0.001).

Mice inoculated with strain NINOA presented a 
larger number of amastigote nests in skeletal muscle 
during the acute phase when compared with strains 
CGH2, CGH3, CGH4, and KR1, and during the 
chronic phase when compared with strains CGH1 
and CGH4 (p<0.01).

A significant difference in the number of 
amastigote nests at the gastroesophageal junction 
was observed between strains NINOA and CGH6 
(p=0.022). There were no significant differences in 
the number of amastigote nests in the lung or at the 
gastroesophageal and ileocecal junctions between 
animals inoculated with the strains studied.

TABLE 2 - Comparison of the inflammatory process in the different tissues during  the acute and chronic phases of infection.

       Strain

Tissue CGH1 CGH2 CGH3 CGH4 CGH6 KR1 NINOA INC-5

Acute phase

atrium ++/+++ ++ + + ++ + ++ ++/+++

ventricle + + + + + + + ++/+++

skeletal muscle +/++ ++/+++ ++/+++ ++/+++ + +/++ ++/+++ ++/+++

lung +/++ +/++ +/++ +/++ +/++ +/++ +/++ +/++

gastroesophageal junction + + + + + + + +

gastroduodenal junction + + + + + + + +

ileocecal junction + + + + + + + +

Chronic phase

atrium ++ ++ + +/++ +/++ +/++ ++/+++ +++

ventricle + + + + + + + +++

skeletal muscle +/++ ++/+++ +/++ +/++ +/++ +/++ ++/+++ ++/+++

lung +/++ +/++ +/++ +/++ +/++ +/++ +/++ +/++

gastroesophageal junction + + + + + + + +

gastroduodenal junction + + + + + + + +

ileocecal junction + + + + + + + +

+: mild; ++: moderate; +++: severe.

FIGURE 2 - Representative histopathological sections of skeletal muscle and heart of mice infected 
with Trypanosoma cruzi, showing the inflammatory infiltrates and amastigote nests (arrow). 
Histopathological sections were stained with hematoxylin and eosin (200x magnification).

A: skeletal muscle infected with NINOA-T. cruzi strain; B: skeletal muscle infected with KR1-T. cruzi 
strain; C: ventricle infected with INC-5-T. cruzi strain; D: ventricle infected with NINOA-T. cruzi strain.

Tissue inflammatory process
Strain INC-5 induced the most intense 

inflammatory process in the largest number of tissues 
when compared with the other strains during the two 
phases of the disease.

During the acute phase, strains INC-5 and CGH1 induced 
moderate to intense inflammatory processes in the atria and 
the isolates CGH2, CGH6, and NINOA induced moderate 
inflammation. Moderate to intense inflammatory processes were 
observed in the skeletal muscle of animals inoculated with the 
strains CGH2, CGH3, CGH4, NINOA, and INC-5. In the ventricle, 
the strain INC-5 induced moderate to severe inflammation. Mild 
to moderate inflammation was observed in the lungs of all mice 
inoculated with the strains (Table 2).

During the chronic phase, the strain INC-5 induced an intense 
inflammatory process in the atrium. Moderate to severe inflammation 

in this tissue was induced by isolate NINOA and mild to moderate 
inflammation by the isolates CGH1, CGH2, CGH4, CGH6, and 
KR1. The most severe inflammatory process in the ventricle was 
induced by the strain INC-5. In the skeletal muscle, moderate to 
severe inflammation was induced by the isolates CGH2, NINOA, 
and INC-5, whereas the other isolates induced mild to moderate 
inflammation. In the lung, all strains induced a mild to moderate 
inflammatory process (Table 2).

