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Abstract

This work evaluated a serial blood sampling procedure to enhance the sensitivity of duplex
real-time PCR (qPCR) for baseline detection and quantification of parasitic loads and post-
treatment identification of failure in the context of clinical trials for treatment of chronic
Chagas disease, namely DNDi-CH-E1224-001 (NCT01489228) and MSF-DNDi PCR
sampling optimization study (NCT01678599). Patients from Cochabamba (N= 294), Tarija
(N=257), and Aiquile (N= 220) were enrolled. Three serial blood samples were collected at
each time-point and gPCR triplicates were tested per sample. The first two samples were
collected during the same day and the third one seven days later.

A patient was considered PCR positive if at least one gqPCR replicate was detectable.
Cumulative results of multiple samples and qPCR replicates enhanced the proportion of pre-
treatment sample positivity from 54.8 to 76.2%, 59.5 to 77.8%, and 73.5 to 90.2% in
Cochabamba, Tarija, and Aiquile cohorts, respectively. This strategy increased the detection
of treatment failure from 72.9 to 91.7%, 77.8 to 88.9%, and 42.9 to 69.1% for E1224 low,
short, and high dosage regimens, respectively; and from 4.6 to 15.9% and 9.5 to 32.1% for the
benznidazole arm in the DNDi-CH-E1224-001 and MSF-DNDi studies, respectively. The
addition of the third blood sample and third qPCR replicate in patients with non-detectable
PCR results in the first two samples, gave a small, non-statistically significant improvement
in gPCR positivity. No change in clinical sensitivity was seen with a blood volume increase
from 5 to 10 ml. The monitoring of patients treated with placebo in the DNDi-CH-E1224-001
trial revealed fluctuations in parasitic loads and occasional non-detectable results. In
conclusion, serial sampling strategy enhanced PCR sensitivity to detecting treatment failure
during follow-up and has the potential for improving recruitment capacity in Chagas disease

trials, which require an initial positive gPCR result for patient admission.

159nb Aq 8T0Z ‘0T Jequada uo /610 wse oee//:.dny wolj papeojumoq


http://aac.asm.org/

Downloaded from http://aac.asm.org/ on December 10, 2018 by guest

Keywords: chronic Chagas disease, ravuconazole, benznidazole, treatment monitoring, real-

time PCR.

50
51

)]
<

BUI|U() PaIsO  4dI1DsAUBIAL PB}deDDYy Aoiucuauy Adosayoway

pup sjueby |pigo.diwLuy bup sjuabyy [piqodIWLUY


http://aac.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

Introduction

Following years of little progress in research and development of new compounds for
treatment of Chagas disease (CD), new chemical classes and alternative treatment regimens
have demonstrated encouraging activity against its causative agent, Trypanosoma cruzi (1-4).
The efficacy of anti-T. cruzi compounds has habitually been measured by means of parasite
detection or antibody titers. However, in chronically infected patients, traditional
parasitological methods lack sensitivity and T. cruzi-specific antibody titers don’t usually
decrease until many years after treatment (5). In this context, molecular methods, such as
conventional and real-time PCR (gPCR) assays, have opened promising opportunities for
monitoring bloodstream parasitic levels to detect therapeutic failure or response (6-8).
Following this approach, multicenter PCR studies have allowed harmonization and validation
of standard operating procedures (SOPs) for PCR-based detection and quantification of T.
cruzi DNA in blood samples (10, 11) coupled with external control quality assurance (12).
However, the best performing qPCR methods reached between 60-70% of positivity in
untreated chronic Chagas disease patients when a single baseline blood sample was tested (10,

11, 13), a figure which has been verified in different clinical trials (14-16).

In clinical trials in which eligibility criteria for patient enrollment include PCR positivity,
such low values of sensitivity require that a larger proportion of seropositive subjects must be
screened before being admitted. To overcome this limitation, a PCR sampling optimization
study (NCT01678599) was developed by Drugs for Neglected Diseases initiative (DNDi) and
Médecins Sans Frontiéres (MSF) with the aim of evaluating sampling conditions for gPCR
monitoring of benznidazole (BZN) treatment, as well as DNDi-CH-E1224-001, a DNDi-
sponsored randomized clinical trial (NCT01489228) to evaluate safety and efficacy of three
oral regimens of E1224 (ravuconazole prodrug) in comparison with BZN and placebo, which

4
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planned to collect three serial peripheral blood samples from each patient at each follow-up

time point and to perform gPCR in triplicate from each blood sample DNA extract.

This report presents the data obtained in these studies, showing an improvement in gPCR
clinical sensitivity for both enrollment and detection of treatment failure in adult patients with

chronic Chagas disease.

Methods

Ethics statement

The clinical trials, including the sampling requirements, were approved by the Ethical Review
Boards of Universidad Mayor de San Simdn, Fundacion CEADES, Hospital Clinic and
Médecins Sans Frontiéres, following the principles expressed in the Declaration of Helsinki.
Written informed consent forms were signed by the study volunteers (no minor subjects were

included in these trials). All samples were anonymized before being processed.

Subjects and samples

Subjects were recruited for two different clinical studies:

i) The DNDI-CH-E1224-001 clinical trial (NCT01489228), designed and sponsored by
DNDi, with a proof-of-concept double-blinded randomized design aiming to evaluate the
safety and efficacy of three (high, low, and short) oral regimens of E1224, compared to BZN
(5 mg/kg/day) and placebo, during 60 days of treatment of adult patients with chronic
indeterminate Chagas disease (17). A total of 560 patients aged 18-50 years and serologically
confirmed as having Chagas disease were screened in two study sites of The Platform for a
Comprehensive Care of Patients with Chagas disease in Bolivia, one site in the city of
Cochabamba and the other in the city of Tarija. Of those screened, 551 patients had PCR

5
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results available for analyses, as a total of 9 patients withdrew consent for participation and no

PCR sample was collected.

