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Summary: 

A set of circulating cytokines was associated with congenital Chagas transmission. In T. 

cruzi-infected mothers who did not transmit the infection to their babies, we identified a set 

of cytokines with a bias towards Th1/Th17 over Treg and Th2 profiles. 

 

FOOTNOTE PAGE 

* Bibiana J. Volta and *Patricia L. Bustos contributed equally to this article 

 

Potential Conflict of Interests 

All authors declare no conflict of interests. 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiab057/6126505 by guest on 08 February 2021



Acc
ep

ted
 M

an
us

cri
pt

2 
 

Funding 

“Our research has been supported by ANPCyT [PICT 2016–2693] to JB, CONICET, [PIP 2014-0125] 

to JB, ANLIS C.G. Malbrán, and CAEHCIS – Universidad Abierta Interamericana, Argentina.  BJV, 

SAL and JB are staff members of the National Scientific and Technical Research Council 

(CONICET), Argentina. CG and MAN are CONICET fellows, NM is ANPCyT fellow”. 

 

#
Corresponding  

Susana Laucella  E. mail: slaucella@yahoo.com 

Jacqueline Bua E mail: jacbua@yahoo.com, 

Phone number: +5411-4331- 4010 Instituto Nacional de Parasitología “Dr. Mario Fatala 

Chaben” Av. Paseo Colon 568, Buenos Aires, PC 1063 Argentina. 

 

Bibiana J. Volta´s present LaBIM – IMSaTeD, Facultad de Ciencias Médicas, Universidad 

Nacional de Santiago del Estero, RN9, Km 1125. Villa El Zanjón PC 4206 - Santiago del 

Estero – Argentina. 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiab057/6126505 by guest on 08 February 2021

mailto:slaucella@yahoo.com
mailto:jacbua@yahoo.com


Acc
ep

ted
 M

an
us

cri
pt

3 
 

ABSTRACT 

Background 

Trypanosoma cruzi, the causative agent of Chagas disease, can be transmitted to the offspring 

of infected women, which constitutes an epidemiologically significant parasite transmission 

route in non-endemic areas. It is relevant to evaluate differentially expressed factors in T. 

cruzi-infected pregnant women as potential markers of Chagas congenital transmission. 

Methods 

Circulating levels of twelve cytokines and chemokines were measured by ELISA or 

cytometric bead array in T. cruzi-infected and uninfected pregnant women in their second 

trimester of pregnancy, and control groups of T. cruzi-infected and uninfected non-pregnant 

women. 

Results 
T. cruzi-infected women showed a pro-inflammatory Th1-biased profile, with increased 

levels of TNF-α, IL-12p70, IL-15 and MIG. Uninfected pregnant women presented a biased 

response towards Th2/Th17/Treg profiles, with increased plasma levels of IL-5, IL-6, IL-1β, 

IL-17A and IL-10. Finally, we identified that high parasitemia together with low levels of 

TNF-α, IL-15, and IL-17, low TNF-α/IL-10 ratio, and high IL-12p70 levels are factors 

associated with an increased probability of Chagas congenital transmission.  

Conclusions 

T. cruzi-infected pregnant women who did not transmit the infection to their babies exhibited 

a distinct pro-inflammatory cytokine profile that might serve as a potential predictive marker 

of congenital transmission. 

Keywords: Trypanosoma cruzi, pregnancy, immune response, cytokines, congenital transmission. 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiab057/6126505 by guest on 08 February 2021



Acc
ep

ted
 M

an
us

cri
pt

4 
 

INTRODUCTION 

Chagas disease is caused by the protozoan parasite Trypanosoma cruzi. It currently affects 6-

7 million people, mostly in Latin America. Due to migrations, T. cruzi vertical transmission 

has also become a health problem in non-endemic countries [1]. 

Maternal-foetal T. cruzi transmission has been reported to occur in a large percentage of 

pregnancies, with an average rate of 5% [2]. There is frequent under-diagnosis of T. cruzi 

infection in women during prenatal care and in congenitally infected children [3]. 

