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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 nonendemic areas. It is relevant to evaluate differ-
entially expressed factors in T. cruzi-infected pregnant women as potential markers of Chagas congenital transmission.

Methods. Circulating levels of 12 cytokines and chemokines were measured by enzyme-linked immunosorbent assay 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 nonpregnant women.

Results.
crosis factor (TNF)-a, interleukin (IL)-12p70, IL-15, and monokine induced by interferon-gamma (MIG). Uninfected pregnant
women presented a biased response towards Th2/Th17/Treg profiles, with increased plasma levels of IL-5, IL-6, IL-1B, IL-17A, and
IL-10. Finally, we identified that high parasitemia together with low levels of TNF-a, IL-15, and IL-17, low TNF-a/IL-10 ratio, and

Trypanosoma cruzi-infected women showed a proinflammatory Th1-biased profile, with increased levels of tumor ne-

high IL-12p70 levels are factors associated with an increased probability of Chagas congenital transmission.

Conclusions.

Trypanosoma cruzi-infected pregnant women who did not transmit the infection to their babies exhibited a dis-

tinct proinflammatory cytokine profile that might serve as a potential predictive marker of congenital transmission.
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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 nonendemic 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 underdiagnosis of T. cruzi infec-
tion 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 parasitemia is frequently low, but
it has been observed that mothers of infected children showed
higher parasitemia compared to the mothers of uninfected oft-
spring [4-8]. In the acute phase of the infection or reactivated
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Chagas disease, a 100% rate of T. cruzi congenital transmis-
sion 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 [11-13], reviewed in [14]. It has been suggested
that the cytokine pattern for a successful pregnancy varied in
healthy women from a proinflammatory 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 proinflammatory stage, which is respon-
sible for the initiation of parturition [17]. In pregnant women
with chronic T. cruzi infection, higher levels of tumor necrosis
factor (TNF)-a and interferon (IFN)-y were observed in women
who did not transmit the infection to their offspring, suggesting
a shift towards a Th1 profile [18-22].

In the group of T. cruzi-infected pregnant women who gave birth
to uninfected children, those with detectable parasitemia showed
increased levels of IFN-y and TNF-a in peripheral, placental, and
cord blood, compared with pregnant women with undetectable
parasitemia, suggesting that higher parasite loads balanced by a
robust proinflammatory response could prevent congenital trans-
mission [21, 23]. In addition, a decreased T. cruzi-specific produc-
tion of IFN-y was observed in peripheral blood mononuclear cells
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from mothers who transmitted the congenital infection [8]. TNF-a
and IFN-y are key mediators to control parasitemia in T. cruzi in-
fection, 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 to understand the relationship between the
mother’s immune response, parasite load, and congenital trans-
mission by measuring the plasma levels of IFN-y, IL12p70,
IL-4, IL-5, IL-17A, IL-6, IL-10, IL-15, IL-13, TNF-a, mono-
cyte chemotactic protein (MCP)-1, and monokine induced by
IFN-y (MIG), as well as the parasite burden in pregnant women
who transmitted T. cruzi infection versus 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 Instituto Nacional de
Parasitologia (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 clin-
ically recognized pregnancies, were included in our study, all
from nonendemic areas. After diagnosis of the babies born
to T. cruzi-infected mothers, P+ were reclassified as mothers
of congenitally infected babies (P+B+, n =35) and mothers
who delivered uninfected children (P+B-, n = 35) (Table
1). Trypanosoma 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

weeks pregnant. The pregnant women chosen for enrollment 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 sig-
nificantly different among the 5 groups of women studied, and
the gestation time during which the blood sample was drawn
did not differ among the 3 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 Trypanosoma cruzi Infection

The presence of specific antibodies in serum samples was de-
termined by means of indirect hemagglutination, indirect im-
munofluorescence, and enzyme-linked immunosorbent assays
(ELISAs) as previously described [5]. Women were considered
infected when at least 2 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 1 and 6 months of age [25]. The sero-
logical 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.

