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Abstract To investigate whether Trypanosoma cruzi pop-
ulations found in chagasic cardiopathic and non-cardiopathic
patients are genetically differentiated, three molecular micro-
satellite markers were analysed. This analysis was also
applied to compare 7. cruzi samples from peripheral blood or
dejections of Triatoma infestans fed on the blood of the same
patients. In order to obtain the first objective, analyses of
predominant 7. cruzi genotypes were conducted using three
approaches: a locus-by-locus analysis; a Fisher method
across three loci; and analysis of molecular variance by
Genepop and Arlequin programs. Only with one locus and
on the blood samples was a significant differentiation

Electronic supplementary material The online version of this article
(doi:10.1007/s00436-010-1939-2) contains supplementary material,
which is available to authorized users.

J. Venegas (D<) - S. Miranda - W. Cofioepan * W. Apt + G. Sanchez
Programa de Biologia Celular y Molecular, Instituto de Ciencias
Biomédicas, Facultad de Medicina, Universidad de Chile,
Independencia 1027,

Santiago, Chile

e-mail: jvenega@med.uchile.cl

S. Pichuantes
Universidad de Chile,
Santiago, Chile

M. L. Jercic
Dpto Laboratorio de Salud, Instituto de Salud Publica,
Santiago, Chile

detected among non-cardiopathic and cardiopathic groups,
which was not confirmed by the other two methods. On the
contrary, with the three approaches, it was found that 7" cruzi
clones present in the blood of patients are genetically
differentiated from those detected in dejections of T
infestans fed on the same patients. Our results showed that
the most frequent lineage both in blood as well as in
triatomine dejection samples was Tcl. No significant
difference in 7. cruzi lineage distribution was observed
among chagasic cardiopathic and non-cardiopathic patients.
The majority of the samples (50-60%) had only one 7. cruzi
clone (uniclonal) either in blood or dejection samples.
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Introduction

It is estimated that 15-16 million people are infected with
Trypanosoma cruzi in Latin America and 75-90 million are
exposed to infection (Rodrigues Coura and Pinto Dias
2009). T cruzi is a diploid organism, and diverse studies
have demonstrated that sexual reproduction is absent or
very rare and that the reproduction of this parasite is
eminently clonal (Tibayrenc and Ayala 1988). Despite their
high degree of genetic variability, 7" cruzi isolates can be
classified into two major phylogenetic lineages and six
discrete typing units (DTU), which, according to the last
agreement of several researchers, will be named from now
on as: Tcl (DTU 1), Tell (DTU IIb), Telll (DTU Ilc), TelV
(DTU IIa), TcV (DTU IId) and TcVI (DTU Ile; Brisse et al.
2000; Zingales et al. 2009). There is also consensus that
even within the same six current lineages, there is greater
genetic variability which may be related to still unknown
aspects of the biology of 7. cruzi (Llewelyn et al. 2009a, b;
Zingales et al. 2009).

PCR, PCR hybridization, RAPD and microsatellite
markers have demonstrated that isolated stocks from
vectors or wild mammals are more complex than those
obtained from patients in the acute phase of Chagas disease
and than those obtained from patients with chronic disease
(Oliveira et al. 1998). Clonal selection may also occur
during the isolation of the parasite to be maintained “in
vitro” (Deane et al. 1984; Solari et al. 2001). As a
consequence of such clonal selection, the parasites obtained
from culture for molecular characterization can be different
from those present in the infected host (Macedo et al.
2002). An analysis of the distribution of clones of 7. cruzi
in humans and vectors (Triatoma infestans) of the same
area found significant differences, attributed to particular
characteristics of the human host and vector (Breniere et al.
1998; Llewelyn et al. 2009a).

The importance of the possible role of multiclonal
infections has not been sufficiently weighed. Genetic analyses
in 7. cruzi have verified that a human host (Breniere et al.
1992) and a given insect vector frequently are infected by
two clones of the parasite, phylogenetically distant (Rozas et
al. 2007). It has been postulated that multiple infections by
genetically diverse clones constitutes an important evolu-
tionary strategy for many pathogens (Tibayrenc et al. 1986;
Tibayrenc and Ayala 1991).