Seropositive pregnant women are usually in the chronic phase of T. cruzi infection, and their 

parasitaemia is frequently low, but it has been observed that mothers of infected children 

showed higher parasitaemia compared to the mothers of uninfected offspring [4 - 8]. In the 

acute phase of the infection or reactivated Chagas disease, a 100% rate of T. cruzi congenital 

transmission has been observed [9, 10], with all women treated with trypanocidal drugs 

before pregnancy giving birth to uninfected children, thus supporting the hypothesis that the 

parasite load in pregnant women is a key factor for mother-to-child T. cruzi transmission [11, 

12, 13, reviewed in 14]. It has been suggested that the cytokine pattern for a successful 

pregnancy varied in healthy women from a pro-inflammatory stage, associated with 

implantation and placentation, to a predominantly Th2 profile in the anti-inflammatory stage, 

associated with foetal growth [15, 16], followed by a pro-inflammatory stage, which is 

responsible for the initiation of parturition [17]. In pregnant women with chronic T. cruzi 

infection, higher levels of TNF-α and IFN-γ were observed in women who did not transmit 

the infection to their offspring, suggesting a shift towards a Th1 profile [18, 19, 20, 21, 22]. 

In the group of T. cruzi-infected pregnant women who gave birth to uninfected children, 

those with detectable parasitaemia showed increased levels of IFN-γ and TNF-α in 

peripheral, placental, and cord blood, compared to pregnant women with undetectable 

parasitaemia, suggesting that higher parasite loads balanced by a robust pro-inflammatory 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiab057/6126505 by guest on 08 February 2021



Acc
ep

ted
 M

an
us

cri
pt

5 
 

response could prevent congenital transmission [21, 23]. In addition, a decreased T. cruzi-

specific production of IFN-γ was observed in peripheral blood mononuclear cells from 

mothers who transmitted the congenital infection [8]. Since TNF-α and IFN-γ are key 

mediators to control parasitaemia in T. cruzi infection, a strong innate and adaptive immune 

response involving chemokines and cytokines would likewise control parasite load in 

pregnant women, thus preventing transmission [12]. 

 

The purpose of this study was to evaluate a set of circulating immune mediators in order to 

understand the relationship between the mother´s immune response, parasite load, and 

congenital transmission by measuring the plasma levels of IFN-γ, IL12p70, IL-4, IL-5, IL-

17A, IL-6, IL-10, IL-15, IL-1β, TNF-α, MCP-1, and MIG, as well as the parasite burden in 

pregnant women who transmitted T. cruzi infection vs. those who did not. Our data suggest 

differential chemokine and cytokine profiles in seropositive pregnant women, which could 

potentially act as risk factors for congenital Chagas transmission. 

  

METHODS 

Study location and participants 

Our research was conducted at the INP “Dr. Mario Fatala Chaben”. Groups of T. cruzi-

infected (P+, n=70) and uninfected (P─, n=37) pregnant women, as well as control groups of 

infected (NP+, n=30) and uninfected (NP─, n=30) women without clinically recognised 

pregnancies were included in our study, all from non-endemic areas. After diagnosis of the 

babies born to T. cruzi-infected mothers, P+ were re-classified as mothers of congenitally 

infected babies (P+B+, n=35) and mothers who delivered uninfected children (P+B─, n=35) 

(Table 1). T. cruzi-infected women were healthy, in the asymptomatic phase of chronic 

infection, and did not received previous trypanocidal treatment. P+ and P─ were at least 16 
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weeks pregnant. The pregnant women chosen for enrolment in the study were in the second 

trimester of pregnancy because of the predominant Th2 profile that rules the anti-

inflammatory stage associated with a stable gestation before the inflammatory environment 

leading to delivery. The average age was not significantly different among the five groups of 

women studied, and the gestation time during which the blood sample was drawn did not 

differ among the three groups of pregnant women (Table 1). Venous blood was drawn with 

and without anticoagulant for the collection of plasma and serum, respectively. Sera were 

used for serological assays, and plasma was kept at −70°C until use. 

Diagnosis of T. cruzi infection 

The presence of specific antibodies in serum samples was determined by means of indirect 

hemagglutination (IHA), indirect immunofluorescence (IIF) and enzyme-linked 

immunosorbent assays (ELISA) as previously described [5]. Women were considered 

infected when at least two of the serological tests were reactive [24]. Babies born to T. cruzi-

infected subjects were monitored at our institution to assess congenital T. cruzi infection 

diagnosis. The presence of T. cruzi in the blood of children was determined by the INP 

Micromethod at one and six months of age [25]. The serological assays described above were 

also carried out to evaluate the presence of T. cruzi-specific antibodies and, when detected 

after 10 months of age, the babies were considered congenitally infected and referred for 

trypanocidal treatment. Seropositive women (P+) were then grouped into mothers of T. cruzi-

infected (P+B+) or uninfected (P+B─) babies. 

