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The clinical course of Chagas’ disease varies widely among different patients and geographic regions. For
reasons that are not completely understood but involve host and parasite factors, some patients never develop
the disease while others present cardiac and/or gastrointestinal symptoms. Many studies have been conducted
in order to correlate the genetic variability of the parasites with the clinical forms of the disease, but no
conclusive data have been obtained. Our research aims at characterizing the genetic profiles of Trypanosoma
cruzi isolates recently obtained from 70 chagasic patients who either showed pathological lesions with symp-
toms of various intensities or were asymptomatic. All patients came from an area where Chagas’ disease is
endemic in southeast Brazil where vectorial transmission has been controlled and different clinical forms of the
disease can be found. The molecular characterization of parasites evaluated the polymorphisms of the 3� region
of the 24S� rRNA gene and the variability of kinetoplast DNA (kDNA) minicircles of T. cruzi populations by
low-stringency single specific primer PCR. Data presented here provide a strong correlation between T. cruzi
II and human infection in this region. However, a high degree of variability was observed within T. cruzi II, as
demonstrated by intense kDNA polymorphism among all clinical forms and also within each of them, irre-
spective of the intensity of pathological processes.

Chagas’ disease is characterized by a short and frequently
nonsymptomatic acute phase, followed by a chronic phase with
a variable clinical course and different manifestations. Most
patients have the indeterminate form of infection and never
develop the disease, while others may exhibit cardiac, diges-
tive, cardiodigestive, or neurological symptoms or even acute
exacerbations. The prevalence and geographical distribution of
the clinical forms of Chagas’ disease vary among countries and
even among different areas where the disease is endemic
within the same country (6). The exact causes of the pleomor-
phism of Chagas’ disease remain unknown, and even a major
role of the parasite in determining the pathogenesis of the
disease has already been challenged (19). However, immuno-
histochemical techniques (12) and PCR (13, 14, 36) have
shown a strict correlation between the presence of the parasite
and tissue lesions (33).

Trypanosoma cruzi populations show a high degree of in-
traspecific variability detected by biological, biochemical, im-
munological, and genetic markers (20). Nevertheless, until now
such polymorphism could not be properly correlated with the
clinical manifestations of the disease. Early studies based on
enzyme electrophoresis classified T. cruzi populations into
three major zymodeme groups, named Z1, Z2, and Z3 (22),

but when using more enzyme markers a greater heterogeneity
was disclosed (34). T. cruzi populations are now generally clus-
tered into two major phylogenetic groups based on miniexon
and rRNA gene polymorphism analyses (9, 32). These major
lineages, named T. cruzi I and T. cruzi II (2a), are associated
with sylvatic (Z1) and domestic (Z2) transmission cycles,
respectively. Further evidence suggested that T. cruzi II
populations could be more complex than originally thought,
being subdivided into five groups (IIa to IIe) (4, 5, 17).
Recent results, however, have demonstrated that T. cruzi
populations showing distinct and/or hybrid characteristics,
including those belonging to Z3, can be clustered into a
third major lineage (3, 30).

Findings related to the genetic variability of T. cruzi kineto-
plast DNA (kDNA) minicircles suggest that the degree of
similarity displayed by the profiles of two strains reflects, at
least in part, the genetic distance between them (37). An as-
sociation between tissue tropism and parasite-specific clones
has been demonstrated in humans and mice, with possible
implications for the clinical forms of Chagas’ disease (2, 36).

New clinical and epidemiological perspectives could be gen-
erated with the genetic characterization of T. cruzi strains re-
cently isolated from chagasic patients resident in an area where
the disease is endemic that presents several clinical forms of
the disease. In this context, we have characterized the rRNA
gene and kDNA sequences of T. cruzi populations isolated
from patients whose clinical presentations of Chagas’ disease
were carefully analyzed in order to investigate a possible asso-
ciation between genetic parameters and pathogenic potential.
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MATERIALS AND METHODS

