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ABSTRACT Chagas disease (ChD), caused by Trypanosoma cruzi, has a global preva-
lence due to patient migration. However, despite its worldwide distribution, long-term
follow-up efficacy studies with nifurtimox (NF) are scarce and have been conducted
with only small numbers of patients. A retrospective study of a large cohort of ChD
treated children and adults with NF. Treatment response was evaluated by clinical,
parasitological, and serological after-treatment evaluation. A total of 289 patients were
enrolled, of which 199 were children and 90 adults. At diagnosis, 89.6% of patients
were asymptomatic. Overall, all symptomatic patients showed clinical improvement. At
baseline, parasitemia was positive in 130 of 260 (50%) patients. All but one adult
patient had cleared their parasitemia by the end of treatment. That patient was con-
sidered a treatment failure. Median follow-up time for children was 37.7 months, with
an interquartile range of (IQR,s_,s 12.2 to 85.3), and for adults was 14.2 months (IQR,_,s,
1.9 to 33.8). After treatment, a decrease of T. cruzi antibodies and seroconversion were
observed in 34.6% of patients. The seroconversion profile showed that, the younger the
patient, the higher the rate of seroconversion (log rank test; P value, <0.01). At least
20% seroreduction at 1 year follow-up was observed in 33.2% of patients. Nifurtimox
was highly effective for ChD treatment. Patients had excellent treatment responses with
fully resolved symptoms related to acute T. cruzi infection. Clearance of parasitemia and
a decrease in T. cruzi antibodies were observed as markers of treatment response. This
study reinforces the importance of treating patients during childhood since the treat-
ment response was more marked in younger subjects. (This protocol was registered at
ClinicalTrials.gov under registration number NCT04274101).
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and the lack of sensitivity of parasitological tests. This scenario calls for long-term follow-
up of treated patients in order to observe negative seroconversion of conventional T. cruzi
serological tests. There are few studies evaluating NF efficacy; long-term follow-up efficacy
studies are currently scarce and conducted with only small numbers of patients.

There have been some concerns about the safety of NF. In a previous study, we
demonstrated that NF is a safe option for ChD treatment (4). In this study, we system-
atically assessed the effectiveness of NF considering the same ChD cohort population,
which included both children and adult patients with a long-term follow-up of more
than 10 years.

RESULTS

Medical records of ChD patients treated at our service were reviewed, and 372
patients who were prescribed NF were identified. After applying selection criteria, 289
patients (199 children and 90 adults) were included (Fig. 1, blue box).

Demographic data are shown in Table 1. Male and female subjects were well bal-
anced in children but not in adults, where 85.6% of subjects were female. This imbal-
ance was due to the fact that most of the adult patients were mothers of children
assisted in our service. The route of infection was congenital in 121 (41.8%) subjects,
undetermined in 136 (47.1%) subjects, vector borne in 30 (10.4%) subjects, and by
blood transfusion in 2 (0.7%) subjects.

Treatment was as follows: median NF dose for children was 11 mg/kg of body weight
per day, with an interquartile range of (IQR,5_;5, 10 to 12 mg/kg) in 2 divided doses (n =
139) or 3 divided doses (n = 60) with a median length of 62 days (IQR,s_,s, 60.5 to 73
days). The mean NF dose for adult patients was 9 mg/kg (IQR, 8.2 to 9.7 mg/kg) in 2 (n =
46) or 3 divided doses (n = 44) with a median length of 30 days (IQR,s_,s, 29 to 32 days).
Good treatment compliance was observed, and treatment was well-tolerated, since the
vast majority of observed adverse drug reactions (ADRs) were mild. Details of observed
ADRs were described in depth in our previous publication (4).

Mean follow-up time for children was 37.7 months (IQR,s -5, 12.2 to 85.3 months).
Retention of pediatric patients during long-term follow-up was 84% at 5 months after
treatment, 75% at 12 months, 64% at 24 months, 52% at 36 months, and 36% at
60 months. It should be noted that the treatment of adults, implemented from 2008 in
our service, yielded shorter follow-up times than children with a median of 14.2 months
(IQR,5_,5, 1.9 to 33.8 months). Adult retention was 71% at 5 months after treatment,
53% at 12 months, 32% at 24 months, 21% at 36 months, and only 7% at 60 months.

