RESEARCH ARTICLE Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 178: 230115, 2023 119

Predictors of Trypanosoma cruzi PCR positivity
in patients with chronic Chagas disease
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BACKGROUND A positive Trypanosoma cruzi polymerase chain reaction (PCR) is associated with a worse prognosis in patients
with chronic Chagas disease (CD).

OBJECTIVES To study the association of clinical, electrocardiographic, and echocardiographic characteristics and biomarker
blood levels with positive 7. cruzi PCR in chronic CD.

METHODS This is a single-centre observational cross-sectional study. Positive 7. cruzi PCR association with clinical,
electrocardiographic, and echocardiographic characteristics, and biomarker blood levels were studied by logistic regression
analysis. p values < 0.05 were considered significant.

FINDINGS Among 333 patients with chronic CD (56.4% men; 62 + 10 years), T cruzi PCR was positive in 41.1%. Stepwise
multivariate logistic regression showed an independent association between positive 7. cruzi PCR and diabetes mellitus {odds ratio
(OR) 0.53 [95% confidence interval (CI) 0.30-0.93]; p = 0.03}, right bundle branch block [OR 1.78 (95% CI 1.09-2.89); p = 0.02], and
history of trypanocidal treatment [OR 0.13 (95% CI 0.04-0.38); p = 0.0002]. Among patients with a history of trypanocidal treatment
(n=39), only four (10%) patients had a positive 7. cruzi PCR.

MAIN CONCLUSIONS Among several studied parameters, only diabetes mellitus, right bundle branch block, and history of
trypanocidal treatment showed an independent association with positive 7. cruzi PCR. History of trypanocidal treatment was a

strong protective factor against a positive 7. cruzi PCR.
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Chagas disease (CD) is a neglected tropical disease
caused by the Trypanosoma cruzi parasite and affects
5-7 million people, mainly in low-income populations in
endemic areas of Latin America, where the main mode
of transmission is vector-borne.” However, migration
has spread the disease to non-endemic countries where
other forms of transmission, such as blood transfusion,
organ donation, and vertical transmission, may occur.
Those countries include but are not limited to the USA,
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with an estimated 288,000 infected individuals,® and
European countries, with an estimated 120,000 infected
individuals.® Therefore, CD is still a challenge for pub-
lic health, causing more than 7,000 deaths per year® and
a high economic and health burden.®¢"

Chronic CD can have three different clinical forms,
ranging from a long-lasting indeterminate form, without
clinical evidence of a major organ damage, to cardiac
and digestive forms, which can occur simultaneously.
Patients with the cardiac form may present a dismal
prognosis due to arrhythmias, thromboembolic events,
and heart failure (HF).® However, the mechanisms un-
derlying the progression from the indeterminate to the
cardiac form comprehend several possible pathways
that are still under investigation. For decades, it was be-
lieved that the parasite was not present in the chronic
phase and that auto-immune mechanisms would prevail
and determine the progression of the disease.”” How-
ever, CD reactivation in immunocompromised patients
and molecular studies proved otherwise.!*!V Today, the
persistence of the parasite seems to be a key element for
the persistent low grade chronic fibrosing myocarditis
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present in chronic CD."2!% Moreover, an imbalance be-
tween pro- and anti-inflammatory cytokines is regarded
as an important element in CD progression.*'?

The importance of the persistence of the parasite for
CD progression was suggested by several findings, such
as a more frequent identification of the parasite in the
bloodstream of patients with the cardiac form than in
those without the cardiac form,*'> and a worse progno-
sis in patients with parasitaemia identified by haemocul-
ture! and molecular methods.1%!1”

We therefore aimed to investigate which clinical
characteristics and immunological biomarkers would
correlate with a positive 7. cruzi polymerase chain reac-
tion (PCR) in patients with chronic CD.

SUBJECTS AND METHODS

Design and study subjects - This is a cross-sectional
secondary analysis of a previous study approved by the
local ethical committee on 01/27/2014 under number
515851 whose main paper was already published.”