T. cruzi DNA quantification 

The blood samples collected from infected women (5 mL) were mixed with one volume of 

buffer containing equal volumes of 6 M of guanidine hydrochloride (Sigma Chemical Co., St 

Louis, MO, USA) and EDTA (0.1 M, pH 8. DNA was isolated and quantified by real-time 

PCR as previously described [5]. 
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Determination of plasma cytokine production by enzyme-linked immunosorbent assay. 

The levels of IL-4, IL-5, IL-10, IL12p70, IFN-γ, TNF-α, and IL-15 were determined by two-

site ELISA (OptEIA Kit, BD PharMingen, San Jose, CA), as previously described [19]. The 

assay sensitivity was 4 pg/mL for IL-4, 5 pg/mL for IL-5, 4 pg/mL for IL-10, 12 pg/mL for 

IL-12p70, 2 pg/mL of IFN-γ, 2 pg/mL for TNF-α and 8 pg/mL for IL-15. 

 

Determination of plasma cytokine production by cytometric bead array. 

The levels of IL-1β, IL-6, IL-17A, monokine induced by IFN-γ (MIG/CXCL9) and monocyte 

chemotactic protein-1 (MCP-1/CCL2) were determined by Cytometric Bead Array (CBA), as 

previously described [26], using commercial kits (BD Biosciences, USA). Data were 

acquired on a FACSAria
TM

 flow cytometer (BD Biosciences) and analysed with FCAP 

Array
TM

 software (BD Biosciences). The sensitivity of each assay was as follows: 2.3 pg/mL 

for IL-1β, 1.6 pg/mL for IL-6, 0.3 pg/mL for IL-17A, 1.1 pg/mL for MIG, and 1.3 pg/mL for 

MCP-1. 

 

Statistical analysis 

Data normality was evaluated using the Shapiro-Wilk test. Cytokine levels were presented as 

medians with interquartile ranges. Comparison of median values between two groups were 

performed using the Mann-Whitney test, and among three or more groups using the Kruskal-

Wallis test, followed by Dunn's post-test to compare pairs. Cytokine and chemokine profiles 

in the different groups were also compared using principal component analysis (PCA). 

Finally, a Spearman’s correlation test was used to analyse the association between cytokine 

concentrations and parasitaemia. The result matrix was built with a two-dimensional 

visualisation technique called "heat map" analysis. Statistical analysis and graphs were 
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performed using GraphPad Prism 8.00 software and Statistix 10.0. A P value < 0.05 was 

considered statistically significant. 

 

Ethical approval 

The study was approved by ANLIS “Carlos G. Malbrán” Ethics Committee and carried out 

according to the declaration of Helsinki. Women eligible for this study signed a written 

informed consent before enrolment. 

 

RESULTS 

Differential circulating levels of cytokines associated with T. cruzi infection and pregnancy 

We studied a set of Th1, Th2, Th17, regulatory, and pro-inflammatory cytokines, cell 

differentiation-induced cytokines and chemokines in the plasma of the women enrolled. 

We first analysed the changes in cytokine and chemokine sets induced during chronic T. cruzi 

infection. A skew towards a pro-inflammatory profile balanced by regulatory cytokines was 

observed in NP+ with increased levels of TNF-α, IL-12p70, IL-15, IL-10, and MIG (Fig. 1A, 

1C, 2E, 2C and 2F) compared with NP─. Among uninfected women, pregnancy induced a 

Th2/Th17/T regulatory profile, with increased levels of IL-5, IL-6, IL17-A, IL-1β and IL-10 

(Fig. 2A, 2D, 2B, 1D and 2C) compared with NP─. 