Clinical. Overall, most of the patients (259/289 [89.6%]) were asymptomatic, and
only 30/289 (10.4%) were symptomatic. Taking into account the route of infection, 12/30
(40%) of those infected by the vector-borne route were symptomatic. The most frequent
symptom was the ocular chagoma in 11/12 cases (Table 2). Patients infected by blood
transfusion (n = 2) and undetermined causes (n = 136) were asymptomatic. A total of
18/121 (14.9%) patients infected by the congenital route were symptomatic. These cases
were observed only in infants younger than 2 years, and the organ most affected was
the liver (Table 2). A clinical improvement was observed in all symptomatic patients
during treatment without clinical relapses during follow-up. An infant coinfected with
T. cruzi and HIV by the transplacental route developed encephalitis and myocarditis. This
patient died during NF treatment due to respiratory complications unrelated to NF
treatment.

Cardiological assessment. Electrocardiogram (ECG) was conducted at baseline in
219/289 (75.8%) patients, and 66/219 (30.1%) of these patients were evaluated every
year for after-treatment follow-up. At baseline, 18/219 (8.2%) displayed alterations in
their ECG, but only 11/18 (61.1%) were of clinical significance. A total of 7/18 (38.9%)
patients, mainly infected by the vector-borne route, showed clinical and ECG altera-
tions related to acute myocarditis. These patients presented clinical improvement dur-
ing treatment and normalization of the ECG during follow-up. Four of these 18 patients
(22.2%) showed a left bundle branch block probably related to ChD, and the remaining
7/18 (38.9%) patients showed alterations considered unrelated to ChD (4 incomplete
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NF reviewed medical
records
n= 372

Excluded records
Nifurtimox prescribed
but not taken: 52

Started Treatment
n =320
children = 215
Adults = 105

GG IENET
n =31
Adverse events: 14 (4,4%)
Lost during monitoring: 9 (2,8%)
Patient decision: 7 ( 2,2%)
Death: 1 (0.3%)

Completed Treatment
(Study population)
n =289
children = 199
Adults = 90

Serology: Parasitaemia
n =289 n= 260
Positive at baseline: n = 277 (95.8%) Positive at baseline: n = 130/260 (50%)
1 year follow-up Follow up: n = 111/130 (85.4%)
Seroconversion
Seroconversion: n = 42/277 (15.2%) Negative during treatment: n = 65/111 (58.6%)
Seroreduction: n = 92/277 (33.2%) Negative at end of treatment: n = 45/111 (40.5%)
Long term follow-up Positive at end of treatment: n = 1/111 (0.9%)

Seroconversion: n = 96/277 (34.7%)
Seroreduction: n = 159/277 (57,4%)

FIG 1 Flow diagram.

right bundle branch blocks [IRBBB], 1 long QT, 1 sinoatrial block, and 1 isolated ventric-
ular extrasystole). During follow-up, 2 patients with normal ECG at baseline showed
ECG alterations (one patient presented an IRBBB, and the other isolated ventricular
extrasystoles with an adequate chronotropic range) but without clinical significance.

Parasitology. At baseline, parasitemia was positive in 130/260 (50%) patients using dif-
ferent tests (Fig. 1; see also Fig. ST in the supplemental material), and 111/130 (85.4%)
patients had parasitological follow-up. Overall, 110/111 (99.1%) cleared parasitemia at the
end of treatment. In 67/111 patients, parasitemia was evaluated during treatment, and
65/67 (97%) of them became negative during treatment. Of note, those 110/111 patients
showed a persistently negative parasitemia during follow-up.

Only 1/111 (0.9%) patients (an adult female) showed positive parasitemia at the
end of treatment and without a decrease in T. cruzi antibodies during follow-up. This
was defined as treatment failure, and a second course of treatment with benznidazole
was prescribed with a subsequent good treatment response.
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TABLE 1 Demographic data®

