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Abstract

Background: Chagas disease is caused by the protozoan Trypanosoma cruzi and is characterized by heart failure
and sudden death. Identifying which factors are involved in evolution and treatment response is actually challenging.
Thus, the aim of this work was to determine the Th1/Th17 (IL-6, IL-2, TNF, IL-17 and IFN-γ) and Th2 (IL-4 and IL-10)
serum profile in Venezuelan Chagasic patients stratified according amiodarone treatment, hypertension and
arrhythmias.

Methods: Sera from 38 chagasic patients were analyzed to determine the level of cytokines by Multiplexed
Bead-Based Immunoassays. ANOVA test was applied to determine differences for each group. Additionally, a
Linear Discriminant Analysis (LDA) was applied to observe the accuracy of different cytokines to discriminate
between the groups.

Results: The levels of several cytokines were significantly higher in the high-risk of sudden death and
untreated group. LDA showed that IL-2, IFN-γ and IL-10 were the best cytokines for discriminating between
high-risk of sudden death and untreated patients versus low-risk of sudden death, treated and control groups.

Conclusions: High IL-2 levels seem to identify patients with high-risk of sudden death and seems adequate as
treatment efficacy marker. To our knowledge, this is the first report about the anti-inflammatory role of the amiodarone in
Chagas disease, suggesting an inmunomodulatory effect that may be exploited as coadjutant therapy in chronic Chagas
disease.

Background
Chagas disease is a neglected disease caused by the
intracellular protozoan Trypanosoma cruzi. Initially, it
was confined to Latin American countries, but has now
spread worldwide by immigration [1]. Besides, non-
traditional vectors have been recently involved in trans-
mission [2], raising the concern about the dissemination
in non-endemic countries.
Chagas disease is characterized by an acute phase,

generally asymptomatic or with mild unspecific symp-
toms, such as fever and hepatomegaly. Patients pro-
gress to chronic phase, being only a 30% symptomatic
during this stage. Chronic disease is characterized by

heart failure, arrhythmias and sudden death. Particu-
larly, sudden death represents 60% of mortality during
any stage. The victims often are younger than 58 years
and asymptomatic before the final episode [3], which
made challenging the finding of new prognosis markers
in order to identify patients with high-risk of heart failure
and sudden death. Besides, these hypothetical markers
would allow the evaluation of the response to the different
treatments applied to Chagasic patients.
Several risk stratification systems have been proposed

for Chagas disease. Some authors have postulated a clas-
sification that combines radiographic and echocardio-
graphic criteria with QRS morphology and appearance
of ventricular tachycardia [4, 5]. Other stratification
systems have focused their attention in the differential
cytokine response among patients with and without car-
diomyopathy. Some authors have reported that higher
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IL-10 expression was associated with better cardiac
function, as determined by left ventricular ejection frac-
tion and left ventricular diastolic diameter values [6].
Besides, on the same grounds, other works have postu-
lated that reduced production of the cytokines IL-10 and
IL-17 in association with high levels of IFN-γ and TNF
correlates with the severity of the Chagas’ disease car-
diomyopathy, and the immunological imbalance ob-
served may be causally related with deficient suppressor
activity of regulatory T cells that controls myocardial in-
flammation [7]. In experimental animal models, IL-17
controls the resistance to acute T. cruzi infection
regulating the Th1 cells differentiation, cytokine and
chemokine production and control parasite-induced
myocarditis, regulating the influx of inflammatory cells
to the heart tissue [8]. However, our previous results
suggested that IL-17-producing T helper (Th)17 cells
may protect susceptible mice at low levels of infection,
but could, in association with IL-6, be pathogenic at high
parasite loads triggered by T. cruzi infection, whereas
regulation of the Th1 response by regulatory T cells play
a protective role in non-susceptible mice [9]. In the
same direction, this pro-inflammatory response needs to
be balanced in order to avoid tissue damage [10].
Despite these antecedents, there is little information

about the cytokine profile in patients under risk of sud-
den death. This information is important in order to
identify a valuable prognosis marker and to evaluate
the response to the antiarrhythmic and heart failure
therapy. These considerations should be taken into-
account because there are several reports about the role
of certain cardiovascular drugs in the modulation of
heart inflammation in Chagas disease. It has been
reported that captopril, an anti-hypertensive drug, was
able to ameliorate myocarditis in acute experimental
Chagas disease [11], although others have reported that
decreased the expression of the modulatory cytokine
IL-10 and development of the pro-inflammatory Th17
subset in human monocytes [12]. On the other hand,
amiodarone, an antiarrhythmic drug, has been reported
with anti-parasitic activity [13] and is able to improve
the clinical outcome in Chagasic patients [14]. Interest-
ingly, in the large >BENEFIT clinical trial, recently
released, the only patients showing some clinical bene-
fit were those taking amiodarone along with bendnida-
zole [15]. Nonetheless, reports about the possible role
of amiodarone in the regulation of inflammation in
Chagas disease are scarce. Thus, the aim of this work
was to determine the Th1/Th17/pro-inflammatory and
Th2/anti-inflammatory (serum profile in Venezuelan
Chagasic patients stratified according to blood pressure
status and Lown classifications and treated or not with
amiodarone to evaluate progression and the response
to treatment.