Patients. Our sample was composed of 132 chagasic patients referred for
clinical and parasitological evaluation at the Universidade Federal do Triângulo
Mineiro (UFTM; Uberaba, Minas Gerais, Brazil). Most of the patients (127/132)
come from a region of southeast Brazil (Minas Gerais) where Chagas’ disease is
endemic and where vectorial transmission has been interrupted. In this region,
there are extensive variations in the prevalence of Chagas’ disease and its distinct
clinical manifestations can be observed. Three types of serological tests con-
firmed the chagasic etiology of patients: indirect immunofluorescence, indirect
hemagglutination, and enzyme-linked immunosorbent assay. The clinical classi-
fication of the patients was based on the results of esophagrams, electrocardio-
grams, barium enemas, and/or the number of days of constipation. Of the 132
patients studied, 12.9% had the indeterminate (I) form of Chagas’ disease,
33.3% had the cardiac (C) form, 4.5% had megacolon (MC), 11.4% had mega-
esophagus (ME), and 37.9% had mixed forms (3.8% MC-C, 22.7% ME-C, and
11.4% ME-MC-C). T. cruzi strains were isolated from 70 autochthonous patients
with positive blood cultures and different clinical forms of Chagas’ disease. This
work and all procedures were carried out with the informed consent of the
participants and were approved by the Medical Research Ethics Committee of
UFTM. Experiments were performed in a double-blinded fashion, and patients
were numbered chronologically.

Parasite isolation and DNA extraction. Parasite isolation was performed by
blood culture as previously described (16). Immediately after collection, 30 ml of
venous blood was centrifuged at 4°C and 1,000 � g for 10 min in order to remove
the plasma. The packed blood cells were washed by centrifugation at 4°C in 10
ml of liver infusion tryptose (LIT) medium, resuspended in 6 ml of LIT medium,
and uniformly distributed among six plastic tubes. Cultures were maintained at
28°C, homogenized weekly, and examined monthly for 90 days. Microscopic
examination was carried out in 10-�l aliquots of each preparation under a
22-mm2 coverslip at a magnification of 150�.

In order to minimize parasite selection, positive blood cultures in LIT medium
were maintained in individual tubes in the laboratory for a short period of time
without passage. LIT medium was added every 10 to 15 days for a maximum of
8 weeks. Culture samples were then collected and mixed with equal volumes of
a 6 M guanidine hydrochloride–0.2 M EDTA solution and stored at 4°C for DNA
extraction. Positive blood culture samples collected in guanidine-EDTA were

boiled for 15 min before DNA extraction, which was carried out in duplicate with
200 �l of guanidine-EDTA-blood as previously described (11).

LSSP-PCR. Genetic characterization of T. cruzi kDNA was performed by
low-stringency single specific primer PCR (LSSP-PCR), a technique which al-
lows the generation of specific gene signatures and which has been shown to be
reproducible and sensitive (37). The technique is based on a two-step procedure.
The first one consists of the specific PCR amplification of a 330-bp fragment
corresponding to the four variable regions of T. cruzi kDNA with primers 121
(5�-AAATAATGTACGGG(T/G)GAGATGCATGA-3�) and 122 (5�-GGTTCG
ATTGGGGTTGGTGTAATATA-3�) (Operon Technology Inc., Alameda, CA)
and 1.0 U of Taq DNA polymerase enzyme (Promega, Madison, WI). The
PCR-amplified products were submitted to electrophoresis in a 1.5% agarose gel
(1.0% agarose, 0.5% low-melting-point agarose) and ethidium bromide stained.
The 330-bp fragments of individual amplifications, corresponding to approxi-
mately 150 ng of DNA, were excised from the gel, melted, diluted 10-fold in
double-distilled water, and used as the template for a second step of amplification
with a single 121 modified primer (5�-AAATAATGTACGGGGGAGATG-3�). The
LSSP-PCR products were then visualized by 7.5% polyacrylamide gel electrophore-
sis after silver staining. In order to demonstrate the stability of the amplification,
each DNA sample was analyzed in duplicate. The genetic profiles obtained were
analyzed by the DNA-POP software, which compares the number of DNA bands
shared between strains (27).