Antimicrobial Agents and Chemotherapy

No. of patients  No. of patients  No. of patients  No. of patients  No. of patients  No. of patients  Total no. of
(%) (0-8 mo); (%) (8 mo-2 (%) (2-7 yrs); (%) (7-12 yrs); (%) (12-18 yrs); (%) 218 yrs; patients (%);
Demographic n=>53 yrs); n =41 n=41 n=35 n=29 n=90 n=289
Gender
Female 30 (56.6) 17 (41.5) 17 (41.5) 17 (48.6) 20 (69.0) 77 (85.6) 178 (61.6)
Male 23 (43.4) 24 (58.5) 24 (58.5) 18(51.4) 9(31.0) 13(14.4) 111 (38.4)
Age (mo)
Median [Q1, Q3] 2.00[1.00,4.00] 13.0[10.0,15.0] 48.0[32.0,60.0] 120[96.0, 120] 168 [156, 192] 414 [351, 456] 96 [12, 336]
Mean (SD) 2.66 (1.74) 13.0 (3.55) 45.5 (14.6) 110 (17.1) 172 (21.0) 412 (88.3) 168 (179)
Min-max 1.00-7.00 8.00-19.0 24.0-72.0 84.0-132 144-215 228-684 1.00-684
Route of infection
Vector borne 1(1.9) 3(7.3) 9(22.0) 6(17.1) 3(10.3) 8(8.9) 30(10.4)
Congenital 51(96.2) 34 (82.9) 16 (39.0) 7(20.0) 5(17.2) 8(8.9) 121 (41.9)
Blood transfusion 0 0 1(2.4) 0 0 1(1.1) 2(0.7)
Undetermined 1(1.9) 4(9.8) 15 (36.6) 22 (62.9) 21(72.4) 73 (81.1) 136 (47.1)

aAge group notation uses a parenthesis when the age limit is not included in the group and a squared bracket when the age limit is included (see section Study design and

population).

Serology. At baseline, serology was positive in 277/289 (95.8%) evaluated patients.
We observed 12 patients showing negative serology but positive parasitemia using a
direct parasitological test confirming acute T. cruzi infection (see Fig. S2 in the supple-
mental material). These patients were in the early acute phase of the infection with high
parasitemia. In 11/12 patients younger than 8 months, congenital infections were con-
firmed. The remaining patient, who was 17 months old, was an acute vector-borne case.

In 248/277 patients, parasitemia was tested at baseline, and in 118/277 (42.6%)
patients, parasitemia was positive (Fig. S2).

TABLE 2 Clinical finding in symptomatic patients (vector borne and congenital)?

Route of infection/clinical finding

No. of patients (%)

Vector borne

Clinical examination

Symptomatic
Symptoms

Ocular chagoma

Myocarditis

Limbs chagoma

Generalized edema

Hepatomegaly

Congenital

Clinical examination

Symptomatic
Symptoms
Hepatomegaly
Jaundice
Myocarditis
Splenomegaly

Generalized edema

Petechiae
Tachycardia

Respiratory distress

Pneumonia
Hepatitis
Cholelithiasis
Seizures

n=30

©
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1(0.8)
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aAll patients infected by blood transfusion and undetermined routes were asymptomatic. Note that a patient
may present more than one symptom.
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TABLE 3 Kaplan-Meier summary analysis for median time to seroconversion and seroreduction events (see Fig. 2)4

No. of patients No. of patients No. of patients No. of patients No. of patients No. of patients
(%) (0-8 mo); (%) (8 mos-2 (%) (2-7 yrs); (%) (7-12yrs); (%) (12-18 yrs); (%) 218 yrs; Total no.;
Serconversion/seroreduction n=43 yr); n =39 n=41 n=35 n=29 n=90 n=277
Seroconversion (%) 34 (79) 26 (66.6) 22 (53.6) 9(25.7) 4(13.8) 1(1.1) 96 (34.7)
Median time to seroconversion 5.6 [4.1-10.6] 26.4[13.4-42.11 69.7 [45.8-142] 144.1[144-nd] 142.5[58.7-nd]
(mo) [95% Cl]
Seroreduction (%) 38(88.3) 32(82.0) 29 (70.7) 22 (62.8) 20 (68.9) 18 (20.0) 159 (57.4)
Median time to seroreduction 3.8[2.8-5.6] 8.4[5.8-13.6] 31.2[13.8-55.1] 37.8[20.6-109] 15.0[8.4-147]  31.9[28.9-nd]
(mo) [95% Cl]
aThe observed differences in median times to seroconversion and seroreduction among age groups was statistically significant (P = <0.01; log rank test). Only patients with
positive serology at baseline were included. All summary statistics were obtained by means of the “survival” R package. Confidence intervals (Cl) were computed using a
logarithmic transformation of the survival function. Upper confidence level (UCL95) of median times requires to be computed at least one time point in the survival curve
displaying a UCL95 estimation under 0.5 survival probability. Older age groups presenting a few events often do not satisfy that criterion. In such cases, the 95% Cl depicts
an “nd” symbol (no data).