The technique of microsatellites described by Macedo et
al. (2001) has high sensitivity, proven in biological
samples, since it allows detection of the equivalent to the
middle of DNA genome of a parasite. In addition, the
technique is highly reproducible and allows discrimination
between several clones in a single test.

Although the interruption of vectorial transmission in
Chile was obtained some years ago, there are still thousands
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of people infected with the parasite in Chile, many of
whom have developed important cardiological affections.
Recent reports show that in patients with decompensated
heart failure and similar clinical conditions, those with
Chagas disease had worse prognoses (Pereira Silva et al.
2008).

To determine if there are genetic differences between the
T. cruzi populations of non-cardiopathic and cardiopathic
persons and to investigate whether human and insect hosts
select 7. cruzi populations, genotypic multilocus analyses of
different types of samples were conducted using the
Genepop and Arlequin programmes (Excoffier et al. 1992;
Raymond and Rousset 1995a, b).

Materials and methods
Patients

The study included two chronic chagasic patient groups
composed of 42 non-cardiopathic and 32 cardiopathic
individuals, both groups with positive conventional serology
(ELISA and indirect immunofluorescence, IF) and circulating
T cruzi (PCR-positive). All patients were from the IV, V and
Metropolitan Regions of Chile, endemic areas of the disease,
and were treated with allopurinol (8.5 mg kg ' day ' for
60 days) in 1992. The ad hoc protocols and regulations of
the Ethics Committee of the Faculty of Medicine, University
of Chile, were followed throughout the course of this
investigation (Apt et al. 1998).

The titres of the patients studied by IF fluctuated
between 1/60 (minimum positive) and 1/1,280 (maximum
obtained by us). Patients had antibody levels determined by
ELISA at an optical density (OD) of 490 nm ranging
between 1.596 and 2.026. The cutoff value was 0.2 DO,
using epimastigotes as antigens, as usual (Zulantay et al.
2004).

Cardiology study

Each patient was given a 12-lead electrocardiogram (EKG)
examination twice a year during the 13-year follow-up.
Therefore, each patient had had at least 20 EKGs at the
time of this study. The cardiac evaluation, in addition to the
EKG, included a chest radiograph and, in some cases, an
Eco-Doppler. The double-blind protocol recommended by
the World Health Organization was followed. The cardiol-
ogist analyzing the EKG profiles was unaware of the
patient’s infection status or any previous EKG results (Apt
et al. 2003).

Each patient was classified as chronic chagasic cardiomy-
opathy (CCC) only if the different analysis mentioned above
(conventional serology, PCR, cardiologist evaluation, EKG
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profiles and chest radiographs) remained consistent with the
diagnosis of CCC for a period of 10 years.

The xenodiagnosis test and triatomine samples

The xenodiagnosis test uses two cylindrical wooden
boxes, each containing seven uninfected third-instar 7.
infestans nymphs, maintained in our laboratory since 1950
(Schenone 1999). The insects were allowed to feed for 20—
30 min on the arm of each patient. Microscopic examination
of insect dejections was performed 30, 60 and 90 days after
feeding triatomines with peripheral blood from infected
individuals. The sensitivity of this test is about 80% (Zulantay
et al. 2007).

The faecal samples of all the triatomines obtained after
30, 60 and 90 days from each patient were pooled and used
for PCR analysis. The material was placed in Diamond
medium, incubated at 98°C for 15 min and centrifuged at
4,000 rpm for 3 min. The supernatant was loaded onto a P6
column to remove low-molecular-weight DNA polymerase
inhibitors, and the wash through was collected and frozen at
—20°C until use.

