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Trypanosoma cruzi, the causative agent of Chagas disease, is divided into six Discrete Typing Units (DTUs): TcI–
TcVI. We aimed to identify T. cruzi DTUs in Latin-American migrants in the Barcelona area (Spain) and to assess
different molecular typing approaches for the characterization of T. cruzi genotypes. Seventy-five peripheral
blood samples were analyzed by two real-time PCR methods (qPCR) based on satellite DNA (SatDNA) and
kinetoplastid DNA (kDNA). The 20 samples testing positive in bothmethods, all belonging to Bolivian individuals,
were submitted to DTU characterization using two PCR-based flowcharts: multiplex qPCR using TaqMan probes
(MTq-PCR), and conventional PCR. These samples were also studied by sequencing the SatDNA and classified as
type I (TcI/III), type II (TcII/IV) and type I/II hybrid (TcV/VI). Ten out of the 20 samples gave positive results in the
flowcharts: TcV (5 samples), TcII/V/VI (3) and mixed infections by TcV plus TcII (1) and TcV plus TcII/VI (1). By
SatDNA sequencing, we classified the 20 samples, 19 as type I/II and one as type I. The most frequent DTU iden-
tified by both flowcharts, and suggested by SatDNA sequencing in the remaining samples with low parasitic
loads, TcV, is common in Bolivia and predominant in peripheral blood. The mixed infection by TcV–TcII was de-
tected for thefirst time simultaneously in Bolivianmigrants. PCR-basedflowcharts are very useful to characterize
DTUs during acute infection. SatDNA sequence analysis cannot discriminate T. cruzi populations at the level of a
single DTU but it enabled us to increase the number of characterized cases in chronically infected patients.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Chagas disease is a parasitic infection caused by the flagellated pro-
tozoan Trypanosoma cruzi. Traditionally linked to rural areas of Central
and South America, with approximately 6 million people currently af-
fected [1], the disease has becomewidespread in Europe and the United
States as a consequence of migratory trends [2–4]. Spain is the second
country with the largest number of migrants from Latin America after
ltat de Farmàcia, Universitat de

.

the United States, as well as the European country with the highest
Chagas disease burden [5,6].

In the absence of the triatomid vector, T. cruzi can be transmitted in
non-endemic areas through blood transfusion, organ transplant, con-
genital transmission, and laboratory accidents [7,8]. Chagas disease oc-
curs in two phases: the acute form, usually without symptoms, and
the chronic form, characterized by cardiac or gastrointestinal disorders.
However, T. cruzi-infected individuals can remain for years or even all
their lives in a chronic silent phase of the disease known as the indeter-
minate form [1,9].

T. cruzi has great genetic diversity and its natural populations are
currently divided into six genetic subdivisions, known as Discrete Typ-
ing Units (DTUs), which have different geographical distribution: TcI–
TcVI [10,11]. The concept of DTUs refers to a set of stocks that are
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Fig. 1. Multiplex real-time PCR (MTq-PCR) flowchart for identification of Trypanosoma
cruzi Discrete Typing Units (DTUs). SL-IR: Spliced Leader Intergenic Region; 18S: 18S-
ribosomal DNA; COII: Cytochrome Oxidase II; 24Sα: 24Sα-ribosomal DNA. Continuous
line indicates the need for reactivity in both FAM and Cy5 fluorescence signals. Dotted
line indicates the need for reactivity in at least one out of the two signals (Quasar 670
and CAL Fluor Red 610).
The flowchart was taken from Cura et al. [16].
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genetically more similar to each other than to any other stock, and are
identifiable by common genetic, molecular or immunological markers
[10,12]. Taxonomic studies have sought to identify associations be-
tween DTUs and the clinical presentation of Chagas disease, as well as
clarify the geographical distribution of T. cruzi genetic subdivisions in
endemic regions and transmission cycles [13–15]. There are several
methods to characterize T. cruzi DTUs, but to date there is no consensus
on a genotyping protocol [16].

The aims of this study were to identify T. cruzi DTUs in a population
of migrants from Chagas disease endemic countries attending different
hospitals in theBarcelona area (Spain), and to assess differentmolecular
typing approaches for the characterization of T. cruzi genotypes.

2. Material and methods

2.1. Study population and samples

A total of 75 peripheral blood samples from Latin Americanmigrants
who attended seven hospitals in the Barcelona area (Spain) during the
period October 2009 to February 2014 were included. Selection criteria
included patients with request for Chagas disease diagnosis and suffi-
cient sample volume stored to perform the subsequent analysis. Sam-
ples were anonymized before being evaluated. Two real-time
polymerase chain reaction procedures (qPCR) to detect T. cruzi DNA
were used and samples yielding positive results in both methods were
selected to investigate the parasite DTUs.

This study was approved by the Clinical Research Ethics Committee
(CEIC) of the Hospital de la Santa Creu i Sant Pau in Barcelona (Project
code: IIBSP-CHA-2013-33; CEIC number: 53/2013).

2.2. DNA extraction and real-time PCR procedures

DNA was extracted from 200 μL of EDTA-blood with the High Pure
PCR Template Preparation Kit (Roche, Mannheim, Germany) and eluted
in 200 μL of elution buffer (EB) according to themanufacturer's instruc-
tions. The extracted DNA was stored at −40 °C until its analysis. Tech-
niques used for the inclusion criteria were two qPCR assays detecting
satellite DNA (SatDNA) (primers Cruzi 1 and Cruzi 2, and probe Cruzi
3) [17], and kinetoplastid DNA (kDNA) (primers 32F and 148R, and
probe 71P) [18] of T. cruzi. Five μL of the DNA eluates in a final volume
of 20 μLwere used in both SatDNA and kDNA qPCR procedures. The am-
plification was carried out in a Rotor-Gene thermal cycler (RG6000,
Corbett & CO, Teddington, United Kingdom). RNAse P human gene
(TaqMan RNase P Control Reagents Kit, Applied Biosystems) was in-
cluded as an internal control of the qPCR amplification and also to eval-
uate the extracted DNA integrity [19].

For quantification, standard curves were built using non-chagasic
human blood spiked with cultured epimastigotes of T. cruzi. Ten millili-
ters of non-infected bloodwere spikedwith T. cruzi TcV LLO 52-P39-R1-
Cl1 stock, giving a final concentration of 105 parasite equivalents/mL
(par. eq./mL). DNA from spiked blood used to construct the standard
curve was extracted in the same way as described above for clinical
samples. In order to obtain a panel of samples ranging from 105 to
1 par. eq./mL of blood, 1/10 serial dilutions of the DNA extracted from
the spiked blood in total DNA extractions fromnon-chagasic individuals
were carried out.

2.3. T. cruzi DTU characterization

DTU characterization was performed using two sequential flow-
charts based onmolecularmarkers in the following order: (i) multiplex
real-time PCR using TaqMan probes (MTq-PCR) in which the DTU is re-
solved after one or two rounds of amplification of the Spliced Leader
Intergenic Region (SL-IR), 18S-ribosomal DNA (18S), Cytochrome Oxi-
dase II (COII), and 24Sα-ribosomal DNA (24Sα), as reported [16]
(Fig. 1); (ii) a conventional PCR flowchart, which requires at least
three independent and sequential amplifications of the nuclear loci
SL-IR, 24Sα, and A10 fragment (A10), as described elsewhere [20,21]
(Fig. 2). The conventional PCR flowchart needs a subsequent electro-
phoresis in agarose gels in order to visualize the amplicon sizes (base
pairs, bp). Samples already characterized at the level of a single DTU
byMTq-PCRwere not re-analyzedwith the conventional PCRflowchart.