Data from adult patients with chronic CD who had
been included in the previous study between July 2014
and March 2017 and who had had blood samples col-
lected for 7. cruzi quantitative PCR (qPCR) were anal-
ysed in the present paper.!” Briefly, from 402 patients,
11 did not return for the index echocardiogram, 30 were
excluded due to several reasons described in Figure, and
other 28 patients did not have blood samples collected
for T cruzi qPCR. The final studied population was
composed of 333 patients (Figure).

CD diagnosis was based on positivity in two differ-
ent serological tests (enzyme-linked immunosorbent as-
say and indirect immunofluorescence).!®

Data regarding clinical characteristics, comorbidi-
ties, self-reported skin colour, previous trypanocidal
treatment history, and use of medications were based
on face-to-face interviews complemented by medical
records review. Skin colour was categorised into white,
brown, black, yellow, and indigenous, following the
classification used by the Brazilian Official Bureau of
Statistics (Instituto Brasileiro de Geografia e Estatistica
- IBGE), changing only brown for mixed-race.’” As no
patient self-reported as yellow, only four categories were
described in Table 1.

Patients were classified at the time of their enrolment
in the study according to the Brazilian CD consensus®
into: indeterminate (no evidence of cardiac involvement),
stage A [no HF symptoms with isolated changes in the
electrocardiogram (ECG)], stage B (no HF symptoms
with segmental or global LV systolic dysfunction), stage
C (symptomatic HF), or stage D (end-stage HF). ECGs
were analysed by experienced cardiologists and classified
using the Minnesota Code criteria, modified for CD.?%
The ECG changes considered compatible with CD car-
diac form followed previously published criteria.”?

Echocardiography - Studies were performed using
a phased-array ultrasound system (Vivid 7, GE Medical
Systems, Milwaukee, WI) equipped with M4S phased-
array and 1.5- to 4-MHz four-matrix-array transducers
by a single experienced echocardiographer. Cardiac
dimensions, measured using M-mode and 2D echocar-

diography, and Doppler measurements were obtained
as recommended.?"?? 2D LV ejection fraction and 2D
maximum LA volume were determined using modified
Simpson’s rule with images obtained from apical 4- and
2-chamber views.

Biomarkers measurement - Biomarker blood mea-
surements were performed by researchers blinded to
the clinical classification of the patients. Tissue inhibi-
tor of metalloproteinase-1 (TIMP-1), TIMP-4, inter-
leukin-6 (IL-6), IL-10, and IL-17 measurements were
performed using commercially available enzyme-
linked immunosorbent assay (ELISA) kits (TIMP-1,
and TIMP-4: Picokine ELISA Human ImmunoAssay,
Boster Biologics, CA, USA; IL-6, IL-10, and IL-17:
Quantikine ELISA Human ImmunoAssay, R&D sys-
tems, EUA) according to the manufacturer’s instruc-
tions using SpectraMax 190 absorbance micro plate
reader (Molecular Devices, CA, USA).

Trypanosoma cruzi PCR - T. cruzi PCR was per-
formed as previously described."” Briefly, ten millilitres
of whole blood samples were obtained from each patient.
The samples were processed for DNA extraction using
the High Pure PCR Template Preparation kit (Roche
Diagnostics Corp., Indianapolis, IN). The qPCR assays
were performed by absolute quantification to estimate
the parasite load, as previously described.?® The qPCR
assays were carried out with 5 4L of DNA, using the
FastStart Universal Probe Master Mix (Roche Diagnos-
tics, Mannheim, Germany) in a final volume of 20 L. A
sample was considered positive when the fluorescence

I Included: 402 I

Excluded: concomitant heart
disease not related to CD (n=10),
cancer (n=6), co-infections (n=4),

auto-immune disease (n=5),
chronic use of corticosteroid or
non-steroidal anti-
inflammatory drugs (n=4), or
splenomegaly (n=1)

No return for
index
echocardiogram:
11

Studied: 361

PCR data
available: 333

Indeterminate Cardiac form: Digestive Cardiodigestive
form: 92 185 form: 11 form: 45

[ Stage A: 71] [StageB: 70 ] [ Stage C: 38 ] [ StageD: 6 ]

[ StageA: 19 ] [ Stage B: 19 ] [ Stage C: 6 ] [StageD: 1]

Flow diagram depicting recruitment, exclusion criteria, and studied
groups at baseline.