Detection of 7. cruzi DNA in peripheral blood
and triatomine dejection samples

PCR was performed in triplicate using DNA extracted
from peripheral blood samples (PCR-B) or triatomine
dejections (PCR-D) following procedures previously de-
scribed (Solari et al. 2001). Briefly, 800 uL of blood sample
was used for nucleic acid extraction and the DNA suspended
in 50 uL of sterile water. The reaction mix contained 10 pmol
of forward primer 121 (5-AAA TAA TGT ACG GG(T/G)
GAG ATG CAT GA-3'), 10 pmol of reverse primer 122 (5'-
GGT TCG ATT GGG GTT GGT GTA ATA TA-3'), 5 uL of
amplification buffer (1.5 mM MgCl,, 50 mM KCI, 10 mM
Tris—HCl pH 8.3), 0.2 mM of each dNTP, 1.5 U of Tag DNA
polymerase (Promega) and 5 puL of template in a final
volume of 50 pL. The amplification procedure included an
initial denaturation at 94°C for 4 min followed by 35 cycles
(94°C for 30 s, 64°C for 30 s and 72°C for 30 s). A final
incubation at 72°C for 10 min was included to ensure full
elongation of the amplified fragments. A Techne TC-412
thermocycler and a DNA clean chamber (AirClean 600 PCR
workstation) were used to prevent contamination. DNAs
prepared from a confirmed infected individual and from a
non-infected individual were included as positive and
negative controls, respectively. A similar PCR protocol was
used to process the triatomine samples. Amplification
products were separated by electrophoresis in 2% agarose
gels in 0.5x TBE buffer (44.5 mM Tris—HCI, pH 8.0,
44.5 mM boric acid and 1.1 mM EDTA) as described
(Venegas et al. 2009a).

Analysis of microsatellites

Three microsatellite loci were analysed (SCLE10, SCLE11
and MCLEO1) with a modification of the technique described
by Oliveira et al. (1998) using a second amplification with an
aliquot of 1 pL from the first PCR and the same
amplification conditions. The alleles were detected using
primers stained with fluorescence (Oliveira et al. 1998). The
amplification products were sent to the Roy J. Carver
Biotechnology Center—University of Illinois, USA, for
analysis by capillary electrophoresis and fluorescence detec-
tion with an automatic sequencer and an appropriate software
programme. The number of base pairs of each allele was
determined using cloned alleles from each marker as
controls. In this analysis, the minimal detectable peak height
was set to 80 arbitrary fluorescence units (FU).

Genotyping of predominant 7. cruzi clone in each DNA
sample

The determination of the predominant 7. cruzi clone
genotype in samples containing multiple alleles per locus
was conducted taking into account the distance and the
height in FU of the highest two peaks, the major and
second peaks, directly in the electropherogram. When the
height ratio between the second and the major peak was
<0.33, it was concluded that the predominant clone
genotype in this sample has only a single allele and
therefore is homozygous. By contrast, if the height ratio
between the second and the major peaks was >0.33, it was
analysed further locus by locus. Thus, if the peaks were
obtained by the SCLE10 marker and are separated by a
maximum distance not superior to 32 bp, it is concluded
that the genotype of predominant clone is formed by two
alleles and therefore is heterozygous. But if the distance, at
which two peaks are located, is >32 bp, they are considered
different clones and we must find a third peak that should
locate within 32 bp from the major peak. If the height ratio
between the third and the major peaks was >0.33, it was
concluded that the predominant SCLEIO genotype is
heterozygous and formed by the major and the third peaks.
On the contrary, if the height ratio between the third and the
major peaks was <0.33, finally, it was concluded that the
predominant SCLE10 genotype in this sample has only a
single allele and therefore is homozygous. Similar analysis
was conducted, using the SCLE11 and MCLEO1 markers,
with the exception that the maximum distance of separation
between the major and the second peaks were 16 and 20 bp,
respectively. This approach was applied with corresponding
SCLE10, SCLE11 and MCLEOI1 locus in each T. cruzi
sample (Electronic supplementary materials (ESM)
Table S1). These criteria were used based on the height
ratio and distances between the two alleles found in
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different 7. cruzi heterozygous clones analysed previously
by us (Venegas et al. 2009b).