2.4. T. cruzi satellite DNA sequencing

A PCR procedure, targeted to the T. cruzi SatDNA, was performed in
50 μL reaction volume containing 5 μL of extracted DNA. Final concen-
trations were: 200 μM of each deoxyribonucleotide triphosphate
(dNTP), 1 μM of each primer Cruzi 1 and Cruzi 2 [17], 1.5 U of VWR
Taq DNA polymerase (VWR International, Haasrode, Belgium), and
5 μL of 10×Key buffer (suppliedwith the VWR Taqpolymerase). Ampli-
fication conditions were as follow: one step of 3 min at 94 °C, 44 cycles
at 94 °C for 45 s, 66 °C for 45 s and 72 °C for 45 s; and a final extension
step at 72 °C for 10min. PCRproductswere detected by agarose gel elec-
trophoresis (2%) stained with ethidium bromide through its observa-
tion with ultraviolet light (UV). Amplified fragments were purified
with USB ExoSAP-IT PCR Product Clean-up (Affymetrix, Inc. USB Corpo-
ration, Cleveland, Ohio, USA), and sequenced (Genomics, Scientific and
Technological Centers, Universitat de Barcelona, Spain). Sequences
were analyzed using MEGA 6 software (http://www.megasoftware.
net) in order to classify them in SatDNA type I, SatDNA type II (or type
I/II hybrid) according to the position of a set of single nucleotide poly-
morphisms [SNPs] observed and studied in the SatDNA sequence) [22,
23] (Ramírez et al., unpublished results). Sequence data were deposited
at GenBank (http://www.ncbi.nlm.nih.gov/genbank) with consecutive
accession numbers KX235520 to KX235539.

3. Results and discussion

T. cruzi characterization studies are common in endemic countries in
contrast to in non-endemic areas such as Europe. In Spain, they are
scarce [24,25], and have not included newborns as in the present work.

Seventy-five peripheral blood samples were analyzed. Twenty of
them tested positive for T. cruzi DNA using both SatDNA and kDNA
qPCR methods. They belonged to 14 adults, two children aged 10 and
13, and four newborns to Chagas-infected mothers. All adults were Bo-
livian, in accordance with the high prevalence of Bolivian people in
other studies on Chagas disease in Spain [3,26]. The four newborns
and both children were born in Spain but their mothers came from
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Fig. 2. Conventional Polymerase Chain Reaction (PCR) flowchart for identification of Trypanosoma cruziDiscrete Typing Units (DTUs) (A). Amplicon size is indicated in bp (base pairs). SL-
IR: Spliced-Leader Intergenic Region; SL-IR I and II: PCR reaction from SL-IR I and II PCRs; 24Sα rDNA HN: heminested amplification of the D7 domain of the 24Sα ribosomal RNA genes;
A10 HN: heminested reaction for the A10 fragment. Examples of the PCR products obtained for each DTU by agarose gel electrophoresis in the reactions of the identification flowchart (B).
The flowchart was taken and adapted from Burgos et al. [20] and Burgos et al. [21]. aSometimes bands of 150 and 157 bpmay be difficult to differentiate and could appear as a single band.
bBands of 135 and 140 bp could also be difficult to differentiate. cIn cases where both 125 and 140 bp 24Sα rDNA HN amplicons are obtained, we interpreted TcV when a band of 125 bp
plus a weak 140 bp fragment appeared and mixed infections by TcV plus TcII/VI when a band of 125 bp plus a strong 140 bp fragment were obtained, as done before [56,57].
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Bolivia and consequently were congenitally infected. Of the remaining
55 samples, 54 of them tested negative for both qPCR diagnostic
methods and the last one was negative for SatDNA qPCR and positive
for kDNA qPCR. The discordant sample achieved a parasitic load for
kDNA qPCR below the limit of detection (LOD) of the method
(0.23 par. eq./mL) [19] and belonged to an Argentinian patient with
chronic asymptomatic Chagas disease. These results are consistent
with those of Ramírez et al. [19], which reported that kDNA qPCR had
higher analytical sensitivity than SatDNA qPCR method.

Ten out of the 20 blood samples selected for the parasite character-
ization gave positive results in the DTU identification flowcharts
(Table 1). Five of these were identified as belonging to a particular T.
cruzi DTU, in all cases TcV. In other three patients, the characterization
gave a TcII/V/VI profile, since the 24Sα yielded undetectable results.
The remaining two samples presented mixed infections, one by TcV
plus TcII/VI and the other one by TcV plus TcII, discriminated using
A10 genomic fragment (Fig. 1–Supplementary material). The combina-
tion of TcV plus TcII has already been reported in Bolivian migrants but
not simultaneously, as TcVwas detected before treatment and TcII after
treatment [25]. This is the first time that a mixed infection by TcV plus
TcII has been observed in a blood sample of a patient at the same time.

With regard to the typification method, the MTq-PCR flowchart
characterized five samples: three belonged to TcV and two to TcII/V/VI
genotypes. When using the conventional PCR flowchart, two samples
were typified as TcV, two as TcII/V/VI, one as TcV plus TcII/VI and the
last one as TcV plus TcII (previously identified as TcII/V/VI by the MTq-
PCR method). The lesser extent of MTq-PCR to detect mixed infections
in comparison with the conventional PCR scheme has been previously
observed by Cura et al. [16].

In relation to the T. cruzi SatDNA sequencing, it was possible to ob-
tain the 166 bp tandem repeated sequences of the 20 samples analyzed.
SatDNA based PCR is more sensitive than the PCR assays used for DTU
identification, due to the high copy number of the satellite repeats
(105) present in the genome of the parasite [15,22,27,28]. It is expected
to find samples from chronic Chagas disease patients with parasitic
loads below the LOD of the PCR typing methods but above that of
SatDNA based PCR. The 95% of the samples, 19 of them, showed SatDNA
type I/II hybrid (see Table 1). The remaining sample (GenBank accession
number KX235536) (5%) had SatDNA type I. Samples of type II were not
found [23] (Ramírez et al., unpublished results). This is consistent with
the findings obtained with the PCR-based flowcharts.

The most widespread and abundant T. cruzi DTU in Latin America is
TcI, which is associated with human Chagas disease in northern South
America but is also occasionally reported in the Southern Cone [29–
31]. TcV, as well as TcII and TcVI, seems to be concentrated in central
and southern South America and restricted to domestic transmission
cycles [11,31,32]. In reference to the remaining DTUs, TcIII is rare in
humans and associated with sylvatic cycles and TcIV occurs only spo-
radically in South America, with the exception of Venezuela [11]. In
this study, we identified TcV in most cases, in agreement with previous
studies of Bolivian patients in Madrid (Spain) [24,25]. In fact, TcV, to-
getherwith TcI, are themost commonDTUs in domestic cycles in Bolivia
[33]. Although we found no TcI by using the T. cruzi characterization
flowcharts, one of the SatDNA sequences had a type I profilewhich is re-
lated to DTUs TcI and TcIII [23]. Despite the presence of TcIII cannot be
ruled-out, chances are that the only SatDNA type I sequence identified
belongs to a TcI because of its abundance in the Americas [31]. Other au-
thors have not found any TcIII in their studies of Bolivian patients in
Spain [24,25].