Correlation between tissue parasitism and inflammation

The correlation between tissue parasitism and inflammation was 
established for the different strains during the two phases of the disease. 
During the acute phase, a strong correlation (0.81≥r<1) between 

Gómez-Hernández C et al - Molecular characterization of Trypanosoma cruzi Mexican strains
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parasitism and inflammation at the ileocecal and gastroesophageal 
junctions was observed for strains CGH1 and INC-5, respectively. 
This correlation was moderate (0.51≥r<0.8) for strains CGH2 
(atrium and gastroesophageal junction), CGH3 (gastroesophageal 
junction), and KR1 (lung, gastroesophageal and ileocecal 
junction), and weak (0.01≥r<0.5) for strain CGH4 in the lung.

During the chronic phase, a strong correlation (0.81≥r<1) was 
observed for strains CGH2 (gastroesophageal junction), CGH3 
(gastroesophageal and ileocecal junction), and KR1 (ileocecal 
junction), and a moderate correlation (0.51≥r< 0.8) for strains 
CGH3 (gastroesophageal junction), KR1 (gastroesophageal and 
ileocecal junction), and NINOA (ventricle and ileocecal junction).

No correlation between parasitism and inflammation in the 
tissue studied was found for strain CGH6 during any of the phases of 
infection. A strong correlation between inflammation and parasitism 
during the acute phase was observed for strains CGH1 and INC-5, 
whereas during the chronic phase, no correlation was found in any 
of the organs studied. Intestinal tissue was the only tissue in which 
a correlation between the inflammatory process and the number of 
amastigote nests was observed in most of the Mexican T. cruzi strains 
during both phases of infection.

Polymerase chain reaction and
random amplified polymorphic DNA results

PCR specific for Trypanosoma cruzi: PCR with the 121-122 
primers was performed to confirm the identity of the T. cruzi isolates. 
The 330-bp fragment specific for T. cruzi was verified in all strains.

PCR using primers D72, D75, and RG3: This PCR technique 
allowed us to rule out the presence of T. rangeli among the isolates 
and confirmed the presence of T. cruzi.

PCR of the mini-exon gene: amplification of conserved regions 
of the mini-exon gene permitted the classification of all Mexican 
strains studied as Trypanosoma cruzi I (350-bp amplified fragment). 
An amplified fragment of 300 bp was detected for the TcII sample 
as a control (Figure 3A).

PCR of the intergenic regions of the spliced leader gene: This 
technique confirmed that the Mexican T. cruzi isolates belong to the 
TcI group (475-bp product; see Figure 3B).

Random amplified polymorphic DNA

The primer λ183R presented the higher ability to classify the 
Mexican T. cruzi isolates. The strains could be divided into two 
polymorphic branches, with a similarity coefficient of 28.4%. The 
first branch comprised the six strains isolated from triatomines 
(CGH3, CGH6, CGH4, CGH1, CGH2, and KR1). The second 
arm included the two strains of human origin (NINOA and  
INC-5), which presented a similarity coefficient of 50%. Two 
interesting facts should be mentioned: First, the strain KR1 isolated 
from T. picturata was separated from strains CGH3, CGH6, CGH4, 
CGH1, and CGH2 isolated from T. palillipennis or T. longipennis, 
with a coefficient of similarity of 45.2%; and second, the strains 
presenting patent parasitaemia were separated from those presenting 
subpatent parasitaemia.

A

B

FIGURE 3 - Polyacrylamide gels 6% silver stained. A) Analyzed using primers Tc, Tc1, and Tc2. 
All samples from Mexican Trypanosoma cruzi strains, amplified fragments of 350 bpb, were specific for 
TCI; (B) by using primers TCAC and UTCC.

Molecular marker (MM); TCI, MUT T. cruzi-I strain (350 bp); TcII, HEL T. cruzi-II strain (300 bp); 
NC: negative control.

DISCUSSION

Mexico is a tropical country where tropical diseases, such as 
Chagas disease, are common. Control programs for Chagas disease 
and its vector have only recently been implemented in this country, 
whereas such programs have been already established in South 
American countries for several years3,32. The high rates of infection 
of triatomines observed in the State of Jalisco suggest an increased 
exposure of people living in this region to T. cruzi33-35. This fact has 

raised our interest to biologically and genetically characterize the 
strains circulating in this state.