TABLE 1

Clinical and echocardiographic characteristics
of studied subjects (n = 333)

Variable

Chagas disease clinical forms

Indeterminate
Digestive
Cardiac
Stage A
Stage B
Stage C
Stage D
Cardiodigestive
Stage A
Stage B
Stage C
Stage D
Age, years
Sex, men
Body mass index, kg/m?
Arterial hypertension
Diabetes mellitus
Previous trypanocidal treatment
Self-reported skin colour
White
Black
Indigenous
Mixed-race
Electrocardiogram
RBBB
LBBB
LAHB
Primary T wave changes
Electric inactive areas
Low voltage
Cardiac device
2D echocardiogram
LA volume, ml/m?
LVd, cm
LVs, cm
LV ejection fraction, %
E/E’ ratio
LV aneurysm
LV systolic function
Normal
Mild dysfunction
Moderate dysfunction

Severe dysfunction

92 (27.6)
11 3.3)
185 (55.5)
71 (21.3)
70 (21.0)
38 (11.4)
6 (1.8)
45 (13.5)
19 (5.7)
19 (5.7)
6(1.8)
1(0.3)
617+ 10.4
188 (56.4)
273+5.1
228 (68.5)
76 (22.8)
39 (11.7)

79 (23.7)
45 (13.5)
10 (3.0)

199 (59.8)

116 (34.8)
14 4.2)
100 (30.0)
102 (30.6)
29 (8.7)
24 (7.2)
44 (13.2)

340+ 14.8
55408
3.6+12

584+ 137
104+ 4.9
50 (13.8)

248 (74.5)
47 (14.1)
23 (6.9)
15 4.5)

L,
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Variable

Chagas disease clinical forms

LV diastolic dysfunction

Normal 98 (29.4)
Grade I 156 (46.8)
Grade IT 46 (13.8)
Grade I1I 17 (5.1)
Non-classifiable 16 (4.8)
Medications
Carvedilol 87 (26.1)
ACE inhibitors 143 (42.9)
ARB 105 (31.5)
Digoxin 20 (6.0)
Spironolactone 42 (12.6)
Furosemide 49 (14.7)
Warfarin 43 (12.9)
Amiodarone 38 (11.4)
Metformin 66 (19.8)

ACE: angiotensin converting enzyme; ARB: angiotensin receptor
blocker; E: peak early wave diastolic filling velocity; E’: peak early
diastolic mitral annulus velocity; LA: left atrial; LAHB: left ante-
rior haemiblock; LBBB: left bundle branch block; LV: left ventricu-
lar; LVd: LV end-diastolic diameter; LVs: LV end-systolic diameter;
RBBB: right bundle branch block. Values are mean + standard devia-
tion (SD) or n (%).

generated by the Cruzi 3 TagMan probe (FAM) crossed
the threshold set at 0.02 for the 7. cruzi satellite DNA
target, at least in one of the technical replicates, during
the 40 cycles of the real time PCR assay. The amplifica-
tions were performed in an ABI 7500 Fast Real Time
PCR device (Applied Biosystems, USA).

Statistical analysis - Calculations were done using
MedCalc version 20.113 (MedCalc Software, Mariakerke,
Belgium) and Stata version 13.0 (StataCorp, College Sta-
tion, TX). Continuous variables are expressed as mean +
standard deviation or median (interquartile range), and
categorical variables as absolute and percentage values.
Kolmogorov-Smirnov tests provided support that contin-
uous variables were normal, as p values were > 0.10. Data
between groups were compared using one-way analysis of
variance (ANOVA) followed by Student-Newman-Keuls
post-hoc analysis, Kruskal-Wallis test followed by Dunn’s
multiple comparison test, or contingency tables, as ap-
propriate. Associations between studied variables and 7.
cruzi PCR positivity were tested using univariate logis-
tic regression analysis. All variables with a p value under
0.20 were entered in a stepwise multivariate logistic re-
gression analysis. Associations between continuous vari-
ables and parasite load were tested using linear regression
after parasite load log transformation due to its skewed
distribution. Missing data were handled by listwise dele-
tion. The null hypothesis was rejected at p < 0.05. The
data that support the findings of this study are available
on request from the corresponding author.
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Ethics - This study was approved by the local ethi-
cal committee on 01/27/2014 under number 515851. This
study conformed to standards currently applied by the
Brazilian National Committee for Research Ethics and
Resolution 466/2012 of the National Health Council, of
the Ministry of Health, and to the Declaration of Hel-
sinki of 1975, as revised in 1983. All subjects gave their
written informed consent before participating.