(i) Seroconversion. After treatment follow-up, seroconversion was observed in 96/277
(34.6%) patients, 95/96(98.9%) of whom were children (Table 3). All patients reaching sero-
conversion had previously cleared parasitological results during follow-up.

For patients with reactive serology at baseline (n = 277), a Kaplan-Meier survival anal-
ysis stratified by age groups was conducted (Fig. 2A). The median time of seroconversion
increased with age and showed differences between age groups (Table 3; P = <0.01; log
rank test). A Cox regression model showed that the hazard of seroconversion decreases
as the age of the groups increases (Fig. 2B).

(ii) Seroreduction. A total of 159/277 (57.4%) patients showed seroreduction from
baseline antibody titers during long-term follow-up. In children, seroreduction was
observed in 141/159 (88.7%) patients (Table 3).
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FIG 2 (A to C) Kaplan-Meier survival curves for seroconversion profile (A) and seroreduction profile (C) analysis stratified by age group. Ordinates depict the
proportion of patients (P.P.) lacking seroconversion (A) or seroreduction (C). Only patients with positive serology at baseline 277/289 (95.8%) were included in
the analysis. Of note, patients in the 0 to 8 months group have the fastest seroconversion rate. (B to D) Cox regression models for seroconversion (B) and
seroreduction (D) analysis. In both cases, the infant age groups (0 to 8 months) were considered as reference for hazard ratio computing. Significance P values
resulting from comparing HR among the considered reference are depicted according to the following: *, <0.05; **, <0.01; ***, <0.001. The whole analysis
was performed by using the “survival” R package version 3.2-7 (29).
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TABLE 4 Analysis of seroconversion and seroreduction at 1 year follow-up®

No. (seropositive No. (1-yr

Age group at baseline) follow-up) Seroconversion (%) Seroreduction (%)
(0-7 mo) 43 38 26 (60.5) 33(76.7)

(8 mos-2yrs) 39 33 10 (25.6) 20(51.2)

(2-6 yrs) 41 33 3(7.3) 10 (24.4)

(7-11 yrs) 35 30 2(5.7) 7 (20.0)

(12-17 yrs) 29 27 0(0) 12 (41.4)

(Over 18 yrs) 20 38 1(1.1) 10(11.1)

Total 277 199 42(15.2) 92 (33.2)

a0nly patients with positive serology at baseline who were studied for at least 1 year after diagnosis were
described. Percentages were computed in a conservative way by using the number of patients positive at
baseline as denominator. In this way, we avoid any possible bias due to loss of patient follow-up.

A Kaplan-Meier survival analysis stratified by age groups was conducted (Fig. 2C).
Median seroreduction times showed differences between age groups and increased
with age (Table 3) (P = <0.01; log rank test). A Cox regression model showed that the
hazard of seroreduction decreases as the age of the groups increases until 2 to 6 years,
after which, all hazard ratio intervals overlap (Fig. 2D).

We also analyzed the rates of seroreduction by age group at a 1-year follow-up
(Table 4). Overall, at the 1-year follow-up 92/277 (33.2%) patients showed seroreduc-
tion. In long-term follow-up, antibody reduction increased over time as a marker of
treatment response. In 10/90 (11.1%) evaluated adults, seroreduction was observed at
the 1-year follow-up, although only 1 patient seroconverted during follow-up.

Interestingly, the patient who did not clear parasitemia and was considered a treat-
ment failure did not show any reduction from baseline antibodies.

(iii) Stratified serological analysis by parasitological baseline profile. Here, taking
advantage of the considerable number of patients having both serological and parasitologi-
cal tests, we aimed to investigate if patients with positive parasitemia at baseline had a differ-
ent serological after treatment response profile over time than those with negative baseline
parasitemia. To this end, we stratified patients according to their parasitological result at
baseline. Those younger than 8 months were excluded, since all were parasitemia positive
due to the diagnosis criteria. For patients older than 8 months, a Kaplan-Meier analysis of
seroconversion and seroreduction profiles was performed (Fig. 3A and B). No differences
were found regarding seroconversion profiles, but a difference could be appreciated when
seroreduction was considered (log rank test; P value = 0.038). We repeated the seroreduction
analysis separately for each age group to decouple it as a potential confounder (see Fig. S3
and Table S1 in the supplemental material). In that subanalysis, no major differences were
observed between the seroreduction profiles inside each age group: curves overlap almost
in all cases and no comparison yielded statistically significant results. In summary, the
observed differences in seroreduction profiles between parasitemia-positive and parasitemia-
negative patients shown in Fig. 3 cannot be disassociated in our study from the age group.