The minimal number of 7. cruzi clones in each
triatomine sample was estimated based on the total number
of alleles found in each sample divided by two. An odd
number of alleles was considered as another clone, i.e. three
alleles must be from two clones.

Classification of 7. cruzi DNA samples

From each patient was obtained a peripheral blood sample
and was subjected to xenodiagnosis. From peripheral blood
and dejection of xenodiagnosis triatomines was extracted a
DNA sample, respectively. 7. cruzi DNA samples were
classified into four groups according to their origins: N-B
(Blood from 42 non-cardiopathic individuals), C-B (blood
from 32 cardiopathic individuals, N-X (dejections of
xenodiagnosis of the same 42 non-cardiopaths) and C-X
(dejections of xenodiagnosis of the same 32 cardiopaths;
ESM Table S1).

Analysis of genetic differentiation

This was conducted by three approaches based on genotype
frequencies locus by locus using the SCLE10, SCLE11 and
MCLEO1 loci; multilocus analysis by the Fisher method
across these three loci; and analysis of molecular variance
(AMOVA). Genotype differentiation by the first and the
second approaches was studied with the Genepop
programme using the Markov algorithm and the Fisher
method (Raymond and Rousset 1995a, b). The AMOVA
studies were performed with the Arlequin software using
the genotype data determined from the predominant 7. cruzi
clone in each sample, with unknown gametic phase,
inferring the haplotypes from the distance matrix using
the sum of squared size difference (RST) as molecular
distance and a significant P value of genetic differences
among population samples of 0.05 (Weir and Cockerham
1984; Excoffier et al. 1992).

Lineage determination of predominant 7. cruzi clones

We used the Geneclass programme with the Bayesian method
described by Rannala and Mountain (1997) and by Piry et al.
(2004), with a cutoff score of 70%. As reference populations
of each known T cruzi lineage, the genotypic data of
SCLEI10, SCLE11 and MCLEO1 markers from several T.
cruzi clones published in the literature was used (De Freitas
et al. 2006; Venegas et al. 2009b). According to this
criterion, 16.7%, 28.1%, 14.3% and 21.9% of samples from
the N-B, C-B, N-X and C-X T cruzi DNA groups,
respectively, were not taken into account to assign the
corresponding lineages (ESM Table S1).
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Results
Study of T. cruzi populations in chronic chagasic patients

In order to determine whether the 7. cruzi populations found
in non-cardiopathic and cardiopathic chagasic patients are
genetically differentiated, 42 or 32 patients from each
respective group were studied using the described SCLEI10,
SCLE11 and MCLEO1 microsatellite markers (Oliveira et al.
1998). To achieve this goal, the genotype of predominant
clone in each 7. cruzi DNA sample was determined
(“Materials and methods” and ESM Table S1). Other
interesting information that can be obtained directly from
ESM Table S1 is the efficiency of each marker and the
multiclonality of each 7 cruzi sample. The least efficient
marker either in blood or triatomine dejection samples was
SCLE10, with the lowest detection percentage in blood
samples (Table S2). SCLE11 and MCLEO1 showed efficien-
cies which ranged from 76.2% to 93.3%.

Multiclonality estimation

The minimal number of 7. cruzi clones estimated in each
blood or dejection sample is shown in ESM Table S1 and
Fig. S1. As can be seen, the majority of samples (50-60%)
are composed of only one 7. cruzi clone (uniclonal) either
in blood or dejection samples (Fig. S1). A minimum of two
or three 7. cruzi clones were found in 10% and 25% of
samples, respectively. There were a minimum of four 7.
cruzi clones in only 2.2% of the blood samples from the
non-cardiopathic chagasic group (N-B). No statistically
significant differences were found between sample groups.