RESULTS

Patients- The studied patients presented the follow-
ing CD clinical forms at the time of their enrolment: 92
(27.6%) presented the indeterminate form, 185 (55.6%)
presented the cardiac form [stage A (n = 71; 21.3%),
stage B (n = 70; 21.0%), stage C (n = 38; 11.4%), stage D
(n = 6; 1.8%)], 11 (3.3%) presented digestive form, and
45 (13.5%) presented cardiodigestive form [stage A (n =
19; 5.7%), stage B (n = 19; 5.7%), stage C (n = 6; 1.8%),
stage D (n = 1; 0.3%)].

The clinical characteristics, laboratory results, elec-
trocardiogram and echocardiogram findings of the in-
cluded patients are depicted in Table I. The most com-
mon ECG abnormalities were right bundle branch block,
left anterior haemiblock, and primary T wave changes.
Most patients presented a normal LV systolic function
and grade I LV diastolic dysfunction (Table I). Forty-
four patients (13.2%) had a cardiac device at baseline:
24 (7.2%) had a dual-chamber pacemaker, seven (2.1%)
had a single-chamber pacemaker, eight (2.4%) had an
implantable cardioverter-defibrillator (ICD) implant, 3
(0.9%) had a cardiac resynchronisation therapy pace-
maker device, and 2 (0.6%) had a cardiac resynchro-
nisation therapy defibrillator device. The frequency of
use of cardiovascular medications was proportional to
the number of patients with more advanced stages of the
cardiac form and/or concomitant arterial hypertension.

A total of 39 patients had a previous history of try-
panocidal treatment. The mean time elapsed between
trypanocidal treatment and blood collection for 7. cruzi
PCR was 11.1 £ 7.2 years. Twenty-four patients (61.5%)
received at least 300 mg a day of benznidazole. Other
14 patients were also treated with benznidazole: one
patient (2.6%) received 100 mg a day, nine patients
(23.1%) received 200 mg a day, and in four patients
(10.3%) the dose information was missing. An addi-
tional patient was treated with ketoconazole. The try-
panocidal duration of treatment was at least 60 days in
33 patients (84.6%), less than 60 days in four patients
(10.3%), and unknown in one patient (2.6%).

Trypanosoma cruzi PCR positivity - PCR for T. cruzi
DNA was positive in 137 out of 333 (41.1%) patients.
T cruzi PCR positivity was similar across the studied
groups: 34.8% in the indeterminate group; 42.4% in
stages A/B of the cardiac form; 47.1% in stages C/D of
the cardiac form; and 45.4% among patients with the di-
gestive form (p = 0.48).

Univariate analysis between T. cruzi PCR positivity
and studied variables - The only clinical characteristic
associated, in the univariate analysis, with a positive T.
cruzi PCR was a previous history of trypanocidal treat-

ment, which was strongly protective. The only ECG
characteristic associated with 7. cruzi PCR result was the
presence of a right bundle branch block that increased by
65% the chance of a positive 7. cruzi PCR. There was no
2D echocardiographic parameter associated with a posi-
tive 7. cruzi PCR (Table II).

Among biomarkers, the univariate analysis did not
reveal any significant association with a positive 7. cruzi
PCR (Table II).

Other variables with a p value under 0.20 in the uni-
variate analysis and which were included in the multi-
variate analysis were CD cardiac form, sex, body mass
index, diabetes mellitus, LV aneurysm, MMP-9, use of
either ACE inhibitor or ARB, use of warfarin, and use
of amiodarone.