Another point to consider is the fact that 19 out of the 20 se-
quences obtained a profile SatDNA I/II hybrid associated to DTUs
TcV–TcVI. In this case, these sequences are most likely to come
from TcV, predominant in Bolivia [33] and, moreover, five out of
the ten samples with positive results in the flowcharts were charac-
terized as TcV. We have also found the presence of TcV plus TcII and
TcV plus TcII/VI indicating mixed infections, which have been de-
scribed as frequent in T. cruzi including a combination of different
DTUs [33–35]. In Spain, they were detected in Bolivian patients
with chronic Chagas disease in the 15% of the samples [25]. As men-
tioned above, TcII and TcVI are associated with domestic cycles in the
Southern Cone [11]. Thus, this type of combined infections cannot be
discarded in the rest of the samples studied.



Table 1
Results obtained for the 20 blood samples of Bolivian patients included in the study.

Year Sex
(M, F)

Age
(d, m, y)

Symptoms
(A, C, D)

Treatmenta

(yes, no)
SatDNA qPCR kDNA qPCR DTU SatDNA

sequence
type

Ct Par. eq./mLb Log10 par. eq./10 mL Ct Par. eq./mLc Log10 par. eq./10 mL MTq-PCR Conv. PCR

2013 F 1m A No 18.1 937.7 4.0 17.6 300.7 3.5 TcV NP I/II
2010⁎ M 10m A No 19.0 529.4 3.7 15.3 1686.0 4.2 NP TcV + II/VI I/II
2009 M 21d A No 20.6 136.2 3.1 20.7 32.3 2.5 TcV NP I/II
2009 F 7m A No 23.1 20.2 2.3 21.7 15.2 2.2 TcV NP I/II
2011 M 38y A No 24.6 10.5 2.0 23.9 2.6 1.4 TcII/V/VI TcV + II I/II
2010 F 32y A No 25.7 3.3 1.5 27.2 NQ – TcII/V/VI – I/II
2011 M 29y A No 26.0 4.1 1.6 24.3 2.0 1.3 – – I/II
2010 M 45y A No 26.7 2.0 1.3 25.1 1.2 1.1 – TcII/V/VI I/II
2010* M 10y A No 27.2 1.5 1.2 23.5 3.8 1.6 – TcV I/II
2011 M 36y A No 27.6 NQ – 31.4 NQ – – – I/II
2010 M 37y C No 28.1 NQ – 29.5 NQ – – – I/II
2011 M 43y A No 28.2 NQ – 22.9 5.8 1.8 – TcV I/II
2010 F 34y A Yes 28.3 NQ – 25.1 1.2 1.1 – – I/II
2012 F 26y A No 29.2 NQ – 28.1 NQ – – – I/II
2009 F 39y D Yes 29.6 NQ – 28.5 NQ – – – I/II
2014 F 45y A No 30.2 NQ – 28.0 NQ – – – I/II
2009 F 30y D Yes 30.5 NQ – 28.5 NQ – – – I
2012 F 30y D Yes 30.5 NQ – 30.3 NQ – – – I/II
2010 M Adult⁎⁎ A No 33.0 NQ – 29.6 NQ – – TcII/V/VI I/II
2014 M 13y A No 35.2 NQ – 35.7 NQ – – – I/II

M,male; F, female; d, days;m,months; y, years; A, asymptomatic; C, cardiac; D, digestive; NP, not performed; NQ, non-quantifiable; Ct, cycle threshold; Par. eq./mL, parasite equivalents in
1mL of blood; Log10 par. eq./10mL, logarithmic values of parasite equivalents in 10mL of blood; qPCR, quantitative polymerase chain reaction; SatDNA, satellite DNA; kDNA, kinetoplastid
DNA; DTU, discrete typing unit; MTq-PCR, multiplex real-time PCR using TaqMan probes flowchart; Conv. PCR, conventional PCR flowchart.
⁎ Siblings.
⁎⁎ Age unknown.
a Treatment with Benznidazole finished.
b Limit of quantification (LOQ) for SatDNA qPCR: 1.53 par. eq./mL [15].
c LOQ for kDNA qPCR: 0.9 par. eq./mL [19].
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In the peripheral blood of patients TcV is described as predominant
[21,36,37]. The absence or low presence of other T. cruzi genotypes in
this sample may be due to their location in tissues and a low parasitic
load in circulating blood [21,38–40]. It has been shown that T. cruzi I pa-
tients from the southern cone usually present low parasitemias, respect
to patients infected by TcV [21]. Studies of cardiac explants of Argentin-
ian patients have also demonstrated that TcI can also cause cardiopa-
thies in the Southern Cone of Latin America [21], where this kind of
disorder is known to be produced by TcII, TcV and TcVI [30]. Indeed,
TcI was more common in cardiac explants than TcV, which was mainly
detectable in culture isolates from peripheral blood [36]. This tropism of
T. cruzi genotypes could partly explain the TcV findings and absence or
minority presence of TcI in our samples.

On the other hand, TcI has been detected in the bloodstream of pa-
tients from the Southern Cone under conditions of immunosuppression,
due to organ transplantation or human immunodeficiency virus (HIV)
co-infection [21,41,42]. It has therefore been proposed that in condi-
tions of immunocompetence, these TcI strainsmay display low parasitic
loads, which impedes their detection in peripheral blood [21]. In fact,
patient parasite populations characterized as TcII/V/VI showed a mean
parasitic load of 0.8 or 0.4 log10 par. eq./10 mL by Sat-DNA qPCR or
kDNA qPCR, respectively; T. cruzi populations characterized as TcV
gave a mean value of 2.1 log10 par. eq./10 mL using SatDNA qPCR and
2.3 log10 par. eq./10 mL by kDNA qPCR; finally, populations character-
ized as mixed infections of TcV plus TcII and TcV plus TcII/VI showed a
mean parasitic load of 2.8 log10 par. eq./10 mL using both SatDNA and
kDNA qPCR methods (see Table 1).

Five out of six neonates and pediatric samples could be character-
ized, four of them corresponding to children under 10 months old and
with the highest parasitic load (Table 1). Congenitally infected neonates
frequently harbor a high parasitic burden [43], which facilitates DTU
typing compared to the low parasitemia frequent in chronic Chagas dis-
ease adults [16,44]. However, in some instances, there are newborns
with lower parasitemia and it seems to be related to several factors:
the amount of parasites transmitted from the mother, the virulence of
the parasite strains, the stage of gestation when occurs the transplacen-
tal transmission of the parasite and the fetal capacity to control the in-
fection [44–46]. Actually, congenital infection of T. cruzi results from
the interaction between parasites, pregnant women, placenta and fe-
tuses as reported Carlier and Truyens [46]. More recently, Juiz et al.
[47] confirmed the placenta as a key organ for the parasite transmission
by describing the association of human polymorphisms in placentally
expressed genes with the susceptibility to congenital T. cruzi infection.
Four out of the five samples were identified as TcV, in agreement with
the results obtained in previous studies [43,44,48], and the fifth was a
mixed infection of TcV plus TcII/VI. Other authors have reported that
mixed infections are frequent in newborns and younger patients with
early infection in Bolivia and Chile [33,49].

