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Abstract.

We have evaluated blood samples of chronic and congenital Trypanosoma cruzi-infected patients from the

city of Reconquista located in the northeast of Argentina where no information was previously obtained about the geno-
type of infecting parasites. Fourteen samples of congenital and 19 chronical patients were analyzed by hybridization with
DNA probes of minicircle hypervariable regions (mHVR). In congenital patients, 50% had single infections with Tclld,
7% single infections with Tclle, 29% mixed infections with Tclld/e, and 7% had mixed infections with TcIld/b and 7%
Tclld/b, respectively. In Chronical patients, 52% had single infections with Tclld, 11% single infections with Tclle, 26 %
had mixed infections with TclIId/e, and 11% had non-identified genotypes. With these samples, we evaluated the minicircle
lineage-specific polymerase chain reaction assay (MLS-PCR), which involves a nested PCR to HVR minicircle sequences
and we found a correlation with hybridization probes of 96.4% for Tclld and 54.8% for Tclle.

INTRODUCTION

American trypanosomiasis is a zoonosis caused by the
protozoan Trypanosoma cruzi, extended throughout Latin
America, where 16 to 18 million individuals are estimated
to be infected and more than 50 million inhabitants are in a
health hazard.! Chagas disease is characterized by a broad
range of clinical signs, which may be explained in part by
the genetic heterogeneity of 7. cruzi? In fact, a great diver-
sity of T. cruzi clones with different biological, immunological,
genetic, molecular, and pharmacological response character-
istics have been isolated from different sources.’* In the last
years, virulence and tropism differences have been reported
in genetically distant strains.”® Furthermore, different T. cruzi
genotypes have been correlated with different virulence and
antibiotic resistance.** These findings indicate that the gen-
otype identification may be relevant to provide a prognosis
of disease progression and/or differential treatment decisions
based on the infective strain.

Currently, two major lineages are described in 7. cruzi spe-
cies,named 7. cruzi I and T. cruzi 11, and the T. cruzi 11 is sub-
divided into five sublineages, 7. cruzi Ila, IIb, Ilc, IId, and
IIe.!*15 This classification is mainly based on methods requir-
ing parasite isolation and culture. However, as the isolation
of the parasites in cultures or mice could lead to strain selec-
tion, only direct characterization from insects and mamma-
lian samples allow strains to be typed without bias.!® On this
basis, and given the high sensitivity of kinetoplastid minicir-
cle amplification by polymerase chain reaction (PCR), the
polymorphism of minicircle hypervariable regions (mHVRs)
has been used in many studies for the direct molecular
characterization of parasitic populations from biological
samples.®17-22
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Beyond the high variability of mHVR, the comparison of sev-
eral minicircle regions within and among strains, has allowed
identification of some sequences more represented in certain
sublineages.” In a previous work,* we have described that a
predominant minicircle sequence present in Tclle and two
others predominant minicircle sequences present in Tclld, are
indeed present in reference strains from other 7 cruzi lineages
and sublineages. However, the amount of these sequences is
at least a thousand times more represented in the respective
sublineage than in the others. Supported by this fact, we have
developed a semiquantitative PCR directly from biological
samples, using Grpl primers, designed by Veldzquez and oth-
ers,”* and primers (GrO-GrP) that amplify O and P sequences,?
to discriminate Tclle and Tclld sublineages, respectively, and
to differentiate them from the other lineages and sublineages.

In this work, we have evaluated this assay by extending
the number of reference strains analyzed and testing bio-
logical samples by hybridization with a panel of genotype-
specific minicircle DNA probes. This new method is highly
useful for genotyping directly from blood of infected indi-
viduals because it does not require microorganism isolation,
avoiding bias in the strain typing. Moreover, it uses kinetoplast
DNA PCR products as templates, which is one of the most
sensitive assays to detect parasite genetic material in biologi-
cal samples.?*>? On the other hand, this assay requires only
a PCR amplification and products are visualized by a simple
agarose gel stained with ethidium bromide.

The biological samples analyzed in this work were obtained
from acute and chronic chagasic patients from a high endemic
region of northeastern Argentina. The current sampling
extends epidemiological findings obtained by several groups
of Latin America, 3?2332 and particularly of Argentina -3¢
showing the predominance of TcIld infection in human and
mammalian hosts.

