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Trypanosoma cruzi is the protozoan unicellular parasite that causes Chagas disease. It 
can be transmitted from infected mothers to their babies via the connatal route, thus 
being able to perpetuate even in the absence of Triatomine insect vectors. Chagas disease 
was originally endemic in Central and South America, but migration of infected women 
of childbearing age has spread the T. cruzi congenital infection to non-endemic areas like 
North America, Europe, Japan, and Australia. Currently, 7 million people are affected by 
this infection worldwide. This review focuses on the relevance of the T. cruzi parasite levels 
in different aspects of the congenital T. cruzi infection such as the mother-to-child 
transmission rate, the maternal and fetal immune response, and its impact on the diagnosis 
of infected newborns. Improvements in detection of this parasite, with tools that can 
be easily adapted to be used in remote rural areas, will make the early diagnosis of infected 
children possible, allowing a prompt trypanocidal treatment and avoiding the current loss 
of opportunities for the diagnosis of 100% of T. cruzi congenitally infected infants.

Keywords: Trypanosoma cruzi, mother-to-child transmission, parasitemia, infected pregnant women,  
congenitally infected infants, early diagnosis

EPIDEMIOLOGY OF THE CONNATAL CHAGAS DISEASE

The American trypanosomiasis, or Chagas disease, is caused by the protozoan parasite Trypanosoma 
cruzi, which affects about 6–7 million people worldwide, with most of the cases in Latin 
America (WHO | Chagas disease (American trypanosomiasis), 2019).

Given the great success in the control of Triatoma infestans, after which Brazil, Paraguay, 
Uruguay, and Chile were free of T. cruzi vectorial transmission, and appropriate control of 
blood supply that interrupted parasite infection through blood transfusion in most endemic 
countries, interruption of mother-to-child T. cruzi transmission became the new challenge in 
research and in public health policies. Around 9,000 babies are born to T. cruzi-infected 
mothers each year, and it is estimated that 1.1 million women of childbearing age are infected 
with T. cruzi in 21 countries from Mexico to Argentina, where this neglected tropical disease 
is endemic (WHO | Chagas disease (American trypanosomiasis), 2019).
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Currently, T. cruzi infection is globally distributed and has 
been increasingly detected in countries where vector transmission 
is absent, mainly due to migration of infected individuals from 
Latin America. Among the non-endemic countries, the United 
States is home to the largest number of Chagas infection cases, 
estimated to be  more than 300,000, of which a small number 
of cases were reported as autochthonous vector-borne transmission 
in the southern US (Bern et  al., 2011; Manne-Goehler et  al., 
2016), whereas the number of T. cruzi-infected people has 
exceeded 100,000  in Europe (Strasen et  al., 2013). It has had 
a smaller impact in Canada, Australia, and Japan (Buekens et al., 
2008; Imai et al., 2014; Jackson et al., 2014). There is a substantial 
proportion of T. cruzi-infected women of childbearing age and 
congenitally infected infants among the Latin American migrants 
(Soriano-Arandes et  al., 2016). Conversely, T. cruzi transmission 
through blood transfusion or organ transplants are of less 
epidemiological importance, since non-endemic countries with 
large immigrant populations have begun to intervene in blood-
borne T. cruzi transmission (Gascon et  al., 2010).

The outcome of congenital infection with T. cruzi is due 
to the result of complex interactions among the parasite, the 
placenta and the immune responses of the mother and the 
fetus, and studies about the mechanism of congenital infection 
are scarce. Understanding these relationships would help in 
successfully preventing congenital transmission of the parasite 
or facilitate better access to diagnosis and treatment of the 
newborns, which would eventually contribute to decreasing 
the number of cases of this disease around the world.

T. cruzi MOTHER-TO-CHILD 
TRANSMISSION

It has been reported that T. cruzi maternal-fetal transmission 
occurs in about 1–12% of the pregnancies, taking into account 
reports with the largest number of infected pregnant women 
studied in endemic areas (Russomando et  al., 1998; Torrico 
et  al., 2005; De Rissio et  al., 2010; Salas Clavijo et  al., 2012; 
Bua et  al., 2013). The rate of parasite transmission is variable 
in different countries: 6% in Argentina, 4.1% in Bolivia, and 
4.3% in Paraguay (Carlier and Truyens, 2015), 1.7% in Brazil 
(Martins-Melo et al., 2014), and between 0.8 and 4.08 in Mexico 
(Cardoso et  al., 2012; Montes-Rincón et  al., 2016), with an 
average rate of around 5% (Howard et  al., 2014). The wide 
variation in the reported rates is probably due to studies 
performed in different areas with and without vector transmission, 
with heterogeneous populations, experimental conditions and 
different diagnostic methods.

MATERNAL PARASITEMIA AND  
VECTOR EXPOSURE

The vertical transmission rate of T. cruzi is different in areas 
with or without the presence of insect vectors, as geographic 
regions where the disease is endemic are twice as likely to 
have congenital transmission, compared to the countries free 

of transmission vectors, 5.0 vs. 2.7% respectively, according to 
studies performed mainly in Spain (Howard et  al., 2014). It 
was intuitive that parasite load would be  enhanced under 
continuous vector exposure in endemic areas, increasing the 
risk of parasite congenital transmission (Dias et  al., 2002; 
Torrico et  al., 2006). However, it was also demonstrated that 
infected women living in houses under active vector control 
had significantly higher parasite loads compared to those women 
who lived in infested houses (Sánchez Negrette et  al., 2005; 
Rendell et  al., 2015). This is probably due to repeated parasite 
inoculations, which induce an enhanced immune response that 
helps to control the parasite levels (Rendell et  al., 2015).

MATERNAL PARASITEMIA AND RISK OF 
CONNATAL PARASITE TRANSMISSION

A correlation between high parasitemia in pregnant women 
and the risk of maternal-fetal T. cruzi transmission was observed 
when the blood from mothers of infected children showed a 
higher frequency of positive parasite hemocultures (Hermann 
et  al., 2004). A higher parasitemia was also observed in the 
blood buffy coats of women that transmitted the parasite to 
their offspring compared to those who did not (Salas et  al., 
2007; Brutus et al., 2010). A higher frequency of vertical parasite 
transmission was observed in T. cruzi acute infection, which 
is usually associated with an increased parasitemia (Moretti 
et  al., 2005). Among the studies that quantified parasite load 
in seropositive pregnant women, mothers of infected babies 
had significantly higher parasitemia, compared to the mothers 
of non-infected babies (Virreira et  al., 2007; Bern et  al., 2009; 
Bua et  al., 2012; Kaplinski et  al., 2015; Rendell et  al., 2015). 
When the parasitic load, quantified by quantitative polymerase 
chain reaction (qPCR), was correlated with the parasite 
transmission rate in 128  T. cruzi-infected pregnant women 
from Bolivia, researchers found that 31.3% of women with a 
high parasite load (35 Pe/mL or more) delivered infected 
children, compared to 15.4% in women with a moderate parasite 
load (between 1 and 34 Pe/mL), and 0% in women with a 
parasite load of less than 1 Pe/mL (Rendell et al., 2015). Similar 
results were obtained in another study in Spain, with migrants 
from Bolivia and Paraguay, where 31% of pregnant women 
with detectable T. cruzi DNA by conventional PCR delivered 
infected children, whereas a 0% parasite transmission rate was 
observed in babies born to chronic infected mothers with 
negative PCR findings (Murcia et  al., 2013).

A high T. cruzi parasite load was also detected in patients 
co-infected with HIV (Rosemberg et  al., 1992), and a 100% 
parasite transmission rate was observed in children born to 
mothers with reactivated Chagas disease, due to immunosuppression 
in four different studies (Freilij and Altcheh, 1995; 
Nisida et  al., 1999; Scapellato et  al., 2009; Agosti et  al., 2012).

Congenital T. cruzi infection cannot be  prevented during 
pregnancy as there are no studies on the possible teratogenic 
effects in pregnant women treated with trypanocidal drugs, 
benznidazole or nifurtimox. However, six different retrospective 
studies showed that no congenital infection was detected in 
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infants delivered from a total of 243 infected women that had 
been treated with benznidazole or nifurtimox prior to pregnancy, 
in childhood or even in early adulthood (Sosa-estani et al., 2009; 
Murcia et  al., 2013, 2017; Fabbro et  al., 2014; Moscatelli et  al., 
2015; Álvarez et  al., 2017).

Altogether, research in this field has strongly supported that 
parasitemia during pregnancy is a key factor for T. cruzi connatal 
transmission, considering that 100% of the infants were born 
infected with T. cruzi when their mothers displayed high 
parasitemia during pregnancy. On the other hand, 100% of 
the children born to drug-treated women or women with 
naturally very low or no parasitemia were uninfected (Murcia 
et  al., 2013; Rendell et  al., 2015). These studies reinforce the 
notion that decreasing the parasite load might be  beneficial 
in avoiding congenital infection, and supports the idea that 
either a specific trypanocidal treatment or a possible 
preconceptional therapeutic vaccine with T. cruzi recombinant 
proteins in near future (Dumonteil et al., 2019) should be offered 
to women of childbearing age who could potentially transmit 
the infection to their babies.