Trypanosoma cruzi Deoxyribonucleic Acid Quantification

The blood samples collected from infected women (5 mL) were
mixed with 1 volume of buffer containing equal volumes of 6 M
guanidine hydrochloride (Sigma Chemical Co., St. Louis, MO)

Table 1. Characteristics of the Groups of Women Studied

Nonpregnant Pregnant
Noninfected Infected Noninfected Infected Mothers of Infected Mothers of
(NP-) (NP+) (P-) Noninfected Babies (P+B-) Infected Babies (P+B+)
n 30 30 37 35 35
Age (years)® 308 341 31+7 25+7 297
Month of gestation (months)® - - 5.0+20 6.8+ 14 52+ 14
Serological Diagnosis
IHA® <5 6.9+ 11 <5 6.9+0.9 6.8+0.9
IF¢ <5 70+0.8 <5 70+0.9 70+ 1.0
ELISA 49 + 34 345 + 69 65 + 38 346 + 75 340 + 69
Babies
Birth weight (grams)® - - - 3530 + 95.5 3486 + 96.6
Preterm birth' - - - 0/31 4/32

Abbreviations: ELISA, enzyme-linked immunosorbent assay; IHA, immunohemagglutination; IIF, indirect immunofluorescence.

2PArithmetic mean + standard error of the mean values are shown. The groups did not differ significantly with respect to age and months of gestation (P> .05 analysis of variance).

“Results of IHA and IIF are expressed as the log, of the inverse of the titer and considered reactive when >5.

9ELISA is expressed as the optical density at 490 nm x 1000 and considered reactive when >200.

Groups of infected or uninfected babies born from born to infected mothers did not differ significantly with respect to weight at birth or preterm birth.
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and EDTA (0.1 M, pH 8). Deoxyribonucleic acid was isolated
and quantified by real-time polymerase chain reaction as previ-
ously described [5].

Determination of Plasma Cytokine Production by Enzyme-Linked
Immunosorbent Assay

The levels of IL-4, IL-5, IL-10, IL12p70, IFN-y, TNF-a, and
IL-15 were determined by 2-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 for IFN-y, 2 pg/
mL for TNF-q, and 8 pg/mL for IL-15.

Determination of Plasma Cytokine Production by Cytometric Bead Array
The levels of IL-1pB, IL-6, IL-17A, MIG/CXCL9, and MCP-1/
CCL2 were determined by cytometric bead array, as previously
described [26], using commercial kits (BD Biosciences-US).
Data were acquired on a FACSAria flow cytometer (BD
Biosciences) and analyzed with FCAP Array software (BD
Biosciences). The sensitivity of each assay was as follows: 2.3
pg/mL for IL-1p, 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 2 groups were
performed using the Mann-Whitney test, and among 3 or
more groups using the Kruskal-Wallis test, followed by Dunn’s
posttest to compare pairs. Cytokine and chemokine profiles in
the different groups were also compared using principal com-
ponent analysis (PCA).

Finally, a Spearman’s correlation test was used to analyze the as-
sociation between cytokine concentrations and parasitemia. The
result matrix was built with a 2-dimensional visualization tech-
nique called “heat map” analysis. Statistical analysis and graphs
were performed using GraphPad Prism 8.00 software and Statistix
10.0. A P < .05 was considered statistically significant.

Ethical Approval

The study was approved by Administraciéon Nacional de
Laboratorios e Institutos de Salud “Carlos G. Malbran” Ethics
Committee and carried out according to the declaration of
Helsinki. Women eligible for this study signed a written in-
formed consent before enrollment.

RESULTS

Differential Circulating Levels of Cytokines Associated With Trypanosoma
cruzi Infection and Pregnancy

We studied a set of Thl, Th2, Thl7, regulatory, and
proinflammatory cytokines, cell differentiation-induced
cytokines, and chemokines in the plasma of the women
enrolled.

We first analyzed the changes in cytokine and chemokine
sets induced during chronic T. cruzi infection. A skew towards
a proinflammatory profile balanced by regulatory cytokines
was observed in NP+ with increased levels of TNF-a, IL-12p70,
IL-15, IL-10, and MIG (Figures 1A and C and 2E, C, and F)
compared with NP—. Among uninfected women, pregnancy in-
duced a Th2/Th17/T regulatory profile, with increased levels of
IL-5, IL-6, IL17-A, IL-1p, and IL-10 (Figures 2A, D and B and
1D and 2C) compared with NP—.