Methods
Human sera
Chagasic patients were diagnosed with two different sero-
logical tests (ELISA IgG and indirect haemagglutination),
according to WHO criteria. Patients aged 26 to 72 years
(mean 56.87), coming from North-West Venezuelan rural
and urban areas, and the presence of other infectious
disease (AIDS, TBC, Leishmaniosis, Toxoplasmosis), age
under 18 years and above 75 were an exclusion criteria.
Patients were recruited in a national specialized reference
centre for studying Chagasic arrhythmias in Caracas,
Venezuela. Following this diagnostic test results, patients
were grouped in healthy controls (n = 10, serology nega-
tive for Trypanosoma cruzi and the same criteria of exclu-
sion applied for Chagasic patients), cardiac chagasic
positive (n = 38). Patients were not paired by sex (27
female and 11 male), due to response of patients to the
service dating centre was not under the control of
researchers. Samples were taken by conventional vene-
puncture performed by trained personal, serum was ob-
tained by centrifugation and stored at −80 until use.
Cardiac Chagasic positive patients were characterized
following Lown criteria (Lown 0–2 n = 17, 3–5
n = 9) to evaluate their ectopic ventricular activity.
Data of patients with amiodarone treatment or with
cytokine data values out of distribution of the rest of
data were excluded (Additional file 1). According to
this classification, “0” stage represent patients without
ectopical activity and “5” to patients with R on T phenom-
ena (malignant ventricular arrhythmias). It should be
noted that is considered that patients in 0–2 classifications
are in low-risk (n = 17) and 3–5 classification are in high-
risk (n = 9) of sudden death (low- and high-risk SD hence-
forth). Data outliers were excluded in the same say stated
above. Finally, positive patients were divided regarding to
Amiodarone treatment. For this classification, only were
considered patients treated (n = 7, day by day at dosage of
200 mg daily five times a week) and untreated with a
similar Lown grade (n = 14). Clinical data was obtained
retrospectively and Amiodarone was prescribed based
in conventional clinical criteria (presence of symptoms
and reduced ejection fraction) independently of this
study and treatment classification was independent of
sudden death risk.

Cytokine quantitation
Fluorescent bead-based flow cytometry assays for 7 anti-
inflammatory and pro-inflammatory cytokines (CBA
Human Cytokine assays, BD Biosciences) were per-
formed in duplicate with human sera diluted 1:4, follow-
ing the manufacturer’s directions. Briefly, seven bead
populations with distinct fluorescence intensities coated
with capture antibodies specific for IL-2, IL-4, IL-6, IL-
10, TNF, IFN-γ, and IL-17A proteins were mixed
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together to form the bead array, which was resolved in
FL4 channel.Sample reading was performed in BIO
FACS Canto IITM Becton Dickinson (BD) cytometer
and analyzed with FCAP Array™ v1.0.1 for Windows.
After acquiring 30,000 events/microwell. Data was con-
verted to pg/ml using one phase association fit curves,
as is showed in Additional file 1.

Semi-quantitative analysis
The cytokine profile was first assessed by identifying low
and high cytokine producers, with slight modification
from as previously reported [16]. Briefly, threshold for
patients from all different groups was determined as the
value were 70% of sensitivity for each group in curves
ROC. These values were used as the cut-off mark to
label each patient as being a high or low cytokine produ-
cer. Then, in each group and for each cytokine, the re-
sults were expressed as the frequency of individuals with
a concentration of serum cytokine higher than the
threshold of group samples. The graphs were plotted
according to control frequencies in ascendant order.
Finally, graphs of each group in ascendant order were
overlaid to evidence cytokine signatures defined as those
cytokines with frequencies above the 50%. Additional
information about data distribution was added on
Additional file 1.

Multivariate statistical analysis
A multivariate ANOVA was performed in order to com-
pare individually the variables studied. A Linear Discrim-
inant Analysis (LDA) was applied to observe in which
proportion the levels of cytokines were actually able to
discriminate the study groups. LDA relates a variable
measured in nominal scale (dependent) with a group of
continuous variables, reducing dimensionality while pre-
serving as much of the class discriminatory information
as possible. The model assigns to each variable an axis,
from classical X, Y and Z to a transformed space. Space
reduction is based on correlation tests, where model
choose the less correlated variable (s), which contributes
in group discrimination. Thus, this method allows deter-
mining the most contributing variables. In addition, it al-
lows predicting the adscription of each individual to the
different groups studied with a certain probability [17].
Differences among classes are estimated by mean of
multivariate tests Wilks’ lambda, Pillai’s trace, Hotelling-
Lawley trace and Roy’s largest root that compute, in
general terms, the source of variance. Outliers were
determined by ROUT method and excluded of the ana-
lysis. Briefly, the program fits a theoretical non-linear
model with the data, were the outliers has little impact.
Thus, it uses a new outlier detection method, based on
the false discovery rate (FDR), to decide which points
are far enough from the prediction of the model to be

called outliers. FDR was fixed at value of 5%. Fisher
distances was used for determine distances between
calculated centroids.

Results
The levels of serum cytokines were determined in differ-
ent groups of patients including non-chagasic controls
and cardiac chagasic patients with different clinical sta-
tus per blood pressure, and Lown classifications and in
those presenting symptomatic treatment of arrhythmias
or not with amiodarone.
When stratifying the patients according to the Lown

classification, which is based on ventricular arrhythmias,
in high- and low-risk of sudden death (high- and low-
risk SD), a significant increment in all the cytokines
studied was observed in the high-risk SD group, but not
in the low-risk SD, respect to control group (Fig. 1). Dif-
ferent cytokine relative values of control and chagasic
patients stratified respect blood pressure in hypertensive
and normotensive are shown in Fig. 2. The ANOVA
statistical analysis indicated no significant differences be-
tween the groups. Most interestingly, patients treated
with amiodarone for arrhythmias presented a significant
decrease respect to the untreated ones in the relative
levels of most of the cytokines analyzed (Fig. 3). Add-
itionally, the percentage of high producer patients was
estimated as the value of patients above the threshold
determined by ROC analysis for each classification
(Additional file 1). IFN- and IL-17 showed the highest
percentages of high producers for Lown classification in
patients with high risk of sudden death and, interestingly
amiodarone treated group showed a global decrease of
high producer levels.
Linear discriminant analysis (LDA) was applied to find