Differential cytokine and chemokine expression in T. cruzi-infected pregnant women 

When comparing the groups of seropositive women, increased levels of IL-5 but decreased 

levels of IL-10 were found in the P+ group (i.e., P+B─ and P+B+ regardless of congenital 

transmission 

compared with NP+ (Fig 2A, 2C). P+B+ had significantly lower levels of TNF- and 

increased  
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levels of IFN- compared to NP+ (Fig 1A, 1B), while P+B─ showed higher levels of IL-15, 

IL-6 and IL-1 than the NP+ group (Fig 2E, 2D and 1D) 

When the effects of T. cruzi infection in pregnant women were evaluated, we found that 

regardless of the congenital transmission P+ had higher levels of IFN- and MIG but lower 

IL-10 compared with P─ (Fig 1B, 2F and 2C, respectively). P+B─ showed increased levels 

of TNF- α and IL-15, whereas only P+B─ showed increased IL-12p70 compared with P─ 

(Fig 1A, 2E and 1C, respectively). Overall, a mixed Th1/Th2 profile was observed in P+ with 

a more robust pro-inflammatory profile in mothers who delivered uninfected children 

compared with those who delivered T. cruzi-infected children.       

The circulating levels of IL-4 and MCP-1 remained unaltered among the five groups of 

women studied. 

Differential circulating levels of cytokines and chemokines and parasite load associated with 

T. cruzi congenital transmission 

To evaluate the immune mediators associated with congenital transmission, the levels of 

cytokines and chemokines were compared between P+B+ and P+B─ through a univariate 

analysis. Higher parasite loads and IL-12p70 levels, along with lower levels of IL-15, TNF-α, 

IL-17, and lower TNF-α/IL-10 ratio, were associated with congenital transmission (Table 2). 

Regarding parasitaemia, a variable percentage of women with chronic T. cruzi infection had 

detectable parasite loads: 55% in the NP+ group and 87 % in the P+ group (P+B─ and 

P+B+). NP─ and P─ showed, as expected, undetectable parasitaemia.    

Principal Component Analysis (PCA) 

Since cytokines and chemokines do not necessarily function independent from one another, 

PCA was conducted to determine whether any specific groups of cytokines could be 

associated with congenital transmission. Two principal components with eigenvalues greater 
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than 1 were extracted: these components cumulatively explained 57.6%, 47.9% and 63% of 

the variance in cytokine and chemokine levels in P+B─, P+B+, and P─, respectively. When 

the subject groups were plotted based on PC1 and PC2, three distinct clusters were observed 

(Figure 3A). P+B─ was clearly segregated from P─, whereas P+B+ was in an intermediate 

position between P+B─ and P─. 

The component loadings for each variable showed that PC1 scores in P+B─ were inversely 

correlated with IL-12p70, whereas in P+B+, they were positively correlated with IL-4 and IL-

5 and inversely correlated with IL-15 (Figure 3B). The variance in PC2 was inversely 

correlated with IL-5 and IL-17 in P+B─, and with IFN-α and TNF-α in P+B+. P─ showed a 

more limited repertoire of mediators influencing cytokine and chemokine responses, with 

PC1 and PC2 scores inversely correlating to IL-1β and IL-6, respectively (Fig 3B). 

 

Correlation between cytokine/chemokine responses and parasitaemia in Chagas 

congenital transmission 

The circulating levels of cytokines and chemokines were correlated with parasite loads, as shown in 

Figure 4. In NP+, IL-12p70, IL-15, IFN-γ and TNF-α levels were positively correlated with 

parasitaemia, whereas IL-10 was not (Figure 4A). 

In P+B─, parasitaemia showed a positive correlation with the levels of IL-12p70, IL-15, IFN-

γ and TNF-α, and a negative correlation with IL-6 (Figure 4B). In P+B+, parasitaemia was 

only positively correlated with IL-15, but inversely correlated with IL-1β (Figure 4C). 

DISCUSSION 

In this study, we measured the circulating levels of twelve cytokines and chemokines in 

pregnant T. cruzi – infected women to evaluate whether congenital transmission could be 

predicted based on a specific profile of these mediators during pregnancy. The cytokine and 

chemokine profiles differed depending on the situation related to T. cruzi infection, 
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pregnancy, pregnancy in the context of parasite infection, and Chagas congenital 

transmission. 