Samples consisted of peripheral blood mixed with an equal volume of guanidine
hydrochloride 6 M EDTA 0.2 M pH 8.0 buffer. A maximum of three 10 mL blood samples
were collected at baseline: sample 1 (S1) and sample 2 (S2) were collected during the same
day and sample 3 (S3) seven days later, but only if DNA extracts from S1 and S2 gave non-
detectable results (as depicted in Figure 1). The gPCR was assayed in duplicate from both S1
and S2 DNA extracts. In cases where both replicates gave non-detectable results, a third
replicate was analyzed. When all gPCR replicates from both S1 and S2 gave non-detectable
results, S3 was collected and assayed in triplicate. During follow-up, three blood samples
were collected at each time-point visit (end of treatment [EOT], and 2, 4, and 10 months post-
treatment) and qPCR was assayed in triplicate from each S1, S2, and S3 DNA extract (Figure

1).

ii) The PCR Sampling Optimization study (NCT01678599) launched by DNDi and MSF
aimed to evaluate sampling strategies for qPCR treatment monitoring in adult patients with
chronic Chagas disease (with indeterminate or early target organ involvement) treated with
BZN (5 mg/kg/day) for 60 days. This study was carried out in 17 communities in the rural
locality of Aiquile and did not include a placebo or other comparison treatment group. A total
of 220 patients aged 18-60 years with serologically confirmed Chagas disease were recruited
for this trial but only those with gPCR results at baseline were considered in this work (N=

205). All houses of patients entering the study were subjected to entomological surveillance.
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From each seropositive patient, three blood samples were collected at baseline and at each
follow-up visit (EOT, 4, and 10 months post-treatment) (Figure 1). S1 and S2 were collected
during the same day and S3 seven days later. S1 and S3 consisted of 10 mL of blood, whereas
for S2 5 mL was collected; all samples were mixed with an equal volume of guanidine-EDTA

buffer. The qPCR was assayed in triplicate from each S1, S2, and S3 DNA extract (Figure 1).

Only patients with at least one positive result out of a maximum of nine qPCR replicates were
enrolled in these trials. In both studies, therapeutic failure was defined as the persistence of
parasite DNA, detected in at least one qPCR replicate, at any time-point during post-treatment

follow-up.

DNA extraction
The High Pure PCR Template Preparation kit (Roche Diagnostics Corp., Indianapolis, IN)
was used to process 300 pL of each guanidine-EDTA-blood (GEB) sample and DNA was

eluted in 100 pL elution buffer, as previously described (13).

Quantitative real-time PCR procedure

A duplex gqPCR targeted to T. cruzi satellite DNA (SatDNA) and an internal amplification
control (IAC) were used, as previously described (13). The qPCR reactions were carried out
with the use of FastStart Universal Probe Master Mix (Roche Diagnostics GmbHCorp.,
Mannheim, Germany) with 5 pL. DNA extract in a final volume of 20 pL. Cycling conditions
were a first step of 10 minutes at 95 °C, followed by 40 cycles at 95 °C for 15 seconds, and a
final step of 1 minute at 58 °C. The amplifications were carried out in a Rotor-Gene Q

(Corbett LifeScience, Cambridgeshire, United Kingdom) real-time PCR device.
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For quantification purposes, standard curves were plotted with 1/10 serial dilutions of total
DNA obtained from a GEB seronegative sample spiked with 10° par. eq./mL LL014-1-R1 Cl1
T. cruzi stock (TcV) cultured epimastigotes. One negative control and two positive controls
containing 10 and 1 fg/uL T. cruzi CL-Brener DNA were included in every run, as

recommended (18).

Genotyping of T. cruzi discrete typing units

Baseline samples from both clinical studies with SatDNA gPCR Ct (threshold cycle) values
below 33 (N= 180) were genotyped using PCR-based strategies targeted to nuclear genomic
markers, namely: (1) spliced leader intergenic region (SL-IR) based PCR was used to
distinguish Tcl (150 bp), and Tcll, TcV, and TcVI (157 bp) from Tclll and TclV (200 bp); (2)
heminested SL-IR-1 PCR was used to confirm Tcl (350 bp) and heminested SL-IR-1I PCR
was used to confirm Tcll, TcV, and TcVI (300 bp); (3) heminested PCR of the 24S alpha-
ribosomal DNA (24Sa-rDNA) was used to distinguish TcV (125 bp) from Tcll and TcVI (140
bp); and (4) heminested PCR targeted to genomic fragment A10 was used to discriminate Tcll

(580 bp) from TcVI (525 bp) (19).

Samples that yielded positive results by SL-IR-1I PCR but were non-detectable by 24Sa-
rDNA PCR were reported as belonging to the Tcll/V/VI1 group. Those samples that amplified
the 140 bp of 24Sa-rDNA fragment but had non-detectable results for A10 fragment-based
PCR were reported as belonging to Tcll/VI group. Those samples amplifying both bands of
125 and 140 bp after 24Sa-rDNA PCR, were interpreted as mixed infections by TcV plus Tcll

and/or TcVI, as previously described (19).

Statistical analysis
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McNemar's test was used to compare the qualitative qPCR results for S1, S2, and S3 samples
from Cochabamba, Tarija, and Aiquile cohorts at baseline, and between baseline and follow-
up time-point samples from each treatment group in both clinical trials. The Fisher's exact test
was used to compare the qPCR sensitivity using two or three replicates, and one, two, or three
serial samples, and to compare the qPCR positivity between the baseline samples from
Cochabamba, Tarija, and Aiquile cohorts, as well as the cumulative therapeutic failure at the
end of 12-month follow-up within each treatment group using one, two, or three serial
samples, and between BZN arms from both trials. Kruskal-Wallis non-parametric analysis of
variance was used to compare the medians of the parasitic loads of quantifiable samples from
Cochabamba, Tarija, and Aiquile cohorts at baseline, and from each treatment group at
baseline and follow-up time-points. The Tukey's criterion was used to detect samples with
outlier Ct values of IAC (Cts> 75th percentile + 1.5 x interquartile distance of median Ct)
(20). All analyses were performed using SPSS Statistics for Windows V17.0 (SPSS, Chicago,

IL).