Allele frequency distribution of microsatellite markers
in four 7 cruzi DNA sample groups

Figure 1 shows the allele frequencies of the four 7. cruzi
DNA sample groups, N-B, C-B, N-X and C-X, described
before. Short alleles ranging from 85 to 141 bp were detected
only in the xenodiagnosis samples with the SCLE10 marker
(Fig. 1a). A similar situation occurred with the MCLEO1
marker; the short alleles between 92 and 120 bp were only
detected in the xenodiagnosis samples (Fig. 1c). With the
SCLE11 marker, short alleles (between 95 and 103 bp) were
detected only in the blood samples (Fig. 1b).

Analysis of population differentiation of four 7. cruzi
sample groups based on SCLE10, SCLE11 and MCLEO1
genotypes of predominant clones

In order to determine if genetic differentiation exists between
non-cardiopathic and cardiopathic predominant 7. cruzi
populations and to investigate whether the human and
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Fig. 1 Allele frequencies of microsatellite markers detected in
predominant 7. cruzi clones found in four sample groups: peripheral
blood from a group of 42 non-cardiopathic (N-B) and 32
cardiopathic (C-B) chagasic patients. The non-cardiopathic and
cardiopathic groups were studied by xenodiagnosis. The T infestans
dejections from the corresponding xenodiagnosis of 42 non-
cardiopathic (N-X) and 32 cardiopathic (C-X) chagasic patients
were analysed. a—c¢ Analysis with the microsatellite markers:
SCLE10, SCLE11 and MCLEO]1, respectively

triatomine hosts influence these 7. cruzi populations,
genotype analyses were performed on the N-B, C-B, N-X
and C-X T. cruzi sample groups based on three approaches:
locus by locus using the exact G test, the Fisher method
across the three loci and AMOVA. The first and the second
ones were performed using the Genepop programme
(Raymond and Rousset 1995a, b) and the third one using
the Arlequin programme (Schneider et al. 2000).

Significant genotype differentiation was found compar-
ing non-cardiopathic and cardiopathic groups only using
SCLE11 marker in the blood samples (pair N-B/C-B); the
result was not confirmed by the Fisher method across three
loci (Table 1).

Significant genotype differentiation was found compar-
ing blood with xenodiagnosis 7. cruzi samples both using

the locus-by-locus approach and the Fisher method (pairs
N-B/N-X or C-B/C-X); in both cases, the P values were
lower than 0.05 (Table 1).

To confirm or refute the above results, the third approach,
AMOVA, was performed. The first structure tested considered
two groups: one composed of the N-B and C-B T. cruzi
samples and a second composed of the N-X and C-X T cruzi
samples. As can be seen in Table 2, among these two groups,
there is a high percentage of variation, 54.3%, whilst the
variation among genotypes within each group was very low
(-0.16%). As displayed below Table 2, the corresponding
variant component of 54.3% was significant.

The AMOVA considering only two T. cruzi samples, N-
B and C-B or N-X and C-X, to further investigate the
genetic differentiation among non-cardiopathic and cardio-
pathic 7. cruzi genotypes was performed, but no significant
structure was detected (data not shown).

Study of lineages of 7. cruzi sample groups

Lineage distribution of predominant 7. cruzi clones was
studied in the four N-B, C-B, N-X and C-X T. cruzi sample

Table 1 Analysis of genotypic differentiation using the SCLEI1O0,
SCLE11 and MCLEOI loci for each 7. cruzi group pair

Locus Groups compared® P value® SE
SCLE10° N-B C-B 0.90025 0.00112
N-X C-X 0.05244 0.00151
N-B N-X 0.00000* 0.00000
C-B C-X 0.00108* 0.00016
SCLE11 N-B C-B 0.01372* 0.00077
N-X C-X 0.28550 0.00315
N-B N-X 0.01186* 0.00065
C-B C-X 0.03782%* 0.00104
MCLEO1 N-B C-B 0.48892 0.00391
N-X C-X 0.38701 0.00446
N-B N-X 0.00000%* 0.00000
C-B C-X 0.00043* 0.00012
Across three loci (Fisher method)
N-B C-B 0.115702
N-X C-X 0.112503
N-B N-X 0.000000*
C-B C-X 0.000003*

*P<0.05

#N-B and C-B: groups of blood samples from 42 non-cardiopathic or 32
cardiopathic chagasic patients, respectively.