PARASITEMIA AND MATERNAL  
IMMUNE RESPONSE

Interferon-gamma (IFN-γ) and tumor necrosis factor (ΤΝF) 
are key mediators that control T. cruzi infection. IFN-γ 
activates monocytes/macrophages and stimulates, in synergy 
with TNF-α, the generation of nitric oxide which kills the 
parasite (Carlier and Truyens, 2015).

Regarding the maternal immune response during pregnancy, 
it has been observed that mothers that gave birth to infected 
children have decreased plasma levels of TNF-α (Cardoni et al., 
2004; García et al., 2008) and moderately decreased circulating 
levels of soluble TNF receptor 1 (sTNF-R1), compared to 
mothers of uninfected children. Soluble TNF receptors 
downregulate the biological activity of TNF-α by competing 
with its membrane receptors (García et  al., 2008).

A decrease in production of IFN-γ, in response to parasite 
antigens, was found in the blood cells derived from the mothers 
of infected children before and after delivery. However, similar 
levels of intracellular IFN-γ, within CD3+ cells derived from 
both groups of infected mothers, were found after polyclonal 
activation, indicating that they have a comparable ability to 
produce IFN-γ. Mothers that gave birth to infected children 
also showed decreased percentages of activated T lymphocytes 
and monocytes, compared to those who did not transmit the 
infection to their offspring (Hermann et  al., 2004).

Another study that compared cytokine production in  
T. cruzi-infected women that gave birth to uninfected children 
showed that the mothers with detectable parasitemia  
presented increased levels of IFN-γ and TNF-α in peripheral, 
placental and cord blood (Cuna et  al., 2009), compared to 
infected mothers with undetectable parasitemia. These results 
indicate that, when a higher parasite load is associated with 
a more robust but pro-inflammatory response, there is no 
congenital transmission.

Altogether, these findings indicate that the ability to control 
the infection through an appropriate innate and adaptive immune 
response against T. cruzi to maintain a low parasite load in 
mothers is associated with lower rates of vertical transmission. 
Alterations in the control of the inflammatory response may 
have direct consequences on the congenital transmission and 
on the children’s immune response. Taking into account the 
challenges related to congenital Chagas diagnosis, the identification 
of immunological mediators could be  very useful for the 
development of new biomarkers of vertical transmission risk.

PARASITEMIA AND FETAL  
IMMUNE RESPONSE

T. cruzi infection in pregnant women can induce the activation 
of T lymphocytes in the fetus in utero, as supported by the 
production of proinflammatory cytokines like interleukin (IL) 
1β, IL-6 and TNF-α, in response to T. cruzi antigens in uninfected 
infants born to T. cruzi-infected mothers (Vekemans et al., 2000; 
Hermann et  al., 2002; García et  al., 2008).

The study of serum cytokines showed a distinct immune 
profile in congenitally infected infants, with a vigorous innate 
immune response skewed towards a Th17 profile. Decreased 
levels of IFN-γ, but increased levels of IL-17A, monokine 
induced by gamma interferon (MIG) and monocyte 
chemoattractant protein-1 (MCP-1), were revealed as early 
predictors of T. cruzi infection in the presence of either high 
or low parasitemia, while T. cruzi-infected infants also displayed 
increased levels of IL-6 and IL-17F, but only in the presence 
of low parasitemia (Volta et  al., 2016).

These demonstrations of a distinct and polarized profile of 
cytokines and chemokines in the circulation of infants born to 
T. cruzi-infected mothers, and its correlation with the newborn 
parasite load, reinforce the role of the immune system in 
restricting the severity of this parasitic infection, preventing the 
morbidity and mortality of a possible congenital Chagas disease.

PARASITE DIVERSITY AND THE 
PLACENTAL BARRIER

T. cruzi parasites display genetic differences that have been defined 
by molecular markers and can be  differentiated into six discrete 
typing units or DTUs (TcI to TcVI), with a localized geographical 
distribution (Zingales et  al., 2012). Although efforts have been 
made to correlate the different T. cruzi DTUs with parasite 
virulence or clinical manifestations in humans, there has not 
been any clear association so far (Del Puerto et  al., 2010).

T. cruzi parasites from almost all DTUs, except TcIV, have 
been found in babies born to infected mothers. TcV is the 
predominant DTU reported in the congenital cases in the 
Southern cone countries of Latin America (Burgos et al., 2007; 
Virreira et  al., 2007; Corrales et  al., 2009). In our laboratory, 
38 parasite isolates were obtained from 382  T. cruzi-infected 
pregnant women, which represents 10% positive hemocultures 
in this group. All of the isolated parasites were identified as 
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TcV, among which only six belonged to mothers who have 
gave birth to infected children (Bua et al., 2012); thus, we were 
not able to associate any parasite DTU with connatal transmission. 
Nevertheless, it would be  interesting to study the genetic 
differences between parasites isolated from mothers who did 
not transmit the infection in two or even three different 
pregnancies and those parasites isolated from infected children 
(Bua et  al., 2013), looking at other biomarkers that would 
probably help in discriminating the divergences in virulence 
and pathogenicity under the DTU classification.

Many studies have tried to mimic the human maternal-fetal 
T. cruzi transmission in experimental models with rare offspring 
infections (Carlier and Truyens, 2015), but some studies with 
TcI, TcII and TcVI strains revealed that infected pups were 
obtained only from acutely infected mice with Y and Tulahuen 
strains which were TcII and TcVI, respectively (Cencig et  al., 
2013). This suggests that the connatal transmission in 
experimental models were related more to mice parasitemia 
than DTU differences. It was possible to obtain a congenital 
transmission rate of 3.7% in chronically infected mice with 
the T. cruzi strain RA (TcVI), although maternal parasitemia 
in those mice was significantly higher than the mice infected 
with K98 clone/TcI, from which no congenitally infected offspring 
were obtained (Solana et  al., 2002).

Another interesting study on the genetic response of the 
placenta in chronic experimental infections in mice compared 
the virulence of T. cruzi K98 clone with an isolated parasite 
from a congenitally infected child (VD/TcVI), and demonstrated 
that the murine placental infection with the VD isolated 
parasite was associated with upregulation of genes related to 
components of the innate immune system and IFN-γ. Even 
so, no congenital transmission was observed in pups born 
to infected mice with VD nor K98 parasites (Juiz et  al., 
2017). The VD/TcVI parasite proved to be  more infective 
in the human trophoblast-derived cell line BeWo compared 
to the T. cruzi Y strain/TcII (Medina et  al., 2018), probably 
due to a higher virulence and placental tropism, as it was 
isolated from a human case of congenital infection (Risso 
et  al., 2004). Nevertheless, no significantly different infection 
levels could be  observed on placental explants with a  
T. cruzi isolated from a congenitally-infected newborn (Lucky, 
TcII/VI) compared to the Tulahuen strain (TcVI), although 
the isolated parasite Lucky showed a greater survival rate in 
a deleterious placental milieu (Triquell et  al., 2009). It was 
demonstrated that a high inoculum of these two parasites 
resulted in increased infection of placental explants, producing 
structural and physiological changes through nitric oxide 
synthase and oxidative-nitrosative stress of the placental barrier 
(Triquell et  al., 2018).

The human placenta forms an anatomical barrier between 
the maternal blood and fetal tissue, and when infected by T. cruzi, 
a reorganization of the extracellular matrix occurs (Duaso et  al., 
2012), and a differential expression of pro-inflammatory and 
immune-modulating cytokines has been observed in infected 
human placental explants (Castillo et  al., 2018), confirming the 
important role of this organ in avoiding parasite infectivity 
(Liempi et  al., 2014; Díaz-Luján et  al., 2016; Juiz et  al., 2017).

PARASITEMIA AND DIAGNOSIS IN 
CONGENITALLY INFECTED INFANTS

Since most T. cruzi-infected pregnant women and children are 
asymptomatic, this parasite infection can go undetected. 
Additionally, there is a current under-diagnosis of this infection 
due to losses of opportunities in the prenatal care and proper 
child follow-up by the health system surveillance programs 
(Carlier et  al., 2015).

The diagnosis of T. cruzi congenitally infected children under 
8–10  months of age relies primarily on the detection of the 
parasite, usually live parasites in blood by microscopic methods, 
as specific antibodies are usually transferred by their seropositive 
mothers. Only when parasitological assays fail to detect the 
infection are infants required to be  monitored over time for 
the detection of parasite-specific antibodies, which confirm 
additional cases of T. cruzi infection when maternal antibodies 
disappear (De Rissio et  al., 2010).

In most of the Latin American countries, an early diagnosis 
of infants born to T. cruzi-infected pregnant women relies on 
the direct examination of the buffy coat from fresh blood samples 
collected in microhematocrit heparinized tubes or microtubes. 
This micromethod has limited analytical sensitivity (40–50 parasites/
mL) and strongly depends on trained operators (Freilij and Altcheh, 
1995; De Rissio et  al., 2010), due to the fact that this method 
needs a minimal 30  min of microscopic observation per sample. 
Since the micromethod only detects 40–60% of congenitally infected 
newborns, it is necessary to perform additional serological tests 
at 8–10  months of age, a period in which around 40–60% of 
the children do not complete the follow-up for the final diagnosis 
of this infection (De Rissio et  al., 2010; Bua et  al., 2013).