Results

Screening of pre-treated chronic CD patients in DNDi-CH-E1224-001 and MSF-DNDi
PCR sampling optimization studies

Analysis of qPCR replicates in the DNDi-CH-E1224-001 trial

In this trial, gPCR was firstly assayed in duplicate from each S1 and S2 DNA extract. When
both replicates gave non-detectable qPCR results from one of these DNA extracts, a third
gPCR replicate was analyzed from the corresponding sample. When the third replicate was
included, gPCR positivity increased from 54.8 to 60.5% (S1) and from 53.6 to 59.2% (S2) in
samples collected from the Cochabamba cohort, and from 59.5 to 63.4% (S1) and from 55.3

to 60.7% (S2) in those collected from the Tarija cohort (Table 1, p> 0.05).
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Analysis of serial blood samples

In the DNDi-CH-E1224-001 trial, the comparison of gPCR positivity obtained after testing
individual S1 or S2 samples did not give significant differences (Table 1, p> 0.05) but gPCR
positivity increased when cumulative results from S1+S2 were computed; this was observed

in both Cochabamba (60.5 vs 69.7%, p< 0.05) and Tarija cohorts (63.4 vs 73.9%, p< 0.05).

When S1 and S2 gave non-detectable gPCR results, a third sample (S3) was taken seven days
later. The analysis of PCR positivity obtained using three serial samples (S1+S2+S3)
compared to that obtained from individual samples demonstrated higher sensitivity for both
Cochabamba (60.5 vs 76.2%, p< 0.001) and Tarija cohorts (63.4 vs 77.8%, p< 0.001). Finally,
gPCR positivity obtained after testing S1+S2 versus that obtained after testing S1+S2+S3
increased by 6.5% (N= 19/294) in Cochabamba and 3.9% (N= 10/257) in Tarija cohorts

(Table 1, p> 0.05).

On the other hand, no statistical difference was observed in qPCR positivity by testing
individual S1, S2, or S3 samples in the MSF-DNDi PCR sampling optimization study (Table
1, p> 0.05). Computing the cumulative gPCR positivity obtained for S1+S2 (85.1%) in
comparison to the positivity obtained for S1 (10 mL of blood, 73.5%, p< 0.01) or S2 alone (5
mL of blood, 76.9%, p< 0.05) increased sensitivity. This was also true for the cumulative
gPCR positivity obtained for S1+S2+S3 (90.2%) compared to that obtained for the individual
samples (S1, p< 0.001; S2, p< 0.001; and S3, 72.7%, p< 0.001). Comparison of the
cumulative gPCR positivity obtained from S1+S2+S3 with respect to S1+S2 showed an

increase of 5.1% (Table 1, p> 0.05).
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Analysis of T. cruzi DTUs and parasitic loads

It is worth noting the higher gPCR positivity obtained in patients from Aiquile (90.2%)
compared to those recruited from Cochabamba (76.2%, p< 0.001) and Tarija (77.8%, p<
0.001); whereas no difference was found between both E1224 trial cohorts (Table 1, p> 0.05).
Because both studies used the same gPCR method performed in the same laboratory, a
hypothesis for this geographical variability in gPCR positivity could be related to diversity of
T. cruzi strains or parasitic loads in the populations studied, and/or to a higher endemicity and
exposure to the vector in Aiquile, and therefore a potential risk of reinfection. In order to
investigate this, the distribution of T. cruzi DTUs was analyzed by genotyping the 180 gPCR

positive samples from these localities with the highest parasitic loads.

DTUs could be identified in 31 samples: 23 patients were infected with parasite populations
belonging to the group Tcll/V/VI, six patients were infected with Tcl and two presented
mixed infections by Tcl plus Tcll/V/VI (Table 2). Tcl was five times more frequent in
Cochabamba and Tarija in comparison to Aiquile, although the low number of genotyped

samples preclude determination of its significance. Tclll and TclV were not detected.21

The parasitic loads of baseline samples from the three different cohorts are shown in Fig 2. In
Aiquile, 33.0% of samples had parasitic loads above the gPCR Limit of Quantification (LOQ)
of 1.53 par. eq./mL, whereas in Cochabamba and Tarija the percentage of quantifiable
samples was 19.6% and 24.5%, respectively (Table 1). The median and interquartile range
values of the quantifiable parasitic loads were 2.6 [2.0-3.5], 2.6 [2.0-3.6], and 3.0 [2.0-4.7]

par. eq./mL, for Cochabamba, Tarija, and Aiquile cohorts, respectively (Table 1, p> 0.05).
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Follow-up of treated chronic CD patients in DNDi-CH-E1224-001 and MSF-DNDi PCR
sampling optimization studies

Analysis of qPCR positivity and parasitic loads

Table 3 shows the cumulative gPCR findings obtained from all three serial blood samples

during screening and monitoring of all treatment arms in both clinical trials.

The gPCR positivity of the placebo group from the DNDi-CH-E1224-001 clinical trial was
significantly higher at baseline (100%, as per study entry criteria) than at the follow-up time-
points (2 months, 73.9%, p< 0.01; 4 months, 80.4%, p< 0.01; 6 months, 87.0%, p< 0.05; 12
months, 78.3%, p< 0.01), whereas no differences were found between follow-up time-points
(Table 3, p> 0.05). Out of the patients who received placebo, 27 were persistently gPCR
positive, 15 had intermittently positive and non-detectable results, and four became

persistently gPCR undetectable during follow-up.

In both clinical trials, the treated cohorts showed a drastic reduction in PCR positivity at EOT.
(E1224 LD, 10.4%; E1224 SD, 8.9%; E1224 HD, 16.7%; DNDi-CH-E1224-001BZN, 6.8%;
DNDi-MSF sampling optimization study BZN, 23.1%) (Table 3, p< 0,001). In the E1224
treatment arms, gPCR positivity increased during post-treatment follow-up, reaching its
highest value at the end of the study (E1224 LD, 76.6%, p< 0.001; E1224 SD, 84.4%, p<
0.001; E1224 HD, 56.1%, p< 0.01), whereas in the cohorts treated with BZN, the proportion
of qPCR-positive cases diminished at the end of follow-up (DNDi-CH-E1224-001 BZN,

4.5%, p> 0.05; DNDi-MSF sampling optimization study BZN, 5.2%, p< 0.01).

Interestingly, all treatment arms showed statistically significant differences between the

proportion of positive gPCR results at baseline and end of follow-up (E1224 LD, p< 0.01;

12

159nb Aq 8T0Z ‘0T Jequada uo /610 wse oee//:.dny wolj papeojumoq


http://aac.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

275

276

277
278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296
297

298

299

300

E1224 SD, p< 0.05; E1224 HD, p< 0.001; DNDi-CH-E1224-001 BZN, p< 0.001; DNDi-

MSF sampling optimization study BZN, p< 0.001).

