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ABSTRACT The immigration of Latin American women of childbearing age has
spread the congenital transmission of Chagas disease to areas of nonendemicity,
and the disease is now a worldwide problem. Some European health authorities
have implemented screening programs to prevent vertical transmission, but the lack
of a uniform protocol calls for the urgent establishment of a new strategy common
to all laboratories. Our aims were to (i) analyze the trend of passive IgG antibodies
in the newborn by means of five serological tests for the diagnosis and follow-up of
congenital Trypanosoma cruzi infection, (ii) assess the utility of these techniques for
diagnosing a congenital transmission, and (iii) propose a strategy for a prompt, effi-
cient, and cost-effective diagnosis of T. cruzi infection. In noninfected newborns, a
continuous decreasing trend of passive IgG antibodies was observed, but none of
the serological assays seroreverted in any the infants before 12 months. From 12
months onwards, serological tests achieved negative results in all the samples ana-
lyzed, with the exception of the highly sensitive chemiluminescent microparticle im-
munoassay (CMIA). In contrast, in congenitally infected infants, the antibody decline
was detected only after treatment initiation. In order to improve the diagnosis of
congenital T. cruzi infection, we propose a new strategy involving fewer tests that al-
lows significant cost savings. The protocol could start 1 month after birth with a par-
asitological test and/or a PCR. If negative, a serological test would be carried out at
9 months, which if positive, would be followed by another at around 12 months for
confirmation.

KEYWORDS congenital Chagas disease, serology, flowchart, countries of endemicity,
immigrant population, Spain, Europe

Chagas disease, or American trypanosomiasis, is a zoonotic and parasitic infection
caused by Trypanosoma cruzi, affecting around six million people in Latin America

(1), where it is estimated that approximately two million women of childbearing age are
infected (2, 3). In areas of endemicity, the infection is mainly due to vectorial transmis-
sion, while in areas where the vector is absent, T. cruzi can be transmitted by alternative
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routes, such as blood transfusion, organ transplant, and vertical transmission (4). In
areas of nonendemicity, strict protocols exist in blood banks and transplants so
mother-to-child transmission is the main route for T. cruzi transmission, and its control
represents an important challenge (5–7).

The immigration of Latin American women of childbearing age has spread the
congenital transmission of Chagas disease to areas of nonendemicity (2), especially
Europe and the United States (8–10), and the disease has become a worldwide health
problem. A total of approximately 1.7 million people from countries endemic for
Chagas disease live in Spain, and around 50% of them are women of reproductive age
(11).

In areas where T. cruzi is endemic, its prevalence in pregnant women is highly varied
(from 5 to 40%), depending on their geographical origin, and the congenital transmis-
sion rate from mother to child is about 1 to 12% (12–16). Cases of congenital T. cruzi
infection have also been described in Spain (17–22). The rates of seroprevalence and
transmission in pregnant Latin American women living in Spain reported by Muñoz et
al. (21) are 3.4% and 7.3%, respectively. Nevertheless, a point to consider is the high
index of underdiagnosis (23).

Congenital infection with T. cruzi is mostly asymptomatic and may progress to
chronic Chagas disease, with cardiac and/or gastrointestinal disorders occurring years
later (24–26). In cases of symptomatic Chagas disease, there is a spectrum of clinical
manifestations, commonly nonspecific, and they can appear at birth or days later (24,
27). Severe cases have a mortality rate of approximately 5% and are associated with
myocarditis and meningoencephalitis (7, 24).

Benznidazole and nifurtimox are the only approved trypanocidal drugs with proven
efficacy for the treatment of Chagas disease (28). Both compounds are better tolerated
in infancy and more effective during the acute phase of the infection (28–30). Treat-
ment within the first year of life is close to 100% effective and without the adverse
reactions seen in adults (29, 31, 32). Treating infected women of childbearing age could
be a useful strategy to prevent the congenital transmission of T. cruzi (16, 33). In Spain,
a study also reported that the screening of pregnant Latin American women and their
infants to detect and treat congenital cases at an early stage is cost-effective (11).