Differential Cytokine and Chemokine Expression in Trypanosoma 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 (ie, P+B— and P+B+ regardless of congenital transmis-
sion compared with NP+) (Figure 2A and C). P+B+ had sig-
nificantly lower levels of TNF-a and increased levels of IFN-y
compared with NP+ (Figure 1A and B), whereas P+B— showed
higher levels of IL-15, IL-6, and IL-1p than the NP+ group
(Figures 2E and D and 1D).

When the effects of T. cruzi infection in pregnant women were
evaluated, we found that regardless of the congenital transmis-
sion, P+ had higher levels of IFN-y and MIG but lower IL-10
compared with P— (Figures 1B and 2F and C, respectively).
P+B- showed increased levels of TNF-a and IL-15, whereas
only P+B-— showed increased IL-12p70 compared with P—
(Figures 1A, 2E, and C, respectively). Overall, a mixed Th1/Th2
profile was observed in P+ with a more robust proinflammatory
profile in mothers who delivered uninfected children compared
with those who delivered T. cruzi-infected children. The circu-
lating levels of IL-4 and MCP-1 remained unaltered among the
5 groups of women studied.

Differential Circulating Levels of Cytokines and Chemokines and Parasite
Load Associated With Trypanosoma cruzi Congenital Transmission

To evaluate the immune mediators associated with congen-
ital transmission, the levels of cytokines and chemokines were
compared between P+B+ and P+B- through a univariate anal-
ysis. Higher parasite loads and IL-12p70 levels, along with
lower levels of IL-15, TNF-a, IL-17, and lower TNF-a/IL-10
ratio, were associated with congenital transmission (Table 2).
Regarding parasitemia, 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 parasitemia.

Principal Component Analysis

Because cytokines and chemokines do not necessarily func-
tion independent from one another, PCA was conducted to
determine whether any specific groups of cytokines could be
associated with congenital transmission. Two principal com-
ponents with eigenvalues greater than 1 were extracted: these
components cumulatively explained 57.6%, 47.9%, and 63%
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Figure 1. Circulating plasma levels of Th1 and proinflammatory cytokines in Trypanosoma cruzi-infected and uninfected pregnant and nonpregnant women. Tumor necrosis
factor (TNF)-a (A), interferon (IFN)-y (B), interleukin (IL)-12p70 (C), and IL-1f3 (D), expressed as pg/mL in T. cruz-infected (P+) and uninfected (P-) pregnant women, and control
groups of T. cruzi-infected (NP+) and uninfected (NP-) nonpregnant women were measured by enzyme-linked immunosorbent assay or cytometric bead array. Horizontal lines
represent median values for each group. Differences were tested using Kruskal-Wallis, followed by Dunn’s test for post hoc comparisons. *, P<.05; **, P<.01; and ***,

P<.001.

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, 3 distinct clusters were ob-
served (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 var-
iance in PC2 was inversely correlated (1) with IL-5 and IL-17
in P+B- and (2) with IFN-a and TNF-a in P+B+. P— showed a
more limited repertoire of mediators influencing cytokine and
chemokine responses, with PC1 and PC2 scores inversely cor-
relating to IL-1P and IL-6, respectively (Figure 3B).

Correlation Between Cytokine/Chemokine Responses and Parasitemia in
Chagas Congenital Transmission

The circulating levels of cytokines and chemokines were correl-
ated with parasite loads, as shown in Figure 4. In NP+, IL-12p70,

IL-15, IFN-y, and TNF-a levels were positively correlated with
parasitemia, whereas IL-10 was not (Figure 4A).

In P+B—, parasitemia showed a positive correlation with the
levels of IL-12p70, IL-15, IFN-y, and TNF-a and a negative cor-
relation with IL-6 (Figure 4B). In P+B+, parasitemia was only
positively correlated with IL-15 but inversely correlated with
IL-1P (Figure 4C).