The number of patients with quantifiable gPCRs results from the placebo group of the E1224
trial ranged between 14-16 during follow-up; except at 4 months when, as at baseline, nine
patients rendered quantifiable qPCR results (Table 3). Out of the nine patients enrolled in the
placebo group of DNDi-CH-E1224-001 who showed quantifiable parasitic loads at baseline ,
five had quantifiable results throughout follow-up, two patients alternated between
guantifiable and non-quantifiable results, and the two remaining showed persistent detectable
but non-quantifiable gPCR results throughout follow-up. No significant differences were
found among the medians of parasitic loads at baseline and follow-up time-points in the

placebo group of the DNDi-CH-E1224-001 trial (Fig 3A, p> 0.05).

Patients treated with E1224 showed non-quantifiable parasitic loads at the end of treatment,
but this increased later on; indeed, 12 cases reached quantifiable loads for E1224 low dose
(LD) and short dose (SD) regimes and six in E1224 high dose (HD) regime at the end of
follow-up; whereas in BZN treated groups only one patient had parasitic loads higher than
1.53 par. eq./mL during follow-up (Table 3). Statistically significant differences were
observed between parasitic loads at baseline and 6 months for E1224 LD (3.5 [2.6-7.0] and
2.1 [1.7-2.4] par. eq./mL, respectively Fig 3B, p< 0.05), and between baseline and 12 months

(2.5[1.9-3.4]) and2.0 [1.9-2.2] par. eq./mL) for E1224 HD Fig 3D, p< 0.05).

Analysis of cumulative therapeutic failure
Fig 4 compares the cumulative gPCR positivity as a measure of treatment failure obtained for

each treatment group in both clinical trials from EOT until the end of follow-up.
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In the DNDi-CH-E1224-001 trial, the multi-sampling strategy (S1+S2+S3) increased
detection of treatment failure at the end of follow-up by up to 91.7% for E1224 LD (Fig 4B,
p< 0.05), 88.9% for E1224 SD (Fig 4C, p> 0.05), 69.1% for E1224 HD (Fig 4D, p< 0.05),
and 15.9% for BZN (Fig 4E, p> 0.05) arms. No significant differences were found between
the cumulative treatment failure detected for single S1 (72.9, 77.8, 42.9, and 4.6%), S2 (70.8,
86.7, 50.0, and 4.6%), and S3 (72.9, 82.2, 45.2, and 6.8%) samples, and comparing S1+S2
(81.3, 88.9, 61.9, and 9.1%) versus S1+S2+S3 for E1224 LD, SD, and HD, and BZN arms,

respectively (Fig 4, p> 0.05).

In the MSF-DNDi PCR sampling optimization study, the strategy involving serial sampling
analysis allowed an increase in detection of treatment failure of up to 32.1% (S1+S2+S3) at
the end of follow-up in comparison to that detected from individual samples (S1, 9.5%, p<
0.001; S2, 19.0%, p< 0.05; S3, 11.0%, p< 0.001). Significant difference was found between
the cumulative treatment failure of S1 and S2 (p< 0.05), whereas no differences were found
between S3 and S1 or S2 (Fig 4F, p> 0.05). There was an increase of 7.3% in cumulative
treatment failure detected after testing S1+S2+S3 versus that detected after testing S1+S2

(24.8%) (Fig 4F, p> 0.05).

Analysis of cumulative therapeutic failure among the different groups of treatment of E1224
trial did not show significant differences among placebo and E1224 LD and SD arms (Fig. 4,
p> 0.05). In contrast, the E1224 HD arm showed lower treatment failure than placebo (p<
0.05) and E1224 LD (p< 0.01) and SD (p< 0.05). In addition, the DNDi-CH-E1224-001 BZN

group showed lower treatment failure than placebo and E1224 arms (p< 0.001).
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No statistically significant differences were observed between the cumulative therapeutic
failure of BZN-treated cohorts enrolled in DNDi-CH-E1224-001 and MSF-DNDi PCR

sampling optimization studies (Figure 4; p> 0.05).

Discussion

Impact of serial sampling strategies on gPCR sensitivity
In recent years, several clinical trials to evaluate anti-parasitic treatments for CD were carried
out using different sampling strategies and PCR protocols, and variable rates of PCR

positivity were obtained (14, 15, 21).

The present analyses shows that qPCR sensitivity was significantly improved at baseline in
the DNDi-CH-E1224-001 trial when two blood samples were collected and each DNA extract
was analyzed in duplicate by gPCR. The addition of the third blood sample and third gPCR
replicate in the subset of patients who had non-detectable PCR results for S1 and S2, gave a
small but non-statistically significant improvement in positivity. The limited data available
thus far is insufficient to determine the clinical relevance of this small increase in gPCR
sensitivity in the evaluation of treatment response. In fact, the samples with only one out of
three PCR positive results were non-quantifiable. As treatment was expected to reduce further
the parasite burden in those patients with non-quantifiable baseline gPCR results, reducing the
chance of detecting treatment failure, three blood samples and gPCR triplicates were tested

during post-treatment follow-up.

In the MSF-DNDi PCR sampling optimization study, the use of 5 mL of blood, instead of 10

mL as starting sample for gPCR analysis, as well as the collection of a third blood sample
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seven days after the first two samples instead of few minutes later, did not modify the overall

clinical sensitivity.

In conclusion, these findings support the use of lower volume of blood, collected during the

same visit, for qPCR testing purposes.

Distribution of DTUs and parasitic loads

TcV was the prevailing DTU, in agreement with findings reported by Martinez-Perez et al.
(2016) (22), who found TcV in the 55.2% of Bolivian CD patients living in Madrid, Spain.
However, TclV, usually associated with the sylvatic cycle and occasional oral outbreaks (23,

24) but found as the second predominant DTU in Bolivian patients (22), was not detected.

Differences in gPCR positivity between Cochabamba or Tarija cohorts compared with Aiquile
could be attributed to different distribution of parasite DTUs in these localities, such as it was
observed for Tcl (Table 2), although the low number of genotyped samples precluded

assessment of the significance of this finding.