MOLECULAR APPROACHES FOR THE 
PARASITOLOGICAL DIAGNOSIS OF  
THE CONNATAL T. cruzi INFECTION

T. cruzi nucleic acid amplification by PCR has been utilized 
since 1998 (Russomando et  al., 1998) for the detection of  
T. cruzi in congenitally infected babies, offering a higher sensitivity 
and specificity than parasitological methods involving direct 
microscopic examination of blood buffy coat samples (Schijman 
et al., 2003; Virreira et al., 2003; Mora et al., 2005). Later, qPCR 
technology was developed (Piron et  al., 2007; Virreira et  al., 
2007; Duffy et  al., 2009, 2013; Ramírez et  al., 2015) and was 
able to detect 0.85 or 0.43 parasite equivalents per mL (Pe/mL) 
of satellite DNA and kinetoplastid DNA, respectively, providing 
more sensitivity than the conventional PCR technique (Cura 
et  al., 2017). qPCR emerged as a potential tool for an accurate 
and early diagnosis of congenital T. cruzi infection (Virreira 
et  al., 2007; Bua et  al., 2013). However, a positive amplification 
of parasitic DNA in newborns could be ambiguously interpreted 
as a result of maternal parasite DNA debris not related to the 
passage of live parasites (Virreira et  al., 2007), and thus for a 
positive DNA amplification in babies close to birth it would 
not be  confirmative of parasite infection (Carlier et  al., 2015). 
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This represents a disadvantage over microscopic detection methods, 
which rely on the observation of viable and motile parasites 
(Freilij et  al., 1983). To avoid misinterpretations, PCR diagnosis 
would be  more reliable at 1  month after delivery (Bua et  al., 
2013) or for the confirmation of diagnosis with a subsequent 
blood sample (Murcia et  al., 2017).

It is important to highlight that qPCR requires highly equipped 
laboratories and robust quality controls, frequently found in urban 
areas or reference health centers but rarely available in maternities 
or primary point of care units in endemic areas (Porrás et  al., 
2015; Messenger and Bern, 2018; Picado et  al., 2018). In fact, 
PCR is not included as a tool for diagnosis of congenital  
T. cruzi infection in the Latin American guidelines, with the 
exception of Chile, although its use is sometimes recommended 
(Picado et  al., 2018). In Argentina, this molecular technique is 
in the process of being transferred to different laboratories of 
the national public health network (Cura et  al., 2017).

Other molecular methods that could be  implemented for the 
T. cruzi diagnosis are the techniques based on isothermal 
amplification of DNA. These methods overcome the needs for 
specialized PCR equipment and have been proven to amplify 
the T. cruzi DNA successfully. Loop-mediated isothermal 
amplification (LAMP) can be performed at a constant temperature 
of 60–65°C with a simple heat-block (Besuschio et  al., 2017; 
Rivero et al., 2017), and the recombinase polymerase amplification 
(RPA) can be  run at 37–42°C (Castellanos-Gonzalez et al., 2018) 
with a sensitivity similar to that of the quantitative PCR amplification 
(Besuschio et  al., 2017; Jimenez-Coello et  al., 2018). These new 
molecular approaches await the necessary standardization and 
validation, but, as with all molecular techniques, the main issue 
is that parasite DNA amplification cannot be  performed without 
purification of DNA from patient blood samples, which cannot 
be performed easily in health centers in rural areas, as it requires 
experienced operators, infrastructure and the necessary quality 
controls recommended by good practice guidelines.

PARASITEMIA IN T. cruzi  
INFECTED-CHILDREN AT A  
1-YEAR FOLLOW-UP STUDY

Parasitemia levels in infants congenitally infected with T. cruzi 
are significantly higher at birth than in their infected mothers, 
who are usually in the chronic phase of this infection (Schijman 
et  al., 2003; Virreira et  al., 2007; Bern et  al., 2009; Bua et  al., 
2012), and no correlation has been observed between the parasitemia 
of pregnant women and their babies (Bua et  al., 2012).

Parasite load was quantified by qPCR in 51 infected babies 
born to T. cruzi-infected mothers in a retrospective study. These 
babies were grouped according to the time and method in 
which congenital infection was diagnosed during 1-year follow-up 
after delivery. A group of 19 newborns diagnosed by micromethod 
at 1 month showed the highest median parasitemia, around 
1,700 Pe/mL. The infected infants that came back for a second 
parasitological diagnosis at 6  months of age showed a median 
parasitemia of around 20 Pe/mL in the sample obtained at  

1 month of age, which was under the threshold of the 
micromethod sensitivity. This group of 10 infants could 
be  diagnosed by microscopy at 6  months of age because 
parasitemia increased up to 500 Pe/mL. In the infants (22/51) 
negative for the first and second parasitological control, who 
required serological diagnosis at around 1 year of age, the 
median parasite load was 5,800 and 20 Pe/mL in the blood 
samples obtained at 1, 6, and 12 months after delivery, respectively. 
This study helped to understand the differences among diverse 
groups of T. cruzi congenitally infected children during 1 year 
follow-up in centers where molecular techniques are not available 
(Bua et  al., 2013). An infected child that is not diagnosed at 
8–10  months after delivery and not treated will experience a 
drastic decrease of parasitemia, indicating the transition from 
the acute phase to the chronic phase of the T. cruzi infection, 
and most importantly, will be  excluded from the possibility 
of being treated with trypanocidal drugs.

Although DNA amplification has shown great sensitivity for 
the detection of cases of T. cruzi mother-to-child transmission, 
qPCR does not detect 100% of congenital cases, and in case 
of negative PCR findings, it is necessary to detect the congenital 
infection by serology at 8–10  months of age. Quantitative PCR 
was able to detect T. cruzi infection in 50/51 babies in the first 
control visit, and we  did not observe any false positive PCR 
in the babies diagnosed by micromethod at 1 month after delivery 
(Bua et  al., 2013). The only T. cruzi-infected infant that could 
not be  diagnosed by qPCR at 20  days nor at 6  months of age 
was infected by a TcI T. cruzi parasite that was isolated by 
hemoculture at 7  months of age, a period in which the specific 
anti-T. cruzi serology was also positive (Volta et  al., 2018).

SEARCH OF BIOMARKERS FOR THE 
EARLY SEROLOGICAL DIAGNOSIS OF 
THE CONNATAL T. cruzi INFECTION

As mentioned, the detection of anti-T. cruzi specific antibodies 
in infants born to seropositive mothers can be performed when 
they are 8–10 months of age, when maternal passively transferred 
antibodies are no longer detectable (Moya et  al., 1989). A 
positive serological result at this time is a conclusive diagnosis 
for the T. cruzi congenital infection in infants where previous 
parasitological methods failed to detect the parasite. 
Unfortunately, only 40–60% of congenitally infected children 
complete the required 1-year follow-up (Sosa-Estani, 2005; De 
Rissio et  al., 2010). Efforts are being made to find specific 
serological markers to diagnose this infection at an earlier 
stage and overcome the loss of opportunities to detect 100% 
of the T. cruzi infected children as soon as they are born.

The T. cruzi Shed Acute Phase Antigen (SAPA) (Affranchino 
et al., 1989) proved to be a reliable and highly sensitive marker 
for the early parasite detection of congenital T. cruzi infection 
(Reyes et al., 1990). An ELISA test available in Paraguay detects 
anti-SAPA IgG antibodies in children born to infected mothers 
at 3  months of age (Russomando et  al., 2010). The anti-SAPA 
IgG levels in binomial blood samples from seropositive mothers 
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and their babies also allowed for diagnosis in 90.5% of the 
T. cruzi-infected children at around 1 month of age (Volta 
et  al., 2015) by subtracting the anti-SAPA OD value of the 
mother from the one in the child (Mallimaci et  al., 2010). 
We  observed a positive correlation between parasitemia levels 
in mothers and infants, evaluated by qPCR, and the anti-SAPA 
IgG antibody titers detected by ELISA, which more likely 
accounts for the secretion of SAPA antigen by the trypomastigotes 
in the bloodstream (Volta et  al., 2015).

Trypomastigote secreted/excreted (TESA) protein bands of 
120–200  kDa were blotted on membranes (Umezawa et  al., 
1996) and recognized by anti-SAPA IgM antibodies in acute 
and congenital T. cruzi-infected children, but with lower 
sensitivity than qPCR (Messenger et al., 2017). Western blotting 
with TESA antigen helped discriminate the chronic maternal 
infection by detecting IgG bound to TESA (a single 150–160 kDa 
band) from the blood of newborns with acute infection, 
highlighting the presence of four to six SAPA-specific protein 
bands between 120 and 200 kDa on the IgM TESA-blot (Noazin 
et  al., 2018). Although the sensitivity of the anti-SAPA IgM 
on TESA blots reached 80% in T. cruzi- infected newborns 
(Noazin et al., 2018), the immunodetection of membrane strips 
has several issues of reproducibility and standardization in 
care units outside urban areas (Messenger and Bern, 2018).