a linear combination of variables, in this case cytokines
that characterize two or more classes of situations or
events, determining the variable (s) with the higher
discriminatory ability. In addition, the analysis could be
a predictive value for new individuals added to the dif-
ferent categories studied. In this case, the analysis was
performed to find a function that allows the separation
of the clinical groups where the individual differences
for each cytokine were unable to show significant
differences.
Striking differences in multivariate tests were observed

according to the Lown classification (Fig. 4a). Despite
some points generated in the transformed space are
slightly dispersed, the centroids were significantly sepa-
rated for all tests (Table 1). Fisher distances (Table 2)
shows that the differences are centered between high-
risk SD and low-risk SD groups, between high-risk SD
and control groups and between control and low-risk
SD. The function was able to predict retrospectively
77.78% members of high-risk SD, 70.59% for low-risk
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SD and 80% in the control group, with a global
power of prediction of 76.12% (Table 3). Notably,
LDA identified IL-2, IFN-ƴ and IL-10 as the most
contributing variables for the discrimination of the
Lown clinical stages (Table 4).
Multivariate tests on blood pressure stratified patients

showed significant differences for Roy’s greatest root and
Fisher distances tests (Tables 1 and 2). Although the
variation was lower in this classification (Fig. 4b), the
centroids of the groups of patients were too close to
each other (Table 1). Finally, the discriminant function
was not able to separate a posteriori with and high
accuracy Chagasic normotensive patients (45.33%) Cha-
gasic hypertensive (57.14%) and control (30%) (Table 3).
The plot for amiodarone treatment classification

shows the calculated centroids for each group (Fig. 4c).
In this case, LDA was able to differentiate differences
among treated group regarding to control and untreated
ones (Table 1 and 2). The confusion matrix (Table 3)
shows that the predictor function was able to separate a
posteriori treated (57%), untreated group (50%), and
control group (40%). Besides, Table 4 shows that LDA
determined IL-2 and IFN-ƴ as the most discriminatory
variable for treatment.

Discussion
One of the biggest challenges in Chagas disease’s re-
search is the searching for prognosis markers that help
to determine which patients are in potential risk to de-
velop the most devastating pathological consequences of
the disease. On the other hand, comprehension of the
pathophysiological processes involved in such evolution
can lead to the design of a better rational therapy for
improving the outcome of the patients during the
chronic phase.
With the appearance of more sensitive techniques for

detecting parasite antigens or DNA antigens in chronic
lesions [18] it was thought that the parasite antigens
persistence may play a role in the persistence of inflam-
mation and the progression of pathology [19]. Besides,
some studies associate Beznidazole treatment, a parasiti-
cide drug, with better outcome in chronic Chagasic pa-
tients [20]. However, the recent report on the BENEFIT
study that involved 2854 Chagasic patients from differ-
ent geographic regions, failed to demonstrate any signifi-
cant association between Beznidazole treatment and
better clinical outcome [15], bringing back the concern
about identifying factors involved in disease progression.
Interestingly, in this study, the only group that appeared

Fig. 1 Cytokine levels for patients stratified following Lown criteria. Graphs show the mean +/− SEM values of values (expressed in pg/ml) for
IL-17, IFN-γ, TNF, IL6, IL-2, IL-10 and IL-4 to Lown scoring classification (showed as risk of sudden death and non-arrhythmic uninfected control in
bars). Significance both any group is marked with *, ** and *** in function of p values (*: >0.05 < 0.02; **: >0.02 < 0.01 and ***: >0.01). N value
was 26 for Lown classification (17 low-risk vs. 9 high-risk). Male/female ratio were 4/5 for high-risk group and 5/12 for low-risk group and age
mean were 56.222+/− 5.191 (high-risk group) and 53.588 +/− 11.138 (low-risk group). For additional information, the reader is referred to M&M
section and Additional file 1
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to benefit from therapy was the amiodarone treated
group, but without any apparent effect on parasitic load
[15, 21]. In this direction, we decided to explore the
cytokine profile of Chagasic patients stratified by clinical
status for sudden death risk (Lown classification), blood
pressure status (hypertensive versus normotensive) and
Amiodarone treatment, to discriminate the concomitant
conditions that can influence the patient’s inflammatory
status and, consequently, the outcome of the disease.
Interestingly, high-risk SD patients showed a significant

overall increase of cytokine levels associated with in-
creased high-producer frequencies. All multivariate tests
and Fisher distances were able to find differences among
centroids, especially between high- and low-risk SD
groups. LDA predicts a very high percentage of high-
(77.78%) and low-risk SD (70.59%), which strongly sug-
gests association between inflammation and arrhythmia
and postulate cytokine profiles as a plausible predictor of
arrhythmias in Chagasic patients. Malignant arrhythmias,
often asymptomatic, are the leading cause of death in Cha-
gasic patients [22] and, in the best of our knowledge; this
is the first report that associates cytokine profiles with ar-
rhythmias in Chagas disease and it could open a field for
better understanding the pathophysiology of this disease.
The role of inflammation in the genesis of arrhythmias

is still and elusive issue in pathophysiology of sudden

death. Infliximab, an TNF blocker, could reduce the
frequency of mice afflicted by arrhythmias and second
degree atrioventricular blocks in an experimental model
of chronic Chagas disease [23]. Gene expression of pro-
inflammatory factors associated to inflammatory re-
sponse (IFN-γ, transcription factor T-bet, GATA-3;
FoxP3 and CTLA-4; IL-17 and IL-18) were upregulated
in heart samples of chronic Chagasic patients [24] and
its inflammatory environment has been reported as in-
ductor of gene expression related with heart failure [25]
and gap junction dysfunction during Chagas disease
[26], possibly explaining this fact the electrical distur-
bances observed in patients. Interestingly and closely re-
lated with our results, IL-2 was able to induce in vitro
the expression of SCN3B and sodium current density
[27], increasing of atrial action potential duration [28]
and IL-2 has been linked to prognosis for atrial fibrilla-
tion in patients [29]. Additionally, Cx43 gene expression,
a key protein of gap junctions tightly related with action
potential spreading onto the heart, has been reported as
impaired in Chagasic cardiomyopathy, reinforcing the
possible association between inflammation and altered
electrical function in Chagasic patients [30] and its fact
possibly explains the positive effect of amiodarone treat-
ment during Chagas disease [31]. Taken together, our
results suggest that the cytokines, specially the pro-