The biological and genetic characterization of T. cruzi strains 
isolated in endemic areas of Mexico is important for the understanding 
of the epidemiology and biology of the parasite in these regions. 
Studies of this parasite strains conducted since 1950 have shown 
that T. cruzi can be found in different vectors and reservoirs and that 
parasites isolated from different regions of the same country behave 
differently when inoculated into experimental models36-37.

Rev Soc Bras Med Trop 44(6):684-690, nov-dez, 2011
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The strains studied here showed a high degree of infectivity, with 
100% of the mice inoculated being infected. However, there are no 
studies conducted in Mexico demonstrating the infectivity profile 
of different T. cruzi isolates in mice.

In the present study, five of the eight strains presented patent 
parasitaemia (CGH3, CGH4, CGH6, NINOA, and INC-5). This 
parasitaemia is the most frequent profile reported in experimental 
studies18,38-39. Three strains (CGH1, CGH2, and KR1) presented 
subpatent parasitaemia, and there are no reports of T. cruzi strains from 
Mexico showing this behavior in experimental models. The mortality 
of mice inoculated with the strains of this study ranged from 3.3% to 
53.3%. In this respect, studies conducted in Mexico and, specifically in 
the state of Jalisco, have shown that strains originating from this state 
are able to kill up to 100% of experimentally infected animals17-18,40.

Mice inoculated with the subpatent strains (CGH1, CGH2, and 
KR1) continued to be positive over 1 year of follow-up using the 
microhematocrit method. Roellig et al.41 observed that the genotypes 
of parasites belonging to groups TcI and TcIIe (now TcVI) are 
characterized by maintaining subpatent parasitaemia during the chronic 
phase and infecting Rhodnius prolixus. According to these authors, 
maintenance of the sylvatic cycle of T. cruzi depends on competitive 
vectors that find infected hosts. The strains studied here belonged 
to group TcI. The biological and genetic diversity of T. cruzi and its 
ability to infect different mammalian hosts support the hypothesis 
that some animal species may maintain parasitaemia for a longer 
period than others, an ability that renders this host a good reservoir. 
Differences between potential reservoirs might be due to the species 
and genetics of the host and parasite genotype, or a combination of both.

In the present study, large amastigote nests were observed in 
mice muscle tissue with subpatent parasitaemia. This fact suggests 
that trypomastigotes are susceptible to complement. When the 
amastigote nest ruptures, undifferentiated amastigote forms with 
invasive capacity are released as reported by Mortara et al.42, resulting 
in the persistence of infection for a long period.

The Mexican isolates used in this study presented tropism for 
skeletal muscle and heart (Figure 2). Tropism for these tissues has 
been reported for strains found in Mexico and in the State of Jalisco43.

The importance of lung tropism in T. cruzi is unknown, but 
studies suggest that this is not as strong as other tissue tropisms, 
such as the tropism for cardiac and skeletal muscle, or that it does 
not provoke organ alterations19,44. Melnikov et al.19 detected few 
amastigote nests in the lungs of 32% to 90% of mice infected with 
Mexican T. cruzi isolates. The author found bronchial lesions, edema, 
and inflammation as well as alveolar hemorrhage depending on the 
strain. In the present study, the infection rate of this organ ranged 
from 40% to 100% during the acute phase and from 50% to 73% 
during the chronic phase, but the number of amastigote nests was 
low as reported by Melnikov et al.19. These results suggest that the 
Mexican strains may present tropism for muscles found in large 
vessels and in the peribronchial muscle tissue of the lungs.

The immunogenicity of T. cruzi isolates differs among the 
organs and tissues infected by the parasite. This fact might have 
influenced the correlation between the number of amastigote nests 
and inflammation.