Congenital Chagas disease is the main responsible for autochtho-
nous T. cruzi infection in non-endemic countries [46]. Several studies
showed that there is a clear correlation between the T. cruzi lineages
found in the mother and in the congenitally infected newborn and
they are also similar to those detected in the local population [20,46,
48,50,51]. However, differences between the DTUs affecting themother
and the infant can be also observed in case of mixed infections [46].
Higher parasitemia in pregnant womenwithout vector-borne exposure
is suspected and it favors vertical transmission [52]. Thus, it can be ex-
pected that TcV could be the prevailing DTU of autochthonous cases in
theBarcelona area if infectedwomenof reproductive age are not treated
[53,54] although congenital cases caused by TcII and TcVI could not be
ruled out.

Limiting factors for DTU identification flowcharts of the study, to-
gether with the parasitic load, are the low number of tested samples
and the fact that only peripheral blood samples were analyzed, since it
was not reasonable to obtain cardiac and/or digestive tissue biopsies
in this group of patients. Another possible explanation for the negative
results of some samples could be the quality of the extracted DNA due
to the long-term storage panel. Nevertheless, the results reported in
this study did not show a relationship between the storage time of
DNA samples and successful DTU identification. Samples were collected
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from patients during the period October 2009 to February 2014 and the
collection dates of the 10 samples with positive results in the DTU iden-
tification flowcharts ranged from November 2009 to January 2013. Ac-
tually, all samples were detectable for RNAse P human gene with a Ct
values ranged from 20.4 to 24.4, which indicates a good quality of the
DNA regardless of whether they could be genotyped or not.

TheMTq-PCRflowchart hasmultiple advantages: reduction of carry-
over contamination, amenability to quantification and automation for
kit production, fast determination and easy interpretation of results
[16]. On the other hand, the conventional PCR flowchart requires multi-
ple sequential reactions but it allowed us to identify parasite genotypes
in specimens with lower parasitic loads than the MTq-PCR flowchart.
Both methods are useful to determine T. cruzi DTUs in cultured stocks
and also in samples of patients with acute or congenital infection but
their sensitivity decreases when they are used in blood samples from
patients in the chronic stage of the disease.

The molecular characterization of T. cruzi based on the SatDNA has
the benefit that it can be applied with low parasitic loads. Indeed,
SatDNA is a widely used parasitic target for the molecular diagnosis of
T. cruzi infection and its good performance has been proved [55]. Al-
though themethod has the limitation that it cannot classify T. cruzi pop-
ulations at the level of a single DTU, it enables us to increase the number
of characterized cases when compared to the flowcharts, at least in the
form of SatDNA type I, II and I/II hybrid. Further studies in this field are
needed.

4. Conclusions

The most identified DTU was TcV, one of the most common geno-
types in Bolivia and predominant in peripheral blood samples. A
mixed infection by TcV plus TcII was detected for the first time simulta-
neously in Bolivian migrants. The 95% of the samples analyzed showed
SatDNA type I/II hybrid sequences and only a sample had SatDNA type
I sequence, probably belonging to a TcI population.

Identification flowcharts are very useful to characterize DTUs in T.
cruzi natural populations during acute infection but not sensitive
enough for analysis of patients with low parasitic loads. SatDNA se-
quence analysis cannot discriminate T. cruzi populations at the level of
a single DTU but it enabled us to increase the number of characterized
cases in chronically infected patients.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.parint.2016.12.003.

Conflict of interest

The authors declare no conflicts of interest.

Acknowledgments

This study was partially funded by Departament d'Universitats,
Recerca i Societat de la Informació de la Generalitat de Catalunya
(2014SGR026) and Institut d'Investigació Biomèdica Sant Pau (IIB Sant
Pau). The work was also supported by Plan Nacional de I+D+i and
Instituto de Salud Carlos III, Subdirección General de Redes y Centros
de Investigación Cooperativa,Ministerio de Economía y Competitividad,
Spanish Network for Research in Infectious Diseases (REIPI RD12/0015)
- co-financed by European Development Regional Fund “A way to
achieve Europe” ERDF. The authors would like to thank Dr. M. Ester Ser-
ra Aranda fromCoordinació logística de Consultes Externes de l'Hospital
Clínic i Provincial for her contribution, Dr. Pere Coll for his useful scien-
tific discussions and the anonymous reviewers for their helpful sugges-
tions and comments. AA,MG, ST, AF, MJP, LT, EP, CB and JG belong to the
RICET, a Tropical Disease Cooperative Research Network in Spain (grant
number RD12/0018/0010). JG, MG, AGS and MJP are members of
NHEPACHA network “Nuevas Herramientas para el Diagnóstico de la
Enfermedad de Chagas”.
References

[1] World Health Organization, Chagas disease in Latin America: an epidemiological up-
date based on 2010 estimates, Wkly Epidemiol. Rec. 90 (6) (2015) 33–44.

[2] F. Guhl, C. Jaramillo, G.A. Vallejo, R. Yockteng, F. Cárdenas-Arroyo, G. Fornaciari, B.
Arriaza, A.C. Aufderheide, Isolation of Trypanosoma cruzi DNA in 4,000-year-old
mummified human tissue from northern Chile, Am. J. Phys. Anthropol. 108 (1999)
401–407.

[3] J. Gascón, C. Bern, M.J. Pinazo, Chagas disease in Spain, the United States and other
non-endemic countries, Acta Trop. 115 (2010) 22–27, http://dx.doi.org/10.1016/j.
actatropica.2009.07.019.

[4] M.J. Pinazo, J. Gascón, The importance of the multidisciplinary approach to deal with
the new epidemiological scenario of Chagas disease (global health), Acta Trop. 151
(2015) 16–20, http://dx.doi.org/10.1016/j.actatropica.2015.06.013.

[5] G.A. Schmunis, Epidemiology of Chagas disease in non-endemic countries: the role
of international migration, Mem. Inst. Oswaldo Cruz 102 (Suppl. l) (2007) 75–85.

[6] C. Roca, M.J. Pinazo, P. López-Chejade, J. Bayó, E. Posada, J. López-Solana, M. Gállego,
M. Portús, J. Gascón, Chagas-Clot Research Group, Chagas disease among the Latin
American adult population attending in a primary care center in Barcelona, Spain,
PLoS Negl. Trop. Dis. 5 (2011) e1135, http://dx.doi.org/10.1371/journal.pntd.
0001135.

[7] A. Prata, Clinical and epidemiological aspects of Chagas disease, Lancet Infect. Dis. 1
(2001) 92–100, http://dx.doi.org/10.1016/S1473-3099(01)00065-2.

[8] A. Rassi Jr., A. Rassi, J.A. Marin-Neto, Chagas disease, Lancet 375 (2010) 1388–1402,
http://dx.doi.org/10.1016/S0140-6736(10)60061-X.