MATERIALS AND METHODS

Reference strains. Reference strains used in this work were:
Tcl strains, X10cll; Tclla strains, CANIIIcll, TclIb strains,
TU18 cl93, IVV cl4, MCV, CBB cl3; Tcllc strains, M5631cl5
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and P109/2; Tclld strains, JGG, XHCHS56; NR cl3, SC43 cl1
and MN cl2; Tclle strain, CL Brener and V195 cll.

Patients and blood samples. This study was carried out
with 19 chronically and 14 congenitally infected individuals of
Reconquista, Santa Fe province, Argentina who were positive
by conventional serology enzyme-linked immunosorbent
assay (ELISA) and indirect hemaglutination and/or
microhematocrit in the congenital cases. Seven milliliters of
blood (1 mL in neonates) were mixed with an equal volume of
buffer Guanidine HCI/EDTA (6 M/0.2 M), boiled in a water
bath for 15 minutes to shear and decatenate the minicircle
DNA molecules from the kinetoplast network, and kept at
—20°C until used for PCR assays.

Informed consent. Informed consent was obtained from all
human adult participants and neonate parents. The project
was approved by the Ethical Committee of the Biochemistry
Faculty, Nacional University of Litoral, Argentina.

DNA extraction. Samples kept in polypropylene tubes
containing guanidine/EDTA lysates were processed using
200 pL aliquots with the phenol-chloroform extraction,
ethanol precipitation, and DNA resuspension in 200 uL sterile
distilled water. Each set of purifications were performed with
the respective positive and negative controls.

Hybridization with specific radiaoactive probes. All PCR-
amplified DNA from blood samples were analyzed by Southern
blot assay with a panel of four genotype-specific probes from
T. cruzi clones: CBB c13 (TCIIb), NR clI3 (TCIId), sp104 cl1
(TCI),and v195 cll (TClIIe). Because these probes derive from
the whole kinetoplast, they are composed of all minicircle
sequences present in a parasite clone. Clone sp104 was first
isolated from Mepraia spinolai (sylvatic cycle). Meantime, the
CBB and NR clones were isolated from chronically infected
individuals, and clone v195 from Triatoma infestans (domestic
cycle). The probes were radiolabelled with P> and membranes
were exposed and analyzed in a Personal Molecular Imager-FX
(Bio-Rad, Hercules, CA). Moreover, probes were hybridized
against a panel containing minicircle amplicons of 7. cruzi
clones as described.”

Minicircle lineage-specific PCR (MLS-PCR). The assay
consists in a nested PCR, in which the first reaction amplifies
all mHVRs sequences, according to the classic 7. cruzi
detection.” Briefly, amplification was performed in 50 uL
reaction mixtures containing 5 pLL of the total DNA isolated,
250 uM of each deoxynucleotide triphosphate, 100 pmol
of each specific oligonucleotide for minicircle DNA S121
(5-AAATAATGTACGGG[T/G]GAGATGCATGA-3") and
S122 (5’-GGTTCGATTGGGGTTGGTGTAATATA-3),
1.25 UI of Taq polymerase. The reaction mixtures were over-
laid with 50 puL of mineral oil and subjected to 30 cycles of
amplification in a thermocycler. Denaturation, annealing, and
extension steps were performed for 60 sec each at 94, 60, and
72°C, respectively, with an initial denaturation at 94°C for 180
sec, and a final extension at 72°C for 5 minutes. Negative and
positive DNA purification controls were included in each PCR
reaction. Nested PCR were performed using quantified 330
bp PCR products as template. These products were quantified
using a standard DNA curve according to protocol previously
described.” Briefly, pGEM-T easy vector DNA containing
an insert of a CL-Brener-mHVR sequence was quantified
by densitometry, at 260 nm. The proportional quantity of the
released 330-bp PCR product was calculated, after digestion
with EcoRI. The PCR products from each sample were then

quantified by comparison of the electrophoresis gel images
intensity obtained by digital capture with the DNA insert
intensity taken as reference, using the Scion Image analysis
software (Scion Corp., Frederick, MD). Dilutions were then
performed to obtain 0.3 pg of DNA template, as previously
standardized for minicircle lineage-specific polymerase chain
reaction (MLS-PCR).?* To carry out this second PCR, three
oligonucleotide primer pairs were used, two of them amplify
two major Tclld sublineage minicircle sequences (GrO1-
GrO2 and GrP1- GrP2) and the third amplify one major Tclle
sublineage minicircle sequence (Grp I 1- Grp I 2).