Adjusted analysis between T. cruzi PCR positivity
and studied variables - Multivariate logistic regression
analysis revealed that diabetes mellitus, right bundle
branch block (RBBB), and history of previous trypano-
cidal treatment remained independently associated with
a positive 7. cruzi PCR with a p value < 0.0001 and an
area under the ROC curve (AUC) of 0.65 (95% CI 0.60-
0.70) for the overall model fit (Table I1I).

Among patients with a previous history of trypano-
cidal treatment, only four patients had a positive 7. cruzi
PCR and none of them received benznidazole 300 mg
daily for at least 60 days: one patient received benzni-
dazole 100 mg a day for 60 days; one patient was given
benznidazole 200 mg a day for 60 days; one patient was
treated with ketoconazole for 60 days; and one patient
used benznidazole 300 mg a day for only 11 days due to
adverse events.

Regression analysis between parasite load and stud-
ied variables - There was no significant univariate asso-
ciation between parasite load and age, body mass index,
2D echocardiographic parameters or biomarkers. For all
analyses, residuals had a normal distribution (Table V).
A multiple regression analysis including variables with
a p value under 0.20 on the univariate analysis did not
retain any variable with significant association with the
parasite load.

Biomarkers - As none of the biomarkers were associ-
ated with a positive 7. cruzi PCR, we further investigated
whether there were differences in the biomarker blood
levels across the studied groups. For this analysis, patients
with cardiac and cardiodigestive forms were grouped to-
gether, and the digestive form group was not included due
to the low number of individuals in this group.

Brain natriuretic peptide (BNP), cardiac troponin I,
matrix metalloproteinases 2 and 9 (MMP-2 and MMP-
9), transforming growth factor 1 (TGF-B1), and tumour
necrosis factor (TNF) blood levels were previously in-
vestigated in this project.”” IL-17 blood levels were
higher in all cardiac form groups than in patients with
the indeterminate form. IL-6 presented a tendency for
higher blood levels in both initial stages of the cardiac
form (p = 0.06) and advanced stages of the cardiac form
(p = 0.05) than in patients with the indeterminate form.
IL-10 and TIMP-1 blood levels were similar across the
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TABLE 11

Univariate associations between clinical, echocardiographic, and biomarkers characteristics of studied subjects