The SAPA antigen has been considered as a promising 
biomarker for the diagnosis of T. cruzi infection, and some 
new approaches for the development of diagnostic assays which 
include detection of SAPA along with other antigenic 
determinants in single multiplex assays, to confirm the T. cruzi 
infection in humans, are being developed (Granjon et al., 2016). 
SAPA has also been included in the design of chimeric molecules, 
named as CP1 and CP3, which were sensitive enough to 
circumvent inconclusive diagnosis in subjects with serodiscordant 
findings (Peverengo et al., 2018). These multi-epitope constructs 
are currently being tested for an improved detection of congenital 
infected newborns (Dr. Ivan Marcipar, personal communication).

Another recent development was to span T. cruzi linear B-cell 
epitopes and design antigenic short peptides to achieve an accurate 
diagnosis of this infection in chronic human samples by ELISA 
(Mucci et  al., 2017). The next step is to extend this approach 
with the aim of an early accurate diagnosis for congenital infection 
(Dr. Fernán Agüero, personal communication).

In summary, the current search for highly sensitive serological 
diagnostic tests based on multiple antigenic determinants in 
multiplex assays could offer the possibility to detect  
T. cruzi-infected children born to seropositive women. A prompt 
diagnosis may prevent dropout during the 1-year serological 
follow-up after delivery required for the accurate diagnosis of 
T. cruzi infection. Ideally, serological diagnosis for early parasite 
detection in newborns could be  available as a lateral flow 

immunochromatographic test, with an affordable cost for public 
health systems, easily performed by operators with minimal 
training, without the need of any specialized and costly equipment, 
no reagent preparations, with immediate results and easy 
adaptability for use in primary health care facilities,  
public hospitals or maternities in endemic area. As established 
by WHO, T. cruzi infection is curable if treatment is initiated 
soon after infection (Carlier et al., 2011; WHO | Chagas disease 
(American trypanosomiasis), 2019). Many reports have shown 
that benznidazole and nifurtimox treatments are well tolerated 
in children and resulted in undetectable parasite load (Russomando 
et  al., 1998; Blanco et  al., 2000; Schijman et  al., 2003; 
Altcheh et  al., 2005; Luquetti et  al., 2005).

Infants who fail to complete the required follow-up period 
for parasite diagnosis will be  deprived of access to immediate 
drug treatment and parasite clearance and will become T. cruzi-
infected adults. It is crucial to develop improved, rapid and 
simple diagnostic methods for a timely detection of T. cruzi 
congenital infection, soon after birth and before the newborn 
leaves the care unit, especially in rural areas where access to 
the health system can be  limited.

CONCLUSION

Mother-to-child transmission of T. cruzi infection represents 
a challenge in controlling parasite dissemination in endemic 
and non-endemic regions. Parasitemia in infected women plays 
a key role in congenital Chagas outcome, as it directly affects 
transmission rate and maternal and fetal protective immune 
response against the parasite. In fact, decreasing parasite load 
by trypanocidal treatment administered to women of childbearing 
age proved to be highly efficient in avoiding congenital infection. 
Parasite levels in congenitally infected newborns have a direct 
impact on their diagnosis, so it is crucial to develop improved 
diagnostic methods to facilitate access to treatment.

AUTHOR CONTRIBUTIONS

PB, NM, BV, AP, SL, and JB wrote the manuscript and approved 
its final version.

FUNDING

The authors would like to acknowledge support from the Beca 
Mariano Levin—Fundación Bunge y Born, Fundación A. J. 
Roemmers, PICT 2016-2693 (ANPCyT) and PIP 2014-0125 
(CONICET).

 

REFERENCES

Affranchino, J. L., Ibafiez, C. F., Luquetti, A. O., Rassi, A., Reyes, M. B., 
Macina, R. A., et al. (1989). Identification of a Trypanosoma cruzi antigen 
that is shed during the acute phase of Chagas’ disease. Mol. Biochem. 
Parasitol. 34, 221–228. doi: 10.1016/0166-6851(89)90050-9

Agosti, M. R., Ercoli, P., Dolcini, G., Andreani, G., Martínez Peralta, L., and 
González Ayala, S. (2012). Two cases of mother-to-child transmission of 
HIV and Trypanosoma cruzi in Argentina. Braz. J. Infect. Dis. 16, 398–399. 
doi: 10.1016/j.bjid.2012.06.008

Altcheh, J., Biancardi, M., Lapeña, A., Ballering, G., and Freilij, H. (2005). 
Congenital Chagas disease: experience in the Hospital de Niños, Ricardo 

https://www.frontiersin.org/journals/microbiology
www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles
https://doi.org/10.1016/0166-6851(89)90050-9
https://doi.org/10.1016/j.bjid.2012.06.008


Bustos et al. Parasitemia and T. cruzi Mother-to-Child Transmission

Frontiers in Microbiology | www.frontiersin.org 7 June 2019 | Volume 10 | Article 1250

Gutiérrez, Buenos Aires, Argentina. Rev. Soc. Bras. Med. Trop. 38(Suppl. 2), 
41–45. Available at: http://www.ncbi.nlm.nih.gov/pubmed/16482812

Álvarez, M. G., Vigliano, C., Lococo, B., Bertocchi, G., and Viotti, R. (2017). 
Prevention of congenital Chagas disease by benznidazole treatment in 
reproductive-age women. An observational study. Acta Trop. 174, 149–152. 
doi: 10.1016/j.actatropica.2017.07.004

Bern, C., Kjos, S., Yabsley, M. J., and Montgomery, S. P. (2011). Trypanosoma 
cruzi and Chagas’ disease in the United States. Clin. Microbiol. Rev. 24, 
655–681. doi: 10.1128/CMR.00005-11 Review.

Bern, C., Verastegui, M., Gilman, R. H., LaFuente, C., Galdos-Cardenas, G., 
Calderon, M., et al. (2009). Congenital Trypanosoma cruzi transmission in 
Santa Cruz, Bolivia. Clin. Infect. Dis. 49, 1667–1674. doi: 10.1086/648070

Besuschio, S. A., Llano Murcia, M., Benatar, A. F., Monnerat, S., Cruz Mata, I., 
Picado de Puig, A., et al. (2017). Analytical sensitivity and specificity of a 
loop-mediated isothermal amplification (LAMP) kit prototype for detection 
of Trypanosoma cruzi DNA in human blood samples. PLoS Negl. Trop. Dis. 
11, 1–18. doi: 10.1371/journal.pntd.0005779

Blanco, S. B., Segura, E. L., Cura, E. N., Chuit, R., Tulián, L., Flores, I., et al. 
(2000). Congenital transmission of Trypanosoma cruzi: an operational outline 
for detecting and treating infected infants in northwestern Argentina. Trop. 
Med. Int. Health 5, 293–301. doi: 10.1046/j.1365-3156.2000.00548.x

Brutus, L., Castillo, H., Bernal, C., Salas, N. A., Schneider, D., Santalla, J. A., 
et al. (2010). Short report: detectable Trypanosoma cruzi parasitemia during 
pregnancy and delivery as a risk factor for congenital Chagas disease. Am. 
J. Trop. Med. Hyg. 83, 1044–1047. doi: 10.4269/ajtmh.2010.10-0326

Bua, J., Volta, B. J., Perrone, A. E., Scollo, K., Velázquez, E. B., Ruiz, A. M., 
et al. (2013). How to improve the farly diagnosis of Trypanosoma cruzi 
infection: relationship between validated conventional diagnosis and quantitative 
DNA amplification in congenitally infected children. PLoS Negl. Trop. Dis. 
7, 12–14. doi: 10.1371/journal.pntd.0002476

Bua, J., Volta, B. J., Velazquez, E. B., Ruiz, A. M., De Rissio, A. M., and 
Cardoni, R. L. (2012). Vertical transmission of Trypanosoma cruzi infection: 
quantification of parasite burden in mothers and their children by parasite 
DNA amplification. Trans. R. Soc. Trop. Med. Hyg. 106, 623–628. doi: 
10.1016/j.trstmh.2012.03.015

Buekens, P., Almendares, O., Carlier, Y., Dumonteil, E., Eberhard, M., 
Gamboa-Leon, R., et al. (2008). Mother-to-child transmission of Chagas’ 
disease in North America: why don’t we  do more? Matern. Child Health J. 
12, 283–286. doi: 10.1007/s10995-007-0246-8

Burgos, J. M., Altcheh, J., Bisio, M., Duffy, T., Valadares, H. M. S., 
Seidenstein, M. E., et al. (2007). Direct molecular profiling of minicircle 
signatures and lineages of Trypanosoma cruzi bloodstream populations 
causing congenital Chagas disease. Int. J. Parasitol. 37, 1319–1327. doi: 
10.1016/j.ijpara.2007.04.015

Cardoni, R. L., García, M. M., and De Rissio, A. M. (2004). Proinflammatory 
and anti-inflammatory cytokines in pregnant women chronically infected with 
Trypanosoma cruzi. Acta Trop. 90, 65–72. doi: 10.1016/j.actatropica.2003.09.020

Cardoso, E. J., Valdéz, G. C., Campos, A. C., Sanchez, R. d. l. L., Mendoza, C. R., 
Hernández, A. P., et al. (2012). Maternal fetal transmission of Trypanosoma 
cruzi: a problem of public health little studied in Mexico. Exp. Parasitol. 
131, 425–432. doi: 10.1016/j.exppara.2012.05.013