PCR conditions were the same as the first one, except for
oligonucleotide primers (described below), with an annealing
temperature of 55°C.

GrO15-GGCTTAGGGTGTGGATAGG-3’

Gr02 5-ATCGCGAAACCCATACAA-3’

GrP1 5-GGGATTAGGGTATACTTAGTTGC-3’

GrP2 5-TTCCAACCCCACAAATGATA-3’

GrpI115-ATCCAGACCCCAATTTTACTAC-3’

Grp 12 5-ATGTGATTGGATAGGTGATAGAT-3’

The MLS-PCR was performed on each sample with each
of the three oligonucleotide primer pairs. Amplified products
of first PCR negative and positive controls were included as
negative and positive controls, respectively.

When the sensitivity of first PCR was below the established
detection limit for the DNA quantification, the products
were re-amplified using oligonucleotides complementary to
minicircle regions, CV1 5-GATTGGGGTTGGAGTACT-3,
and CV2 5-TTGAACGGCCCTCCGAAAA-3', obtaining an
internal product of 290 bp. As template, it used a 10-fold dilu-
tion of first PCR amplification products, as described.” The
reaction mixtures were overlaid with 50 pL of mineral oil and
subjected to a hot start at 95°C for 5 min and a first cycle at
48°C, 2 min and 70°C, 2 min; afterward, 28 cycles at 95°C for
5sec,48°Cfor 30 sec,and 70°C for 2 min; and a final cycle repeat-
ing previous steps with a final extension at 70°C for 15 min.

Statistics. The ? test was used to assess the influence of the
product concentration of the first PCR in the sensitivity of the
MLS-PCR done with GrO or GrP primers, and Kappa index
was used to analyze the concordance of hybridization probes
with MLS-PCR.

RESULTS

Evaluation of MLS-PCR using reference strains. Fifteen
strains, belonging to different lineages and sublineages of
T. cruzi were analyzed by MLS-PCR using 0.3 pg of the first
amplification product as reported in Materials and Methods.
Typing of CAN III, M5631, MN, and CL Brener strains
were performed twice, starting from parasite DNA obtained
from collections of two different laboratories. As expected,
the belonging to Tclle sublineage amplified only with Grpl
primers and strains belonging to Tclld sublineages amplified
exclusively with GrO and GrP primers, indicating complete
matching (Figure 1).

For all Tclld strains, when the same amount of DNA tem-
plate (0.3 pg) was used, the intensity of the bands was lower
using GrO primers, except for SC43cll and MN cl2 strains,
which displayed intense bands in the amplification using both
GrO and GrP primers (Figure 1).

Genotyping of human samples by hibridization assay. Until
now, the typing of T. cruzi genotypes responsible for Chagas
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Ficure 1. Agarose gel of minicircle lineage-specific polymerase
chain reaction (MLS-PCR) performed with some reference strains of
all Trypanosoma cruzisublineages. 1.5% agarose gel Etidium Bromide-
stained. Lanes: 1) Negative Control, 2) X10 cll (Tcl), 3) CANIII cl1
(Tclla), 4) CBB (TclIb), 5) IVV cl4 (Tcllb), 6) M5631 cl5 (Tcllc),
7) MNcl2 (Tclld), 8) XHCHS6 (Tclld), 9) NR cl3(Tclld), 10) JGG
(Tclld), 11) SC43cl1(Tclld), 12) V195 cli(Tclle), 13) CL Brener
(Tclle).

disease in northeastern Argentina was not boarded. In this
work, we have done a preliminary analysis of genotypes
present in this region using minicircle DNA probes and
hybridization tests, which is a widely used method to approach
this task.!'?238 These results not only gave information about
genotypes present in our region but they allowed us to make
a genotyped panel of human samples to test with the MLS-
PCR method. From the 14 congenitally infected individuals
analyzed, 7 had single infections with Tclld sublineage, 1
with Tclle, 4 mixed infections with Tclld/e, 1 with Tclld/b,
and 1 with Tcllb/e. For two congenital patients (2- and
4-month-old samples) were taken: The results for the four
samples indicated single infection with Tclld. For the 19
chronic-infected patients, we observed 10 single infections
with Tclld, 2 with Tclle, and 5 were mixed infections with
Tclld/e. Two samples amplified with S121-122 primers
but they were not recognized by any of the four probes.
Infections with different genotypes are presented as per-
centages (Figure 2).