PCR amplification of the D7 domain of the 24S� rRNA gene. Divergent domain
D7 of the 24S� rRNA gene was PCR amplified with D71 (5�-AAGGTGCGTCG
ACAGTGTGG-3�) and D72 (5�-TTTTCAGAATGGCCGAACAGT-3�) (Operon
Technology Inc., Alameda, CA) as described previously (32). PCR products were
visualized by 6.0% polyacrylamide gel electrophoresis after silver staining. The am-
plification of a fragment of 110 or 125 bp identified the T. cruzi population as
belonging to T. cruzi I or T. cruzi II, respectively (2a).

RESULTS

Clinical and parasitological characteristics of patients.
Blood culture positivity was 53.03% (70/132), and we did not
observe differences in the distribution of clinical forms be-
tween patients with positive blood cultures and patients with
negative blood cultures. Of the patients with positive parasi-
tological evaluations, 11.43% had the I form and 88.6% had
clinical manifestations of Chagas’ disease; 27.14% had the C
form, 14.3% were diagnosed with ME, and 2.85% were diag-
nosed with MC. Other patients had associated clinical forms;
4.28% had MC-C, 25.7% had ME-C, and 14.3% had ME-
MC-C (Table 1). The intensities of the pathological alterations
in the C form varied from I to III, and the degrees of ME
varied from II to IV (21, 26, 29).

Molecular characterization of T. cruzi genotypes. T. cruzi
strains isolated from chagasic patients were initially character-
ized by PCR amplification of the 3�region of the 24S� rRNA
gene (Fig. 1). All of the parasite strains isolated presented the
amplification of a 125-bp fragment, which demonstrates that
they belong to T. cruzi II, which is associated with the domestic

TABLE 1. DNA-POP analysis of LSSP-PCR profiles obtained from
T. cruzi strains isolated from blood cultures of chagasic patients

Clinical
form(s)a

% of patients
(no. of

patients/total)

Avg no. of
bands/

lane � SD

Avg no. of shared
bands by

pairs � SD

% of
shared
bands

I 11.43 (8/70) 11.4 � 1.5 3.9 � 1.3 34
C 27.14 (19/70) 9.8 � 1.0 2.6 � 1.3 27
ME 14.3 (10/70) 11.0 � 0.8 4.3 � 1.6 39
ME-C 25.7 (18/70) 10.1 � 1.8 2.6 � 1.6 26
ME-MC-C 14.3 (10/70) 12.1 � 2.0 5.0 � 1.9 41
MC 2.85 (2/70) 9.5 � 0.5 5.5 � 0.5 53
MC-C 4.28 (3/70) 11.0 � 1.4 6.1 � 1.6 55
All groups NAb 11.8 � 1.8 2.9 � 1.6 27

a Results are presented for all detected clinical forms of Chagas’ disease. For
group definitions, see the text. All groups, simultaneous analysis of 21 blood
culture samples representative of all clinical forms of Chagas’ disease analyzed in
the same polyacrylamide gel.

b NA, not applicable.

FIG. 1. Characterization of T. cruzi strains. Representative polyacrylamide gel showing amplification of the 3� regions of 24S� rRNA gene
sequences from T. cruzi strains isolated from patients with different clinical forms of Chagas’ disease. Lanes 1 to 5, isolates from patients with the
cardiac form. Lanes 6 to 10, isolates from patients with megaesophagus. Lanes 11 to 14, isolates from patients with the indeterminate form. Lanes
15 to 21, isolates from patients with mixed clinical forms of Chagas’ disease. Lanes 22 to 23, control DNA samples from T. cruzi II (125 bp). Lanes
24 to 25, control DNA samples from T. cruzi I (110 bp).
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transmission cycle of Chagas’ disease. Control samples of the
T. cruzi I and T. cruzi II lineages were analyzed, providing
fragments of the expected sizes.