[9] A. Rassi Jr., A. Rassi, J. Marcondes de Rezende, American trypanosomiasis (Chagas
disease), Infect. Dis. Clin. N. Am. 26 (2012) 275–291, http://dx.doi.org/10.1016/j.
idc.2012.03.002.

[10] B. Zingales, S.G. Andrade, M.R.S. Briones, D.A. Campbell, E. Chiari, O. Fernandes, F.
Guhl, E. Lages-Silva, A.M. Macedo, C.R. Machado, M.A. Miles, A.J. Romanha, N.R.
Sturm, M. Tibayrenc, A.G. Schijman, A new consensus for Trypanosoma cruzi intra-
specific nomenclature: second revision meeting recommends TcI to TcVI, Mem.
Inst. Oswaldo Cruz 104 (2009) 1051–1054, http://dx.doi.org/10.1590/S0074-
02762009000700021.

[11] B. Zingales, M.A. Miles, D.A. Campbell, M. Tibayrenc, A.M. Macedo, M.M.G. Teixeira,
A.G. Schijman, M.S. Llewellyn, E. Lages-Silva, C.R. Machado, S.G. Andrade, N.R.
Sturm, The revised Trypanosoma cruzi subspecific nomenclature: rationale, epidemi-
ological relevance and research applications, Infect. Genet. Evol. 12 (2012) 240–253,
http://dx.doi.org/10.1016/j.meegid.2011.12.009.

[12] M. Tibayrenc, Genetic epidemiology of parasitic protozoa and other infectious
agents: the need for an integrated approach, Int. J. Parasitol. 28 (1998) 85–104,
http://dx.doi.org/10.1016/S0020-7519(97)00180-X.

[13] M.A. Miles, M.S. Llewellyn, M.D. Lewis, M. Yeo, R. Baleela, S. Fitzpatrick, M.W. Gaunt,
I.L. Mauricio, The molecular epidemiology and phylogeography of Trypanosoma
cruzi and parallel research on Leishmania: looking back and to the future, Parasitol-
ogy 136 (2009) 1509–1528, http://dx.doi.org/10.1017/S0031182009990977.

[14] J.D. Ramírez, F. Guhl, L.M. Rendón, F. Rosas, J.A. Marin-Neto, C.A. Morillo, Chagas car-
diomyopathy manifestations and Trypanosoma cruzi genotypes circulating in chron-
ic chagasic patients, PLoS Negl. Trop. Dis. 4 (2010) e899, http://dx.doi.org/10.1371/
journal.pntd.0000899.

[15] T. Duffy, C.I. Cura, J.C. Ramírez, T. Abate, N.M. Cayo, R. Parrado, Z.D. Bello, E.
Velazquez, A. Muñoz-Calderon, N.A. Juiz, J. Basile, L. Garcia, A. Riarte, J.R. Nasser,
S.B. Ocampo, Z.E. Yadon, F. Torrico, B.A. de Noya, I. Ribeiro, A.G. Schijman, Analytical
performance of a multiplex Real-Time PCR assay using TaqMan probes for quantifi-
cation of Trypanosoma cruzi satellite DNA in blood samples, PLoS Negl. Trop. Dis. 7
(2013) e2000, http://dx.doi.org/10.1371/journal.pntd.0002000.

[16] C.I. Cura, T. Duffy, R.H. Lucero, M. Bisio, J. Péneau, M. Jimenez-Coello, E. Calabuig, M.J.
Gimenez, E. Valencia Ayala, S.A. Kjos, J. Santalla, S.M. Mahaney, N.M. Cayo, C. Nagel,
L. Barcán, E.S. Málaga Machaca, K.Y. Acosta Viana, L. Brutus, S.B. Ocampo, C. Aznar,
C.A. Cuba Cuba, R.E. Gürtler, J.M. Ramsey, I. Ribeiro, J.L. VandeBerg, Z.E. Yadon, A.
Osuna, A.G. Schijman, Multiplex Real-Time PCR assay using TaqMan probes for the
identification of Trypanosoma cruzi DTUs in biological and clinical samples, PLoS
Negl. Trop. Dis. 9 (2015) e0003765, http://dx.doi.org/10.1371/journal.pntd.
0003765.

[17] M. Pirón, R. Fisa, N. Casamitjana, P. López-Chejade, L. Puig, M. Vergés, J. Gascón, J.
Gómez i Prat, M. Portús, S. Sauleda, Development of a real-time PCR assay for
Trypanosoma cruzi detection in blood samples, Acta Trop. 103 (2007) 195–200,
http://dx.doi.org/10.1016/j.actatropica.2007.05.019.

[18] Y. Qvarnstrom, A.G. Schijman, V. Veron, C. Aznar, F. Steurer, A.J. da Silva, Sensitive
and specific detection of Trypanosoma cruzi DNA in clinical specimens using a
multi-target real-time PCR approach, PLoS Negl. Trop. Dis. 6 (2012) 1–8, http://dx.
doi.org/10.1371/journal.pntd.0001689.

[19] J.C. Ramírez, C.I. Cura, O. da Cruz Moreira, E. Lages-Silva, N. Juiz, E. Velázquez, J.D.
Ramírez, A. Alberti, P. Pavia, M.D. Flores-Chávez, A. Muñoz-Calderón, D. Pérez-
Morales, J. Santalla, P.M. da Matta Guedes, J. Peneau, P. Marcet, C. Padilla, D. Cruz-
Robles, E. Valencia, G.E. Crisante, G. Greif, I. Zulantay, J.A. Costales, M. Alvarez-
Martínez, N.E. Martínez, R. Villarroel, S. Villarroel, Z. Sánchez, M. Bisio, R. Parrado,
M.L. da Cunha Galvão, A.C. Jácome da Cãmara, B. Espinoza, B. Alarcón de Noya, C.
Puerta, A. Riarte, P. Diosque, S. Sosa-Estani, F. Guhl, I. Ribeiro, C. Aznar, C. Britto,
Z.E. Yadón, A.G. Schijman, Analytical validation of quantitative real-time PCR
methods for quantification of Trypanosoma cruzi DNA in blood samples from Chagas
disease patients, J. Mol. Diagn. 17 (2015) 605–615, http://dx.doi.org/10.1016/j.
jmoldx.2015.04.010.