Fig. 2 Cytokine levels for patients classified according Blood pressure status. Graphs show the mean +/− SEM values of values (expressed in pg/ml) for
IL-17, IFN-γ, TNF, IL6, IL-2, IL-10 and IL-4 to Blood pressure classification (showed as normotensive, hypertensive and normotensive non-chagasic controls
in bars). Significance both any group is marked with **, ** and *** in function of p values (*: >0.05 < 0.02; **: >0.02 < 0.01 and ***: >0.01). N value was
38 for blood pressure classification (14 hypertensive vs. 24 normotensive). Male/female ratio was 4/10 for hypertensive group and 7/17 for normotensive
group and age mean were 57.286 +/− 6.170 (hypertensive group) and 55.583 +/− 10.579 (normotensive group). For additional information, the reader
is referred to M&M section and Additional file 1
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inflammatory ones, play a key role in arrhythmias and
sudden death and may be explored in patients as a
potential risk factor of malignant arrhythmias.
On the other hand, the serum cytokine profile showed

in the present work cab be related with previous report
of cardiac inflammatory milieu. TNF, IL-2, IL-10 and

IFN-ƴ has been reported as locally produced by the in-
flammatory infiltrate in samples of human Chagasic
hearts [32, 33], suggesting that may play a role on the
differential susceptibility to chronic Chagas disease de-
velopment. Other works have described the presence of
IL-2, IL-4 and IL-6-producing mononuclear cells in

Fig. 4 LDA analysis box plot for Lown (a), Blood pressure (b) and treatment classification (c). Axes represent the discriminant functions (F1 and
F2) resulting from redundancies analysis and the variation conserved for each one onto the transformed space is showed in brackets for each
discriminant function. Centroids (filled black circles, group pointed with continuous line) and confidence ellipses (unfilled black ellipses) are
showed for each group. Finally, each small coloured circle represents individual data for each classification, as can be appreciated on the top of
each axis

Fig. 3 Cytokine levels for patients classified according amiodarone treatment. Graphs show the mean +/− SEM values of values (expressed in pg/ml)
for IL-17, IFN-γ, TNF, IL6, IL-2, IL-10 and IL-4 to amiodarone treatment classification (showed as treated, untreated and untreated non-chagasic controls
in bars). Significance both any group is marked with **, ** and *** in function of p values (*: >0.05 < 0.02; **: >0.02 < 0.01 and ***: >0.01). N value was
21 for item treatment classification (7 treated vs 14 untreated). Male/female ratio was 2/5 for treated group and 4/10 for untreated group and age
mean were 61.143 +/− 6.440 (treated group) and 57.786 +/− 4.995 (untreated group). For additional information, the reader is referred to M&M section
and Additional file 1
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Chagas heart tissue, associated with T. cruzi antigen
presence [34]. In addition, recent publications have
reported data showing that Chagasic patients with
ventricular dysfunction had increased plasma levels of
IL-10, IFN- , IL-6, TNF and IL1-β. Based on that, we
may suggest that exist association among Th1/Th2/Th17
serum profile and in situ cardiac inflammation, reinfor-
cing the profile proposed in this work as good marker of
cardiac disease.
Normotensive Chagasic patients showed no significant

differences in relative levels with respect to controls.
Additionally, LDA analysis only found differences among
centroids from control and normotensive group and has
poor results for hypertensive Chagasic (57.14%) and con-
trol patients (30%) suggesting that hypertension was not
associated with an inflammatory pattern in Chagasic
patients. However, it is worth mentioning that anti-
hypertensive drug treatment, although it was not a vari-
able considered in this study, also decreased the levels of
high producers in hypertensive patients (Additional file 1)
[35]. Thus, it is probable that most of them were under
anti-hypertensive treatment. Several drugs used for hyper-
tension have been associated with anti-inflammatory

properties [36] although in Chagasic patients the available
data is contradictory [12]. Further studies are needed to
resolve this issue.
On the other hand, LDA was able to identify IL-2 as

the best discriminator variable, both in treated and un-
treated arrhythmic patients. Although this data does not
allow itself to state that the increasing nor decreasing of
IL-2 levels are associated to any outcome, high IL-2
serum levels have been reported as an atrial fibrillation
predictor [29, 37] and low levels have been associated
with therapeutic success of amiodarone treatment in
atrial fibrillation [38]. Further studies are necessary for
elucidating the molecular mechanisms associated to the
heart microenvironment during chronic Chagas disease.
Finally, Amiodarone treated patients, paired with un-

treated Chagasic patients with the same arrhythmia

Table 2 Fisher distances among LDA calculated centroids

p-values for Fisher distances: Blood pressure

Control Hypertensive Normotensive

Control 1 0.2535 0.0464

Hypertensive 0.2535 1 0.1283

Normotensive 0.0464* 0.1283 1

p-values for Fisher distances: Lown

Control High-risk SD Low-risk SD

Control 1 0.0002* 0.0292*

High-risk SD 0.0002* 1 < 0.0001*

Low-risk SD 0.0292* < 0.0001* 1

p-values for Fisher distances: Treatment

Control Treated Untreated

Control 1 0.0467* 0.0731

Treated 0.0467* 1 0.0050*

Untreated 0.0731 0.0050* 1

Fisher Distances Each subsection shows p values (significance >0.05, (*) bold when
appear) from calculated Fisher distances among LDA centroids for sub-groups of
the clinical classification used in this study. The p value corresponds to the
intersection between column and rows variables