Carlier, Y., Sosa-Estani, S., Luquetti, A. O., and Buekens, P. (2015). Congenital 
Chagas disease: an update. Mem. Inst. Oswaldo Cruz 110, 363–368. doi: 
10.1590/0074-02760140405

Carlier, Y., Torrico, F., Sosa-Estani, S., Russomando, G., Luquetti, A., Freilij, H., 
et al. (2011). Congenital Chagas disease: recommendations for diagnosis, 
treatment and control of newborns, siblings and pregnant women. PLoS 
Negl. Trop. Dis. 5, 4–6. doi: 10.1371/journal.pntd.0001250

Carlier, Y., and Truyens, C. (2015). Congenital Chagas disease as an ecological 
model of interactions between Trypanosoma cruzi parasites, pregnant  
women, placenta and fetuses. Acta Trop. 151, 103–115. doi: 10.1016/j.
actatropica.2015.07.016

Castellanos-Gonzalez, A., White, A. C., Melby, P., and Travi, B. (2018). Molecular 
diagnosis of protozoan parasites by recombinase polymerase amplification. 
Acta Trop. 182, 4–11. doi: 10.1016/j.actatropica.2018.02.002

Castillo, C., Carrillo, I., Libisch, G., Juiz, N., Schijman, A., Robello, C., et al. 
(2018). Host-parasite interaction: changes in human placental gene expression 
induced by Trypanosoma cruzi. Parasit. Vectors 11, 1–13. doi: 10.1186/
s13071-018-2988-0

Cencig, S., Coltel, N., Truyens, C., and Carlier, Y. (2013). Fertility, gestation 
outcome and parasite congenital transmissibility in mice infected with TcI, 
TcII and TcVI genotypes of Trypanosoma cruzi. PLoS Negl. Trop. Dis. 7:e2271. 
doi: 10.1371/journal.pntd.0002271

Corrales, R. M., Mora, M. C., Negrette, O. S., Diosque, P., Lacunza, D., 
Virreira, M., et al. (2009). Congenital Chagas disease involves Trypanosoma 
cruzi sub-lineage IId in the northwestern province of Salta, Argentina. Infect. 
Genet. Evol. 9, 278–282. doi: 10.1016/j.meegid.2008.12.008

Cuna, W. R., Herrera Choque, A. G., Passera, R., and Rodriguez, C. (2009). 
Pro-inflammatory cytokine production in chagasic mothers and their uninfected 
newborns. J. Parasitol. 95, 891–894. doi: 10.1645/GE-1927.1

Cura, C. I., Ramírez, J. C., Rodríguez, M., Lopez-Albízu, C., Irazu, L., Scollo, K., 
et al. (2017). Comparative study and analytical verification of PCR methods 
for the diagnosis of congenital Chagas disease. J. Mol. Diagn. 19, 673–681. 
doi: 10.1016/j.jmoldx.2017.05.010

De Rissio, A. M., Riarte, A. R., García, M. M., Esteva, M. I., Ruiz, A. M., 
and Quaglino, M. (2010). Congenital Trypanosoma cruzi infection. Efficacy 
of its monitoring in an urban reference health center in a non-endemic 
area of Argentina. Am. J. Trop. Med. Hyg. 82, 838–845. doi: 10.4269/
ajtmh.2010.08-0383

Del Puerto, R., Nishizawa, J. E., Kikuchi, M., Iihoshi, N., Roca, Y., Avilas, C., 
et al. (2010). Lineage analysis of circulating Trypanosoma cruzi parasites 
and their association with clinical forms of Chagas disease in Bolivia. PLoS 
Negl. Trop. Dis. 4, 1–6. doi: 10.1371/journal.pntd.0000687

Dias, J., Silveira, A., and Schofield, C. (2002). The impact of Chagas disease 
control in Latin America  - A review. Mem. Inst. Oswaldo Cruz 97, 603–612. 
doi: 10.1590/S0074-02762002000500002

Díaz-Luján, C., Triquell, M. F., Castillo, C., Hardisson, D., Kemmerling, U., and 
Fretes, R. E. (2016). Role of placental barrier integrity in infection by Trypanosoma 
cruzi. Acta Trop. 164, 360–368. doi: 10.1016/j.actatropica.2016.09.021

Duaso, J., Yanez, E., Castillo, C., Galanti, N., Cabrera, G., Corral, G., et al. 
(2012). Reorganization of extracellular matrix in placentas from women 
with asymptomatic Chagas disease: mechanism of parasite invasion or local 
placental defense? J. Trop. Med. 2012:758357. doi: 10.1155/2012/758357

Duffy, T., Bisio, M., Altcheh, J., Burgos, J. M., Diez, M., Levin, M. J., et al. 
(2009). Accurate real-time PCR strategy for monitoring bloodstream parasitic 
loads in Chagas disease patients. PLoS Negl. Trop. Dis. 3:e419. doi: 10.1371/
journal.pntd.0000419

Duffy, T., Cura, C. I., Ramirez, J. C., Abate, T., Cayo, N. M., Parrado, R., et al. 
(2013). Analytical performance of a multiplex real-time PCR assay using 
TaqMan probes for quantification of Trypanosoma cruzi satellite DNA in 
blood samples. PLoS Negl. Trop. Dis. 7:e2000. doi: 10.1371/journal.pntd.0002000

Dumonteil, E., Herrera, C., and Buekens, P. (2019). A therapeutic preconceptional 
vaccine against Chagas disease: a novel indication that could reduce congenital 
transmission and accelerate vaccine development. Trop. Dis. 13:e0006985. 
doi: 10.1371/journal.pntd.0006985

Fabbro, D. L., Danesi, E., Olivera, V., Codebó, M. O., Denner, S., Heredia, C., 
et al. (2014). Trypanocide treatment of women infected with Trypanosoma 
cruzi and its effect on preventing congenital Chagas. PLoS Negl. Trop. Dis. 
8:e3312. doi: 10.1371/journal.pntd.0003312

Freilij, H., and Altcheh, J. (1995). Congenital Chagas’ disease: diagnostic and 
clinical aspects. Clin. Infect. Dis. 21, 551–555. doi: 10.1093/clinids/21.3.551

Freilij, H., Muller, L., and Gonzalez Cappa, S. M. (1983). Direct micromethod 
for diagnosis of acute and congenital Chagas’ disease. J. Clin. Microbiol. 
18, 327–330. Available at: https://www.ncbi.nlm.nih.gov/pubmed/6413530

García, M. M., De Rissio, A. M., Villalonga, X., Mengoni, E., and Cardoni, R. L. 
(2008). Soluble tumor necrosis factor (TNF) receptors (sTNF-R1 and -R2) 
in pregnant women chronically infected with Trypanosoma cruzi and 
their children. Am. J. Trop. Med. Hyg. 78, 499–503. doi: 10.4269/
ajtmh.2008.78.499

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

Granjon, E., Dichtel-Danjoy, M. L., Saba, E., Sabino, E., Campos de Oliveira, L., 
and Zrein, M. (2016). Development of a novel multiplex immunoassay multi-
cruzi for the serological confirmation of Chagas disease. PLoS Negl. Trop. 
Dis. 10:e0004596. doi: 10.1371/journal.pntd.0004596

Hermann, E., Truyens, C., Alonso-Vega, C., Even, J., Rodriguez, P., Berthe, A., 
et al. (2002). Human fetuses are able to mount an adultlike CD8 T-cell 

https://www.frontiersin.org/journals/microbiology
www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles
http://www.ncbi.nlm.nih.gov/pubmed/16482812
https://doi.org/10.1016/j.actatropica.2017.07.004
https://doi.org/10.1128/CMR.00005-11
https://doi.org/10.1086/648070
https://doi.org/10.1371/journal.pntd.0005779
https://doi.org/10.1046/j.1365-3156.2000.00548.x
https://doi.org/10.4269/ajtmh.2010.10-0326
https://doi.org/10.1371/journal.pntd.0002476
https://doi.org/10.1016/j.trstmh.2012.03.015
https://doi.org/10.1007/s10995-007-0246-8
https://doi.org/10.1016/j.ijpara.2007.04.015
https://doi.org/10.1016/j.actatropica.2003.09.020
https://doi.org/10.1016/j.exppara.2012.05.013
https://doi.org/10.1590/0074-02760140405
https://doi.org/10.1371/journal.pntd.0001250
https://doi.org/10.1016/j.actatropica.2015.07.016
https://doi.org/10.1016/j.actatropica.2015.07.016
https://doi.org/10.1016/j.actatropica.2018.02.002
https://doi.org/10.1186/s13071-018-2988-0
https://doi.org/10.1186/s13071-018-2988-0
https://doi.org/10.1371/journal.pntd.0002271
https://doi.org/10.1016/j.meegid.2008.12.008
https://doi.org/10.1645/GE-1927.1
https://doi.org/10.1016/j.jmoldx.2017.05.010
https://doi.org/10.4269/ajtmh.2010.08-0383
https://doi.org/10.4269/ajtmh.2010.08-0383
https://doi.org/10.1371/journal.pntd.0000687
https://doi.org/10.1590/S0074-02762002000500002
https://doi.org/10.1016/j.actatropica.2016.09.021
https://doi.org/10.1155/2012/758357
https://doi.org/10.1371/journal.pntd.0000419
https://doi.org/10.1371/journal.pntd.0000419
https://doi.org/10.1371/journal.pntd.0002000
https://doi.org/10.1371/journal.pntd.0006985
https://doi.org/10.1371/journal.pntd.0003312
https://doi.org/10.1093/clinids/21.3.551
https://www.ncbi.nlm.nih.gov/pubmed/6413530
https://doi.org/10.4269/ajtmh.2008.78.499
https://doi.org/10.4269/ajtmh.2008.78.499
https://doi.org/10.1016/j.actatropica.2009.07.019
https://doi.org/10.1371/journal.pntd.0004596