and Trypanosoma cruzi polymerase chain reaction (PCR) positivity
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Variable OR 95% CI p value AUC (95% CI)
Cardiac form 1.37 0.85-2.22 0.19 0.53 (0.48-0.59)
Age, years 1.00 0.98-1.02 0.85 0.51 (0.45-0.56)
Sex, men 0.70 0.45-1.09 0.11 0.54 (0.49-0.60)
Body mass index, kg/m? 0.96 0.92-1.00 0.06 0.58 (0.52-0.63)
Hypertension 1.35 0.84-2.18 0.21 0.53 (0.48-0.59)
Diabetes mellitus 0.63 0.37-1.09 0.10 0.54 (0.48-0.59)
Previous trypanocidal treatment 0.14 0.05-0.40 <0.0001 0.57 (0.52-0.63)
Electrocardiogram
RBBB 1.65 1.05-2.61 0.03 0.56 (0.50-0.61)
LBBB 1.08 0.36-3.17 0.89 0.50 (0.45-0.56)
LAHB 1.11 0.69-1.79 0.65 0.51 (0.46-0.57)
Primary T wave changes 0.89 0.55-1.43 0.63 0.51 (0.46-0.57)
Electric inactive areas 1.60 0.74-3.43 0.23 0.51 (0.46-0.57)
Low voltage 1.23 0.53-2.83 0.63 0.51 (0.45-0.56)
Cardiac device 1.10 0.58-2.09 0.77 0.51 (0.45-0.56)
2D echocardiogram
LA volume, ml/m? 1.00 0.99-1.01 0.95 0.51 (0.45-0.56)
LVd, cm 0.89 0.68-1.18 0.43 0.52 (0.47-0.58)
LVs, cm 1.00 0.83-1.21 0.98 0.51 (0.45-0.56)
LV ejection fraction, % 1.00 0.98-1.01 0.81 0.53 (0.47-0.58)
E/E’ ratio 1.01 0.97-1.06 0.65 0.50 (0.45-0.56)
LV aneurysm 0.63 0.33-1.19 0.15 0.53 (0.47-0.58)
Biomarkers
BNP, ng/mL 1.00 0.99-1.00 0.62 0.50 (0.44-0.56)
Troponin I, ng/mL 0.16 0.01-9.58 0.17 0.54 (0.48-0.59)
TGF-B1, ng/mL 1.00 0.99-1.02 0.54 0.52 (0.46-0.58)
TNF, pg/mL 1.02 0.96-1.08 0.53 0.54 (0.48-0.60)
IL-6, pg/mL 1.02 0.98-1.07 0.30 0.50 (0.44-0.57)
IL-10, pg/mL 1.00 0.99-1.01 0.85 0.55 (0.49-0.61)
IL-17, pg/mL 1.01 0.98-1.05 0.51 0.53 (0.45-0.60)
MMP-2, ng/mL 1.00 0.95-1.05 0.96 0.51 (0.46-0.57)
MMP-9, ng/mL 1.05 0.99-1.11 0.12 0.55 (0.49-0.60)
MMP-2/MMP-9 ratio 1.01 0.98-1.03 0.58 0.55 (0.50-0.61)
TIMP-1, ng/mL 1.00 0.99-1.00 0.92 0.52 (0.44-0.60)
TIMP-4, ng/mL 1.00 0.99-1.00 0.67 0.51 (0.42-0.59)
Medications
Carvedilol 1.15 0.70-1.89 0.58 0.51 (0.46-0.57)
ACE inhibitors/ARB 1.49 0.89-2.49 0.12 0.54 (0.48-0.59)
Digoxin 0.95 0.38-2.39 0.91 0.50 (0.45-0.56)
Spironolactone 1.35 0.71-2.59 0.36 0.52 (0.46-0.57)
Furosemide 1.09 0.59-2.01 0.79 0.50 (0.45-0.56)
Warfarin 1.59 0.84-3.03 0.15 0.52 (0.47-0.58)
Amiodarone 1.89 0.96-3.75 0.065 0.53 (0.48-0.59)
Metformin 0.77 0.44-1.35 0.37 0.52 (0.46-0.57)

ACE: angiotensin converting enzyme; ARB: angiotensin receptor blocker; AUC: area under the ROC curve; BNP: brain natriuretic peptide;
CI: confidence interval; E: peak early wave diastolic filling velocity; E’: peak early diastolic mitral annulus velocity; IL: interleukin; LA: left
atrial; LAHB: left anterior haemiblock; LBBB: left bundle branch block; LV: left ventricular; LVd: LV end-diastolic diameter; LVs: LV end-
systolic diameter; MMP: matrix metalloproteinase; OR: odds ratio; RBBB: right bundle branch block; TGF-B1: transforming growth factor p1;
TIMP: tissue inhibitor of metalloproteinases; TNF: tumoural necrosis factor.
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TABLE III

Adjusted association between clinical and biomarker
characteristics of studied subjects and Trypanosoma cruzi
polymerase chain reaction (PCR) positivity

Variable OR  95%CI pvalues
Diabetes mellitus 0.53 0.30-0.93  0.028
History of trypanocidal treatment 0.13 0.04-0.38  0.0002
RBBB 1.78 1.10-2.89  0.019

Variables entered in the model: Chagas disease cardiac form, sex,
body mass index, diabetes mellitus, history of trypanocidal treat-
ment, right bundle branch block (RBBB), left ventricular (LV) aneu-
rysm, matrix metalloproteinase 9 (MMP-9), use of either angiotensin
converting enzyme (ACE) inhibitor or angiotensin receptor blocker
(ARB), use of warfarin, and use of amiodarone. CI: confidence inter-
val; OR: odds ratio.

studied groups. TIMP-4 blood levels were higher in the
initial stages of the cardiac form than in patients with the
indeterminate form (Table V).