[20] J.M. Burgos, J. Altcheh, M. Bisio, T. Duffy, H.M.S. Valadares, M.E. Seidenstein, R.
Piccinali, J.M. Freitas, M.J. Levin, L. Macchi, A.M. Macedo, H. Freilij, A.G. Schijman, Di-
rect molecular profiling of minicircle signatures and lineages of Trypanosoma cruzi

http://dx.doi.org/10.1016/j.parint.2016.12.003
http://dx.doi.org/10.1016/j.parint.2016.12.003
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0005
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0005
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0010
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0010
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0010
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0010
http://dx.doi.org/10.1016/j.actatropica.2009.07.019
http://dx.doi.org/10.1016/j.actatropica.2009.07.019
http://dx.doi.org/10.1016/j.actatropica.2015.06.013
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0025
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0025
http://dx.doi.org/10.1371/journal.pntd.0001135
http://dx.doi.org/10.1371/journal.pntd.0001135
http://dx.doi.org/10.1016/S1473-3099(01)00065-2
http://dx.doi.org/10.1016/S0140-6736(10)60061-X
http://dx.doi.org/10.1016/j.idc.2012.03.002
http://dx.doi.org/10.1016/j.idc.2012.03.002
http://dx.doi.org/10.1590/S0074-02762009000700021
http://dx.doi.org/10.1590/S0074-02762009000700021
http://dx.doi.org/10.1016/j.meegid.2011.12.009
http://dx.doi.org/10.1016/S0020-7519(97)00180-X
http://dx.doi.org/10.1017/S0031182009990977
http://dx.doi.org/10.1371/journal.pntd.0000899
http://dx.doi.org/10.1371/journal.pntd.0000899
http://dx.doi.org/10.1371/journal.pntd.0002000
http://dx.doi.org/10.1371/journal.pntd.0003765
http://dx.doi.org/10.1371/journal.pntd.0003765
http://dx.doi.org/10.1016/j.actatropica.2007.05.019
http://dx.doi.org/10.1371/journal.pntd.0001689
http://dx.doi.org/10.1016/j.jmoldx.2015.04.010
http://dx.doi.org/10.1016/j.jmoldx.2015.04.010


88 A. Abras et al. / Parasitology International 66 (2017) 83–88
bloodstream populations causing congenital Chagas disease, Int. J. Parasitol. 37
(2007) 1319–1327, http://dx.doi.org/10.1016/j.ijpara.2007.04.015.

[21] J.M. Burgos, M. Diez, C. Vigliano, M. Bisio, M. Risso, T. Duffy, C. Cura, B. Brusses, L.
Favaloro, M.S. Leguizamon, R.H. Lucero, R. Laguens, M.J. Levin, R. Favaloro, A.G.
Schijman, Molecular identification of Trypanosoma cruzi discrete typing units in
end-stage chronic Chagas heart disease and reactivation after heart transplantation,
Clin. Infect. Dis. 51 (2010) 485–495, http://dx.doi.org/10.1086/655680.

[22] M.C.Q.B. Elias, N. Vargas, L. Tomazi, A. Pedroso, B. Zingales, S. Schenkman, M.R.S.
Briones, Comparative analysis of genomic sequences suggests that Trypanosoma
cruzi CL Brener contains two sets of non-intercalated repeats of satellite DNA that
correspond to T. cruzi I and T. cruzi II types, Mol. Biochem. Parasitol. 140 (2005)
221–227, http://dx.doi.org/10.1016/j.molbiopara.2004.12.016.

[23] S. Ienne, A. Pedroso, R. Carmona e Ferreira, M.R.S. Briones, B. Zingales, Network ge-
nealogy of 195-bp satellite DNA supports the superimposed hybridization of
Trypanosoma cruzi evolutionary pattern, Infect. Genet. Evol. 10 (2010) 601–606,
http://dx.doi.org/10.1016/j.meegid.2010.04.007.

[24] J.A. Pérez-Molina, C. Poveda, A. Martínez-Pérez, F. Guhl, B. Monge-Maillo, M. Fresno,
R. López-Velez, J.D. Ramírez, N. Girones, Distribution of Trypanosoma cruzi discrete
typing units in Bolivian migrants in Spain, Infect. Genet. Evol. 21 (2014) 440–442,
http://dx.doi.org/10.1016/j.meegid.2013.12.018.

[25] A. Martínez-Pérez, C. Poveda, J.D. Ramírez, F. Norman, N. Gironés, F. Guhl, B. Monge-
Maillo, M. Fresno, R. López-Vélez, Prevalence of Trypanosoma cruzi's Discrete Typing
Units in a cohort of Latin American migrants in Spain, Acta Trop. 157 (2016)
145–150, http://dx.doi.org/10.1016/j.actatropica.2016.01.032.

[26] J. Muñoz, J. Gómez i Prat, M. Gállego, F. Gimeno, B. Treviño, P. López-Chejade, O.
Ribera, L. Molina, S. Sanz, M.J. Pinazo, C. Riera, E.J. Posada, G. Sanz, M. Portús, J.
Gascón, Clinical profile of Trypanosoma cruzi infection in a non-endemic setting: im-
migration and Chagas disease in Barcelona (Spain), Acta Trop. 111 (2009) 51–55,
http://dx.doi.org/10.1016/j.actatropica.2009.02.005.

[27] T. Duffy, M. Bisio, J. Altcheh, J.M. Burgos, M. Diez, M.J. Levin, R.R. Favaloro, H. Freilij,
A.G. Schijman, Accurate real-time PCR strategy for monitoring bloodstream parasitic
loads in Chagas disease patients, PLoS Negl. Trop. Dis. 3 (2009) e419, http://dx.doi.
org/10.1371/journal.pntd.0000419.

[28] M.C.Q.B. Elias, N.S. Vargas, B. Zingales, S. Schenkman, Organization of satellite DNA
in the genoma of Trypanosoma cruzi, Mol. Biochem. Parasitol. 129 (2003) 1–9,
http://dx.doi.org/10.1016/S0166-6851(03)00054-9.

[29] M.S. Llewellyn, M.A. Miles, H.J. Carrasco, M.D. Lewis, M. Yeo, J. Vargas, F. Torrico, P.
Diosque, V. Valente, S.A. Valente, M.W. Gaunt, Genome-scale multilocus microsatel-
lite typing of Trypanosoma cruzi Discrete Typing Unit I reveals phylogeographic
structure and specific genotypes linked to human infection, PLoS Pathog. 5 (2009)
e1000410, http://dx.doi.org/10.1371/journal.ppat.1000410.

[30] F. Guhl, J.D. Ramírez, Trypanosoma cruzi I diversity: towards the need of genetic sub-
division? Acta Trop. 119 (2011) 1–4, http://dx.doi.org/10.1016/j.actatropica.2011.
04.002.

[31] H.J. Carrasco, M. Segovia, M.S. Llewellyn, A. Morocoima, S. Urdaneta-Morales, C.
Martínez, C.E. Martínez, C. Garcia, M. Rodríguez, R. Espinosa, B.A. de Noya, Z. Díaz-
Bello, L. Herrera, S. Fitzpatrick, M. Yeo, M.A. Miles, M.D. Feliciangeli, Geographical
distribution of Trypanosoma cruzi genotypes in Venezuela, PLoS Negl. Trop. Dis. 6
(2012) e1707, http://dx.doi.org/10.1371/journal.pntd.0001707.

[32] P. Diosque, N. Tomasini, J.J. Lauthier, L.A. Messenger, M.M. Monje Rumi, P.G. Ragone,
A.M. Alberti-D'Amato, C. Pérez Brandán, C. Barnabé, M. Tibayrenc, M.D. Lewis, M.S.
Llewellyn, M.A. Miles, M. Yeo, Optimized Multilocus Sequence Typing (MLST)
scheme for Trypanosma cruzi, PLoS Negl. Trop. Dis. 8 (2014) e3117, http://dx.doi.
org/10.1371/journal.pntd.0003117.