Bustos et al. Parasitemia and T. cruzi Mother-to-Child Transmission

Frontiers in Microbiology | www.frontiersin.org 8 June 2019 | Volume 10 | Article 1250

response. Blood 100, 2153–2158. Available at: http://bloodjournal.
hematologylibrary.org/misc/rights.dtl#repub_requests

Hermann, E., Truyens, C., Alonso-Vega, C., Rodriguez, P., Berthe, A., Torrico, F., 
et al. (2004). Congenital transmission of Trypanosoma cruzi is associated 
with maternal enhanced parasitemia and decreased production of interferon-γ 
in response to parasite antigens. J. Infect. Dis. 189, 1274–1281. doi: 
10.1086/382511

Howard, E. J., Xiong, X., Carlier, Y., Sosa-Estani, S., and Buekens, P. (2014). 
Frequency of the congenital transmission of Trypanosoma cruzi: a systematic 
review and meta-analysis. BJOG 121, 22–33. doi: 10.1111/1471-0528.12396

Imai, K., Maeda, T., Sayama, Y., Mikita, K., Fujikura, Y., Misawa, K., et al. 
(2014). Mother-to-child transmission of congenital Chagas disease, Japan. 
Emerg. Infect. Dis. 20, 146–148. doi: 10.3201/eid2001.131071

Jackson, Y., Pinto, A., and Pett, S. (2014). Chagas disease in Australia and 
New Zealand: risks and needs for public health interventions. Trop. Med. 
Int. Health 19, 212–218. doi: 10.1111/tmi.12235

Jimenez-Coello, M., Shelite, T., Castellanos-Gonzalez, A., Saldarriaga, O., Rivero, R., 
Ortega-Pacheco, A., et al. (2018). Efficacy of recombinase polymerase 
amplification to diagnose Trypanosoma cruzi infection in dogs with cardiac 
alterations from an endemic area of Mexico. Vector-Borne Zoonotic Dis. 18, 
417–423. doi: 10.1089/vbz.2017.2258

Juiz, N. A., Solana, M. E., Acevedo, G. R., Benatar, A. F., Ramirez, J. C., 
da Costa, P. A., et al. (2017). Different genotypes of Trypanosoma cruzi 
produce distinctive placental environment genetic response in chronic 
experimental infection. PLoS Negl. Trop. Dis. 11, 1–19. doi: 10.1371/journal.
pntd.0005436

Kaplinski, M., Jois, M., Galdos-Cardenas, G., Rendell, V. R., Shah, V., Do, R. Q., 
et al. (2015). Sustained domestic vector exposure is associated with increased 
Chagas cardiomyopathy risk but decreased parasitemia and congenital 
transmission risk among young women in Bolivia. Clin. Infect. Dis. 61, 
918–926. doi: 10.1093/cid/civ446

Liempi, A., Castillo, C., Duaso, J., Droguett, D., Sandoval, A., Barahona, K., 
et al. (2014). Trypanosoma cruzi induces trophoblast differentiation: a potential 
local antiparasitic mechanism of the human placenta? Placenta 35, 1035–1042. 
doi: 10.1016/j.placenta.2014.09.017

Luquetti, A. O., Dias, J. C. P., and Prata, A. (2005). Diagnosis and treatment 
of congenital infection caused by Trypanosoma cruzi in Brazil. Rev. Soc. 
Bras. Med. Trop. 38(Suppl. 2), 27–28. Available at: http://www.ncbi.nlm.nih.
gov/pubmed/16482809

Mallimaci, M. C., Sosa-Estani, S., Russomando, G., Sanchez, Z., Sijvarger, C., 
Alvarez, I. M., et al. (2010). Short report: early diagnosis of congenital 
Trypanosoma cruzi infection, using shed acute phase antigen, in Ushuaia, 
Tierra del Fuego. Argentina. Am. J. Trop. Med. Hyg. 82, 55–59. doi: 10.4269/
ajtmh.2010.09-0219

Manne-Goehler, J., Umeh, C. A., Montgomery, S. P., and Wirtz, V. J. (2016). 
Estimating the burden of Chagas disease in the United States. PLoS Negl. 
Trop. Dis. 10, 1–7. doi: 10.1371/journal.pntd.0005033

Martins-Melo, F. R., da Silveira Lima, M., Ramos, A. N., Alencar, C. H., and 
Heukelbach, J. (2014). Systematic review: prevalence of Chagas disease in 
pregnant women and congenital transmission of Trypanosoma cruzi in Brazil: 
a systematic review and meta-analysis. Trop. Med. Int. Health 19, 943–957. 
doi: 10.1111/tmi.12328

Medina, L., Castillo, C., Liempi, A., Herbach, M., Cabrera, G., Valenzuela, L., 
et al. (2018). Differential infectivity of two Trypanosoma cruzi strains in 
placental cells and tissue. Acta Trop. 186, 35–40. doi: 10.1016/j.
actatropica.2018.07.001

Messenger, L. A., and Bern, C. (2018). Congenital Chagas disease: current 
diagnostics, limitations and future perspectives. Curr. Opin. Infect. Dis. 31, 
415–421. doi: 10.1097/QCO.0000000000000478

Messenger, L. A., Gilman, R. H., Verastegui, M., Galdos-Cardenas, G., 
Sanchez, G., Valencia, E., et al. (2017). Toward improving early diagnosis 
of congenital Chagas disease in an endemic setting. Clin. Infect. Dis. 65, 
268–275. doi: 10.1093/cid/cix277

Montes-Rincón, L. M., Galaviz-Silva, L., González-Bravo, F. E., and 
Molina-Garza, Z. J. (2016). Trypanosoma cruzi seroprevalence in pregnant 
women and screening by PCR and microhaematocrit in newborns from 
Guanajuato, Mexico. Acta Trop. 164, 100–106. doi: 10.1016/j.actatropica.2016.08.029

Mora, M. C., Negrette, O. S., Marco, D., Barrio, A., Ciaccio, M., Segura, M. A., 
et al. (2005). Early diagnosis of congenital Trypanosoma cruzi infection 

using PCR, hemoculture, and capillary concentration, as compared with 
delayed serology. J. Parasitol. 91, 1468–1473. doi: 10.1645/GE-549R.1

Moretti, E., Basso, B., Castro, I., Paez, M. C., Chaul, M., Barbieri, G., et al. 
(2005). Chagas’ disease: study of congenital transmission in cases of acute 
maternal infection. Rev. Soc. Bras. Med. Trop. 38, 53–55. doi: 10.1590/
S0037-86822005000100010

Moscatelli, G., Moroni, S., García-Bournissen, F., Ballering, G., Bisio, M., 
Freilij, H., et al. (2015). Prevention of congenital Chagas through treatment 
of girls and women of childbearing age. Mem. Inst. Oswaldo Cruz 110, 
507–509. doi: 10.1590/0074-02760140347

Moya, P., Moretti, E., Paolasso, R., Basso, B., Blanco, S., Sanmartino, C., et al. 
(1989). Neonatal Chagas disease: laboratory diagnosis during the first year 
of life. Medicina 49, 595–599. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/2518645

Mucci, J., Carmona, S. J., Volcovich, R., Altcheh, J., Bracamonte, E., Marco, J. D., 
et al. (2017). Next-generation ELISA diagnostic assay for Chagas disease 
based on the combination of short peptidic epitopes. PLoS Negl. Trop. Dis. 
11, 1–19. doi: 10.1371/journal.pntd.0005972

Murcia, L., Carrilero, B., Munoz-Davila, M. J., Thomas, C. M., López, M. C., 
and Segovia, M. (2013). Risk factors and primary prevention of congenital 
Chagas disease in a nonendemic country. Clin. Infect. Dis. 56, 496–502. 
doi: 10.1093/cid/cis910

Murcia, L., Simón, M., Carrilero, B., Roig, M., and Segovia, M. (2017). Treatment 
of infected women of childbearing age prevents congenital Trypanosoma 
cruzi infection by eliminating the parasitemia detected by PCR. J. Infect. 
Dis. 215, 1452–1458. doi: 10.1093/infdis/jix087

Nisida, I. V. V., Neto, V. A., Braz, L. M. A., Duarte, M. I. S., and Umezawa, E. S. 
(1999). A survey of congenital Chagas’ disease, carried out at three health 
institutions in São Paulo city, Brazil. Rev. Inst. Med. Trop. Sao Paulo 41, 
305–311. doi: 10.1590/S0036-46651999000500007