During the first weeks of life, diagnosis relies on the microscopic observation of
bloodstream parasites, usually with concentration techniques, like the microhematocrit
method or micromethod (14). The micromethod has been used for many years in areas
of endemicity for the early detection of parasites in newborn blood, although its lack
of sensitivity can miss up to 50% of infected infants (34). The sensitivity of the technique
varies according to the parasitemia (35). Parasite detection in blood by molecular
techniques, such as PCR, may improve early diagnosis (27, 31, 36, 37). The parasite
burden is at its maximum 1 month after birth (25, 38, 39), so it would be preferable to
perform the PCR at this time and also to avoid false-positive diagnosis in case of
parasite DNA transmission from mother to fetus (25). Amniotic fluid is not useful for the
diagnosis of congenital T. cruzi infection (40), and there is disagreement about the
utility of umbilical cord blood (41).

Serological tests are useful for chronic diagnosis and for the follow-up of newborns
if the direct diagnosis has not been conclusive (31). However, to date, no single
serological test is considered the reference standard for the diagnosis of Chagas disease
(42). Consequently, confirmation of the infection requires coincident positive results of
two tests in infants age �8 months in order to avoid the detection of anti-T. cruzi IgG
antibodies of maternal origin (31, 42). A third technique should be performed when the
results are conflicting (42). The detection of anti-T. cruzi IgM antibodies in the newborn
is controversial (36, 41). Rodríguez et al. (43) reported that IgM antibodies were not
useful for diagnosis because they could appear in response to the excretion/secretion
of T. cruzi antigens, which cross the placenta.

In order to prevent vertical transmission, some European health authorities have
implemented screening programs for pregnant Latin American women and their babies
(44–51). Early diagnosis and treatment of the newborns have high priority in control
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programs (14). However, the existence of procedural differences between protocols
urgently calls for the establishment of a new and more efficient strategy common to all
laboratories.

The aims of this study were to (i) analyze the trend of passive IgG antibodies in the
newborn by means of five serological tests for the diagnosis and follow-up of congen-
ital T. cruzi infection, (ii) assess the utility of these techniques in the diagnosis of a
congenital transmission, and (iii) propose a suitable strategy for a prompt, efficient, and
cost-effective diagnosis of T. cruzi infection.

RESULTS

From the 81 newborns included in the study, it was possible to obtain a sample at
birth to 1 month in 78 cases, and the percentage of seropositivity in this first sample
was 97.4%. Fourteen out of 81 newborns were excluded from the follow-up study, as
they were unavailable for further sampling, resulting in a final panel of 67 infants.

Four out of the 67 infants were diagnosed as congenitally infected by T. cruzi based
on positive real-time PCR (RT-PCR) results at different times during the follow-up and
a constant level of IgG antibodies during the first year of life (Table 1). The remaining
63 infants were considered not infected due to negative RT-PCR results and a drop in
IgG antibodies.

In the four congenitally infected newborns (see Table 1), a trend toward a reduction
in antibodies was not perceived until treatment initiation, after which antibodies began
to decline, even disappearing in one infant (case 3); additionally, RT-PCR turned from
positive to negative in all cases in which the assay was done. A negative RT-PCR result
was observed at birth in one of the infected infants (case 4), although the infection was
confirmed at 12 months with both a positive RT-PCR result and the maintenance of IgG
antibody titers.

For all newborns, samples were grouped according to the age of the newborn
when the sample was collected. The percentages of sera with positive and gray-
zone results obtained by the five serological assays during the five follow-up

TABLE 1 Test results with congenitally infected infants (n � 4)a

Case
Tested
groupb

PCR
resultc

IFAT
(dilution)

ELISAc
(U)

ELISAr
(Abs/CO)

CMIA
(S/CO) WB (kDa bands)