Median parasitic loads were higher in Aiquile than in Cochabamba or Tarija, although the
differences did not reach statistical significance (Table 1 and Fig 1). This could be due to the
rural nature of the Aiquile area compared to the cities of Cochabamba and Tarija. In a recent
study of pregnant women from Bolivia, it was observed that the differences in seroprevalence
for T. cruzi infection were above all related to the area in which the patients lived most of
their lives. Hyper-endemic hotspots were observed where prevalence surpassed 60% and one
of the affected areas was the municipality of Aiquile, with 66% seroprevalence (25). In areas

where vector infestation was higher, the seroprevalence of CD was also higher (25).
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Dynamics of bloodstream parasite burden in chronic CD

The monitoring of samples from patients treated with placebo in the DNDi-CH-E1224-001
trial allowed follow-up of the natural history of human chronic T. cruzi infection in adult
patients for a period of one year. The results showed that a proportion of patients had
fluctuations of parasitic loads, which, in some cases, fell below the LOQ (1.53 par. eq./mL) of
the qPCR method (13), and even gave non-detectable results, reflecting the fluctuations of
parasitemia observed in chronic CD patients using traditional parasitological methods (24).
Such findings underscore the need for serial sampling and qPCR replicates analysis for the

evaluation of therapeutic failure in chronic CD.

gPCR as surrogate marker of therapeutic failure in CD clinical trials

The gPCR-based study of the DNDi-CH-E1224-001 clinical trial demonstrated that BZN was
a better parasiticidal drug than E1224 in monotherapy, and that in turn, E1224 HD had higher
efficacy than the other E1224 regimens (Fig 3). Treatment with BZN gave a better
parasitological response in the urban cohorts of the DNDi-CH-E1224-001 trial than in the
rural patients from the MSF-DNDi PCR sampling study, although no significant differences
were found. This could be due to the more controlled conditions of treatment administration
and follow-up in the DNDi-CH-E1224-001 trial, rather than to a higher risk of re-infection in
the rural community of Aiquile, since the houses of all patients enrolled in the MSF-DNDi

PCR sampling study were under entomological surveillance.

Finally, this report demonstrates the usefulness of serial blood sampling and qPCR replicates
analysis not only for enhancing the capacity to recruit chronic CD adult patients for clinical

trials, in which the inclusion criteria require at least one qPCR positive result at baseline, but
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more importantly for increasing sensitivity to detect treatment failure in this population. At
the same time, this work highlights the importance of standardized methods for monitoring

treatment response in chronic CD.

Acknowledgements

We thank the patients who took part in this study and the nurses and laboratory staff who
contributed to its implementation. We thank Maria de los Angeles Curto (INGEBI-
CONICET) for culture of parasite stocks used as positive gPCR controls, constructing
standard curves and identification of DTUs. We also thank Dr Louise Burrows (DNDi) for
edition of this manuscript. This clinical investigation was funded through DNDi by the
following donors: the Wellcome Trust; Médecins Sans Frontiéres, International; Ministry of
Foreign Affairs, Spain; Department for International Development (DFID), UK; Dutch
Ministry of Foreign Affairs (DGIS), Netherlands; Rockefeller Foundation, USA; Federal
Ministry of Education and Research (BMBF) through KfW, Germany. The Platform for a
Comprehensive Care of Patients with Chagas disease in Bolivia is a collaborative project
between CEADES of Health and Environment; Universidad Mayor de San Simon in
Cochabamba, Bolivia; Juan Misael University Saracho, Tarija, Bolivia; and 1SGlobal
(Barcelona Institute for Global Health, Spain), and supported by the National Chagas Control
Program in Bolivia. The Platform is funded by the Spanish Agency for Cooperation and
Development (grant number 10-CO1-039). ISGlobal Research group receives funds from the
Ageéncia de Gestié d’Ajuts Universitaris i de Recerca (grant number 2014SGR026).

JCR is PhD doctoral fellow of CONICET-UBA. AGS is member of CONICET Research

Career. FT, JG, IR and AGS are members of NHEPACHA Network.

References

18

159nb Aq 8T0Z ‘0T Jequada uo /610 wse oee//:.dny wolj papeojumoq


http://aac.asm.org/

424 1. Moraes CB, Giardini MA, Kim H, Franco CH, Araujo-Junior AM, Schenkman S,

425 Chatelain E, Freitas-Junior LH. 2014. Nitroheterocyclic compounds are more
426 efficacious than CYP51 inhibitors against Trypanosoma cruzi: implications for Chagas
427 disease drug discovery and development. Sci Rep 4:4703.

428 2. Sales Junior PA, Molina |, Fonseca Murta SM, Sanchez-Montalva A, Salvador F,

429 Correa-Oliveira R, Carneiro CM. 2017. Experimental and Clinical Treatment of

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

430 Chagas Disease: A Review. Am J Trop Med Hyg 97:1289-1303.

431 3. Bahia MT1, Diniz Lde F, Mosqueira VVC. Therapeutical approaches under investigation

432 for treatment of Chagas disease. Expert Opin Investig Drugs. 2014 Sep;23(9):1225-37.
433 doi: 10.1517/13543784.2014.922952. Epub 2014 May 26.
434
435

&

o 436

5

% 437 4. Viotti R1, Alarcén de Noya B, Araujo-Jorge T, Grijalva MJ, Guhl F, Lopez MC, Ramsey

=

O
438 JM, Ribeiro I, Schijman AG, Sosa-Estani S, Torrico F, Gascon J; Latin American
439 Network for Chagas Disease, NHEPACHA. Towards a paradigm shift in the treatment
440 of chronic Chagas disease. Antimicrob Agents Chemother. 2014;58(2):635-9. doi:
441 10.1128/AAC.01662-13. Epub 2013 Nov 18.

442 5. TDR/WHO. 2012. Research Priorities for Chagas Disease, Human African
443 Trypanosomiasis and Leishmaniasis. WHO Technical Report Series.

444 6. Piron M, Fisa R, Casamitjana N, Lopez-Chejade P, Puig L, Verges M, Gascon J,

445 Gomez i Prat J, Portus M, Sauleda S, Lopez-Chejade P, Puig L, Vergés M, Gascon J,
446 Gomez i Prat J, Portis M, Sauleda S. 2007. Development of a real-time PCR assay for
447 Trypanosoma cruzi detection in blood samples. Acta Trop 103:195-200.

448 7. Murcia L, Carrilero B, Munoz MJ, Iborra MA, Segovia M. 2010. Usefulness of PCR

19

Chemotherapy

159nb Aq 8T0Z ‘0T Jequada uo /610 wse oee//:.dny wolj papeojumoq


http://aac.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

10.

for monitoring benznidazole response in patients with chronic Chagas’ disease: a
prospective study in a non-disease-endemic country. J Antimicrob Chemother
65:1759-1764.