Interestingly, limb paresis, especially in the hind limbs, was 
observed in some of the animals inoculated with strains presenting 
patent parasitaemia (NINOA and INC-5), and the animals died 

within a few hours. Histopathological examination of these animals 
showed intense tissue parasitism in the striated muscle accompanied 
by large amastigote nests adopting muscle fiber morphology.

Two main genetic groups of T. cruzi were described in the past 
decade: T. cruzi I (TcI), which is associated with a sylvatic transmission 
cycle, and T. cruzi II (TcII), which is more frequently found in the 
domestic environment. This relationship between genotype and  
T. cruzi transmission cycle cannot be applied to countries in Central 
America or Mexico because genotype TcI is the main group isolated 
from domestic, peridomestic, and sylvatic transmission cycles in these 
regions9-11. In the present study, different molecular biology techniques 
demonstrated that the isolates studied belonged to the TcI group.

The RAPD technique is characterized by the random amplification 
of DNA fragments. Some of the primers used may permit the clustering 
of strains according to geographic and/or biological origin45. In the 
present study, the λ183R primer was the best primer for classification 
of the Mexican T. cruzi strains. This technique, thus, permitted 
obtaining clusters of strains according to biological origin (human and 
triatomine) and parasitaemia produced in an experimental model (non-
isogenic mice). Using this technique, Bosseno et al.46 demonstrated 
high homogeneity among Mexican T. cruzi isolates obtained from 
different hosts; however, this homogeneity was not correlated with 
the virulence of the strains. The intraspecies variations observed in the 
strains studied might be related to differences in biological behavior 
in vivo. Lana et al47. observed that clonal genotypes of T. cruzi differ 
significantly in terms of infectivity, demonstrating an association 
between genotype diversity, tropism, and pathogenicity.

Finally, the present study demonstrated that the Mexican strains 
are infectious in vivo. All strains showed tropism for striated (skeletal 
and cardiac) muscle. Five of the eight isolates presented patent 
parasitaemia, whereas the remaining three isolates determined 
subpatent parasitaemia. In these isolates, parasitaemia was detected up 
to 1 year after the infection, showing good adaptation to the host used 
(mouse). This fact may render this host a good reservoir. The present 
study confirmed the predominance of T. cruzi genotype I in Mexico, 
and the RAPD technique demonstrated intraspecies variability 
among strains, which were considered to be genetically different.

The authors declare that there is no conflict of interest.

CONFLICT OF INTEREST

FINANCIAL SUPPORT

REFERENCES

This study was supported by the following Brazilian funding 
agencies: Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior (CAPES), Fundação de Amparo a Pesquisa de Minas Gerais 
(FAPEMIG) and Conselho Nacional de Pesquisa (CNPq).

1. Dias JCP. Eradication of Chagas disease: what are its possibilities?  
In: Pan American Health Organization, World Health Organization, editor. 
Update of American Trypanosomiasis and Leishmaniasis Control and Research: 
Final Report. PAHO/WHO 2007; p. 65-72.

2. World Health Organization. New global effort to eliminate Chagas disease.  
Wkly Epidemiol Rec 2007; 82:259-260.

3. Moncayo A, Silveira AC. Current epidemiological trends for Chagas disease in 
Latin America and future challenges in epidemiology, surveillance and health 
policy. Mem Inst Oswaldo Cruz 2009; 104 (suppl 1):17-30.

Gómez-Hernández C et al - Molecular characterization of Trypanosoma cruzi Mexican strains



690

4. Dumonteil E. Update on Chagas’ disease in Mexico. Salud Publica Mex  
1999; 41:322-327.

5. Guzman-Bracho C. Epidemiology of Chagas disease in Mexico: an update.  
Trends Parasitol 2001; 17:372-376.

6. Cruz-Reyes A, Pickering-Lopez JM. Chagas disease in Mexico: an analysis of 
geographical distribution during the past 76 years - a review. Mem Inst Oswaldo 
Cruz 2006; 101:345-354.