N-X and C-X: groups of dejection samples from 7. infestans fed on
the same 42 non-cardiopathic or 32 cardiopathic chagasic patients,
respectively (xenodiagnosis)

®Markov chain parameters: dememorisation=10,000; batches=100; iter-
ations per batch=5,000

¢ Locus by locus using the exact G test (see “Materials and methods”)
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Table 2 Multilocus AMOVA of predominant 7. cruzi genotypes found in peripheral blood and xenodiagnosis of non-cardiopathic and

cardiopathic chagasic individuals

Source of variation df Sum of squares Variance components® Percentage of variation
Among groups® 1 26271.73 179.32 Va 54.30

Among populations within groups 2 224.75 —0.54 Vb —0.16

Within populations 288 43545.70 151.20 Ve 45.82

Total 291 70042.18 329.98

# Significance tests (1,023 permutations): Va: P(rand. value > obs. value) = 0.0000; Vb: P(rand. value > obs. value) = 0.5474; Vc: P(rand. value < obs.

value)=0.0000

bGroup 1: T cruzi clones found in peripheral blood of 42 non-cardiopathic (N-B) and 32 cardiopathic (C-B) chagasic patients. Group 2: 7. cruzi clones
found in dejections of 7. infestans fed on the same 42 non-cardiopathic (N-X) and 32 cardiopathic (C-X) chagasic patients (xenodiagnosis, see ‘“Materials

and methods”)

groups. The Geneclass software and genotypic data from
described 1. cruzi clones were used to determine 7. cruzi
lineages as described in “Materials and methods”.

The lineage distribution of predominant clones in the
four N-B, C-B, N-X and C-X T. cruzi sample groups is
shown in Table 3 and ESM Fig. S2. As can be observed,
the most frequent lineage in all groups was Tcl, 50-60% of
samples. No clear differences can be observed between
non-cardiopathic and cardiopathic 7 cruzi sample groups,
but there was a slightly higher but not significant
percentage of Tcl in non-cardiopathic group either in blood
(N-B and C-B) or xenodiagnosis (N-X and C-X) T. cruzi
sample groups. Interestingly, the TcIll lineage was more
frequently detected in xenodiagnosis groups (N-X or C-X);
this was statistically significant (Table 3 and ESM Fig. S2).
Finally, the hybrid lineage (TcV or TcVI) only was found in
one of the non-cardiopathic blood (N-B) samples.

Discussion

Two main contrasting hypotheses have been proposed to
explain the pathogenesis of Chagas disease: one based on
the host immune response and the other on the genetic
characteristics of the parasite. The first, the autoimmune
hypothesis, proposes that the humoral and/or cellular
immune response against the parasite produces an inflam-
matory effect on the tissues, destroying them and provoking
a functional failure which in the heart is expressed as
myocarditis and loss of conductivity, which, in some cases,
might led to death (Acosta and Santos-Buch 1985; Higuchi
et al. 2003). These autoimmune hypotheses suggest that the
inflammatory effect may remain even without the presence
of the parasite (Higuchi et al. 2003).

The other hypothesis states that the genetic character-
istics of the T cruzi clones infecting the patient determine
the fate of Chagas disease pathogenesis and their clinical
forms (Zingales et al. 1998; Tibayrenc and Ayala 1999;

@ Springer

Coura et al. 2002). This latter hypothesis has been
suggested by the dissimilar prevalence of Chagas manifes-
tations which have been found in different regions of Latin
America, in parallel with the high genetic heterogeneity of
the 7' cruzi taxon in which a differential distribution of the
main lineages associated either with the different transmis-
sion cycles and/or mammalian reservoirs is also found
(Miles et al. 1981; Zingales et al. 1998, 1999; Brisse et al.
2000; Coura et al. 2002; Buscaglia and Di Noia 2003).