1 Mother ND �1:5,120 169 8.39 12.31 6/6
Birth–1 mo ND 1:2,560 ND 8.52 ND ND
�1–6 mo ND 1:640 76 6.82 7.97 5/6 (28/32/38/39/40)
�6–9 mo ND 1:640 ND 7.47 ND ND
�9–12 mo Pos 1:640 ND 6.67 ND ND
1 mo Pt. ND 1:640 ND 8.70 ND ND
12 mo Pt. ND 1:80 42 1.63 3.57 0/6

2 Mother Pos 1:1,280 200 7.60 11.07 5/6 (28/32/38/39/40)
�12 mo Pos 1:1,280 162 5.99 12.04 5/6 (28/32/38/39/40)
During Tr. Neg ND 164 5.96 11.78 3/6 (28/32/38)
5 mo Pt. Neg ND 116 5.11 10.29 3/6 (28/32/38)
16 mo Pt. Neg 1:160 89 3.87 8.25 1/6 (32)
3 yr Pt. Neg ND 66 2.07 8.07 1/6 (32)
4 yr Pt. Neg 1:80 54 1.35 7.66 0/6

3 Mother Pos 1:2,560 178 5.78 10.9 5/6 (28/32/38/39/40)
Birth–1 mo Pos 1:1,280 279 5.56 11.22 5/6 (28/32/38/39/40)
1 day Pt. ND 1:320 95 3.52 5.02 3/6 (32/38/40)
2 yr Pt. Neg ND 8 0.2 ND ND

4 Mother Pos 1:1,280 159 2.65 12.81 5/6 (28/32/38/39/40)
Birth–1 mo Neg 1:1,280 141 3.1 ND ND
�12 mo Pos 1:1,280 143 6.41 11.64 5/6 (28/32/38/39/40)
7 mo Pt. Neg 1:320 105 5.77 7.21 5/6 (28/32/38/39/40)

aND, not done.
bPt., posttreatment; Tr., treatment.
cPos, positive; Neg, negative.

Abras et al. Journal of Clinical Microbiology

May 2017 Volume 55 Issue 5 jcm.asm.org 1398

http://jcm.asm.org


periods of the noninfected newborns are shown in Fig. 1. The details of the results
obtained by each serological assay during the follow-up of the noninfected new-
borns are shown in Fig. 2.

Although a continuous decreasing trend of the passive IgG antibodies in non-
infected newborns was observed over time, all serological assays still obtained at
least one gray-zone (BioELISA [ELISAr] and chemiluminescent microparticle immu-
noassay [CMIA]) and/or positive result (indirect fluorescent antibody test [IFAT],
in-house enzyme-linked immunosorbent assay [ELISA] [ELISAc], CMIA, and Western
blotting [WB]) at �9 to 12 months of age. Maternal antibodies disappeared
completely at �12 months of age, except for one remaining gray-zone sample
detected by the CMIA.

The WB pattern observed in mothers and noninfected and infected children was
very homogeneous (Fig. 3). In noninfected infants tested at birth, the serum pattern did
not show any differences with the mother (Fig. 3A), and the number of bands and their
intensity decreased during the follow-up, with 80% testing negative at �6 to 9 months
and all of them negative at 12 months. In the congenital cases, no differences were
observed in the patterns between mother and newborn at birth, while some variation
was apparent after a few months. In case 1, the bands showed a heterogeneous
intensity 6 months after birth (Fig. 3B), and in case 4, these differences were observed
at 15 months (Fig. 3E).

A proposed new strategy for the diagnosis of congenital Chagas disease is pre-
sented as a flowchart in Fig. 4.

DISCUSSION

Screening programs for Chagas disease in pregnant Latin American women and
their children are still uncommon in areas of nonendemicity (7, 52). Several European
regions have implemented official prevention strategies to avoid the transmission of
congenital Chagas disease (44): Tuscany in Italy (45) and three autonomous commu-
nities of Spain (Catalonia, Galicia, and Valencia) (46, 48, 49). The official screening
programs implemented by European health authorities are summarized in Table 2.
Other regions, namely, Andalusia and the Basque Country in Spain, recommend the
screening of all pregnant women susceptible to the disease (50, 51). The diversity of
procedures used in the control programs calls for the establishment of a uniform
strategy suitable for all laboratories and that would allow a prompt, efficient, and
cost-effective diagnosis of congenital T. cruzi infection.