7. Cuartero CM, Ponce C, Recio R. Five new cases of Chagas’ disease in Zacatecas 
and Jalisco in the Republic of Mexico. Rev Invest Salud Publica 1967; 27:28-36.

8. Velasco Castrejon O, Tay J, Luna Valadez A. Chagas’ disease in the State of Jalisco: 
Mexican Republic. Report of 3 new human cases. Rev Invest Salud Publica  
1974; 34:107-113.

9. Lozano-Kasten F, Magallon-Gastelum E, Soto-Gutierrez M, Kasten-Monges M, 
Bosseno MF, Breniere SF. Epidemiologic knowledge and current situation of Chagas 
disease in the state of Jalisco, Mexico. Salud Publica Mex 2008; 50:508-515.

10. O’Connor O, Bosseno MF, Barnabe C, Douzery EJ, Breniere SF. Genetic 
clustering of Trypanosoma cruzi I lineage evidenced by intergenic miniexon 
gene sequencing. Infect Genet Evol 2007; 7:587-593.

11. Bosseno MF, Barnabe C, Sierra MJ, Kengne P, Guerrero S, Lozano F, et al.  
Wild ecotopes and food habits of Triatoma longipennis infected by Trypanosoma 
cruzi lineages I and II in Mexico. Am J Trop Med Hyg 2009; 80:988-991.

12. Anonymus. Recommendations from a satellite meeting. Mem Inst Oswaldo Cruz 
1999; 94 (suppl 1):429-432.

13. Brisse S, Dujardin JC, Tibayrenc M. Identification of six Trypanosoma cruzi 
lineages by sequence-characterised amplified region markers. Mol Biochem 
Parasitol 2000; 111:95-105.

14. Zingales B, Andrade SG, Briones MR, Campbell DA, Chiari E, Fernandes O,  
et al. A new consensus for Trypanosoma cruzi intraspecific nomenclature: 
second revision meeting recommends TcI to TcVI. Mem Inst Oswaldo Cruz  
2009; 104:1051-1054.

15. Andrade SG. Morphological and behavioral characterization of Trypanosoma 
cruzi strains. Rev Soc Bras Med Trop 1985; 18:39-46.

16. Andrade SG, Magalhaes JB. Biodemes and zymodemes of Trypanosoma cruzi 
strains: correlations with clinical data and experimental pathology. Rev Soc Bras 
Med Trop 1996; 30:27-35.

17. Barrera-Pérez MA, Rodriguez-Felix ME. Guzmán-Marín E, Zavala-Velázquez J, 
Dumonteil E. Biological behaviour of three strains of Trypanosoma cruzi from 
Yucatan, México. Revista Biomedica 2001; 12:224-230.

18. Vera-Cruz JM, Magallon-Gastelum E, Grijalva G, Rincon AR, Ramos-Garcia C, 
Armendariz-Borunda J. Molecular diagnosis of Chagas’ disease and use of an 
animal model to study parasite tropism. Parasitol Res 2003; 89:480-486.

19. Melnikov VG, Velasco FF, Espinoza Gomez F, Rodriguez FG, Dobrovinskaya OR. 
Pathologic changes in lungs caused by Mexican isolates of Trypanosoma cruzi in 
the acute phase of infection in mice. Am J Trop Med Hyg 2005; 73:301-306.

20. Alvarado CAP, Ramírez LR, Nogueda-Torres IB, Ramírez BW. Estudio del 
Éster Bencílico del Ácido N-PropilOxámico como un profármaco con posible 
actividad tripanomicida. Paper Presented at XIV Congreso de Bioenergética y 
Biomembranas. 2005; México.