Pinazo M-J, Thomas MC, Bua J, Perrone A, Schijman A-G, Viotti R-J, Ramsey J-M,
Ribeiro 1, Sosa-Estani S, Lopez M-C, Gascon J. 2014. Biological markers for
evaluating therapeutic efficacy in Chagas disease, a systematic review. Expert Rev Anti
Infect Ther 12:479-496.

Porras Al, Yadon ZE, Altcheh J, Britto C, Chaves GC, Flevaud L, Martins-Filho OA,
Ribeiro I, Schijman AG, Shikanai-Yasuda MA, Sosa-Estani S, Stobbaerts E, Zicker F.
2015. Target Product Profile (TPP) for Chagas Disease Point-of-Care Diagnosis and
Assessment of Response to Treatment. PLoS Negl Trop Dis 9:e0003697.

Schijman AGA, Bisio M, Orellana L, Sued M, Duffy T, Mejia Jaramillo AM, Cura C,
Auter F, Veron V, Qvarnstrom Y, Deborggraeve S, Hijar G, Zulantay I, Lucero RHR,
Velazquez E, Tellez T, Sanchez Leon Z, Galvao L, Nolder D, Monje Rumi M, Levi
JEJ, Ramirez JDJ, Zorrilla P, Flores M, Jercic MIM, Crisante G, Anez N, De Castro
AAM, Gonzalez CIC, Acosta Viana K, Yachelini P, Torrico F, Robello C, Diosque P,
Triana Chavez O, Aznar C, Russomando G, Buscher P, Assal A, Guhl F, Sosa Estani S,
DaSilva A, Britto C, Luquetti A, Ladzins J, Mejia-Jaramillo A, Cura C, Auter F, Veron
V, Qvarnstrom Y, Deborggraeve S, Hijar G, Zulantay I, Lucero RHR, Velazquez E,
Tellez T, Sanchez-Leon Z, Galvédo L, Nolder D, Monje-Rumi M, Levi JEJ, Ramirez
JDJ, Zorrilla P, Flores M, Jercic MIM, Crisante G, Afiez N, De Castro AAM, Gonzalez
CIC, Acosta-Viana K, Yachelini P, Torrico F, Robello C, Diosque P, Triana-Chavez O,
Aznar C, Russomando G, Bischer P, Assal A, Guhl F, Sosa-Estani S, DaSilva A,
Britto C, Luquetti A, Ladzins J. 2011. International Study to Evaluate PCR Methods

for Detection of Trypanosoma cruzi DNA in Blood Samples from Chagas Disease

20

159nb Aq 8T0Z ‘0T Jequada uo /610 wse oee//:.dny wolj papeojumoq


http://aac.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

11.

12.

13.

Patients. PLoS Negl Trop Dis 5:931.

Ramirez JC, Cura Cll, Moreira C, Lages-Silva E, Juiz N, Velazquez E, Ramirez JD,
Alberti AA, Pavia P, Flores-chavez MD, Mufioz-calderén A, Pérez-morales D, Santalla
JJ, Marcos P, Peneau J, Marcet P, Padilla C, Cruz-Robles D, Valencia E, Crisante GE,
Greif G, Zulantay Il, Costales JA, Alvarez-martinez M, Martinez E, Villarroel R,
Villarroel S, Sanchez Z, Bisio M, Parrado R, Maria L, Claudia A, Espinoza B, Noya A
De, Puerta CC, Riarte A, Yadén ZE, Schijman AG, Ramirez JDC, Cura Cll, da Cruz
Moreira O, Lages-Silva E, Juiz N, Velazquez E, Ramirez JDC, Alberti AA, Pavia P,
Flores-Chavez MD, Munoz-Calderon A, Perez-Morales D, Santalla JJ, Marcos da
Matta Guedes P, Peneau J, Marcet P, Padilla C, Cruz-Robles D, Valencia E, Crisante
GE, Greif G, Zulantay |1, Costales JA, Alvarez-Martinez M, Martinez NE, Villarroel R,
Villarroel S, Sanchez Z, Bisio M, Parrado R, Maria da Cunha Galvao L, Jacome da
Camara AC, Espinoza B, Alarcon de Noya B, Puerta CC, Riarte A, Diosque P, Sosa-
Estani S, Guhl F, Ribeiro I, Aznar C, Britto C, Yadon ZE, Schijman AG. 2015.
Analytical Validation of Quantitative Real-Time PCR Methods for Quantifi cation of
Trypanosoma cruzi DNA in Blood Samples from Chagas Disease Patients. J Mol
Diagn 17:605-15.

Ramirez JC, Parrado R, Sulleiro E, de la Barra A, Rodriguez M, Villarroel S, Irazu L,
Alonso-Vega C, Alves F, Curto MA, Garcia L, Ortiz L, Torrico F, Gascon J, Flevaud
L, Molina I, Ribeiro I, Schijman AG. 2017. First external quality assurance program
for bloodstream Real-Time PCR monitoring of treatment response in clinical trials of
Chagas disease. PL0S One 12:e0188550.

Duffy T, Cura CI, Ramirez JC, Abate T, Cayo NM, Parrado R, Bello ZD, Velazquez E,
Munoz-Calderon A, Juiz NA, Basile J, Garcia L, Riarte A, Nasser JR, Ocampo SB,

Yadon ZE, Torrico F, de Noya BA, Ribeiro I, Schijman AG. 2013. Analytical

21

159nb Aq 8T0Z ‘0T Jequada uo /610 wse oee//:.dny wolj papeojumoq


http://aac.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

14.

15.

16.

17.

18.

19.

performance of a multiplex Real-Time PCR assay using TagMan probes for
quantification of Trypanosoma cruzi satellite DNA in blood samples. PLoS Negl Trop
Dis 7:e2000.

Alvarez MG, Hernandez Y, Bertocchi G, Fernandez M, Lococo B, Ramirez JC, Cura
C, Albizu CL, Schijman A, Abril M, Sosa-Estani S, Viotti R. 2015. New Scheme of
Intermittent Benznidazole Administration in Patients Chronically Infected with
Trypanosoma cruzi: a Pilot Short-Term Follow-Up Study with Adult Patients.
Antimicrob Agents Chemother 60:833-837.