Table 1 LDA multivariate significance tests

Wilks’ Lambda test Pili’s trace Hotelling-Lawley trace Roy’s greatest root

Blood pressure 0.0587 0.0543 0.0673 0.0379*

Lown < 0.0001* 0.0001* < 0.0001* < 0.0001*

Treatment 0.0054* 0.0052* 0.0075* 0.0040*

Multivariate tests from LDA that show comparison of vector means. Significance (p values >0.05) implies that at least one of the means vector is different from
another. Significant values (*) are showed in bold

Table 3 LDA confusion matrix

Confusion matrix for the estimation sample: Blood pressure

from \ to Control Hypertensive Normotensive Total %
correct

Control 5 8 3 16 30.00%

Hypertensive
2 9 5 16 57.14%

Normotensive
2 7 7 16 45.83%

Total 9 24 15 48 44.33%

Confusion matrix for the estimation sample: Lown

from \ to Control High-risk SD Low-risk SD Total %
correct

Control 10 0 2 12 80.00%

High-risk SD 3 9 0 12 77.78%

Low-risk SD 3 1 8 12 70.59%

Total 15 10 11 36 76.12%

Confusion matrix for the estimation sample: Amiodarone treatment

from \ to Control Treated Untreated Total %
correct

Control 4.13 0.00 6.20 10.33 40.00

Treated 4.43 5.90 0.00 10.33 57.00

Untreated 2.95 2.21 5.17 10.33 50.00

Total 11.51 8.12 11.37 31.00 49

LDA calculates membership probabilities an assign a group a posteriori in
function of the higher probability obtained. Table shows the percentage of
correspondence of the assignments compared with a priori
known membership
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classification, showed a decrease of cytokine levels and to
levels like control group. It is interesting and could sup-
port the better prognosis observed in combination with
beznidazol (in comparison with antiparasitic drug alone)
reported by BENEFIT trial (Fig. 1 and Additional file 1).
In a recent study, it was reported that amiodarone was
able to inhibit in a dose dependent way the production of
cytokines, IL-2, IL-4, TNF, and IFN-γ in activated human
T cells through NFκβ and activate protein-1 modulation
[39] and suppress the expression of IL-2 receptor-alpha
(CD25) and CD69, cell surface markers of activated T cells
[39]. Amiodarone has been reported to reduce poly-
morphonuclear leukocyte infiltration in the paw tissue
and paw edema in a dose dependent way [40]. Neutrophil
differentiation has been associated with increased IL-17
[41], suggesting that Amiodarone treatment may be asso-
ciated with lower levels of IL-17 indicating lower Th17
lymphocyte response. Along those lines, it has recently
been reported that Amiodarone treatment was able to
improve heart failure prognosis in patients by decreasing
IL-17 and IL-6 levels [42] which suggest that a pro-
inflammatory state could be related with arrhythmias/
heart failure and being benefited with amiodarone treat-
ment. LDA was able to find significant distances among
centroids from treated and untreated patients, but fails to
predict the patients belonging to treated and untreated
groups.

Conclusion
Overall, a limitation of this study was the relatively low
number for some groups of patients, especially those
related with high scoring of arrhythmias. In the case of
arrhythmias, it should be kept in mind the fact that it is
a non-symptomatic alteration which generates a high
sub-register for patients for high sudden death risk.
Additionally, the diagnosis of arrhythmias often requires
a very specialized medical evaluation and it is not always
available for low incoming patients that are generally
those mainly affected by Chagas disease. The pattern of
patient affluence and the scarcity of centres specialized
in arrhythmia diagnosis and treatment also limited the
pairing of patients by sex and age. Although we did not

observe significant differences between cytokine values
discriminated by sex, nor correlation with age, it is neces-
sary a larger scale study for elucidate the influence of these
variables in cytokine levels. Despite those, the present
work gives valuable insights on the relationship between
inflammation and arrhythmias in Chagas disease. It also
provides evidences about the role of Amiodarone as im-
munomodulatory agent in Chagasic patients, suggesting
that it can help to improve the disease outcome, as
recently demonstrated [15], through the mechanism
described here. Last but not least, our results could help
to propose a model of prognosis for evolution that is able
to discriminate a characteristic profile for arrhythmic
patients.

Additional file

Additional file 1: Figure S1. One phase association fit curves for
pattern curve data. Axes represent association between mean fluorescence
(MFI) values obtained for different know cytokine with results expressed in
pg/ml (y axis). Y=Y0 + (Plateau-Y0)*(1-exp.(-K*x)) equation was used for
calculating cytokine concentration for patient samples. Figure S2. High
producer frequencies for Lown stratified Chagasic patients. Bar graph shows
the percentage of high producers for the different cytokines studied for
Lown clinical scoring. Control high producer’s percentages is showed as
dotted line and Chagasic frequencies (high & low SD risk) as bars. Threshold
to determining high producers was calculated on ROC curve values for
patients included in this group. Figure S3. High producer frequencies for
blood pressure stratified Chagasic patients. Bar graph shows the percentage
of high producers for the different cytokines studied for blood pressure
clinical scoring. Control high producer’s percentages is showed as dotted
line and Chagasic frequencies (normotensive & hypertensive) as bars.
Threshold to determining high producers was calculated on ROC curve
values for patients included in this group. Figure S3. High producer
frequencies for amiodarone treatment stratified Chagasic patients. Bar graph
shows the percentage of high producers for the different cytokines studied
for blood pressure clinical scoring. Control high producer’s percentages is
showed as dotted line and Chagasic frequencies (untreated & treated) as
bars. Threshold to determining high producers was calculated on ROC
curve values for patients included in this group. (XLSX 980 kb)

Abbreviations
High-Risk SD: High risk for sudden death; IL: Interleukin

Acknowledgements
We thank to Mª Carmen Maza, Romel Rosales, Yadira Córdoba and Meyerling
Betancourt (IVIC) for technical assistance. Also, we thank to Bertha Raposo
and Silvia Andrade, personal of Flow Cytometry Center at CBMSO for her
valuable help in the experimental design.