Since most of the samples included in the present study were obtained retrospec-
tively, not all patients could be followed during the first year of life, and not all the
samples were analyzed by the five serological tests due to absent or insufficient

FIG 1 Percentages of sera with positive and gray-zone results obtained by the five serological assays
during the follow-up of the noninfected newborns. n, number of sera analyzed.
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volume. As expected, the proportion of positive sera in the first sample (birth to 1
month) was very high, in accordance with the findings of other authors (21), due to the
detection of IgG antibodies of maternal origin. On the contrary, 2.6% (2/78) of the
samples were negative, and all belonged to uninfected children. Of all the samples
analyzed, congenital Chagas disease was confirmed in only 6%. This rate of congenital
transmission is similar to others reported in different regions of Spain: Barcelona (7.3%),
Madrid (2.6%), Valencia (3.7%), and Biscay (5.8%) (21, 53–55). These results do not

FIG 2 Results obtained by each serological assay during the five follow-up periods of the noncongenital newborns: IFAT (A), ELISAc
(B), ELISAr (C), CMIA (D), and WB (E). Dashed lines represent the cutoff values established for each test: 1:40 dilution for IFAT (A), 20
units for ELISAc (B), 1 absorbance/cutoff value for ELISAr (C), 1 relative light unit/cutoff value for CMIA (D), and a single band of the
pattern (28, 32, 38, 39, 40, or 48 kDa) when it is as intense as the same band in the positive control for WB (E). Dotted lines indicate
the mean of the results obtained in each period of the follow-up, and solid lines represent the standard deviation (SD). Crosses (X)
in panel E indicate samples considered negative because they showed a band of the pattern but not as strong as in the positive
control. Neg., negative.
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significantly differ from those in areas of endemicity (12, 13, 16), although Howard et
al. (15) consider that countries endemic for the disease have higher rates of congenital
transmission.

All the official protocols published and implemented in Europe agree on the
inclusion of a parasitological test at birth and, with the exception of Catalonia, if the
result is negative, a new sample is analyzed 1 month later. In the Valencian protocol,
the retest at 1 month is optional. The disadvantages of microscopic examination are
low sensitivity and high subjectivity, since it depends on the ability and training of the
observer to detect the parasite in the blood sample (39, 56). Both factors could lead to
parasites being missed in congenitally infected newborns (57). Another important point
is that the sample quality and storage play key roles in the results (35). In areas of
nonendemicity, immediate observation of the sample is rare, and the low level of
parasites and their lack of mobility, directly related to the storage time, might contrib-
ute to false-negative results. The highly varied parasitic burden in neonates, the
number of replicates, and the time of observation are other important factors for
consideration (38, 39). It should be also considered that congenital infection at any
stage of pregnancy, as well as the perinatal transmission of T. cruzi, may affect
parasitemia (57, 58). Thus, more sensitive methods are needed. These inconveniences
for parasitological analysis have also been described in primary health care facilities in
rural areas of endemicity (31).

The capacity of molecular techniques, such as PCR, to detect a small amount of
parasites in blood can provide an early diagnosis (2, 59, 60). All the current
screening programs include a PCR at birth, except in Catalonia, and the test is
repeated 1 month later if the result is negative, except in Valencia, where it is
optional. Additionally, in the case of negative results, the protocols of Valencia and
Galicia recommend another PCR test between 7 and 9 months and at 9 months of
age, respectively. At present, the screening program of Catalonia is being updated,
and a PCR during the first month of life has been included in the new revised
protocol. The maximum parasitic load is found 1 month after birth, when T. cruzi
DNA from maternal transmission has disappeared (25, 38, 39). Therefore, we
propose a single PCR to be performed only at this age.