DISCUSSION

Long-term follow-up efficacy studies with NF are scarce, and the available informa-
tion is based on relatively old studies of individual cases or small samples. In addition,
reports vary substantially due to diverse sampling design and quality of the studies.

In this study, we systematically assessed the effectiveness of NF in a large ChD
cohort, including both children and adult patients. To the best of our knowledge, this
work is one of the largest studies evaluating the effectiveness of NF with long-term fol-
low-up of more than 10 years.

At diagnosis, few patients were symptomatic. Most of them were vector-borne cases
where the diagnosis was suspected due to clinical symptoms. In contrast, patients infected
by the congenital route were mainly asymptomatic as described previously (5). A good
clinical treatment effect was observed since symptomatic patients recovered without clini-
cal relapse during follow-up.
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FIG 3 Kaplan-Meier curves of seroconversion (A) and seroreduction (B) stratified by parasitological results at baseline. Ordinates depict the proportion of
patients (P.P.) lacking seroconversion (A) or seroreduction (B). Only patients with positive serology at baseline and a performed parasitological test were
included in the analysis. Patients in the infant group (0 to 8 months) were excluded from this analysis in order to avoid a bias caused by the diagnosis
criteria (see main text). Patients presenting a negative parasitological result at baseline (n = 130) were plotted in green (Parasit = N) and patients
presenting a positive parasitological result (n = 76) at baseline were plotted in red (Parasit = P).

Controversy remains regarding the benefits of chemotherapy for ChD in asymptomatic
patients, based on the difficulty in defining treatment response and in detecting parasito-
logical clearance after treatment. In this regard, seroconversion is considered a marker of
parasitological treatment response (6, 7). However, negative seroconversion of T. cruzi anti-
bodies is usually only observed several years after treatment in patients in the late chronic
phase, even when parasitological methods are consistently negative. This is probably due
to the persistence of immunological memory rather than a lack of treatment response
since the majority of treated patients showed persistent negative T. cruzi PCR.

Furthermore, our group (8) and other authors (9, 10) have interpreted accelerated
decay of T. cruzi antibodies, combined with persistently cleared parasitological tests, as
indicative of a treatment response, as was observed in the present study. A decrease in
antibody titers with clearance of T. cruzi in blood seems to precede complete serocon-
version and may indicate an evolution toward serologic cure. It is important to note
that seroreduction was observed with statistically significant differences within the dif-
ferent age groups. The time to reach seroconversion appears to be inversely related to
the duration of infection. Younger age groups showed an earlier response and a higher
probability of seroconversion after treatment. Several studies showed that in untreated
patients parasitemia and antibody titers remain stable in long-term follow-up (11). It
would appear therefore that clearance of parasitemia and seroreduction of T. cruzi anti-
bodies are a useful predictor of future negative seroconversion.

The need for such long-term follow-up of treated patients with the use of conven-
tional serology has led to the evaluation of alternative techniques as potential treatment
markers. PCR is a sensitive and specific method to detect parasitemia in newborns and
infants and has also shown good results for the assessment of therapy failure in chronic
ChD (12-14). A positive result clearly indicates failure to eliminate the parasite (15). In
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the present study, a considerable proportion of treated patients (58.6%) (see Fig. 1)
showed parasitological clearance during the early stages of treatment, suggesting the
possibility of implementing shorter treatment regimens. However, since PCR assays
could have variations in sensitivity and reproducibility, further studies to standardize PCR
technique would be necessary to confirm this observation. Almost all remaining patients
showed late parasitemia clearance, and it is reasonable to attribute this to the fact that
parasitemia was not evaluated throughout all visits, due to lack of patient attendance
rather than a partial treatment response. Relatedly, recent studies have also investigated
alternative regimens, with a shorter duration and/or lower doses to improve treatment
tolerability and adherence (3, 8, 16). It is important to highlight that adult patients in the
present study received a 30-day treatment regimen with good treatment results.