[33] S.F. Brenière, C. Aliaga, E. Waleckx, R. Buitrago, R. Salas, C. Barnabé, M. Tibayrenc, F.
Noireau, Genetic characterization of Trypanosoma cruzi DTUs in wild Triatoma
infestans from Bolivia: predominance of TcI, PLoS Negl. Trop. Dis. 6 (2012) e1650,
http://dx.doi.org/10.1371/journal.pntd.0001650.

[34] A.M. Macedo, S.D.J. Pena, Genetic variability of Trypanosoma cruzi: implications for
the pathogenesis of Chagas disease, Parasitol. Today 14 (1998) 119–124.

[35] C.J. Perez, A.J. Lymbery, R.C.A. Thompson, Chagas disease: the challenge of
polyparasitism? Trends Parasitol. 30 (2014) 176–182, http://dx.doi.org/10.1016/j.
pt.2014.01.008.

[36] C.I. Cura, R.H. Lucero, M. Bisio, E. Oshiro, L.B. Formichelli, J.M. Burgos, S. Lejona, B.L.
Bruses, D.O. Hernandez, G.V. Severini, E. Velazquez, T. Duffy, E. Anchart, R. Lattes, J.
Altcheh, H. Freilij, M. Diez, C. Nagel, C. Vigliano, L. Favaloro, R.R. Favaloro, D.E.
Merino, S. Sosa-Estani, A.G. Schijman, Trypanosoma cruzi Discrete Typing Units in
Chagas disease patients from endemic and non-endemic regions of Argentina, Par-
asitology 139 (2012) 516–521, http://dx.doi.org/10.1017/S0031182011002186.

[37] M.D.P. Fernández, M.C. Cecere, L.A. Lanati, M.A. Lauricella, A.G. Schijman, R.E.
Gürtler, M.V. Cardinal, Geographic variation of Trypanosoma cruzi discrete typing
units from Triatoma infestans at different spatial scales, Acta Trop. 140 (2014)
10–18, http://dx.doi.org/10.1016/j.actatropica.2014.07.014.

[38] A.C.J. Câmara, A.A. Varela-Freire, H.M.S. Valadares, A.M. Macedo, D.A. D'Ávila, C.R.
Machado, E. Lages-Silva, E. Chiari, L.M.C. Galvão, Genetic analyses of Trypanosoma
cruzi isolates from naturally infected triatomines and humans in northeastern Brazil,
Acta Trop. 115 (2010) 205–211, http://dx.doi.org/10.1016/j.actatropica.2010.03.
003.

[39] D.A. D'Ávila, A.M. Macedo, H.M.S. Valadares, E.D. Gontijo, A.M. de Castro, C.R.
Machado, E. Chiari, L.M.C. Galvâo, Probing population dynamics of Trypanosoma
cruzi during progression of the chronic phase in chagasic patients, J. Clin. Microbiol.
47 (2009) 1718–1725, http://dx.doi.org/10.1128/JCM.01658-08.
[40] A.R. Vago, L.O. Andrade, A.A. Leite, D. d'Ávila Reis, A.M. Macedo, S.J. Adad, S. Tostes
Jr., M.C. Moreira, G.B. Filho, S.D. Pena, Genetic characterization of Trypanosoma
cruzi directly from tissues of patients with chronic Chagas disease: differential distri-
bution of genetic types into diverse organs, Am. J. Pathol. 156 (2000) 1805–1809,
http://dx.doi.org/10.1016/S0002-9440(10)65052-3.

[41] M. Bisio, C. Cura, T. Duffy, J. Altcheh, S.O. Giganti, S. Begher, P.G. Scapellato, J.M.
Burgos, M.J. Levin, R. Schreck, H. Freilij, A.G. Schijman, Trypanosoma cruzi discrete
typing units in Chagas disease patients with HIV co-infection, Rev. Biomed. 20
(2009) 166–178.

[42] J.M. Burgos, S. Begher, H.M. Valadares Silva, M. Bisio, T. Duffy, M.J. Levin, A.M.
Macedo, A.G. Schijman, Case report: molecular identification of Trypanosoma cruzi
I tropism for central nervous system in Chagas reactivation due to AIDS, Am.J.Trop.
Med. Hyg. 78 (2008) 294–297.

[43] J. Bua, B.J. Volta, A.E. Perrone, K. Scollo, E.B. Velázquez, A.M. Ruiz, A.M. De Rissio, R.L.
Cardoni, How to improve the early diagnosis of Trypanosoma cruzi infection: rela-
tionship between validated conventional diagnosis and quantitative DNA amplifica-
tion in congenitally infected children, PLoS Negl. Trop. Dis. 7 (2013) e2476, http://
dx.doi.org/10.1371/journal.pntd.0002476.

[44] M. Virreira, C. Truyens, C. Alonso-Vega, L. Brutus, J. Jijena, F. Torrico, Y. Carlier, M.
Svoboda, Comparison of Trypanosoma cruzi lineages and levels of parasitic DNA in
infected mothers and their newborns, Am.J.Trop. Med. Hyg. 77 (2007) 102–106.

[45] I. Zulantay, G. Corral, M.C. Guzman, F. Aldunate,W. Guerra, I. Cruz, A. Araya, V. Tapia,
F. Marquez, C. Muñoz, W. Apt, The investigation of congenital infection by
Trypanosoma cruzi in an endemic area of Chile: three protocols explored in a pilot
project, Ann. Trop. Med. Parasitol. 105 (2011) 123–128, http://dx.doi.org/10.1179/
136485911X12899838413583.

[46] Y. Carlier, C. Truyens, Congenital Chagas disease as an ecological model of interac-
tions between Trypanosoma cruzi parasites, pregnant women, placenta and fetuses,
Acta Trop. 151 (2015) 103–115, http://dx.doi.org/10.1016/j.actatropica.2015.07.
016.

[47] N.A. Juiz, N.M. Cayo, M. Burgos, M.E. Salvo, J.R. Nasser, J. Búa, S.A. Longhi, A.G.
Schijman, Human polymorphisms in placentally expressed genes and their associa-
tion with susceptibility to congenital Trypanosoma cruzi infection, J. Infect. Dis. 213
(2016) 1299–1306, http://dx.doi.org/10.1093/infdis/jiv561.

[48] R.M. Corrales, M.C. Mora, O. Sanchez Negrette, P. Diosque, D. Lacunza, M. Virreira,
S.F. Brenière, M.A. Basombrio, Congenital Chagas disease involves Trypanosoma
cruzi sub-lineage IId in the northwestern province of Salta, Argentina, Infect.
Genet. Evol. 9 (2009) 278–282, http://dx.doi.org/10.1016/j.meegid.2008.12.008.

[49] A. Garcia, S. Ortiz, C. Iribarren, M.I. Bahamonde, A. Solari, Congenital co-infection
with different Trypansoma cruzi lineages, Parasitol. Int. 63 (2014) 138–139, http://
dx.doi.org/10.1016/j.parint.2013.10.010.

[50] S. Ortiz, I. Zulantay, A. Solari, M. Bisio, A.G. Schijman, Y. Carlier, W. Apt, Presence of
Trypanosoma cruzi in pregnant women and typing of lineages in congenital cases,
Acta Trop. 124 (2012) 243–246, http://dx.doi.org/10.1016/j.actatropica.2012.08.
001.