False-negative results by PCR at birth cannot be disregarded: in our study, one of the
four infants with congenital T. cruzi infection tested negative with RT-PCR at birth but

FIG 3 Examples of the WB patterns of bands recognized in the newborns studied and their mothers. Noninfected
(A) and congenitally infected children: case 1 (B), case 2 (C), case 3 (D), and case 4 (E). C�, positive control; M,
mother; m, month; Pt., posttreatment; y, years; d, days. Molecular weights in kilodaltons are shown on the left in
each panel. *, samples of the mother and newborn could not be analyzed in parallel in the same nitrocellulose
membrane due to insufficient volume.
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was serologically positive. In this particular case, the serology test remained positive at
12 months, and for this reason, an additional RT-PCR was performed, which obtained
a positive result. Hence, a positive RT-PCR result from 1 month onwards confirms T. cruzi
infection, while a negative result at birth does not rule it out. This observation is in

FIG 4 Proposal of a new strategy for the diagnosis of congenital Chagas disease. *, Infection is considered
congenital with a positive result in any of the tests (PCR and/or parasitological test). Dashed lines indicate
that a test is included as optional in the flowchart.

TABLE 2 Prevention strategies against the transmission of congenital Chagas disease implemented by European regionsa

Protocol by region

Parasitological
test PCR Serology test

Birth 1 mo Birth 1 mo 7 mo 9 mo Birth 1 mo 7 mo 9 mo 12 mo

Spain
Catalonia, 2010 (46) ✓ M X X X X X X X X ✓ X
Valencia, 2009 (49) ✓ M,S Œ ✓ Œ Œ ? X ✓ ✓
Galicia, 2014 (48) ✓ ✓ ✓ ✓ X ✓ X X X ✓ ✓

Italy
Tuscany, 2012 (45) ✓ T ✓ ✓ ✓ X X ✓ X X ✓ ✓

Proposal Œ ✓ X ✓ X X X X X ✓ ✓*
aCheck marks (✓) indicate the tests and periods included in the protocols. Crosses (X) indicate the tests and periods not included in the protocols. Open circles (Œ)
indicate the tests and periods included as optional in the protocols. M, micromethod; S, Strout method; T, thin or thick blood smear. *, only in case of a positive
serology at 9 months of age.
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accordance with the findings of Fumadó et al. (61), who describe a confirmed case of
congenital Chagas disease in a newborn with a negative RT-PCR.

Accordingly, the diagnostic algorithm could start directly at 1 month after birth with
a parasitological test or a PCR or both, depending on the laboratory facilities. This
would facilitate parasite detection and also avoid false positives resulting from the
presence of parasite DNA of maternal origin (7, 24, 62) (see Table 2 and Fig. 4). However,
the loss of contact with the mother and newborn after the postdelivery discharge
represents a major problem in areas without well-organized health care and also when
circuits between the different levels of health care (primary and hospital) are not
properly established (7). Consequently, our proposed algorithm includes the optional
performance of a parasitological test at birth.

In reference to the serology testing, only the protocol of Tuscany takes into account
a sample at birth. In Valencia, the protocol does not clearly stipulate if this is required.
Alternatively, the protocols of Catalonia and Galicia choose to include the first serum
sample from the newborn at 9 months, unless the direct diagnosis was conclusive at
birth or 1 month. If positive, all protocols, except that of Catalonia, include a follow-up
at 12 months. Available data indicate that maternal antibodies have disappeared from
the serum of the infant from 9 months after birth (31, 42, 61). A negative serology result
at birth rules out infection (63), but as mentioned previously (57), the probability of this
result is low (2.6% in the present study). In the only two cases of newborns with a
negative serology result at birth reported here, their mothers yielded a low level of
antibody titers. On the other hand, a positive result at birth, detected in most cases
(97.4% in this study), does not confirm the congenital infection (31, 64) and requires a
second serological test at 9 months. Since the inclusion of a basal serology test for all
newborns from Chagas-infected mothers would lead to a fairly high cost-effective ratio,
we propose performing the first serology test at 9 months, an age when a negative
result rules out Chagas disease. On the contrary, the finding of antibody titers could
mean congenital infection, which should be confirmed at around 12 months. Protocols
that include a sample only at 9 months cannot give conclusive results in case of
seropositivity. The adoption of this protocol would result in important savings due to
the low number of infants requiring second sample testing. In this study, positive values
in nonchagasic infants remained in at least 20% of the samples analyzed by all the
serological assays at �6 to 9 months, except for CMIA, which gave 60% positive
samples. In the following period, �9 to 12 months, positive serology results declined
considerably. It should be noted that, despite a declining trend in passive antibodies,
none of the serological assay results seroreverted in all of the nonchagasic infants.
Finally, at �12 months of age, CMIA was the only test to give a sample in the gray zone.