21. Monteon VM, Furuzawa-Carballeda J, Alejandre-Aguilar R, Aranda-Fraustro A, 
Rosales-Encina JL, Reyes PA. American trypanosomosis: in situ and generalized 
features of parasitism and inflammation kinetics in a murine model. Exp Parasitol 
1996; 83:267-274.

22. Ruiz-Sanchez R, Leon MP, Matta V, Reyes PA, Lopez R, Jay D, et al. Trypanosoma 
cruzi isolates from Mexican and Guatemalan acute and chronic chagasic 
cardiopathy patients belong to Trypanosoma cruzi I. Mem Inst Oswaldo Cruz 
2005; 100:281-283.

23. Ben Younes-Chennoufi A, Said G, Eisen H, Durand A, Hontebeyrie-Joskowicz M. 
Cellular immunity to Trypanosoma cruzi is mediated by helper T cells (CD4+). 
Trans R Soc Trop Med Hyg 1988; 82:84-89.

24. Santos VM, Lima MA, Cabrine-Santos M, Stefani Marquez D, Araujo-Pereira G, 
Lages-Silva E, et al. Functional and histopathological study of the pancreas in 
hamsters (Mesocricetus auratus) infected and reinfected with Trypanosoma cruzi. 
Parasitol Res 2004; 94:125-133.

25. Garcia GA, Arnaiz MR, Laucella SA, Esteva MI, Ainciart N, Riarte A, et 
al. Immunological and pathological responses in BALB/c mice induced by 
genetic administration of Tc 13 Tul antigen of Trypanosoma cruzi. Parasitology 
2006; 132:855-866.

26. Frank FM, Cazorla SI, Sartori MJ, Corral RS. Elicitation of specific, Th1-biased 
immune response precludes skeletal muscle damage in cruzipain-vaccinated  
mice. Exp Mol Pathol 2008; 84:64-70.

27. Macedo AM, Martins MS, Chiari E, Pena SD. DNA fingerprinting of Trypanosoma 
cruzi: a new tool for characterization of strains and clones. Mol Biochem Parasitol 
1992; 55:147-153.

28. Winker PB, Bossèno MF, Brito C, Yaksic N, Cardoso MA, Morel CM. High 
correlation between Chagas disease serology and PCR-based detection of 
Trypanosoma cruzi kinetoplastid DNA in Bolivian children living in an endemic 
area. FEMS microbial Letter 1994; 124:419-423.

29. Souto RP, Vargas N, Zingales B. Trypanosoma rangeli: discrimination from 
Trypanosoma cruzi based on a variable domain from the large subunit 
ribosomal RNA gene. Exp Parasitol 1999; 91:306-314.

30. Burgos JM, Altcheh J, Bisio M, Duffy T, Valadares HM, Seidenstein ME, 
et al. Direct molecular profiling of minicircle signatures and lineages of  
Trypanosoma cruzi bloodstream populations causing congenital Chagas disease. 
Int J Parasitol 2007; 37:1319-1327.

31. D’Avila DA, Gontijo ED, Lages-Silva E, Meira WS, Chiari E, Galvao LM. Random 
amplified polymorphic DNA profiles of Trypanosoma cruzi isolates from chagasic 
patients with different clinical forms. Parasitol Res 2006; 98:455-461.

32. World Health Organization/Pan American Health Organization Chagas en las 
Américas: Iniciativas de los Países de América para el Control de la Transmisión 
Vectorial, Transfusional y la Atención Médica de la Enfermedad de Chagas. 
WHO/OPS; 2006.

33. Magallón-Gastélum E, Magdaleno-Peñaloza NC, Kattahain-Duchateau G, 
Trujillo-Contreras F, Lozano-Kasten FJ, Hernández-Gutiérrez RJ, Distribución 
de los vectores de la enfermedad de Chagas Hemiptera: Reduviidae: Triatominae 
en el Estado de Jalisco, México. Revista Biomédica 1998; 9:151-157.