Noazin, S., Lee, J. A., Malaga, E. S., Ayala, E. V., Condori, B. J., Roca, C., et al. 
(2018). Trypomastigote excretory secretory antigen (TESA) blot is associated 
in neonates with parasite load and detects congenital T. cruzi infection using 
anti-SAPA IgM. J. Infect. Dis. 219, 609–618 doi: 10.1093/infdis/jiy562

Peverengo, L. M., Garcia, V., Rodeles, L. M., Mendicino, D., Vicco, M., Lagier, C., 
et al. (2018). Development and assessment of an improved recombinant 
multiepitope antigen-based immunoassay to diagnose chronic Chagas disease. 
Parasitology 145, 1594–1599. doi: 10.1017/S0031182018000458

Picado, A., Cruz, I., Redard-Jacot, M., Schijman, A. G., Torrico, F., Sosa-Estani, S., 
et al. (2018). The burden of congenital Chagas disease and implementation 
of molecular diagnostic tools in Latin America. BMJ Glob. Heal. 3:e001069. 
doi: 10.1136/bmjgh-2018-001069

Piron, M., Fisa, R., Casamitjana, N., López-Chejade, P., Puig, L., Vergés, M., 
et al. (2007). Development of a real-time PCR assay for Trypanosoma cruzi 
detection in blood samples. Acta Trop. 103, 195–200. doi: 10.1016/j.
actatropica.2007.05.019

Porrás, A. I., Yadon, Z. E., Altcheh, J., and Britto, C. (2015). Target product 
profile (TPP) for Chagas disease point-of-care diagnosis and assessment of 
response to treatment. PLoS Negl. Trop. Dis. 9:e0003697. doi: 10.1371/journal.
pntd.0003697

Ramírez, J. C., Cura, C. I., da Cruz Moreira, O., Lages-Silv, E., Juiz, N., Velázquez, E., 
et al. (2015). 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, 605–615. doi: 10.1016/j.jmoldx.2015.04.010

Rendell, V. R., Gilman, R. H., Valencia, E., Galdos-Cardenas, G., Verastegui, M., 
Sanchez, L., et al. (2015). Trypanosoma cruzi-infected pregnant women 
without vector exposure have higher parasitemia levels: implications for 
congenital transmission risk. PLoS One 10, 1–9. doi: 10.1371/journal.
pone.0119527

Reyes, M. B., Lorca, M., Muñoz, P., and Frasch, A. C. (1990). Fetal IgG 
specificities against Trypanosoma cruzi antigens in infected newborns. Proc. 
Natl. Acad. Sci. U. S. A. 87, 2846–2850. doi: 10.1073/pnas.87.7.2846

Risso, M. G., Garbarino, G. B., Mocetti, E., Campetella, O., González Cappa, S. M., 
Buscaglia, C. A., et al. (2004). Differential expression of a virulence factor, 
the trans- sialidase, by the main Trypanosoma cruzi phylogenetic lineages. 
J. Infect. Dis. 189, 2250–2259. doi: 10.1086/420831

Rivero, R., Bisio, M., Velazquez, E., Esteva, M. I., Scollo, K., Gonzalez, N., 
et al. (2017). Rapid detection of Trypanosoma cruzi by colorimetric loop-
mediated isothermal amplification (LAMP): A potential novel tool for the 

https://www.frontiersin.org/journals/microbiology
www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles
http://bloodjournal.hematologylibrary.org/misc/rights.dtl#repub_requests
http://bloodjournal.hematologylibrary.org/misc/rights.dtl#repub_requests
https://doi.org/10.1086/382511
https://doi.org/10.1111/1471-0528.12396
https://doi.org/10.3201/eid2001.131071
https://doi.org/10.1111/tmi.12235
https://doi.org/10.1089/vbz.2017.2258
https://doi.org/10.1371/journal.pntd.0005436
https://doi.org/10.1371/journal.pntd.0005436
https://doi.org/10.1093/cid/civ446
https://doi.org/10.1016/j.placenta.2014.09.017
http://www.ncbi.nlm.nih.gov/pubmed/16482809
http://www.ncbi.nlm.nih.gov/pubmed/16482809
https://doi.org/10.4269/ajtmh.2010.09-0219
https://doi.org/10.4269/ajtmh.2010.09-0219
https://doi.org/10.1371/journal.pntd.0005033
https://doi.org/10.1111/tmi.12328
https://doi.org/10.1016/j.actatropica.2018.07.001
https://doi.org/10.1016/j.actatropica.2018.07.001
https://doi.org/10.1097/QCO.0000000000000478
https://doi.org/10.1093/cid/cix277
https://doi.org/10.1016/j.actatropica.2016.08.029
https://doi.org/10.1645/GE-549R.1
https://doi.org/10.1590/S0037-86822005000100010
https://doi.org/10.1590/S0037-86822005000100010
https://doi.org/10.1590/0074-02760140347
http://www.ncbi.nlm.nih.gov/pubmed/2518645
http://www.ncbi.nlm.nih.gov/pubmed/2518645
https://doi.org/10.1371/journal.pntd.0005972
https://doi.org/10.1093/cid/cis910
https://doi.org/10.1093/infdis/jix087
https://doi.org/10.1590/S0036-46651999000500007
https://doi.org/10.1093/infdis/jiy562
https://doi.org/10.1017/S0031182018000458
https://doi.org/10.1136/bmjgh-2018-001069
https://doi.org/10.1016/j.actatropica.2007.05.019
https://doi.org/10.1016/j.actatropica.2007.05.019
https://doi.org/10.1371/journal.pntd.0003697
https://doi.org/10.1371/journal.pntd.0003697
https://doi.org/10.1016/j.jmoldx.2015.04.010
https://doi.org/10.1371/journal.pone.0119527
https://doi.org/10.1371/journal.pone.0119527
https://doi.org/10.1073/pnas.87.7.2846
https://doi.org/10.1086/420831


Bustos et al. Parasitemia and T. cruzi Mother-to-Child Transmission

Frontiers in Microbiology | www.frontiersin.org 9 June 2019 | Volume 10 | Article 1250

detection of congenital Chagas infection. Diagn. Microbiol. Infect. Dis. 89, 
26–28. doi: 10.1016/j.diagmicrobio.2017.06.012

Rosemberg, S., Chaves, C. J., Higuchi, M. L., Lopes, M. B., Castro, L. H., and 
Machado, L. R. (1992). Fatal meningoencephalitis caused by reactivation of 
Trypanosoma cruzi infection in a patient with AIDS. Neurology 42, 640–642. 
doi: 10.1212/WNL.42.3.640

Russomando, G., De Tomassone, M. M. C., De Guillen, I., Acosta, N., Vera, N., 
Almiron, M., et al. (1998). Treatment of congenital Chagas’ disease diagnosed 
and followed up by the polymerase chain reaction. Am. J. Trop. Med. Hyg. 
59, 487–491. doi: 10.4269/ajtmh.1998.59.487

Russomando, G., Snchez, Z., Meza, G., and De Guillen, Y. (2010). Shed acute-
phase antigen protein in an ELISA system for unequivocal diagnosis of congenital 
Chagas disease. Expert. Rev. Mol. Diagn. 10, 705–707. doi: 10.1586/erm.10.70

Salas Clavijo, N. A., Postigo, J. R., Schneider, D., Santalla, J. A., Brutus, L., 
and Chippaux, J. P. (2012). Prevalence of Chagas disease in pregnant women 
and incidence of congenital transmission in Santa Cruz de la Sierra, Bolivia. 
Acta Trop. 124, 87–91. doi: 10.1016/j.actatropica.2012.06.012

Salas, N. A., Cot, M., Schneider, D., Mendoza, B., Santalla, J. A., Postigo, J., 
et al. (2007). Risk factors and consequences of congenital Chagas disease 
in Yacuiba, south Bolivia. Trop. Med. Int. Health 12, 1498–1505. doi: 10.1111/j.
1365-3156.2007.01958.x

Sánchez Negrette, O., Mora, M. C., and Basombrío, M. Á. (2005). High prevalence 
of congenital Trypanosoma cruzi infection and family clustering in Salta, 
Argentina. Pediatrics 115, e668–e672. doi: 10.1542/peds.2004-1732

Scapellato, P. G., Bottaro, E. G., and Rodríguez-Brieschke, M. T. (2009). Mother-
child transmission of Chagas disease: could coinfection with human 
immunodeficiency virus increase the risk? Rev. Soc. Bras. Med. Trop. 42, 
107–109. doi: 10.1590/S0037-86822009000200002

Schijman, A. G., Altcheh, J., Burgos, J. M., Biancardi, M., Bisio, M., Levin, M. J., 
et al. (2003). Aetiological treatment of congenital Chagas’ disease diagnosed 
and monitored by the polymerase chain reaction. J. Antimicrob. Chemother. 
52, 441–449. doi: 10.1093/jac/dkg338

Solana, M. E., Celentano, A. M., Tekiel, V., Jones, M., and González Cappa, S. M. 
(2002). Trypanosoma cruzi: effect of parasite subpopulation on murine 
pregnancy outcome. J. Parasitol. 88, 102–106. doi: 10.1645/0022-3395 
(2002)088[0102:TCEOPS]2.0.CO;2