In a previous study (65), our group reported that the CMIA Architect Chagas is a
highly effective assay for the diagnosis of chronic Chagas disease, with 100% sensitivity,
allowing most samples to be correctly diagnosed when applied as a single technique.
Other authors have reported similar sensitivity after evaluating the assay (66–68).
Nevertheless, precisely because of its high sensitivity, CMIA is not the most suitable
technique for the diagnosis of congenital Chagas disease. According to our results, in
comparison with the other tests, CMIA can detect more maternal IgG antibodies in the
serology of the newborn and for a longer term (see Fig. 1 and 2), thus delaying the
negativization of passive antibodies and impeding an early diagnosis or discarding of
the disease. Therefore, the age at which maternal antibodies disappear from the
serology results of the newborn varies according to the test: the greater its sensitivity,
the longer passive antibodies are detectable (14).

In the present study, none of the serological methods were able to differentiate
between infected and noninfected newborns with the analysis of a single serum
sample. In the case of CMIA, however, it should be emphasized that in noninfected
children at �6 to 9 months of age, at which point we propose the first serological
analysis, all samples yielded results below a sample RLU/cutoff value (S/CO) of 6. This
value was the cutoff that we established for chronic Chagas disease when all results
with an S/CO of �6 are true positives, whereas only gray zone and positive sera with
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a result of S/CO �6 need to be confirmed by another serological assay (65). In our
study, CMIA results for the four congenitally infected newborns at �6 to 9 months were
not available, but in two of the cases at �12 months, they were far higher than an S/CO
of 6. Further studies in this field involving a higher number of congenitally infected
newborns are needed.

The application of WB analysis did not provide any characteristic band to distinguish
between newborns with or without congenital T. cruzi infection, as in the study by Riera
et al. (17). In the current study, a clear differentiation between patterns was lacking,
probably due to the low number of samples of congenitally infected newborns
analyzed in parallel with their mothers. The antibodies transferred from mother to child
may also have hidden the antibody production in the newborn (69) (Fig. 3D). Never-
theless, differences in the intensity of bands and/or in the general pattern between
mother and newborn were evident after 6 months, when passive antibodies are already
scarce (Fig. 3B, C, and E). Hence, WB analysis could be a useful tool to diagnose
congenital disease some months after birth in those laboratories where it is available.

In conclusion, in noninfected newborns, a continuous decreasing trend of passive
IgG antibodies was observed, but none of the serological assays seroreverted in all of
the infants before 12 months. From 12 months onwards, all serological tests achieved
negative results in the totality of the samples analyzed, with the exception of the highly
sensitive CMIA. On the contrary, in infants with congenital T. cruzi infection, the
antibody decline was detected only after the initiation of the treatment.

In order to improve the diagnosis of congenital T. cruzi infection, we propose a new
more cost-effective strategy with a reduced number of tests. The protocol could start
at 1 month of age with a parasitological test and/or a PCR. If negative, a serology test
would be carried out at 9 months, followed by a confirmatory serological testing at
around 12 months in case of positive results.

MATERIALS AND METHODS
Ethics approval. 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 no. 53/2013). All
samples were anonymized before being evaluated and included in the study.

Study population and samples. Peripheral blood samples and sera from 81 newborns of Latin
American Chagas-infected mothers admitted to three hospitals in Barcelona (Spain) were analyzed.
Samples were collected during the period from April 2003 to December 2015 and stored at �40°C. The
mothers of the newborns were identified by two serological assays, according to the World Health
Organization (WHO) recommendations (42).