The first aim of the present work was to investigate the
distribution of multiclonality in non-cardiopathic and cardio-
pathic chagasic patients and in blood and xenodiagnosis
samples. Stocks of 7. cruzi are obtained normally by
cultivating parasitic isolates of triatomine vectors or host
mammals. The patients in endemic areas may be infected by
multiple contacts with different triatomines, and these may
also have fed on different infected individuals. This
promiscuity causes the formation of multiclonal populations
in host vectors, leading to the isolation of multiclonal stocks
that grow in culture. In fact, many molecular studies based
on zymodemes, esquizodemes, PCR and RAPD have
revealed that the stocks of 7. cruzi are multiclonal (Macedo
et al. 1992; Torres et al. 2004; Rozas et al. 2007). Our results
showed no significant differences among frequency of
multiclonality between non-cardiopathic and cardiopathic
chagasic groups either in peripheral blood or xenodiagnosis
samples. One possible explanation for this result is that the
spectrum of clones of 7. cruzi present in xenodiagnosis
samples was previously reduced in the human host, as
suggested by the literature (Oliveira et al. 1998), minimizing
the quantitative differences between the 7. cruzi populations
present in both hosts. The high percentage of uniclonal
samples (composed only of one clone) observed in the
present work, either in blood or dejection samples (50-60%),
is in accordance with this idea.

The second objective was to determine whether the 7.
cruzi populations found in the non-cardiopathic group were
genetically different from those found in the cardiopathic



Parasitol Res (2010) 107:855-863

861

Table 3 Lineages of predominant 7. cruzi clones detected in peripheral blood and xenodiagnosis of non-cardiopathic and cardiopathic chagasic

individuals

Sample groups®

Number (%) of T. cruzi clones found of each lincage®

Tel Tell Telll TcV or TeVI ND or 0
N-B (n° = 42) 26 (61.9) 5(11.9) 124 1(2.4) 9 (21.4)
C-B (n =32) 16 (50.0) 6 (18.8) 0 0 10 (31.3)
N-X (n = 42) 27 (64.3) 1(2.4) 8 (19.0) 0 6 (14.3)
C-X (n=32) 16 (50.0) 4 (12.5) 6 (18.9) 0 6 (18.89
Pair P-value
N-B/C-B 0.306 0.409 ND ND 0.334
N-X/C-X 0.185 0.078 ND ND 0.579
N-B/N-X 0.820 0.092 0.014* ND 0.396
C-B/C-X 1.000 0.455 ND ND 0.214
*P<0.05

#N-B and C-B: groups of blood samples from non-cardiopathic or cardiopathic chagasic patients, respectively. N-X and C-X: groups of dejection samples
from 7 infestans fed on the same non-cardiopathic or cardiopathic chagasic patients, respectively (xenodiagnosis)

® Determined using the Geneclass programme and the last nomenclature agreement (Zingales et al. 2009; see “Materials and methods™)

¢ Patient number

group. Three approaches were used: a locus-by-locus
analysis, a Fisher method across three loci and the method
of AMOVA. The first and the second approaches were
conducted using the Genepop programme (Raymond and
Rousset 1995a, b). The third approach, AMOVA, was
performed using the Arlequin software (Schneider et al.
2000). In all approaches, the SCLE10, SCLEI11 and
MCLEO1 markers described were used (Oliveira et al.
1998). In addition, we only considered the predominant 7.
cruzi clone present in a sample because it is possible to
determine the genotype of more than one locus simulta-
neously, as was done in the study of other parasites using
microsatellite markers (Anderson et al. 1999). Only in the
first approach and using the SCLEI11 locus was a significant
differentiation found among non-cardiopathic and cardio-
pathic groups analysing blood samples (pair N-B/C-B),
which was not confirmed either by the Fisher or the
AMOVA methods. The most likely explanation might be
due to experimental error produced by single-locus detection.
However, we cannot exclude that small genetic differentia-
tion exist between 7. cruzi clones present in non-cardiophatic
and cardiophatic chagasic patients, as we have found early
using another method (Venegas et al. 2009a). Further works
must be performed to resolve this important question.