Genotyping of patient samples using MLS-PCR assay. To
test MLS-PCR directly from human-infected patients, all
samples genotyped by hybridization tests were subjected to
this nested PCR. In the first PCR, we used generic primers to
amplify totalmHVR sequence population and the second PCR
was carried out using specific primers to detect predominant
minicircle sequences of Tclld and Tclle sublineages. In the
congenital group, 16 samples from 14 congenitally infected
individuals amplified with GrP primers, 10 of which amplified
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Figure 2. Infections with different Trypanosoma cruzi geno-
types analyzed in the congenital and chronic samples performed with
hybridization probes. Black bar indicates chronic samples and white
bar indicates congenital samples. Tclld and Tclle correspond to single
infections with these sublinage, Mixed Tclld/e or TclIb/e correspond
to combined infections and Not Genotyped correspond to samples of
patients that did not hybridize with any probe tested.

with GrO, which would indicate a minor detection with these
primers. From these samples, which specifically amplified
for Tclld sublineage two amplified also with Grpl primers,
showing Tclld/e mixed infection. On the other hand, only one
sample amplified exclusively with Grpl primers, indicating a
unique sample belonging to the Tclle sublineage.

In the chronic cases, 12 samples were amplified exclu-
sively with GrP primers. Within these samples, only one was
amplified with GrO-specific Tclld primers, and three of them
shared a mixed amplification with Grpl Tclle primers. A sin-
gle Tclle infection was evidenced by a Grpl amplified sample.
Finally, three of the samples that were amplified with S121-
122 generic primers did not amplify with any pair of specific
primers.

Results showed that all the samples (chronic and acute
cases) genotyped by hybridization as Tclld, amplified with
GrP primers, whereas only some of them amplified with
GrO. When we evaluated MLS-PCR sensitivity to amplify O
and P sequences, we found that it was related, with high sig-
nificance (X? P < 0.001), to the amount of amplified generic
PCR product in the first PCR performed with generic prim-
ers (Table 1). Taking into account the higher sensitivity of
GrP primer and its independence from the amount of the
first PCR product, we used only these primers to genotype
Tclld strains.

Comparison between hybridization and MLS-PCR assay.
To compare the Tclld and Tclle sublineages discrimination
performance of the MLS-PCR assay with the hybridization
one, we classified mixed infections with two sublineages as two
individual results and single sublineage infection as a single
result. The results obtained for each assay were then analyzed
by Kappa index. By these criteria, the hybridization results of
samples were classified as 27 TclId (17 single infections and
9 Tclld/e mixed infections plus 1 TcIld/b mixed infection) and
13 Tclle (3 single infections and 9 Tclld/e mixed infections plus
1 TclIb/e mixed infections). The distribution of the number
of Tclld, Tclle, and no Tclld/e-infected patients is presented
in a contingency table (Table 2). Three patient samples were
non-genotyped by hybridization. On the other hand, the MLS-
PCR results of samples were classified as 28 Tclld (24 single
infections and 4 TcIld/e mixed infections) and 7 Tclle (2 single
infections and 5 Tclld/e mixed infections). Eight samples
were not genotyped by MLS-PCR. The concordance between
the hybridization test and MLS-PCR was 96.4% for Tclld
sublineages (GrP primers) and 54.8% for Tclle sublineages
(Grpl primers). These results would indicate low sensitivity
of Grpl primers to genotype Tclle strains, whereas P primers
were highly sensitive to genotype Tclld strains. Although a low
sensitivity of Grpl primers was observed, the total concordance
of the MLS-PCR assay using both GrP and Grpl primers to

TaBLE 1
Evaluation of minicircle lineage-specific polymerase chain reaction

(MLS-PCR) sensitivity to amplify specific O and P sequences for
Trypanosoma cruzi Tclld sublineages in infected patient samples

Number of samples amplified
with O or P primers (n/nt)

DNA template (ng) Primers O (%) Primers P (%)*

> 56 8/8 (100) 8/8 (100)
11-56 10/11 (90) 11/11 (100)
<11 12122 (55) 22/22 (100)

*Higher than primers O (X2; P <0.001).
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TABLE 2

Contingency table to analyze the relationship between minicircle
lineage-specific polymerase chain reaction (MLS-PCR) and hybrid-
ization assay to genotype Tclld and Tclle Trypanosoma cruzi
sublineages*

MLS-PCR
Probes Telld Tclle No Tclld/ No Tclle Total
Telld 27 0 0 27
Tclle 0 7 6 13
No Tclld/ No Tclle 1 0 2 3
Total 28 7 8 43

*Kappa index: 0.69.

genotype Tclld, Tclle, or no Tclld/e had a statistical Kappa
index of 0.69, indicating a good agreement.”