Normal pregnancy has long been described as a Th1/Th2/Treg phenomenon, where cytokines 

play a dual role, contributing to the generation of tolerance to avoid rejection of the semi-

allogeneic foetus while protecting the foetus against pathogens [15, 27]. The pregnant women 

chosen for enrolment were women in the second trimester of their pregnancy, since parasite 

infection is associated with a pro-inflammatory stage, there is a higher possibility of detecting 

a congenital infection in the mid-trimester when the Th2 profile rules the anti-inflammatory 

stage associated with a stable gestation. Therefore, the shift towards a pro-inflammatory stage 

might be attributed to T. cruzi-infection. Also, by this time, the main immune cell populations 

have been developed  [11,12] 

The cytokine profile in P─
 
in our study presented a bias toward a Th2/Th17/Treg phenotype, 

with increased levels of IL-5, IL-6, IL-1, IL-17A, and IL-10 in their plasma. Several studies 

have shown the presence of IL-5 in peripheral blood in P─ during the different pregnancy 

trimesters [28, 29], suggesting a possible role of IL-5 beyond endometrial tissue remodelling 

[30, 31]. The increased levels of IL-1 and IL-6 in P─, which appear to play a crucial role 

during embryo implantation and placental development [32], are in line with previous 

observations of elevated IL-1 and IL-6 cytokine plasma levels in normal pregnancies [33]. 

In line with our results, IL-17 concentration and an increased number of Th17 cells 

throughout pregnancy have been reported [34, 35]. Conversely, Santner-Nanan et al. 

described a decreased prevalence of Th17 cells in the peripheral blood of healthy pregnant 

women [36], whereas other studies found no differences between non‐ pregnant and pregnant 

women [37]. T. cruzi-infected women showed a pro-inflammatory Th1-biased profile, 

regardless of whether they were pregnant or not, with increased levels of TNF-, IL-12p70, 

and MIG, whereas IFN-γ levels were only increased in P+. IL-12p70 is known as an immune-
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modulatory cytokine that mediates IFN-γ production through the induction of Th1 cells and 

activation of NK cells [31]. IFN-γ activates macrophage-mediated cytotoxicity through nitric 

oxide production, limiting parasite proliferation [38]. All infected women also showed 

increased levels of MIG, which is induced by IFN-γ and is important in Th1 polarisation, 

functioning by attracting Th1 cells and inhibiting Th2 migration. A strong MIG-mediated 

Th1 response has been found to be a key factor in protection against T. cruzi [39]. 

The inflammatory mediator IL-15, a pleiotropic interleukin involved in the development and 

maintenance of effector cells that share many biological activities with IL-2 [40], showed 

increased levels in the plasma of T. cruzi-infected women regardless of pregnancy. Along 

with IL-12, IL-15 is considered an important co-stimulator of IFN-γ and TNF-α production, 

both of which are essential cytokines in the immune control of intracellular pathogens [41]. 

Indeed, elevated IL-15 levels have been found in several infections caused by intracellular 

pathogens such as dengue virus [42], and Leishmania infantum [43]. It is likely that one of 

the most important roles of IL-15 during T. cruzi infection is to amplify the levels of IFN-γ 

and TNF-α produced by NK cells to control parasitaemia. The behaviour of IL-10 was very 

particular, since it increases during T. cruzi infection and pregnancy, but in T. cruzi-infected 

pregnant women and regardless of congenital transmission, the levels were comparable to 

those found in uninfected non-pregnant women. It is possible that higher levels of IFN-γ, IL-

5, and IL-6 observed in T. cruzi-infected pregnant women work as an inhibiting factor in the 

Treg pathway.  

We found lower expression of TNF-α during pregnancy in mothers of T. cruzi-infected 

children, which is in line with previous observations of TNF-α response downregulation, as 

well as lower circulating levels of the soluble receptor TNFR1 in this group of women [19, 

20]. We also showed similar IFN-γ and IL-10 plasma levels in both seropositive pregnant 

women subgroups (P+B+ and P+B─), as previously observed [19]. However, T. cruzi-
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stimulated peripheral blood mononuclear cells from P+B─ evidenced a higher production of 

IFN-γ than PBMC from P+B+. Since IFN-γ is a key cytokine for parasite control, its 

increased production observed in T cells from P+B─ might contribute to reduced parasite 

load, thus decreasing mother-to-child parasite transmission [8]. 

PCA revealed the relative importance of certain cytokines to explain variability within the 

pregnant women groups. Cytokine profiles in P+B─ formed a cluster that was clearly 

different from P─, comprising more inflammatory mediators than the cytokine profiles of 

P+B+. Since IL-4 and IL-5 provided the largest contribution to variance in P+B+, a Th2 

profile could be associated with congenital parasite transmission. 