DISCUSSION

Parasite persistence in 7. cruzi chronic infection plays
a central role in CD progression and reactivation. How-
ever, the mechanisms associated with the development
of CD pathology are still not fully clarified and it has
been suggested that alterations in the immune response
profile are involved in the pathogenesis of the disease.
Previous data have already reported a possible associa-
tion between cytokine levels and individuals in the inde-
terminate and cardiac CD clinical forms.?**> An imbal-
ance between pro-inflammatory and anti-inflammatory
networks has been suggested as being important in CD
progression towards Chagas heart disease.!>!¥

However, we could not demonstrate an association
between biomarker blood levels and persistent parasitae-
mia. The strongest association with a negative 7. cruzi
PCR was previous history of trypanocidal treatment in-
dicating the high anti-parasite efficiency of benznida-
zole, as patients remained negative even decades after
treatment. The other two factors associated with 7. cruzi
PCR were the presence of RBBB and diabetes mellitus.

Cure criteria after anti-parasite treatment are current-
ly limited to seroconversion. However, the change in sero-
logical status (seronegativity using conventional serologi-
cal tests) may take decades to happen.©® Therefore, new
cure criteria are needed in order to follow patients prop-
erly and test new treatment strategies. Thus, biomarkers
before and after trypanocidal treatment have been studied
and some have been shown to present significant changes
after trypanocidal treatment. Those include the sera reac-
tivity for a set of 7° cruzi antigens (KMP11, PFR2, HSP70,
and 3973d)@? and a specific antibody response (antibody
3, Ab3)@ that declined significantly in BZN-treated pa-
tients, and a change in antigen-specific response of CD8 T
cells with an improved response after trypanocidal treat-
ment.?” This may be relevant, as dysfunction of CD8 T
cells may contribute to an immunological imbalance that
compromises pathogen control in CD.®%

TABLE IV

Regression analysis associations between
studied variables and parasite load

Variable R? p value
Age, years 0.00 0.79
Body mass index, kg/m? 0.00 0.80
2D echocardiogram
LA volume, ml/m? 0.00 0.78
LVd, cm 0.00 0.72
LVs, cm 0.00 0.51
LV ejection fraction, % 0.01 0.31
E/E’ ratio 0.01 0.22
Biomarkers
BNP, ng/mL 0.02 0.13
Troponin I, ng/mL 0.01 0.22
TGF-B1, ng/mL 0.00 0.96
TNF, pg/mL 0.01 0.31
IL-6, pg/mL 0.02 0.15
IL-10, pg/mL 0.02 0.15
IL-17, pg/mL 0.01 0.35
MMP-2, ng/mL 0.00 0.97
MMP-9, ng/mL 0.00 0.76
MMP-2/MMP-9 ratio 0.00 0.42
TIMP-1, ng/mL 0.01 0.32
TIMP-4, ng/mL 0.03 0.18

BNP: brain natriuretic peptide; E: peak early wave diastolic filling
velocity; E”: peak early diastolic mitral annulus velocity; IL: interleu-
kin; LA: left atrial; LV: left ventricular; LVd: LV end-diastolic diam-
eter; LVs: LV end-systolic diameter; MMP: matrix metalloproteinase;
TGF-Bl: transforming growth factor Bl; TIMP: tissue inhibitor of
metalloproteinases; TNF: tumoural necrosis factor.

Regarding 7. cruzi PCR, a persistent positive test af-
ter trypanocidal treatment is recognised as a treatment
failure. There is also an association between a drop of
serological reactivity and a decrease of 7. cruzi PCR
positivity.®Y Yet another important aspect is that 7. cru-
zi PCR positivity is associated with Chagas heart dis-
ease® and worse clinical prognosis.!” However, a nega-
tive test cannot be used as cure criterion, as parasitaemia
is low and intermittent in chronic CD. Nonetheless, it is
the best parameter to be followed in clinical trials test-
ing new treatment strategies against CD.®» Therefore,
we evaluated the association between a positive 7. cruzi
PCR and several biomarkers described to have changes
in their blood levels in patients with CD. However, we
could not find such a correlation even though we have
shown changes in cytokine blood levels in CD clinical
forms, similar to the literature. We showed that 1L-17
blood levels were higher in all cardiac form groups than
in patients with the indeterminate form, as shown by
others.®¥ IL-6 presented a tendency for higher blood
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TABLE V