Molina I, Gomez i Prat J, Salvador F, Trevino B, Sulleiro E, Serre N, Pou D, Roure S,
Cabezos J, Valerio L, Blanco-Grau A, Sanchez-Montalva A, Vidal X, Pahissa A. 2014.
Randomized trial of posaconazole and benznidazole for chronic Chagas’ disease. N
Engl J Med 370:1899-1908.

Morillo CA, Marin-Neto JA, Avezum A, Sosa-Estani S, Rassi AJ, Rosas F, Villena E,
Quiroz R, Bonilla R, Britto C, Guhl F, Velazquez E, Bonilla L, Meeks B, Rao-Melacini
P, Pogue J, Mattos A, Lazdins J, Rassi A, Connolly SJ, Yusuf S. 2015. Randomized
Trial of Benznidazole for Chronic Chagas’ Cardiomyopathy. N Engl J Med 373:1295-
1306.

Torrico F, Gascon J, Ortiz L, Alonso-Vega C, Pinazo M-J, Schijman A, Almeida IC,
Alves F, Strub-Wourgaft N, Ribeiro I. 2018. Treatment of adult chronic indeterminate
Chagas disease with benznidazole and three E1224 dosing regimens: a proof-of-
concept, randomised, placebo-controlled trial. Lancet Infect Dis 18:419-430.

Burd EM. 2010. Validation of laboratory-developed molecular assays for infectious
diseases. Clin Microbiol Rev 23:550-576.

Burgos JM, Diez M, Vigliano C, Bisio M, Risso M, Duffy T, Cura C, Brusses B,

Favaloro L, Leguizamon MS, Lucero RH, Laguens R, Levin MJ, Favaloro R, Schijman

22

159nb Aq 8T0Z ‘0T Jequada uo /610 wse oee//:.dny wolj papeojumoq


http://aac.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

20.

21.

22.

23.

24.

25.

AG. 2010. Molecular identification of Trypanosoma cruzi discrete typing units in end-
stage chronic Chagas heart disease and reactivation after heart transplantation. Clin
Infect Dis 51:485-495.

Burns MJ, Nixon GJ, Foy CA, Harris N. 2005. Standardisation of data from real-time
quantitative PCR methods - evaluation of outliers and comparison of calibration
curves. BMC Biotechnol 5:31.

Moreira OC, Ramirez JD, Velazquez E, Melo MFAD, Lima-Ferreira C, Guhl F, Sosa-
Estani S, Marin-Neto JA, Morillo CA, Britto C. 2013. Towards the establishment of a
consensus real-time qPCR to monitor Trypanosoma cruzi parasitemia in patients with
chronic Chagas disease cardiomyopathy: a substudy from the BENEFIT trial. Acta
Trop 125:23-31.

Martinez-Perez A, Poveda C, Ramirez JD, Norman F, Girones N, Guhl F, Monge-
Maillo B, Fresno M, Lopez-Velez R. 2016. Prevalence of Trypanosoma cruzi’s
Discrete Typing Units in a cohort of Latin American migrants in Spain. Acta Trop
157:145-150.

Miles MA, Llewellyn MS, Lewis MD, Yeo M, Baleela R, Fitzpatrick S, Gaunt MW,
Mauricio IL. 2009. The molecular epidemiology and phylogeography of Trypanosoma
cruzi and parallel research on Leishmania: looking back and to the future. Parasitology
136:1509-28.

Zingales B, Miles MA, Campbell DA, Tibayrenc M, Macedo AM, Teixeira MMG,
Schijman AG, Llewellyn MS, Lages-Silva E, Machado CR, Andrade SG, Sturm NR.
2012. The revised Trypanosoma cruzi subspecific nomenclature: rationale,
epidemiological relevance and research applications. Infect Genet Evol 12:240-53.
Alonso-Vega C, Billot C, Torrico F. 2013. Achievements and challenges upon the

implementation of a program for national control of congenital Chagas in Bolivia:

23

159nb Aq 8T0Z ‘0T Jequada uo /610 wse oee//:.dny wolj papeojumoq


http://aac.asm.org/

Downloaded from http://aac.asm.org/ on December 10, 2018 by guest

24

Cerisola JA. 1977. Chemotherapy of Chagas’ infection in man. PAHO Sci Publ 347.

results 2004-2009. PLoS Negl Trop Dis 7:e2304.

©

3Y
o) o —
< n n
n n n

BUI|U() PaIsO  4dI1DsAUBIAL PB}deDDYy Aoiucuauy Adosayoway

pup sjueby |pigo.diwLuy bup sjuabyy [piqodIWLUY


http://aac.asm.org/

Anfimicrobia

(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Antimicrobial Agents ana

Chemotherapy

Chemotherapy

552 Table 1. Accumulative gPCR findings in pre-treated chronic Chagas disease patients from DNDi-CH-E1224-001 and MSF-DNDi PCR
553  sampling optimization clinical studies, using one, two and three serial samples and two or three qPCR replicates per sample.

Clinical ) s1 ) s3
trial  LOCAllty  Parameters - ooopio) GPCR(142)+43 GPCR(1+2) QPCR(+2)+3  S1tS2  gpcR(+2+3) S1tS2+S3

N 204 204 289 289 204 74 204
Positives 161(54.8%) 178 (60.5%) 155(53.6%) 171(59.2%) 205 (69.7%) 10 (25.7%) 224 (76.2%)
CBBA Quantifiables 31 (19.3%) 31 (174%) 26 (168%) 26 (152%) 44 (215%)  0(0.0%) 44 (19.6%)

DNDi- Median [IQR] g ~ ~ g ~ . g
ND; ar ot 26[19-34]  26[1934] 27[2039] 27[20-89] 26[20-35] 2.6 [2.0-35]

E1224- N 257 257 257 257 257 53 257
0ot Positives 153 (59.5%) 163 (63.4%) 142 (55.3%) 156 (60.7%) 190 (73.9%) 10 (18.9%) 200 (77.8%)
Tarija  Quantifiables 37 (24.2%) 37 (22.7%) 32 (225%) 33 (212%) 49 (258%)  0(0.0%) 49 (245%)

Median [IQR] . . B : . .
o ol 2412034) 24[2034) 30[2438] 30[22:36] 26[20-36] 2.6 [2.0-3.6]