Intraspecific diversity of T. cruzi strains. In order to con-
duct an extensive investigation concerning the occurrence of
putative genetic profiles associated with each of the clinical
forms of Chagas’ disease, we carried out comparative LSSP-
PCR analyses among parasites isolated from patients with
the same clinical forms of the disease. Analysis of the ge-
netic profiles obtained from the variable region of T. cruzi
kDNA minicircles showed a high degree of intraspecific
variability. A unique T. cruzi LSSP-PCR gene signature was
obtained for each patient (Fig. 2). A high degree of genetic
polymorphism was observed in the kDNA sequences of T.
cruzi strains isolated from patients with the same clinical
form of the disease, irrespective of the severity of the le-
sions, showing the following percentages of shared bands:
MC-C, 55%; MC, 53%; ME-MC-C, 41%; ME, 39%; I, 34%;
C, 27%; ME-C, 26%. The highest percentage of similarity
was detected within T. cruzi isolates from patients who pre-
sented complex clinical manifestations associated with MC
(Table 1); however, the sample size is not enough to draw
any conclusions. The simultaneous comparison of 21 repre-
sentative samples of all distinct clinical forms of Chagas’
disease also revealed an intense kDNA polymorphism, with
an average of 27% of the bands shared by pairs (Table 1).

DISCUSSION

In this study, most of the patients examined had typical
clinical symptoms of Chagas’ disease (88.6%), with a high
frequency of mixed forms (44.3%) and few intermediate-form
cases, probably because they were selected in a hospital unit. T.
cruzi II was detected in all of the patients, including those
without clinical alterations, and was also found to be associated
with different symptoms and various degrees of pathological
processes in all clinical forms of the disease, although T. cruzi
I is present in the sylvatic transmission cycle in the region of
Triângulo Mineiro (28).

Our findings are in agreement with previously published
data from other Brazilian areas where the disease is endemic
and where T. cruzi II is mainly distributed in the domestic cycle
and is associated with severe human infections (8, 38). Fur-
thermore, the presence of T. cruzi II in cardiac and mega-
esophagus lesions of distinct chagasic patients was recently
demonstrated (10). Moreover, high incidences of human cha-
gasic cardiac lesions in Argentina (23) and digestive forms in
Brazil (15) have also been correlated with the Z12 and Z2
zymodemes, respectively, both associated with T. cruzi II.
These and other results have been used as evidences that
humans could act as a biological filter selecting more adaptable
T. cruzi strains (17). When clinical-genetic approaches are
adopted, it is important to take into account the facts that
some patients may harbor more than one T. cruzi population

FIG. 2. kDNA signatures of T. cruzi obtained by LSSP-PCR. Amplified DNA fragments of parasites isolated by blood cultures from patients
with different clinical forms of Chagas’ disease were resolved in 7.5% polyacrylamide gels and silver stained. A, indeterminate form; B,
megaesophagus (ME) with degrees of dilation II, III, and IV; C, megacolon (MC) and megacolon associated with the cardiac form (MC � C);
D, cardiac form with degrees of lesions CI, CII, and CIII; E, cardiac form associated with megaesophagus and megacolon (ME�MC�C); F,
cardiac form associated with megaesophagus (ME�C).
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(25, 35) and that tissue and blood samples or isolates may not
represent all of the clones of a strain. As a result of low
parasitemia, different parasite populations with distinct tissue
tropism may not always be detected and it is also possible that
some clones are selected by the available isolation techniques.

A high intraspecific variability among the T. cruzi II kDNAs
was demonstrated by the diversity of LSSP-PCR gene signa-
tures, which did not correlate with clinical manifestations. Al-
though most of the isolates had the same geographical origin,
the parasite genetic profiles were unique and specific for each
patient, irrespective of the clinical features and stages of the
disease. The intense polymorphism of kDNA may result from
the presence of different classes of minicircle sequences in
each parasite characterized, the high mutation rates in their
hypervariable regions (31), reversible changes in kDNA mini-
circle sequences (1), or the low sequence identity among
them (7). However, we cannot rule out the possibility that the
hypervariability of kDNA gene signatures is a result of several
years of an intimate host-parasite interaction in specific tissues
with active pressure from the immune system. These factors
may explain the difficulty in establishing genetic profiles asso-
ciated with specific clinical manifestations. Therefore, studies
using DNA fingerprinting (18) and restriction fragment length
polymorphism of kDNA minicircles (24) have failed to corre-
late specific variability markers with the clinical prognosis of
Chagas’ disease (17).