DNA extraction and real-time PCR. DNA was extracted from 200 �l of EDTA-blood with the High
Pure PCR template preparation kit (Roche, Mannheim, Germany) and eluted in 200 �l of elution buffer
(EB), according to the manufacturer’s instructions. Five microliters of the extracted DNA was amplified in
triplicate by a real-time PCR (RT-PCR) targeted at the T. cruzi satellite DNA (SatDNA), as described by Pirón
et al. (70). The amplification was carried out in an ABI7900 device (Applied Biosystems), and the RNase
P human gene (Life Technologies, Austin, TX) was included as an internal control of the RT-PCR
amplification. A sample was considered valid when the RNase P human gene was efficiently amplified
and was considered positive when the cycle threshold (CT) was �40 in at least one of the three replicates.

Serological assays. Sera were tested by five serological assays: an indirect fluorescent antibody test
(IFAT), two enzyme-linked immunosorbent assays (ELISAs), a chemiluminescent microparticle immuno-
assay (CMIA), and Western blotting (WB).

IFAT. The IFAT (Trypanosomiasis IFA test system; Trinity Biotech, Bray Country, Wicklow, Ireland) was
performed according to the manufacturer’s instructions, with some modifications. Epimastigotes of T.
cruzi (Corpus Christi strain) were used as the antigen. Double dilutions of sera from 1:20 to 1:5,120 were
used, and a dilution of �1:40 was established as the cutoff.

ELISAc. ELISAc was performed as previously described by Riera et al. (71). Sonicated epimastigotes
of T. cruzi (Maracay strain) were used as the antigen. Sera were diluted 1:200 in phosphate-buffered saline
(PBS)–Tween 20 (0.05%)–skimmed milk (1%). The reaction was quantified as units (U) that relate the
optical density at 492 nm (OD492) obtained from the problem sera with that of the mean of three
replicates of a calibrator serum arbitrarily set at 100 U. The cutoff was established at 20 U.

ELISAr. ELISAr was performed according to the manufacturer’s instructions (BioELISA Chagas; Biokit,
Lliçà d’Amunt, Spain). This test contains the recombinant antigen TcF, which is a T. cruzi fusion protein.
The TcF antigen consists of a linear assembly of four serologically active peptides, PEP-II, TcD, TcE, and
TcLo1.2. Sera were diluted 1:20 in the sample diluent supplied with the commercial kit. Results with a
sample ratio absorbance/cutoff value (Abs/CO) of �0.9 were considered negative, with an Abs/CO of �1
considered positive and the gray zone with an Abs/CO of �0.9 to �1.
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CMIA. The CMIA was performed according to the manufacturer’s instructions (Architect Chagas;
Abbott Laboratories, Wiesbaden, Germany). This fully automated assay is based on four hybrid recom-
binant proteins, FP3, FP6, FP10, and TcF, which in aggregate represent 14 distinct antigenic regions (72,
73). Sera were not diluted. The chemiluminescent reaction is measured in relative light units (RLU).
Results with a sample RLU/cutoff value (S/CO) of �0.8 were considered negative, with S/CO of �1
considered positive and the gray zone with an S/CO of �0.8 to �1.

WB. The test was performed as described elsewhere (74). A total extract of T. cruzi (Maracay strain)
lysate epimastigotes was used as the antigen. Sera were diluted 1:50 in TS (20 mM Tris-0.13 mM NaCl,
pH 7.6) with 1% skimmed milk and 0.2% Tween 20. The antigenic bands of the T. cruzi profile are 28, 32,
38, 39, 40, and 48 kDa. A serum was considered positive when at least two bands of the pattern were
recognized and also when a single band appeared if it was as intense as the same band in the positive
control, as used in assays for other infectious diseases, such as hepatitis C (INNO-LIA HCV score; Ghent,
Belgium).

Criteria for the interpretation of results. An infant was considered infected with T. cruzi when a
positive RT-PCR was obtained and/or the level of IgG antibodies was maintained during the first year of
life, as determined by at least two serological tests.
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