DISCUSSION

Human T. cruzi infecting strains have begun to be geno-
typed recently by different groups in different endemic regions
of Argentina.?'*-¢ Direct genotyping from blood samples is
highly difficult because of the poor parasitaemia, mainly in
the chronic phase of the infection. Consequently, most of the
protocols have resorted to previous parasite isolation in cul-
ture medium or mammalian host. However, this approach may
produce a selection from the original mixed infecting popula-
tion,'® therefore direct PCR from sample would be a valuable
method for accurate genotyping. Moreover, as the minicircle
PCR amplification from minicircles is one of the most sensi-
tive methods to obtain parasite’s genetic material from bio-
logical samples, the use of mHVR can be successfully used to
genotype 1. cruzi.

Although the hybridization and MLS-PCR assays used here
are based on the characterization of the same mHVR-PCR
product, the last technique uses a second PCR, which identify
unique minicircle sequences. This approach could increase the
reliability and reproducibility with respect to hybridization
with total minicircle sequences as the composition of DNA
probes is complex and undefined.

Until now, most of the 7. cruzi infections studied in mam-
malians and humans from Argentina, Tclld sublineages are
highly prevalent, with a lower frequency of Tclle.*¢ Keeping
in mind these previous results, in this work we have focused
on the evaluation of a new assay to characterize these sub-
lineages. For this purpose, three pairs of primers were used.
One primer amplifies Grpl, a major minicircle sequence in
CL-Brener strain of Tclle sublineage, which cover 40% of
sequences found in that strain.?* On the other hand, two pairs
of primers amplify predominant sequences in Tclld sublin-
eage, covering 80% of sequences found in that sublineage.” In
a previous work, using specific probes for two Tclld predomi-
nant sequences (O and P), Virreira and others proposed a sub-
classification within this sublineage. In this way, Tclld were
subdivided in MN-like, Bug2148-like, and TPK-like, if ampli-
fied PCR products hybridized mainly with O sequence, mainly
with P, or equally with both of them, respectively. Recently,
using this criterion the three subgroups of Tclld sublineage
were described in northwestern Argentina.*® In our work, we
have amplified these two predominant sequences by PCR in
biological samples, however we could not amplify exclusively
O sequences, although we have always obtained amplification
for single P sequence, or O-P mixed sequences. Therefore,

if we correlate our PCR results with Virreira’s classification
based on a hybridization test performed with the same oligo-
nucleotids, these results have allowed us to type Bug 2148-like
and TPK-like genotypes, although we did not find MN-like
genotypes. Indeed, when reference strains were amplified
using 0.3 pg of template, SC43 cll and MN cl2 were highly
amplified with both sets of primers, whereas JGG, XHCHS56,
and NR clI3, were highly amplified with P primers but not with
O primers. As MN clI2 belongs to MNcl2-like and SC43 cll
belongs to TPK-like (previously classified by Virreira and oth-
ers*), but rendered similar results by MLS-PCR, these results
could indicate that the PCR discriminates two variants within
Tclld sublineage instead of three.

The difference between the hybridization test performed by
Virreira and others* and MLS-PCR assay may be a result of a
different ratio of O and P sequences in the purified DNA from
samples as O sequence obtained from S121-122 generic PCR is
less amplified than P sequence according to Table 1. Therefore,
probably the amount of O sequences present in DNA tem-
plate is insufficient to be amplified by means of this amount
of template. Because of the higher sensitivity observed in
PCR amplifications with P primers, we proposed only the use
of these primers to genotype Tclld sublineage by MLS-PCR.
Through these criteria a 96.4% of concordance was observed
with the hybridization assay.

On the other hand, when Tclle sublineage was genotyped
using Grpl primers, a total concordance was observed when
the strain reference panel was evaluated. However, a lower
sensitivity was obtained when blood samples were compared
with the hybridization test (54.8% ). These observations would
indicate that the use of Grpl primers are not enough to type
all the samples of this sublineage and other predominant
sequences should be added to genotype misclassified samples.
Nevertheless, we should not discard that v195 probe specific
for Tclle crossreacts with other sublineages.