As previously described by our laboratory and other researchers [4 - 8], parasite load in P+B+ 

was significantly higher than in the P+B─ group, and could be explained by the fact that 

these pregnant women do not exhibit the appropriate immune responses to control parasite 

load, thus facilitating parasite transmission through the placenta. In line with this finding, a 

positive correlation was found between IFN-γ, TNF-α, IL-12p70, and IL-15 levels and 

parasitaemia in pregnant T. cruzi-infected women who did not transmit the infection to their 

babies, supporting a more balanced response in these women. We are aware that circulating 

levels might not directly reflect the cell capacity to produce these cytokines/chemokines 

which is an issue that needs to be addressed in future studies.  

In summary, our findings support and contribute to previous observations in which a strong 

and protective immune response of seropositive pregnant women is associated with lower 

congenital parasite transmission. In T. cruzi-infected mothers who did not transmit the 

infection to their babies we identified a set of cytokines with a bias towards Th1/Th17 over 

Treg and Th2 profiles. 
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FIGURE LEGENDS 

Figure 1.   Circulating plasma levels of Th1 and pro-inflammatory cytokines in T. cruzi-infected 

and uninfected pregnant and non-pregnant women. TNF-(A), IFN-(B), IL-12p70 (C), and IL-

1(D), expressed as pg/ml in T. cruzi-infected (P+) and uninfected (P─) pregnant women, and 

control groups of T. cruzi-infected (NP+) and uninfected (NP─) non-pregnant women were measured 

by ELISA or CBA. Horizontal lines represent median values for each group. Differences were tested 

using Kruskal–Wallis, followed by Dunn’s test for post hoc comparisons. * P <0.05, ** P <0.01 and 

*** P <0.001. 

 

Figure 2.  Circulating plasma levels of Th2, Th17, Treg, inmunomodulatory, cell differentiation-

induced cytokines and chemokines in T. cruzi-infected and uninfected pregnant and non-

pregnant women. IL-5(A), IL-17 (B), IL-10 (C), IL-6 (D), IL15 (E), and MIG (F) expressed as pg/ml 

in T. cruzi-infected (P+) and uninfected (P─) pregnant women, and control groups of T. cruzi-infected 

(NP+) and uninfected (NP─) non-pregnant women were measured by ELISA or CBA. Horizontal 

lines represent median values for each group. Differences were tested using Kruskal–Wallis, followed 

by Dunn’s test for post hoc comparisons. * P <0.05, ** P <0.01 and *** P <0.001. 

  

Figure 3. Principal component analysis of cytokine and chemokine production. Circulating immune-

mediators were measured in uninfected pregnant women (P─, n=37), and T. cruzi-infected pregnant 

women, mothers of uninfected babies (P+B─, n=35) or congenitally infected babies (P+B+, n=35). 

Following log transformation, the principal components were extracted with eigenvalues higher than 

1.0. Loading plots depict the relationship between the first two principal components PC1 and PC2, 

and explained the 63%, 57.6%, and 47.9% of the variance, respectively. P─ (green), P+B─ (red), and 

P+B+ (blue) women plotted based on the first two extracted principal components, PC1 and PC2 (A). 

MCP-1, MIG, IL- 1β, IL-6, IL-17A, IL-4, IL-5, IL-10, IL-12, IL-15, IFN-γ, and TNF-α loading values 
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of PC1 and PC2 are represented by the bars for each group (B). Loadings of > 0.4 or < -0.4 were 

considered as influential mediators (filled bars). 

 

Figure 4. Heat maps of the correlations between plasma cytokine / chemokine concentrations 

and parasitaemia. Immune mediators and parasite load were measured in T. cruzi-infected 

non pregnant women (NP+), mothers of non-infected children (P+B─), and mothers of T. 

cruzi congenitally infected babies (P+B+). The Spearman´s rank correlation coefficient 

ranges from -1.0 to 1.0 corresponding to a strongly negative to a strongly positive correlation 

(P < 0.05). 
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Table 1. Characteristics of the groups of women studied.  
 