In accordance with previous literature (2, 8), our results also showed the importance
of correlating parasitological clearance with seroreduction/seroconversion of T. cruzi
antibodies. Currently, a combination of at least 20% seroreduction of T. cruzi antibodies
with a persistent negative PCR was used as a marker of treatment response in a
recently performed pivotal clinical study (3), which our group coauthored. The thresh-
old for seroreduction was based on the results of a randomized clinical trial conducted
in pediatric patients with ChD, in which a 21% reduction in optical densities measured
by conventional enzyme-linked immunosorbent assay (ELISA) was observed in patients
aged 6 to 12 years treated with 60-day benznidazole at a 12-month follow-up (17). The
proposed marker of treatment response (cleared parasitemia and seroreduction) was
clearly observed in our study, even when it was evaluated at 1 year after treatment
endpoint. In this regard, it is also interesting to highlight that in the only patient with
positive parasitemia (therapeutic failure), no seroreduction was observed.

Our results show the need for a more serious debate within the scientific and clini-
cal community about the treatment response criteria of ChD. There is a clear need for
earlier serological markers of treatment response. Some of them have been proposed
in recent years, such as the use of nonconventional serological techniques (18, 19). In
particular, the use of specific biomarkers, like anti-a-Gal lytic antibodies known as anti-
F2/3 antibodies (8, 20-22), has been evaluated. However, further studies are needed
for their validation in adults as well as children. Children are the gold standard for the
validation of serological tests due to the high rate of seroconversion. These new
markers should allow us to evaluate the treatment response for both children and
adults in a more reliable way and in a shorter time scale.

Notably, our group observed a low incidence of cardiac lesions related to ChD in
treated patients (23). However, the retrospective characteristics of our study in a real-
world setting do not allow a conclusive result regarding this matter. Due to ethical
considerations, an untreated control group cannot be included since it is unethical to
withhold ChD treatment from children.

In conclusion, our study increases the understanding of the effects and outcomes
of NF treatment in children and adults with ChD. Nifurtimox-induced antiparasitic
clearance in both children and adults reinforces the fact that T. cruzi infection is curable
if treatment is initiated soon after infection. Further studies are needed in order to eval-
uate the long-term clinical effect of the clearance of parasitemia to prevent the devel-
opment of cardiac lesions.

MATERIALS AND METHODS

Study design and population. This is a retrospective age-stratified cohort study to assess effective-
ness over a long-term follow-up period of oral administration of NF in subjects with ChD. Patients
treated and followed up at the Parasitology and Chagas service, Hospital de Nifos “Ricardo Gutiérrez,”
Buenos Aires, Argentina from January 1980 to July 2019 were included in the study.

(i) Inclusion criteria. Patients with at least 60 days of treatment (children) or 30 days of treatment
(adults) with NF were included.

(ii) ChD diagnostic criteria. For infants younger than 8 months, diagnostic criteria included direct
observation of T. cruzi by a parasitological concentration method as follows: microhematocrit test (MH)
or xenodiagnosis (XD); for patients older than 8 months, 2 reactive serological tests by enzyme-linked
immunosorbent assay (ELISA) (Wiener manufacturer) and indirect hemagglutination (IHA) or direct
agglutination (DA) (Polychaco or Wiener, manufacturers) were required.
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(iii) Patient stratification. Patients were stratified according to the following age groups: (0 to 8 months),
(8 months to 2 years), (2 to 7 years), (7 to 12 years), (12 to 18 years), and adults (18 years or older). The notation
employed here uses a parenthesis when the age limit is not included in the group and a squared bracket when
the age limit is included. For example, a child aged 1 yr and 364 days would be included in the (8 months to 2
years) group, while a patient aged 2 years and 0 days would be included in the (2 to 7 years) group.

Treatment. Nifurtimox (120-mg tablets; Bayer) was prescribed in doses of 10 to 15 mg/kg per day di-
vided into two or three daily doses for 60 to 90 days for infants and children, and 8 to 10 mg/kg for 30 days
for adults, according to national guidelines. Enrollment of children started in January 1980 and for adults in
July 2008. Treatment was considered complete when patients took the medication for at least 60 days for
children and adolescents and 30 days for adults. Safety/tolerability of NF and adverse drug reaction (ADR)
profiles, in this population, were evaluated and described by our group in a previous study (4).