N 196 195 201 176 205
'I\D",\Sl‘l'; Positives 144 (73 5%) 150 (76.9%) 171 (85.1%) 128 (72.7%) 185 (90.2%)
sampling Alauile  Quantifiables 34 (23.6%) 40(26.7%)  51(29.8%) 29 (227%) 61 (33.0%)
Study Median [IQR] 2.4[19-45] 29[19-49] 28[L9-48] 32[20-48] 3.0[20-47]

(par. eq./mL)

554  S1-3: samples 1-3; qPCR1-3: gPCR replicates 1-3; CBBA: Cochabamba; N: number of samples; IQR: interquartile range; par. eq./mL: parasite
555  equivalents in 1 mL of blood.
556
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557  Table 2. Direct identification of T. cruzi DTUs in blood samples of pre-treated chronic
558 Chagas disease patients from DNDi-CH-E1224-001 and MSF-DNDi PCR sampling

559  optimization clinical studies.

- . . T. cruzi DTU
Clinical trial Locality Tel TCI+IIVNVI  TellV/VI TeVVI
CBBA-
DNDi-CH-E1224-001 Tarija 5 1 10
MSFE-DNDi Sampling Study Aiquile 1 1 11
560  DTU: Discrete Typing Unit; CBBA: Cochabamba.

561
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562 Table 3. gPCR findings during baseline and follow-up of the different groups of
563  treatment of DNDi-CH-E1224-001 and MSF-DNDi PCR sampling optimization clinical

Accepted Manuscripf Posted Online

564  studies.
Clinical  Group of Parameters BL 2M 4iM 6M 12M
trial treatment (S1+2+3) (S1+2+3) (S1+2+3) (S1+2+3) (S1+2+3)
N 46 46 46 46 46
Positives 46 (100%) 34 (73.9%) 37(80.4%) 40 (87.0%) 36 (78.3%)
Placebo  Quantifiables 9(19.6%) 15(44.1%) 9(24.3%) 14(35.0%) 16 (44.4%)
Median [IQR] ’ ) ) ) )
(par. eqmL) 2.2[2.0-41] 2.2[1.9-4.3] 3.3[2.1-41] 3.1[2.1-3.7] 2.7[1.9-5.3]
N 48 48 48 48 47
Positives 48 (100%) 5(10.4%) 18 (37.5%) 32(66.7%) 36 (76.6%)
E1224 LD Quantifiables 14 (29.2%) 0 (0.0%) 6(33.3%) 10(31.3%) 12 (33.3%)
Median [IQR] . i _ -
(par. eq/mL) 3.5[2.6-7.0] 2.1[1.9-25] 21[1.7-24] 22[2.1-4.3]
N 45 45 44 43 45
DNDi- Positives 45 (100%) 4(8.9%) 31(70.5%) 33(76.7%) 38 (84.4%)
E(1:2|-£1- E1224 SD Quantifiables ~ 9(20.0%)  0(0.0%)  8(25.8%) 5(152%) 12 (31.6%)
001 Median [IQR]
| (par. eq/mL) 2.3[2.0-2.9] 25[1.9-3.5] 2.2[1.9-2.6] 2.8[2.1-4.5]
g_ N 42 42 41 41 41
L o
9—156 E1204 Positives 42 (100%) 7 (16.7%)  9(22.0%) 14 (34.1%) 23 (56.1%)
_é% Hp  Quantifiables  11(26.2%)  0(0.0%) 0 (0.0%) 1(7.1%)  6(26.1%)
O
— U .
£ Median [IQR] ) )
= (par. eq/mL) 2.5[1.9-3.4] 1.8 2.0[1.9-2.2]
N 44 44 43 43 44
Positives 44 (100%) 3(6.8%) 0 (0.0%) 2 (4.7%) 2 (4.5%)
BZN  Quantifiables 11 (25.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Median [IQR] ) .
(par. eq./mL) 21[1.9-27]
N 137 121 115 116
MSF- Positives 137 (100%) 28 (23.1%) 11 (9.6%) 6 (5.2%)
DNDi e
sampling BZN Quantifiables 47 (34.3%) 0 (0.0%) 1(9.1%) 0 (0.0%)
Study Median [IQR] , o [1.9-4.6] 29

(par. eq./mL)

159nb Aq 8T0Z ‘0T Jequada uo /610 wse oee//:.dny wolj papeojumoq

565  BL.: baseline; 2M, 4M, 6M and 12M: 2, 4, 6 and 12 months from the beginning of the study;
566  S1-3: samples 1-3; LD, SD and HD: low, short and high dosages; BZN: benznidazole; N:
567 number of samples; IQR: interquartile range; par. eq./mL: parasite equivalents in 1 mL of
568  blood

569
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Fig 1. Study diagram and schedule of gPCR assessments

Fig 2. Distribution of parasitic loads in peripheral blood samples of pre-treated chronic
Chagas disease patients from DNDi-CH-E1224-001 and MSF-DNDi PCR sampling
optimization clinical studies. par. eq./mL: parasite equivalents in 1 mL of blood; CBBA:

Cochabamba.

Fig 3. Distribution of parasitic loads during baseline and follow-up of the different
groups of treatment of DNDi-CH-E1224-001 and MSF-DNDi PCR sampling
optimization clinical studies. A: E1224-Placebo arm; B: E1224-Low Dose arm; C: E1224-
Short Dose arm; D: E1224-High Dose arm; E: Benznidazole arm from the DNDi-CH-E1224-
001 trial; F: Benznidazole arm from the MSF-DNDi PCR sampling optimization study; par.
eq./mL: parasite equivalents in 1 mL of blood; BL: baseline; 2M, 4M, 6M and 12M: 2, 4, 6
and 12 months from the beginning of the study

Figd. Cumulative therapeutic failure during the follow-up of the different groups of
treatment of DNDi-CH-E1224-001 and MSF-DNDi PCR sampling optimization clinical
studies. A: E1224-Placebo arm; B: E1224-Low Dose arm; C: E1224-Short Dose arm; D:
E1224-High Dose arm; E: Benznidazole arm from the DNDi-CH-E1224-001 trial; F:
Benznidazole arm from the MSF-DNDi PCR sampling optimization study; S1-3: samples 1-3;
* p< 0.05; ** p< 0.01; *** p< 0.001
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