Soriano-Arandes, A., Angheben, A., Serre-Delcor, N., Treviño-Maruri, B., 
Gómez i Prat, J., and Jackson, Y. (2016). Control and management of congenital 
Chagas disease in Europe and other non-endemic countries: current policies 
and practices. Trop. Med. Int. Health 21, 590–596. doi: 10.1111/tmi.12687

Sosa-Estani, S. (2005). Congenital transmission of Trypanosoma cruzi infection 
in Argentina. Rev. Soc. Bras. Med. Trop. 38(Suppl. 2), 29–32. Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/16482810

Sosa-estani, S., Cura, E., and Velazquez, E. (2009). Etiological treatment of 
young women infected with Trypanosoma cruzi, and prevention of congenital 
transmission. Rev. Soc. Bras. Med. Trop. 42, 484–487. doi: 10.1590/
S0037-86822009000500002

Strasen, J., Williams, T., Ertl, G., Zoller, T., Stich, A., and Ritter, O. (2013). 
Epidemiology of Chagas disease in Europe: many calculations, little knowledge. 
Clin. Res. Cardiol. 103, 1–10. doi: 10.1007/s00392-013-0613-y

Torrico, F., Alonso-Vega, C., Suarez, E., Rodríguez, P., Torrico, M.-C., Dramaix, M., 
et al. (2005). Endemic level of congenital Trypanosoma cruzi infection in the 
areas of maternal residence and the development of congenital Chagas disease 
in Bolivia. Rev. Soc. Bras. Med. Trop. 38(Suppl. 2), 17–20. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/16482806 (Accessed February 11, 2019).

Torrico, F., Vega, C. A., Suarez, E., Tellez, T., Brutus, L., Rodriguez, P., et al. 
(2006). Are maternal re-infections with Trypanosoma cruzi associated with 

higher morbidity and mortality of congenital Chagas disease? Trop. Med. 
Int. Health 11, 628–635. doi: 10.1111/j.1365-3156.2006.01623.x

Triquell, M. F., Díaz-Luján, C., Freilij, H., Paglini, P., and Fretes, R. E. (2009). 
Placental infection by two subpopulations of Trypanosoma cruzi is conditioned 
by differential survival of the parasite in a deleterious placental medium 
and not by tissue reproduction. Trans. R. Soc. Trop. Med. Hyg. 103, 1011–1018. 
doi: 10.1016/j.trstmh.2009.03.004

Triquell, M. F., Díaz-Luján, C., Romanini, M. C., Ramirez, J. C., Paglini-Oliva, P., 
Schijman, A. G., et al. (2018). Nitric oxide synthase and oxidative-nitrosative 
stress play a key role in placental infection by Trypanosoma cruzi. Am. J. 
Reprod. Immunol. 80:e12852. doi: 10.1111/aji.12852

Umezawa, E. S., Nascimento, M. S., Kesper, N., Coura, J. R., Borges-Pereira, J., 
Junqueira, A. C., et al. (1996). Immunoblot assay using excreted-secreted 
antigens of Trypanosoma cruzi in serodiagnosis of congenital, acute, and 
chronic Chagas’ disease. J. Clin. Microbiol. 34, 2143–2147. Available at: https://
www.ncbi.nlm.nih.gov/pubmed/8862574

Vekemans, J., Truyens, C., Torrico, F., Solano, M., Torrico, M., Rodriguez, P., 
et al. (2000). Maternal Trypanosoma cruzi infection upregulates capacity of 
uninfected neonate cells to produce pro- and anti-inflammatory cytokines. 
Infect. Immun. 68, 5430–5434. doi: 10.1128/IAI.68.9.5430-5434.2000

Virreira, M., Torrico, F., Truyens, C., Alonso-vega, C., Solano, M., Carlier, Y., 
et al. (2003). Comparison of polymerase chain reaction methods for reliable 
and easy detection of congenital Trypanosoma cruzi infection. Am. J. Trop. 
Med. Hyg. 68, 574–582. doi: 10.4269/ajtmh.2003.68.574

Virreira, M., Truyens, C., Alonso-Vega, C., Brutus, L., Jijena, J., Torrico, F., 
et al. (2007). Comparison of Trypanosoma cruzi lineages and levels of 
parasitic DNA in infected mothers and their newborns. Am. J. Trop. Med. 
Hyg. 77, 102–106. doi: 10.4269/ajtmh.2007.77.102

Volta, B. J., Bustos, P. L., Cardoni, R. L., De Rissio, A. M., Laucella, S. A., 
and Bua, J. (2016). Serum cytokines as biomarkers of early Trypanosoma 
cruzi infection by congenital exposure. J. Immunol. 196, 4596–4602. doi: 
10.4049/jimmunol.1502504

Volta, B. J., Perrone, A. E., Rivero, R., Scollo, K., Bustos, P. L., and Bua, J. 
(2018). Some limitations for early diagnosis of congenital chagas infection 
by PCR. Pediatrics 141(Suppl. 5), S451–S455. doi: 10.1542/peds.2016-3719

Volta, B. J., Russomando, G., Bustos, P. L., Scollo, K., De Rissio, A. M., 
Sánchez, Z., et al. (2015). Diagnosis of congenital Trypanosoma cruzi infection: 
a serologic test using Shed Acute Phase Antigen (SAPA) in mother-child 
binomial samples. Acta Trop. 147, 31–37. doi: 10.1016/j.actatropica.2015.03.026

WHO | Chagas disease (American trypanosomiasis) (2019). WHO. Available 
at: https://www.who.int/chagas/en/ (Accessed February 12, 2019).

Zingales, B., Miles, M. A., Campbell, D. A., Tibayrenc, M., Macedo, A. M., 
Teixeira, M. M. G., et al. (2012). The revised Trypanosoma cruzi subspecific 
nomenclature: rationale, epidemiological relevance and research applications. 
Infect. Genet. Evol. 12, 240–253. doi: 10.1016/j.meegid.2011.12.009

Conflict of Interest Statement: The authors declare that the research was conducted 
in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest.

Copyright © 2019 Bustos, Milduberger, Volta, Perrone, Laucella and Bua. This is 
an open-access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) and the copyright owner(s) are credited and that 
the original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

https://www.frontiersin.org/journals/microbiology
www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles
https://doi.org/10.1016/j.diagmicrobio.2017.06.012
https://doi.org/10.1212/WNL.42.3.640
https://doi.org/10.4269/ajtmh.1998.59.487
https://doi.org/10.1586/erm.10.70
https://doi.org/10.1016/j.actatropica.2012.06.012
https://doi.org/10.1111/j.1365-3156.2007.01958.x
https://doi.org/10.1111/j.1365-3156.2007.01958.x
https://doi.org/10.1542/peds.2004-1732
https://doi.org/10.1590/S0037-86822009000200002
https://doi.org/10.1093/jac/dkg338
https://doi.org/10.1645/0022-3395(2002)088[0102:TCEOPS]2.0.CO;2
https://doi.org/10.1645/0022-3395(2002)088[0102:TCEOPS]2.0.CO;2
https://doi.org/10.1111/tmi.12687
http://www.ncbi.nlm.nih.gov/pubmed/16482810
https://doi.org/10.1590/S0037-86822009000500002
https://doi.org/10.1590/S0037-86822009000500002
https://doi.org/10.1007/s00392-013-0613-y
http://www.ncbi.nlm.nih.gov/pubmed/16482806
http://www.ncbi.nlm.nih.gov/pubmed/16482806
https://doi.org/10.1111/j.1365-3156.2006.01623.x
https://doi.org/10.1016/j.trstmh.2009.03.004
https://doi.org/10.1111/aji.12852
https://www.ncbi.nlm.nih.gov/pubmed/8862574
https://www.ncbi.nlm.nih.gov/pubmed/8862574
https://doi.org/10.1128/IAI.68.9.5430-5434.2000
https://doi.org/10.4269/ajtmh.2003.68.574
https://doi.org/10.4269/ajtmh.2007.77.102
https://doi.org/10.4049/jimmunol.1502504
https://doi.org/10.1542/peds.2016-3719
https://doi.org/10.1016/j.actatropica.2015.03.026
https://www.who.int/chagas/en/
https://doi.org/10.1016/j.meegid.2011.12.009
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	﻿Trypanosoma cruzi﻿ Infection at 
the Maternal-Fetal Interface: Implications of Parasite Load in 
the Congenital Transmission and Challenges in the Diagnosis of Infected Newborns
	Epidemiology of the Connatal Chagas Disease
	﻿T. cruzi﻿ Mother-to-Child Transmission
	Maternal Parasitemia and 
Vector Exposure
	Maternal Parasitemia and Risk of Connatal Parasite Transmission
	Parasitemia and Maternal 
Immune Response
	Parasitemia and Fetal 
Immune Response
	Parasite Diversity and the Placental Barrier
	Parasitemia and Diagnosis in Congenitally Infected Infants
	Molecular Approaches for the Parasitological Diagnosis of 
the Connatal ﻿T. cruzi﻿ Infection
	Parasitemia in ﻿T. cruzi﻿ 
Infected-Children at a 
1-Year Follow-Up Study
	Search of Biomarkers for the Early Serological Diagnosis of the Connatal ﻿T. cruzi﻿ Infection
	Conclusion
	Author Contributions

	References