(i) Follow-up. Baseline data values were obtained at the beginning of the treatment. Visits were car-
ried out at 7, 30, or 60 days and, at the end of treatment, every 3 months during the first year posttreat-
ment and every 6 to 12 months thereafter.

(i) Serology. T. cruzi serology, by conventional T. cruzi ELISA, DA or IHA, was carried out at every
visit. Serological results by ELISA were expressed as the ratio between the optical density (OD) value
recorded for each serum sample and the cutoff value of the assay (R = OD sample/OD cutoff). IHA and
DA results were expressed as an inverse log, scale. ELISAs have been performed from 1995 onwards for
diagnoses and for treatment follow-up.

Seroreduction was defined as a decline of at least 20% in T. cruzi antibodies titers from baseline. This
was measured by ELISA and expressed as a ratio (OD sample/OD cutoff) from baseline. For IHA and DA
(semiquantitative tests), a 20% decay in the log, of the number of dilutions was used.

Seroconversion was defined as the event in which all performed serological tests became negative
during follow-up.

(iii) Parasitemia. In infants younger than 8 months, MH (24) or XD (25) was performed for diagnosis
and weekly until they became negative. Since 1999, the detection of T. cruzi DNA has been carried out
in blood by a conventional PCR as a parasitological test (26). Since 2009, a multiplex quantitative PCR
(gPCR) assay has been used to quantify the T. cruzi nuclear satellite DNA (27).

For subjects older than 8 months, parasitological tests at baseline were not systematically carried
out, since diagnosis was based on serological tests.

(iv) Treatment response criteria. Clearance of parasitemia and seroconversion/seroreduction of con-
ventional T. cruzi serology in at least 2 after-treatment samples during long-term follow-up. Treatment fail-
ure was defined as T. cruzi detection by parasitological tests (MH, XD, or PCR) after treatment.

Clinical evaluation. Clinical checkup was performed at diagnosis and at every visit.

Data collection. Data were collected from medical records of treated patients and stored in an
access clinical database (ACD) designed for this study. All individual data sets were anonymized.

Statistical analysis. Continuous variables were expressed with the mean and median, as applicable,
with the corresponding standard deviation or interquartile range. They were analyzed using the
Student’s t test or Wilcoxon signed-rank test. Categorical variables were expressed in percentages. They
were analyzed using the chi-square test with Fisher's correction.

The rate of seroconversion and seroreduction was estimated. Time to reach seroreduction and sero-
conversion was described using Kaplan-Meier survival analysis. Comparison among age groups was eval-
uated using log rank test and Cox regression when applied. P values, adjusted by false discovery rate
(Benjamini-Hochberg procedure) with P < 0.05, were considered statistically significant. The R statistical
software was used for all analysis (28). Kaplan-Meier analysis and Cox regression models were performed
taking advantage of “survival” R library version 3.2-7 (29).

Study protocol was approved by the Research and Teaching Committee and the Bioethics
Committee of the Buenos Aires Children’s Hospital “Ricardo Gutierrez.”

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.4 MB.

ACKNOWLEDGMENTS

This work was supported by institution initiative research by Bayer [grant number
PR5071885].

A.J.B., G.M,, and J.A. are researchers in the National Scientific and Technical Research
Council of Argentina (CONICET).

Antimicrobial Agents and Chemotherapy

REFERENCES

1. Schmunis GA, Yadon ZE. 2010. Chagas disease: a Latin American health 3. Altcheh J, Castro L, Dib JC, Grossmann U, Huang E, Moscatelli G, Pinto
problem becoming a world health problem. Acta Trop 115:14-21. https:// Rocha JJ, Ramirez TE, on behalf of the CHICO Study Group. 2021. Pro-
doi.org/10.1016/j.actatropica.2009.11.003. spective, historically controlled study to evaluate the efficacy and

2. Altcheh JM, Freilij H. 2019. Chagas disease: a clinical approach. Springer safety of a new pediatric formulation of nifurtimox in children aged 0

Nature, Berlin, Germany.

May 2022 Volume 66 Issue 5

to 17 years with Chagas disease one year after treatment (CHICO).