 

 
Non-pregnant  Pregnant 

 

Non-infected 

(NP─) 
Infected 
(NP+) 

 

Non-infected 

(P─) 

Infected   
mothers of 
non-infected  
babies  

(P+B─) 

 Infected 
mothers of 
infected 
babies  
(P+B+) 

  

n 30 30  37 35 35 

Age (years)
a 30 ± 8 34 ± 11  31 ± 7 25 ± 7 29 ± 7 

Month of gestation (months)
b - -  5.0 ± 2.0 6.8 ± 1.4 5.2 ± 1.4 

Serological Diagnosis:       

IHA
 c < 5 6.9 ± 1.1  < 5 6.9 ± 0.9 6.8 ± 0.9 

IIF
 c < 5 7.0 ± 0.8  < 5 7.0 ± 0.9 7.0 ± 1.0 

ELISA 
d 49 ± 34 345 ± 69  65 ± 38 346 ± 75 340 ± 69 

Babies: 
 
                              

   

        
 

Birth weight (grams)
e                         

 - -   -  35530± 95.5      3486 ± 96.6 

 
Pre-term birth

f
 

- -   
 
- 0 / 31 4 / 32 

 
 

 
Arithmetic Mean ± SEM values are shown. The groups did not differ significantly with 

respect to age
a
 and months of gestation

b 
(P>0,05 ANOVA). 

c
 Results of indirect immunohemagglutination (IHA) and indirect immunofluorescence (IIF) 

are expressed as the Log2 of the inverse of the titer and considered reactive when < 5. 

d
 ELISA is expressed as the optical density at 490nm ×1000 and considered reactive when > 

200. 

Groups of infected or uninfected babies born from infected mothers did not differ 

significantly with respect to weight at birth
e
 or pre-term birth

f 
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Table 2. Univariate analysis of factors associated with T. cruzi-mother-to-child transmission. 

Variable (unit)
a P+B─ (n=35) P+B+ (n=35) P value

b 

T. cruzi infection 

Parasite load  

(mE/mL) 
1.16 (0.22-2.22) 7 (1.5-14)                               0.   0.0001 

ELISA  

(O.D 450 nm) 

0.336 (0.310-0.403) 0.319 (0.284-0.382) 0.5498 

IHA (titer) 1/128 (1/64-1/128) 1/128 (1/128-1/128) 0.6080 

Log IHA 7 (6-7) 7 (7-7) 0.6080 

IIF (titer) 1/128 (1/64-1/256) 1/128 (1/128-1/256) 0.7318 

Log IIF 7 (6-8) 7 (7-8) 0.7318 

Cytokines (pg/mL)   

IFN-γ 31 (16.5-53) 31 (26-43.5) 0.7038 

IL-12p70 63 (39-104.5) 88.5 (63.25-166.5) 0.0105 

IL-4 16 (7-25) 8.5 (7.75-18.25) 0.3136 

IL-5 16 (6-25) 15 (5.25-22.75) 0.6055 

IL-17A 9.99 (7.64-16.2) 7.78 (6.15-11.11) 0.0398 

IL-6 5.82 (4.07-7.6) 5.16 (3.86-6.04) 0.1273 

IL-10 30 (22-35.5) 26.5 (23-31) 0.8411 

IL-15 37 (26.7-50.5) 18.5 (12.25-23.5) <0.0001 

IL-1β 2.70 (1.95-4.97) 2.89 (1.77-3.47) 0.5540 

TNF-α 14 (5-54.5) 5 (5-17.75) 0.0213 

Chemokines (pg/mL) 

MCP-1 92.12 (49.31-128.26) 81.35 (41.33-120.66) 0.8374 

MIG 66.85 (44.96-117.48) 100.8 (54.59-139.09) 0.1963 

Ratios 

IFN-γ/IL-4 1.9 (1.1-5.1) 3 (1.22-6.02) 0.3372 

IFN-γ/IL-10 1.3 (0.6-2.5) 1.05 (0.8-2.15) 0.5087 

TNF-α/IL-10 0.5 (0.2-1.85) 0.2 (0.2-0.65) 0.0121 

 
a 
Data for continue variables are shown as median and interquartile ranges. 

b 
Italic Bold values indicate P values < 0.05 analyzed by the Two-Sample t test or the 

Wilcoxon Rank Sum Test as appropriate. T. cruzi-infected pregnant women, mothers of non-

infected (P+B─) or congenitally infected babies (P+B+). 
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Figure 2 
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Figure 3 
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Figure 4 
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