The third objective of the present work was to confirm
previous results which show that the kind of host, vertebrate or
invertebrate, exerts marked differential selection on 7. cruzi
clones, which has been observed using schizodemes (Morel
et al. 1980), microsatellite markers (Oliveira et al. 1998) and
kDNA probes (Coronado et al. 2006: Venegas et al. 2009a).
To do this, analyses were performed to compare 7. cruzi

populations from peripheral blood or dejections of T
infestans fed on the blood of the same patients (xenodiag-
nosis). With the three approaches mentioned before, locus by
locus, Fisher across three loci and AMOVA, a clear
significant genetic differentiation was detected between T.
cruzi groups. It is important to mention that all these results
could not due to the low efficiency found with SCLE10 in
blood samples because either with SCLE11 or MCLEOI
(which showed similar efficiencies), a significant genetic
differentiation among blood and xenodiagnosis samples was
also found. These results confirm the mentioned literature
evidence which indicates that immune response of the
mammalian host against the infecting parasite tends to
reduce the spectrum of circulating 7. cruzi clones, changing
the relative abundance of different lineages. In contrast, the
intestine of insect vector offers a more permissive environ-
ment, allowing the amplification both minor and predomi-
nant 7 cruzi clones (Oliveira et al. 1998; Coronado et al.
2006; Venegas et al. 2009a).

The fourth objective of our work was to determine the
lineage distribution, TcI-TcVI according to the recommended
nomenclature (Zingales et al. 2009), of 7. cruzi predominant
clones found in non-cardiopathic and cardiopathic chagasic
patients in their respective blood and xenodiagnosis samples.
The results were only partially concordant with previous
reports (Coronado et al. 2006; Venegas et al. 2009a). In the
present study, the most prevalent lineage was Tcl, both in
peripheral blood and xenodiagnosis samples, with percen-
tages between 50% and 60%. Similarly, Coronado et al.
(2006) found that Tcl lineage was the most prevalent in
humans, but in xenodiagnosis was TcV (DTU Il1d; Coronado
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et al. 20006); this last lineage was not detected in the present
xenodiagnosis samples.

In the previous study of our group, which used cloned
highly variable regions of minicircles (HVRm) as probes,
the most frequent lineages found in blood samples were
Tcll and hybrid lineages TcV and/or TcVI (Venegas et al.
2009a; Zingales et al. 2009). However, in the xenodiagno-
sis samples, similar as was detected in the present work, Tcl
also was prevalent together with the Tcll lineage. These
differences with the previous reports could only partly be
explained due to experimental error in the assignation of the
lineages, particularly considering that the cutoff and
confidence score was not very high (70%) to avoid the
loss of too many samples. Other possible explanations
could be due to different kinds of molecular markers used
in the three studies and the fact that the two earlier studies
did not distinguish among predominant clones present in
multiclonal 7. cruzi samples (Coronado et al. 2006;
Venegas et al. 2009a). Finally, in the present work, a
greater frequency of the Tclll (DTU Ilc) lineage was found
in xenodiagnosis than in blood sample groups, which was
not studied earlier in similar works (Coronado et al. 2006;
Venegas et al. 2009a). Interestingly, the importance of this
lineage in vertebrates and invertebrates hosts is only
recently being evaluated (Llewelyn et al. 2009b).

Concluding statements

In general, the results do not support the hypothesis that the
genetic characteristics of the 7. cruzi populations are the
determining factors that cause or induce the development of
chronic chagasic cardiomyopathy. On the other hand, the
results are in agreement with the idea that the type of host
(vertebrate or invertebrate) plays a crucial role in the selection
of T cruzi populations. It will be very relevant to confirm
these results with a larger number of loci as well as patients
from other regions of our country to determine if it is a general
phenomenon of the chronic chagasic cardiomyopathy in Chile
or just a local phenomenon of patients from some regions.
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