Therefore, the PCR assay herein described allows identi-
fication of Tclld and Tclle sublineages and TCIId/e mixed
infections directly from blood samples. The assay is simpler
to do and to standardize than hybridization assay because it
uses only PCR amplification technique instead of radioactive
or immunolabeled probes. When Tclld genotype was tested,
the results were 96.4% coincident with hybridization assay.
However, when Tclle genotype was tested, the sensitivity of
the new assay was 54.8% compared with hybridization assay.
Currently, we are identifying new sets of primers to increase
the sensitivity to type Tclle genotype and to classify other
genotypes. Because of the high sensitivity and specificity to
detect Tclld genotype, the new tool described previously may
be highly useful to assess the prevalence of Tclld sublineage
directly from blood samples in wide geographic regions, and it
would be very useful to support the results obtained by other
methods.

When we analyzed the genotyping results of the overall
infected samples from the Northeastern Argentina region,
we detected Tclld predominance both in children and adults,
and in a minor proportion, Tclle. These results are compatible
with those obtained from other regions of Argentina.’*
Indeed, PCR-based techniques were recently applied to geno-
type T. cruzi samples from vector, animal, and human sam-
ples from Gran Chaco region, Santiago del Estero Province,
Argentina, where a predominance of Tclld sublineage
was detected in humans, and Tclle in domestic mammals and
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vectors.?!% The prevalence of Tclld was also found in congeni-
tal cases and their respective mothers, from different regions of
Argentina and Bolivia.* Similar results were obtained among
congenitally infected newborns in nothwesten Argentina.*

However, a previous work, focused in a restricted endemic
area of Chaco Province of Argentina, had reported for the
first time the presence of Tclle associated with dogs, and Tclld
associated with human infection.® The same sublineage was
reported in peripheral blood of chagasic patients co-infected
with human immunodeficiency virus (HIV), whereas other
sublineages (TclIb and Tclle) were found in heart, brain,
and skin lesions of these patients.***! Applying a serological
diagnosis method, Di Noia and others* showed that 95.4%
of confirmed chagasic patients from Argentina were reactive
to TSSA-II, a TcIl-specific antigen, whereas only 3% of these
sera displayed a mixed recognition to TSSA-II and TSSA-I,
the latter specific for Tcl. None of these patients showed
exclusively Tcl infection. Because we could not detect Tcl in
none of our patients our findings are in agreement with this
work, although this lineage has been reported in the earliest
studies done in our country. Indeed, the first studies using mul-
tilocus enzyme electrophoresis, showed that the more abun-
dant (sub) lineages circulating in Argentina were Tcl, Tclld,
and TclIb.* Overall, TcIT was more prevalent in the domes-
tic area, whereas Tcl and TclI infections were found in sylvatic
mammals.*® A recent work suggests that Tcl may be involved in
infections of immunosuppressed patients,* since this genotype
was found in tissues different from blood. However, the cited
work is a case report from a congenital acquired infection and
no information about the geographical origin of the mother is
available; then epidemiological data cannot be obtained about
this patient.

We have also found 30.6% of mixed infections, predomi-
nantly Tclld/e, although one TcIIb/d and one Tcllb/e were
also detected. It is important to clarify that mixed infections
were observed in a minor proportion with MLS-PCR than
hybridization assay, which may be a result of the lower detec-
tion of Tclle sublineage by Grpl primers used as previously
discussed.

Interestingly, we found a similar distribution of sublineages
in both congenital and chronicle patients. Similar results were
obtained in northwestern Argentina* and in a previous study
performed in Bolivia.* These results would indicate that con-
genital transmission is not caused by a specific genotype as
was yet suggested by Virreira and others.’

In conclusion, our data about 7. cruzi genotypes present in
the Reconquista region of Santa Fe province, in coincidence
with reports of other regions of our country cited previously,
support the assumption that human infection by 7. cruzi in
Argentina is due principally to 7. cruzi II. In that context, a
correlation between clinical manifestation and the genotypes
could be hypothesized as the cardiac sign that Chagas disease
is predominant in Santa Fe province and in all of the coun-
try of Argentina.*-> This hypothesis would be supported by
the correlation of cardiac signs with Tcll strains described by
other authors,”? even though more evidences of this assump-
tion should be obtained.
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