Funding
This work was supported by MF grant (SN/2013) and NG grant (CEAL-AL/
2015-12) from “UAM-Banco Santander” for collaboration with Latin America;
by NG grants from “Fondo de Investigaciones Sanitarias/FEDER” (PS09/00538
and PI12/00289), MINECO/FEDER (SAF2015-63868-R) “Universidad Autónoma
de Madrid” and “Comunidad de Madrid” (CC08-UAM/SAL-4440/08); by MF
grants from “Ministerio de Ciencia e Innovación” (SAF2010-17833 and
SAF2013-42850-R), MINECO/FEDER (SAF2016-75998-R), “Red de Investigación
de Centros de Enfermedades Tropicales” (RICET RD12/0018/0004; RICET
RD16/0027/0006); European Union (HEALTH-FE-2008-22303, ChagasEpiNet,
HOMIN - 317057 - FP7-PEOPLE-2012-ITN); AECID (A/025417/09 and
A/031735/10), Comunidad de Madrid (S-2010/BMD-2332), Proyecto
Excelencia BIOIMID - IIS La Princesa and “Fundación Ramón Areces”; and
by HR and AM grants from Instituto Venezolano de Investigaciones Científicas
(IVIC-1365).

Table 4 Summary of variables selection

Group Variable Lambda F DF1 DF2 p-value

SD-Risk IFN 0.4841 17.5871 2 33 < 0.0001

SD-Risk IL-2 0.3719 27.8637 2 33 < 0.0001

SD-Risk IL-10 0.6091 10.5889 2 33 0.0003

Treatment IFN 0.7142 5.6031 2 28 0.0090

Treatment IL-2 0.6751 6.7385 2 28 0.0041

Mode stepwise for LDA discriminates the role of each variable studied in
discriminate among the different group of Chagasic patients. Both for Lown
(arrhythmias) or amiodarone treatment, LDA identified IL-2 as the
best discriminator

Rodríguez-Angulo et al. BMC Infectious Diseases  (2017) 17:221 Page 8 of 10

dx.doi.org/10.1186/s12879-017-2324-x


Availability of data and materials
See supplementary section.

Authors’ contributions
HR: Carried out cytometry assays, contributed to statistical analysis, study
design and clinical classification and drafted the manuscript. JM and IM:
diagnosed Chagasic patients collect the clinical data and performed clinical
classification. NG and MF: Conceived the study, drafted the manuscript and
participate in study design and coordination. AM: drafted the manuscript
and participate in study design. MV. Conceived the statistical analysis and
drafted the manuscript. All authors read and approved the final manuscript.

Competing interest
The authors declare that they have no competing interest.

Ethics approval and consent to participate
Written and oral consent was obtained in all patients of Cardiology Service
of Tropical Medicine Institute (Central Venezuelan University) included in this
work. The study was approved by ethical and scientific committee of
Tropical Medicine Institute (CEC-IMT 01/20014). Data on human subjects was
analyzed anonymously and clinical investigations have been conducted
according to the Declaration of Helsinki.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Instituto Venezolano de Investigaciones Científicas, Caracas, Venezuela.
2Instituto de Medicina Tropical, Caracas, Venezuela. 3Universidad de Castilla la
Mancha, Ciudad Real, Spain. 4Centro de Biología Molecular Severo Ochoa,
CSIC-UAM, Cantoblanco, 28049 Madrid, Spain.

Received: 1 June 2016 Accepted: 14 March 2017

References
1. Jackson Y, Varcher Herrera M, Gascon J. Economic crisis and increased

immigrant mobility: new challenges in managing Chagas disease in Europe.
Bull World Health Organ. 2014;92(10):771–2.

2. Salazar R, Castillo-Neyra R, Tustin AW, Borrini-Mayori K, Naquira C, Levy MZ.
Bed Bugs (Cimex lectularius) as Vectors of Trypanosoma cruzi. AmJTrop Med
Hyg. 2014;92(2):331–5.

3. Mendoza IMF, Marques J, Misticchio F, Matheus A. Rodriguez, A. Ventricular
tachycardia in Chagas heart disease. Ital Card. 1999;29:247–50.

4. Rassi Jr A, Rassi A, Marin-Neto JA. Chagas heart disease: pathophysiologic
mechanisms, prognostic factors and risk stratification. Memorias do Instituto
Oswaldo Cruz. 2009;104(Suppl 1):152–8.

5. Ribeiro AL, Cavalvanti PS, Lombardi F, Nunes Mdo C, Barros MV, Rocha MO;
Prognostic value of signal-averaged electrocardiogram in Chagas disease. J
Cardiovasc Electrophysiol 2008;19(5):502-509.

6. Sousa GR, Gomes JA, Fares RC, Damasio MP, Chaves AT, Ferreira KS, Nunes
MC, Medeiros NI, Valente VA, Correa-Oliveira R, et al. Plasma cytokine
expression is associated with cardiac morbidity in chagas disease. PLoS One.
2014;9(3):e87082.