[51] M. Virreira, C. Alonso-Vega, M. Solano, J. Jijena, L. Brutus, Z. Bustamante, C. Truyens,
D. Schneider, F. Torrico, Y. Carlier, M. Svoboda, Congenital Chagas disease in Bolivia
is not associated with DNA polymorphism of Trypanosoma cruzi, Am.J.Trop. Med.
Hyg. 75 (2006) 871–879.

[52] V.R. Rendell, R.H. Gilman, E. Valencia, G. Galdos-Cardenas, M. Verastegui, L. Sanchez,
J. Acosta, G. Sanchez, L. Ferrufino, C. LaFuente, M.D.C. Abastoflor, R. Colanzi, C. Bern,
Trypanosoma cruzi-infected pregnant women without vector exposure have higher
parasitemia levels: implications for congenital transmission risk, PLoS One 10
(2015) e0119527, http://dx.doi.org/10.1371/journal.pone.0119527.

[53] D.L. Fabbro, E. Danesi, V. Olivera, M.O. Codebó, S. Denner, C. Heredia, M. Streiger, S.
Sosa-Estani, Trypanocide treatment of women infected with Trypanosoma cruzi and
its effect on preventing congenital Chagas, PLoS Negl. Trop. Dis. 8 (2014) e3312,
http://dx.doi.org/10.1371/journal.pntd.0003312.

[54] S. Sosa-Estani, E. Cura, E. Velazquez, C. Yampotis, E.L. Segura, Etiological treatment of
young women infected with Trypanosoma cruzi, and prevention of congenital trans-
mission, Rev. Soc. Bras. Med. Trop. 42 (2009) 484–487.

[55] A.G. Schijman, M. Bisio, L. Orellana, M. Sued, T. Duffy, A.M. Mejia Jaramillo, C. Cura, F.
Auter, V. Veron, Y. Qvarnstrom, S. Deborggraeve, G. Hijar, I. Zulantay, R.H. Lucero, E.
Velazquez, T. Tellez, Z. Sanchez Leon, L. Galvao, D. Nolder, M. Monje Rumi, J.E. Levi,
J.D. Ramirez, P. Zorrilla, M. Flores, M.I. Jercic, G. Crisante, N. Añez, A.M. De Castro, C.I.
Gonzalez, K. Acosta Viana, P. Yachelini, F. Torrico, C. Robello, P. Diosque, O. Triana
Chavez, C. Aznar, G. Russomando, P. Büscher, A. Assal, F. Guhl, S. Sosa Estani, A.
DaSilva, C. Britto, A. Luquetti, J. Ladzins, International study to evaluate PCRmethods
for detection of Trypanosoma cruzi DNA in blood samples from Chagas disease pa-
tients, PLoS Negl. Trop. Dis. 5 (2011) e931, http://dx.doi.org/10.1371/journal.pntd.
0000931.

[56] S. Brisse, J. Verhoef, M. Tibayrenc, Characterization of large and small subunit rRNA
and mini-exon genes further supports the distinction of six Trypanosoma cruzi line-
ages, Int. J. Parasitol. 31 (2001) 1218–1226, http://dx.doi.org/10.1016/S0020-
7519(01)00238-7.

[57] R.H. Lucero, B.L. Brusés, C.I. Cura, L.B. Formichelli, N. Juiz, G.J. Fernández, M. Bisio,
G.D. Deluca, S. Besuschio, D.O. Hernández, A.G. Schijman, Chagas disease' in Aborig-
inal and Creole communities from the Gran Chaco Region of Argentina: seropreva-
lence and molecular parasitological characterization, Infect. Genet. Evol. 41 (2016)
84–92, http://dx.doi.org/10.1016/j.meegid.2016.03.028.

http://dx.doi.org/10.1016/j.ijpara.2007.04.015
http://dx.doi.org/10.1086/655680
http://dx.doi.org/10.1016/j.molbiopara.2004.12.016
http://dx.doi.org/10.1016/j.meegid.2010.04.007
http://dx.doi.org/10.1016/j.meegid.2013.12.018
http://dx.doi.org/10.1016/j.actatropica.2016.01.032
http://dx.doi.org/10.1016/j.actatropica.2009.02.005
http://dx.doi.org/10.1371/journal.pntd.0000419
http://dx.doi.org/10.1016/S0166-6851(03)00054-9
http://dx.doi.org/10.1371/journal.ppat.1000410
http://dx.doi.org/10.1016/j.actatropica.2011.04.002
http://dx.doi.org/10.1016/j.actatropica.2011.04.002
http://dx.doi.org/10.1371/journal.pntd.0001707
http://dx.doi.org/10.1371/journal.pntd.0003117
http://dx.doi.org/10.1371/journal.pntd.0001650
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0170
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0170
http://dx.doi.org/10.1016/j.pt.2014.01.008
http://dx.doi.org/10.1016/j.pt.2014.01.008
http://dx.doi.org/10.1017/S0031182011002186
http://dx.doi.org/10.1016/j.actatropica.2014.07.014
http://dx.doi.org/10.1016/j.actatropica.2010.03.003
http://dx.doi.org/10.1016/j.actatropica.2010.03.003
http://dx.doi.org/10.1128/JCM.01658-08
http://dx.doi.org/10.1016/S0002-9440(10)65052-3
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0205
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0205
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0205
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0205
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0210
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0210
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0210
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0210
http://dx.doi.org/10.1371/journal.pntd.0002476
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0220
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0220
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0220
http://dx.doi.org/10.1179/136485911X12899838413583
http://dx.doi.org/10.1179/136485911X12899838413583
http://dx.doi.org/10.1016/j.actatropica.2015.07.016
http://dx.doi.org/10.1016/j.actatropica.2015.07.016
http://dx.doi.org/10.1093/infdis/jiv561
http://dx.doi.org/10.1016/j.meegid.2008.12.008
http://dx.doi.org/10.1016/j.parint.2013.10.010
http://dx.doi.org/10.1016/j.actatropica.2012.08.001
http://dx.doi.org/10.1016/j.actatropica.2012.08.001
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0255
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0255
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0255
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0255
http://dx.doi.org/10.1371/journal.pone.0119527
http://dx.doi.org/10.1371/journal.pntd.0003312
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0270
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0270
http://refhub.elsevier.com/S1383-5769(16)30385-3/rf0270
http://dx.doi.org/10.1371/journal.pntd.0000931
http://dx.doi.org/10.1371/journal.pntd.0000931
http://dx.doi.org/10.1016/S0020-7519(01)00238-7
http://dx.doi.org/10.1016/S0020-7519(01)00238-7
http://dx.doi.org/10.1016/j.meegid.2016.03.028

	Identification of Trypanosoma cruzi Discrete Typing Units (DTUs) in Latin-�American migrants in Barcelona (Spain)
	1. Introduction
	2. Material and methods
	2.1. Study population and samples
	2.2. DNA extraction and real-time PCR procedures
	2.3. T. cruzi DTU characterization
	2.4. T. cruzi satellite DNA sequencing

	3. Results and discussion
	4. Conclusions
	Conflict of interest
	Acknowledgments
	References