DISCUSSION

In this study, we measured the circulating levels of 12 cytokines
and chemokines in pregnant T. cruzi-infected women to eval-
uate 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, pregnancy, pregnancy
in the context of parasite infection, and Chagas congenital
transmission.

Normal pregnancy has long been described as a Thl/
Th2/Treg phenomenon, where cytokines play a dual role,
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Figure 2. Circulating plasma levels of Th2, Th17, Treg, inmunomodulatory, cell differentiation-induced cytokines, and chemokines in Trypanosoma cruzi-infected and un-
infected pregnant and nonpregnant women. Interleukin (IL)-5 (A), IL-17 (B), IL-10 (C), IL-6 (D), IL15 (E), and monokine induced by interferon-gamma (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-) nonpregnant women were measured by
enzyme-linked immunosorbent assay or cytometric bead array. Horizontal lines represent median values for each group. Differences were tested using Kruskal-Wallis, fol-

lowed by Dunn's test for post hoc comparisons. *, P<.05; **, P< .01; ***, P<.001.

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 enroll-
ment were women in the second trimester of their pregnancy,
because parasite infection is associated with a proinflammatory
stage, and there is a higher possibility of detecting a congen-
ital infection in the mid-trimester when the Th2 profile rules

the anti-inflammatory stage associated with a stable gestation.
Therefore, the shift towards a proinflammatory stage might be
attributed to T. cruzi-infection. In addition, by this time, the
main immune cell populations have been developed [11, 12].
The cytokine profile in P— in our study presented a bias to-
ward a Th2/Th17/Treg phenotype, with increased levels of IL-5,
IL-6, IL-1pB, IL-17A, and IL-10 in their plasma. Several studies
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Table 2. Univariate Analysis of Factors Associated With Trypanosoma cruzi Mother-to-Child Transmission

Variable (Unit)* P+B- (n =35) P+B+ (n = 35) PValue®
T cruzi Infection
Parasite load (mE/mL) 1.16 (0.22-2.22) 7 (1.5-14) 0.0001
ELISA (OD 450 nm) 0.336 (0.310-0.403) 0.319 (0.284-0.382) .5498
IHA (titer) 1/128 (1/64-1/128) 1/128 (1/128-1/128) .6080
Log IHA 7 (6-7) 7 (7-7) .6080
IIF (titer) 1/128 (1/64-1/256) 1/128 (1/128-1/256) 7318
Log IIF 7 (6-8) 7 (7-8) .7318
Cytokines (pg/mL)
IFN-y 31 (16.5-53) 31 (26-43.5) .7038
IL-12p70 63 (39-104.5) 88.5 (63.25-166.5) .0105
14 16 (7-25) 8.5 (7.75-18.25) .3136
IL5 16 (6-25) 15 (5.25-22.75) .6055
IL-17A 9.99 (764-16.2) 778 (6.15-11.11) .0398
I-6 5.82 (4.07-7.6) 5.16 (3.86-6.04) 1273
I-10 30 (22-35.5) 26.5 (23-31) .8411
115 37 (26.7-50.5) 18.5 (12.25-23.5) <.0001
118 2.70 (1.95-4.97) 2.89 (1.77-3.47) .5540
TNF-o. 14 (5-54.5) 5(5-1775) .0213
Chemokines (pg/mL)
MCP-1 92.12 (49.31-128.26) 81.35 (41.33-120.66) .8374
MIG 66.85 (44.96-117.48) 100.8 (54.569-139.09) 1963
Ratios
IFN-y/I-4 1.9(1.1-5.1) 3(1.22-6.02) .3372
IFN-y/IL=10 1.3 (0.6-2.5) 1.05 (0.8-2.15) .5087
TNF-o/IL-10 0.5 (0.2-1.85) 0.2 (0.2-0.65) .0121

Abbreviations: ELISA, enzyme-linked immunosorbent assay; IFN, interferon; IHA, immunohemagglutination; IIF, indirect immunofluorescence; IL, interleukin; MIG, monokine induced by

interferon-gamma; MCP. monocyte chemotactic protein; TNF, tumor necrosis factor.