The correct choice or development of other genetic markers
based on both nuclear and kDNA variability could define the role
of T. cruzi in determining the clinical forms of Chagas’ disease.
One important question to be answered is whether the stability of
a clinical form would correlate with changes in parasite genetic
profiles of a chagasic patient over a few years. Several factors
should be further investigated in carefully controlled clinical and
epidemiological studies in different regions where the disease is
endemic in order to better address this issue.
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(OMS/OPAS). 1974. Aspectos clı́nicos de la enfermidad de Chagas. Informe
de una reunión conjunta OMS/OPS de investigadores. Bol. Of. Sanit. Pa-
nam. 76:141–158.

27. Pena, S. D. J., and A. Nunes. 1990. DNA-POP and PATER two simple
computer programs for population studies and paternity analyses with DNA
fingerprintings. Fingerprinting News 2:7–8.

2170 LAGES-SILVA ET AL. J. CLIN. MICROBIOL.



28. Ramı́rez, L. E., E. Lages-Silva, F. Alvarenga-Franco, A. Matos, N. Vargas, O.
Fernandes, and B. Zingales. 2002. High prevalence of Trypanosoma rangeli
and Trypanosoma cruzi in opossums and triatomids in a formerly-endemic
area of Chagas disease in southeast Brazil. Acta Trop. 84:189–198.

29. Rezende, J. M., K. M. Lauar, and A. de Oliveira. 1960. Clinical and radio-
logical aspects of aperistalsis of the esophagus. Rev. Bras. Gastroenterol.
12:247–262.

30. Santos, S. S., E. Cupolillo, A. Junqueira, J. R. Coura, A. Jansen, N. R.
Sturm, D. A. Campbell, and O. Fernandes. 2002. The genetic diversity of
Brazilian Trypanosoma cruzi isolates and the phylogenetic positioning of
zymodeme 3, based on the internal transcribed spacer of the ribosomal gene.
Ann. Trop. Med. Parasitol. 96:755–764.

31. Shapiro, T. A., and P. T. Englund. 1995. The structure and replication of
kinetoplast DNA. Annu. Rev. Microbiol. 49:117–143.

32. Souto, R. P., O. Fernandes, A. M. Macedo, D. A. Campbell, and B. Zingales.
1996. DNA markers define two major phylogenetic lineages of Trypanosoma
cruzi. Mol. Biochem. Parasitol. 83:141–152.

33. Tarleton, R. L. 2001. Parasite persistence in the aetiology of Chagas disease.
Int. J. Parasitol. 31:550–554.

34. Tibayrenc, M., and F. Ayala. 1988. Isoenzyme variability in Trypanosoma
cruzi, the agent of Chagas’ disease: genetical, taxonomic and epidemiological
significance. Evolution 42:277–292.

35. Vago, A. R., L. O. Andrade, A. A. Leite, D. d’Avila Reis, A. M. Macedo, S. J.
Adad, S. Tostes, Jr., M. C. Moreira, G. B. Filho, and S. D. Pena. 2000.
Genetic characterization of Trypanosoma cruzi directly from tissues of pa-
tients with chronic Chagas disease: differential distribution of genetic types
into diverse organs. Am. J. Pathol. 156:1805–1809.

36. Vago, A. R., A. M. Macedo, S. J. Adad, D. D. Reis, and R. Correa-Oliveira.
1996. PCR detection of Trypanosoma cruzi DNA in oesophageal tissues of
patients with chronic digestive Chagas’ disease. Lancet 348:891–892.

37. Vago, A. R., A. M. Macedo, R. P. Oliveira, L. O. Andrade, E. Chiari, L. M.
Galvao, D. Reis, M. E. Pereira, A. J. Simpson, S. Tostes, and S. D. Pena.
1996. Kinetoplast DNA signatures of Trypanosoma cruzi strains obtained
directly from infected tissues. Am. J. Pathol. 149:2153–2159.

38. Zingales, B., R. P. Souto, R. H. Mangia, C. V. Lisboa, D. A. Campbell, J. R.
Coura, A. Jansen, and O. Fernandes. 1998. Molecular epidemiology of
American trypanosomiasis in Brazil based on dimorphisms of rRNA and
mini-exon gene sequences. Int. J. Parasitol. 28:105–112.

VOL. 44, 2006 T. CRUZI DIVERSITY IN CHAGAS’ DISEASE 2171