7. Guedes PM, Gutierrez FR, Silva GK, Dellalibera-Joviliano R, Rodrigues GJ,
Bendhack LM, Rassi Jr A, Rassi A, Schmidt A, Maciel BC, et al. Deficient
regulatory T cell activity and low frequency of IL-17-producing T cells
correlate with the extent of cardiomyopathy in human Chagas' disease.
PLoS Negl Trop Dis. 2012;6(4):e1630.

8. da Matta Guedes PM, Gutierrez FR, Maia FL, Milanezi CM, Silva GK, Pavanelli
WR, Silva JS. IL-17 produced during Trypanosoma cruzi infection plays a
central role in regulating parasite-induced myocarditis. PLoS Negl Trop Dis.
2010;4(2):e604.

9. Sanoja C, Carbajosa S, Fresno M, Girones N. Analysis of the dynamics of
infiltrating CD4(+) T cell subsets in the heart during experimental
Trypanosoma cruzi infection. PLoS One. 2013;8(6):e65820.

10. Dutra WO, Menezes CA, Magalhaes LM, Gollob KJ. Immunoregulatory
networks in human Chagas disease. Parasite Immunol. 2014;36(8):377–87.

11. Leon JS, Wang K, Engman DM. Captopril ameliorates myocarditis in acute
experimental Chagas disease. Circulation. 2003;107(17):2264–9.

12. Coelho dos Santos JS, Menezes CA, Villani FN, Magalhaes LM, Scharfstein J,
Gollob KJ, Dutra WO. Captopril increases the intensity of monocyte infection
by Trypanosoma cruzi and induces human T helper type 17 cells. Clin Exp
Immunol. 2010;162(3):528–36.

13. Benaim G, Hernandez-Rodriguez V, Mujica-Gonzalez S, Plaza-Rojas L, Silva
ML, Parra-Gimenez N, Garcia-Marchan Y, Paniz-Mondolfi A, Uzcanga G. In
vitro anti-Trypanosoma cruzi activity of dronedarone, a novel amiodarone
derivative with an improved safety profile. Antimicrob Agents Chemother.
2012;56(7):3720–5.

14. Gali WL, Sarabanda AV, Baggio JM, Ferreira LG, Gomes GG, Marin-Neto JA,
Junqueira LF. Implantable cardioverter-defibrillators for treatment of sustained
ventricular arrhythmias in patients with Chagas' heart disease: comparison with
a control group treated with amiodarone alone. Europace. 2014;16(5):674–80.

15. Morillo CA, Marin-Neto JA, Avezum A, Sosa-Estani S, Rassi A, Jr., Rosas F,
Villena E, Quiroz R, Bonilla R, Britto C, et al. Randomized Trial of
Benznidazole for Chronic Chagas’ Cardiomyopathy. N Engl J Med 2015;
373(14):1295-1306.

16. Poveda C, Fresno M, Girones N, Martins-Filho OA, Ramirez JD, Santi-Rocca J,
Marin-Neto JA, Morillo CA, Rosas F, Guhl F. Cytokine profiling in Chagas disease:
towards understanding the association with infecting Trypanosoma cruzi
discrete typing units (a BENEFIT TRIAL sub-study). PLoS One. 2014;9(3):e91154.

17. Gil Flores J GJE, Rodríguez Gómez G. Análisis Discriminante, vol. 12. Madrid,
España: Editorial La Muralla; 2001.

18. Jones EM, Colley DG, Tostes S, Lopes ER, Vnencak-Jones CL, McCurley TL. A
Trypanosoma cruzi DNA sequence amplified from inflammatory lesions in
human chagasic cardiomyopathy. Trans Assoc Am Phys. 1992;105:182–9.

19. Higuchi Mde L, De Brito T, Martins Reis M, Barbosa A, Bellotti G, Pereira-
Barreto AC, Pileggi F. Correlation between Trypanosoma cruzi parasitism
and myocardial inflammatory infiltrate in human chronic chagasic myocarditis:
Light microscopy and immunohistochemical findings. Cardiovascular
pathology : the official journal of the Society for Cardiovascular Pathology.
1993;2(2):101–6.

20. Garcia S, Ramos CO, Senra JF, Vilas-Boas F, Rodrigues MM, Campos-de-Carvalho
AC, Ribeiro-Dos-Santos R, Soares MB. Treatment with benznidazole during the
chronic phase of experimental Chagas’ disease decreases cardiac alterations.
Antimicrob Agents Chemother. 2005;49(4):1521–8.

21. Carmo AA, Rocha MO, Silva JL, Ianni BM, Fernandes F, Sabino EC, Ribeiro AL.
Amiodarone and Trypanosoma cruzi parasitemia in patients with Chagas
disease. Int J Cardiol. 2015;189:182–4.

22. Mendoza I, Camardo J, Moleiro F, Castellanos A, Medina V, Gomez J,
Acquatella H, Casal H, Tortoledo F, Puigbo J. Sustained ventricular
tachycardia in chronic chagasic myocarditis: electrophysiologic and
pharmacologic characteristics. Am J Cardiol. 1986;57(6):423–7.

23. Pereira IR, Vilar-Pereira G, Silva AA, Moreira OC, Britto C, Sarmento ED,
Lannes-Vieira J. Tumor necrosis factor is a therapeutic target for
immunological unbalance and cardiac abnormalities in chronic
experimental Chagas' heart disease. Mediat Inflamm. 2014;2014:798078.

24. Nogueira LG, Santos RH, Fiorelli AI, Mairena EC, Benvenuti LA, Bocchi EA,
Stolf NA, Kalil J, Cunha-Neto E. Myocardial gene expression of T-bet, GATA-3,
Ror-gammat, FoxP3, and hallmark cytokines in chronic Chagas disease
cardiomyopathy: an essentially unopposed TH1-type response. Mediat
Inflamm. 2014;2014:914326.