Biomarkers blood levels of studied subjects

Cardiac form

Variable Indeterminate form n =92 Stages A/Bn=179 Stages C/D n=51
IL-6, pg/mL 2.5(0.8-4.0) 3.2 (1.8-4.5) 3.6 (2.0-4.7)
1L-10, pg/mL 20.1 (16.2-23.1) 19.5 (9.4-23.0) 20.2 (18.3-22.8)
IL-17, pg/mL 5.0 (3.6-6.5) 5.7 (4.4-8.0)* 6.4 +£3.0*
TIMP-1, ng/mL 0.39+0.18 0.37+0.16 0.41 £0.22
TIMP-4, ng/mL 0.62 £0.39 0.81 £0.47* 0.82 +0.64

IL: interleukin; TIMP: tissue inhibitor of metalloproteinases. Values are mean + standard deviation or median (interquartile range). *p < 0.05

vs. indeterminate form.

levels in both the initial stages of the cardiac form and
advanced stages of the cardiac form than in patients
with the indeterminate form, as shown by others.(4343%
Additionally, a specific IL6 genotype lowered the risk
of positive parasitaemia.®® We have also shown previ-
ously that the group of patients studied in this article had
changes in BNP, cardiac troponin, TNF and TGF-fI in
patients with the cardiac form like what is described in
the literature, and discussed these findings.!”

We found that the presence of diabetes mellitus was a
protective factor regarding 7. cruzi PCR positivity. This
could be interpreted as a contradictory finding, as hy-
perglycaemia was shown to increase parasitaecmia and
mortality in an animal model of acute CD®? and patients
with diabetes mellitus are known to have increased
susceptibility to infection, which is linked to immune
dysfunction.®® However, the main drug used to treat
diabetes patients included in this study (metformin) was
recently shown to have an in vitro parasite-killing activ-
ity against 7. cruzi thought to be mediated by the block-
ing of the mitochondrial respiratory-chain complex 1.6
In fact, biguanides were first developed to be used as
an antimalarial drug, but their effect on lowering blood
glucose levels resulted in their use as a drug to treat dia-
betes mellitus.“? Therefore, it is possible that the chronic
use of metformin, among other factors, could have con-
tributed to a decreased risk of 7. cruzi PCR positivity
present by patients with diabetes mellitus.

The presence of RBBB was the only characteris-
tic evaluated by cardiac exams found to be associated
with a positive 7. cruzi PCR. In fact, the frequency of
a positive 7. cruzi PCR or the parasite load was similar
across patients with different forms of the chronic CD.
We can speculate that the predilection of the 7. cruzi
for the heart conduction system“’ may be linked to the
higher risk of a positive 7. cruzi PCR among those with
a RBBB. Previous work has described that patients with
low parasitaemia had a significantly higher risk of hav-
ing a reduced LV ejection fraction than patients with un-
detectable parasitaemia, although those with a positive
T. cruzi PCR had a lower ejection fraction.!®

Clinical implications - Although there are many
biomarkers being evaluated as cure criteria, none of the
biomarkers studied here, including some with prognos-

tic association in previous studies, were found to be as-
sociated with the presence of a positive or negative T.
cruzi PCR. On the other hand, the strongest factor asso-
ciated with a negative 7. cruzi PCR was previous history
of trypanocidal treatment with benznidazole, especially
in those patients who completed treatment with a dose
of 5 mg/kg/day. It is noteworthy that patients within this
article were treated for an average of 11 years before the
PCR evaluation, which shows a long-term efficacy of the
benznidazole treatment. This reinforces the importance
of the trypanocidal treatment.

Limitations - This work is limited by the retrospec-
tive nature of the data collected on previous history of
trypanocidal treatment. Also, parasite load is low and
has a skewed distribution, which limits the study of its
association with clinical characteristics.

In conclusion - Among several clinical and biomark-
ers parameters, only diabetes mellitus, right bundle
branch block, and history of trypanocidal treatment
showed an independent association with 7. cruzi PCR.
History of trypanocidal treatment was a strong protec-
tive factor against a positive 7. cruzi PCR even more
than 10 years after treatment.
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