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

®ltalic bold values indicate P < .05 analyzed by the 2-sample t test or the Wilcoxon rank-sum test as appropriate. T cruziinfected pregnant women, mothers of noninfected (P+B-) or con-

genitally infected babies (P+B+).

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 remodeling [30,
31]. The increased levels of IL-1p 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 el-
evated IL-1P and IL-6 cytokine plasma levels in normal preg-
nancies [33].

In line with our results, IL-17 concentration and an increased
number of Th17 cells throughout pregnancy have been re-
ported [34, 35]. In contrast, Santner-Nanan et al [36] described
a decreased prevalence of Th17 cells in the peripheral blood
of healthy pregnant women, whereas other studies found no
differences between nonpregnant and pregnant women [37].
Trypanosoma cruzi-infected women showed a proinflammatory
Th1-biased profile, regardless of whether they were pregnant or
not, with increased levels of TNF-a, IL-12p70, and MIG, whereas
IFN-y levels were only increased in P+. IL-12p70 is known as an
immune-modulatory cytokine that mediates IFN-y production
through the induction of Thl cells and activation of NK cells
[31]. Interferon-y 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-y and is important in Th1 polariza-
tion, functioning by attracting Th1 cells and inhibiting Th2 mi-
gration. 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 re-
gardless of pregnancy. Along with IL-12, IL-15 is considered an
important costimulator of IFN-y and TNF-a production, both
of which are essential cytokines in the immune control of intra-
cellular 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-y and TNF-a pro-
duced by NK cells to control parasitemia. The behavior of IL-10
was very particular, because it increases during T. cruzi infec-
tion and pregnancy, but in T. cruzi-infected pregnant women
and regardless of congenital transmission, the levels were com-
parable to those found in uninfected nonpregnant women. It is
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Principal component analysis of cytokine and chemokine production. Circulating immune-mediators were measured in uninfected pregnant women (P-, n = 37),

and Trypanosoma cruzi-infected pregnant women, mothers of uninfected babies (P+B-, n = 35) or congenitally infected babies (P+B+, n = 35). After log transformation, the
principal components were extracted with eigenvalues higher than 1.0. Loading plots depict the relationship between the first 2 principal components PC1 and PC2 and ex-
plained 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 2 extracted principal components,
PC1 and PC2 (A). Monocyte chemotactic protein 1, monokine induced by interferon-gamma, interleukin (IL)-1f3, IL-6, IL-17A, IL-4, IL-5, IL-10, IL-12, IL-15, interferon-y, and
tumor necrosis factor-a loading values 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).

possible that higher levels of IFN-y, 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-a during pregnancy in
mothers of T. cruzi-infected children, which is in line with pre-
vious observations of TNF-a response downregulation, as well
as lower circulating levels of the soluble receptor TNFRI1 in
this group of women [19, 20]. We also showed similar IFN-y
and IL-10 plasma levels in both seropositive pregnant women

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

Principal component analysis revealed the relative impor-
tance of certain cytokines to explain variability within the
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Figure 4. Heat maps of the correlations between plasma cytokine/chemokine concentrations and parasitemia. Inmune mediators and parasite load were measured in
Trypanosoma cruzi-infected nonpregnant women (NP+), mothers of noninfected 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 negat

ive to a strongly positive correlation (P < .05).
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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+.
Because IL-4 and IL-5 provided the largest contribution to vari-
ance in P+B+, a Th2 profile could be associated with congenital
parasite transmission.

As previously described by our laboratory and other re-
searchers [4-8], parasite load in P+B+ was significantly
higher than in the P+B— group, and this could be explained
by the fact that these pregnant women do not exhibit the ap-
propriate immune responses to control parasite load, thus
facilitating parasite transmission through the placenta. In
line with this finding, a positive correlation was found among
IEN-y, TNF-a, IL-12p70, and IL-15 levels and parasitemia
in pregnant T. cruzi-infected women who did not transmit
the infection to their babies, supporting a more balanced re-
sponse 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 ad-
dressed in future studies.

CONCLUSIONS

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 con-
genital 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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