34. Martinez-Ibarra JA, Grant-Guillen Y, Martinez-Grant DM. Feeding, defecation, 
and development times of Meccus longipennis Usinger, 1939 (Hemiptera: 
Reduviidae: Triatominae) under laboratory conditions. Mem Inst Oswaldo Cruz 
2003; 98:899-903.

35. Gomez-Hernandez C, Rezende-Oliveira K, Zarate AC, Zarate EC, Trujillo-Contreras F, 
Ramirez LE. Prevalence of triatomines (Hemiptera: Reduviidae: Triatominae) 
infected by Trypanosoma cruzi: seasonality and distribution in the Cienega region of 
the State of Jalisco, Mexico. Rev Soc Bras Med Trop 2008; 41:257-262.

36. Bice DE, Zeledon R. Comparison of infectivity of strains of Trypanosoma cruzi 
(Chagas, 1909). J Parasitol 1970; 56:663-670.

37. Magalhaes JB, Andrade SG, Sherlock I. Trypanosoma cruzi strains: behavior 
after passage into authoctonous or foreign species of traitomine (biological and 
biochemical patterns). Rev Inst Med Trop Sao Paulo 1996; 38:23-28.

38. Araujo SMG, Guilherme ALF, Toledo MJO, Oliveira PJG, Silva JC, Gomes 
ML. Biology of Trypanosoma cruzi strains isolated from chagasic patients from 
different geographic origins residing in northwestern region of the state of Paraná,  
Brasil. Acta Scientiarum 1999; 21:229-235.

39. Lisboa CV, Pinho AP, Monteiro RV, Jansen AM. Trypanosoma cruzi (kinetoplastida 
Trypanosomatidae): biological heterogeneity in the isolates derived from wild 
hosts. Exp Parasitol 2007; 116:150-155.

40. Espinoza B, Vera-Cruz JM, Gonzalez H, Ortega E, Hernandez R. Genotype 
and virulence correlation within Mexican stocks of Trypanosoma cruzi isolated 
from patients. Acta Trop 1998; 70:63-72.

41. Roellig DM, McMillan K, Ellis AE, Vandeberg JL, Champagne DE, Yabsley MJ. 
Experimental infection of two South American reservoirs with four distinct 
strains of Trypanosoma cruzi. Parasitology 2010; 137:959-966.

42. Mortara RA, Andreoli WK, Taniwaki NN, Fernandes AB, Silva CV, Fernandes 
MC, et al. Mammalian cell invasion and intracellular trafficking by Trypanosoma 
cruzi infective forms. An Acad Bras Cienc 2005; 77:77-94.

43. Biagi FF, Tay J, Gutiérrez M. Behavior of Different Mexican Strains of 
Trypanosoma cruzi in the White Mouse. Progress Protozool 1965; 142. 

44. Guarner J, Bartlett J, Zaki SR, Colley DG, Grijalva MJ, Powell MR. Mouse  
model for Chagas disease: immunohistochemical distribution of different  
stages of Trypanosoma cruzi in tissues throughout infection. Am J Trop Med Hyg 
2001; 65:152-158.

45. Steindel M, Dias Neto E, Menezes CL, Romanha AJ, Simpson AJ. Random 
amplified polymorphic DNA analysis of Trypanosoma cruzi strains. 
Mol Biochem Parasitol 1993; 60:71-79.

46. Bosseno MF, Barnabe C, Magallon Gastelum E, Lozano Kasten F, Ramsey 
J, Espinoza B, et al. Predominance of Trypanosoma cruzi lineage I in Mexico.
J Clin Microbiol 2002; 40:627-632.

47. Lana M, Silviera Pinto A, Bastrenta B, Barnabe C, Noel S, Tibayrenc M. 
Trypanosoma cruzi: infectivity of clonal genotype infections in acute and chronic 
phases in mice. Exp Parasitol 2000; 96:61-66.

Rev Soc Bras Med Trop 44(6):684-690, nov-dez, 2011