25. Cunha-Neto E, Teixeira PC, Fonseca SG, Bilate AM, Kalil J. Myocardial gene
and protein expression profiles after autoimmune injury in Chagas’ disease
cardiomyopathy. Autoimmun Rev. 2011;10(3):163–5.

26. Araujo-Jorge TC, Waghabi MC, Bailly S, Feige JJ. The TGF-beta pathway as
an emerging target for Chagas disease therapy. Clin Pharmacol Ther. 2012;
92(5):613–21.

27. Zhao Y, Sun Q, Zeng Z, Li Q, Zhou S, Zhou M, Xue Y, Cheng X, Xia Y, Wang
Q, et al. Regulation of SCN3B/scn3b by Interleukin 2 (IL-2): IL-2 modulates
SCN3B/scn3b transcript expression and increases sodium current in
myocardial cells. BMC Cardiovasc Disord. 2016;16:1.

28. Aksyonov A, Mitrokhin VM, Mladenov MI. Effects of interleukin-2 on
bioelectric activity of rat atrial myocardium under normal conditions and
during gradual stretching. Immunol Lett. 2015;167(1):23–8.

29. Cabrera-Bueno F, Medina-Palomo C, Ruiz-Salas A, Flores A, Rodriguez-Losada N,
Barrera A, Jimenez-Navarro M, Alzueta J. Serum levels of interleukin-2 predict
the recurrence of atrial fibrillation after pulmonary vein ablation. Cytokine.
2015;73(1):74–8.

30. de Carvalho AC, Masuda MO, Tanowitz HB, Wittner M, Goldenberg RC, Spray
DC. Conduction defects and arrhythmias in Chagas' disease: possible role of

Rodríguez-Angulo et al. BMC Infectious Diseases  (2017) 17:221 Page 9 of 10



gap junctions and humoral mechanisms. J Cardiovasc Electrophysiol. 1994;
5(8):686–98.

31. Adesse D, Azzam EM, Meirelles Mde N, Urbina JA, Garzoni LR. Amiodarone
inhibits Trypanosoma cruzi infection and promotes cardiac cell recovery
with gap junction and cytoskeleton reassembly in vitro. Antimicrob Agents
Chemother. 2011;55(1):203–10.

32. Reis DD, Jones EM, Tostes Jr S, Lopes ER, Gazzinelli G, Colley DG, McCurley
TL. Characterization of inflammatory infiltrates in chronic chagasic
myocardial lesions: presence of tumor necrosis factor-alpha+ cells and
dominance of granzyme A+, CD8+ lymphocytes. AmJTrop Med Hyg. 1993;
48(5):637–44.

33. Abel LC, Rizzo LV, Ianni B, Albuquerque F, Bacal F, Carrara D, Bocchi EA,
Teixeira HC, Mady C, Kalil J, et al. Chronic Chagas’ disease cardiomyopathy
patients display an increased IFN-gamma response to Trypanosoma cruzi
infection. J Autoimmun. 2001;17(1):99–107.

34. Reis MM, Higuchi Mde L, Benvenuti LA, Aiello VD, Gutierrez PS, Bellotti G,
Pileggi F. An in situ quantitative immunohistochemical study of cytokines
and IL-2R+ in chronic human chagasic myocarditis: correlation with the
presence of myocardial Trypanosoma cruzi antigens. Clin Immunol
Immunopathol. 1997;83(2):165–72.

35. Steyers 3rd CM, Miller Jr FJ. Endothelial dysfunction in chronic inflammatory
diseases. Int J Mol Sci. 2014;15(7):11324–49.

36. Silva-Filho JL, Souza MC, Henriques M, Morrot A, Savino W, Nunes MP,
Caruso-Neves C, Pinheiro AA. AT1 receptor-mediated angiotensin II activation
and chemotaxis of T lymphocytes. Mol Immunol. 2011;48(15–16):1835–43.

37. Hak L, Mysliwska J, Wieckiewicz J, Szyndler K, Siebert J, Rogowski J.
Interleukin-2 as a predictor of early postoperative atrial fibrillation after
cardiopulmonary bypass graft (CABG). J Interf Cytokine Res. 2009;29(6):327–32.

38. Rizos I, Tsiodras S, Rigopoulos AG, Dragomanovits S, Kalogeropoulos AS,
Papathanasiou S, Sakadakis EA, Kremastinos DT. Interleukin-2 serum levels
variations in recent onset atrial fibrillation are related with cardioversion
outcome. Cytokine. 2007;40(3):157–64.

39. Cheng SM, Lin WH, Lin CS, Ho LJ, Tsai TN, Wu CH, Lai JH, Yang SP.
Modulation of both activator protein-1 and nuclear factor-kappa B
signal transduction of human T cells by amiodarone. Exp Biol Med.
2015;240(1):99–108.

40. Ozbakis-Dengiz G, Halici Z, Akpinar E, Cadirci E, Bilici D, Gursan N. Role of
polymorphonuclear leukocyte infiltration in the mechanism of anti-
inflammatory effect of amiodarone. Pharmacological reports: PR. 2007;
59(5):538–44.

41. Fossiez F, Banchereau J, Murray R, Van Kooten C, Garrone P, Lebecque S.
Interleukin-17. Int Rev Immunol. 1998;16(5–6):541–51.

42. Tanigaito Y, Sato K, Kitamura K, Suzuki A, Futase A, Shiga T, Hagiwara N.
Abstract 15132: Amiodarone Treatments Improve the Inflammation in Heart
Failure. Circulation. 2014;130(Suppl 2):A15132.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Rodríguez-Angulo et al. BMC Infectious Diseases  (2017) 17:221 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Human sera
	Cytokine quantitation
	Semi-quantitative analysis
	Multivariate statistical analysis

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interest
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