10.1128/aac.02021-21 9


https://doi.org/10.1016/j.actatropica.2009.11.003
https://doi.org/10.1016/j.actatropica.2009.11.003
https://journals.asm.org/journal/aac
https://doi.org/10.1128/aac.02021-21

Effectiveness of Nifurtimox for ChD Treatment

PLoS Negl Trop Dis 15:e0008912. https://doi.org/10.1371/journal.pntd
.0008912.

. Berenstein AJ, Falk N, Moscatelli G, Moroni S, Gonzalez N, Garcia-

Bournissen F, Ballering G, Freilij H, Altcheh J. 2021. Adverse events associ-
ated with nifurtimox treatment for Chagas disease in children and adults.
Antimicrob Agents Chemother 65:01135-20. https://doi.org/10.1128/
AAC.01135-20.

. Freilij H, Altcheh J. 1995. Congenital Chagas’ disease: diagnostic and clini-

cal aspects. Clin Infect Dis 21:551-555. https://doi.org/10.1093/clinids/21
.3.551.

. WHO Expert Committee on the Control of Chagas Disease, World Health

Organization. 2002. Control of Chagas disease: second report of the WHO
expert committee. World Health Organization, Geneva, Switzerland.

. Cancado JR. 2002. Long term evaluation of etiological treatment of Cha-

gas disease with benznidazole. Rev Inst Med Trop Sao Paulo 44:29-37.
https://doi.org/10.1590/50036-46652002000100006.

. Moscatelli G, Moroni S, Garcia Bournissen F, Gonzalez N, Ballering G,

Schijman A, Corral R, Bisio M, Freilij H, Altcheh J. 2019. Longitudinal follow
up of serological response in children treated for Chagas disease. PLoS
Negl Trop Dis 13:e0007668. https://doi.org/10.1371/journal.pntd.0007668.

. Fabbro DL, Streiger ML, Arias ED, Bizai ML, del Barco M, Amicone NA.

2007. Trypanocide treatment among adults with chronic Chagas disease
living in Santa Fe city (Argentina), over a mean follow-up of 21 years: par-
asitological, serological and clinical evolution. Rev Soc Bras Med Trop 40:
1-10. https://doi.org/10.1590/5S0037-86822007000100001.

. Streiger ML, del Barco ML, Fabbro DL, Arias ED, Amicone NA. 2004. Longi-

tudinal study and specific chemotherapy in children with chronic Chagas’
disease, residing in a low endemicity area of Argentina. Rev Soc Bras Med
Trop 37:365-375. https://doi.org/10.1590/50037-86822004000500001.

. Torrico F, Gascon J, Ortiz L, Alonso-Vega C, Pinazo M-J, Schijman A,

Almeida IC, Alves F, Strub-Wourgaft N, Ribeiro I, Santina G, Blum B,
Correia E, Garcia-Bournisen F, Vaillant M, Morales JR, Pinto Rocha JJ, Rojas
Delgadillo G, Magne Anzoleaga HR, Mendoza N, Quechover RC, Caballero
MYE, Lozano Beltran DF, Zalabar AM, Rojas Panozo L, Palacios Lopez A,
Torrico Terceros D, Fernandez Galvez VA, Cardozo L, Cuellar G, Vasco
Arenas RN, Gonzales |, Hoyos Delfin CF, Garcia L, Parrado R, de la Barra A,
Montano N, Villarroel S, Duffy T, Bisio M, Ramirez JC, Duncanson F,
Everson M, Daniels A, Asada M, Cox E, Wesche D, Diderichsen PM,
Marques AF, Izquierdo L, et al. 2018. Treatment of adult chronic indeter-
minate Chagas disease with benznidazole and three E1224 dosing regi-
mens: a proof-of-concept, randomised, placebo-controlled trial. Lancet
Infect Dis 18:419-430. https://doi.org/10.1016/51473-3099(17)30538-8.

. Bianchi F, Cucunubd Z, Guhl F, Gonzalez NL, Freilij H, Nicholls RS, Ramirez

JD, Montilla M, Flérez AC, Rosas F, Saavedra V, Silva N. 2015. Follow-up of
an asymptomatic Chagas disease population of children after treatment
with nifurtimox (Lampit) in a sylvatic endemic transmission area of Colom-
bia. PLoS Negl Trop Dis 9:0003465. https://doi.org/10.1371/journal.pntd
.0003465.

. Russomando G, de Tomassone MM, de Guillen I, Acosta N, Vera N,

Almiron M, Candia N, Calcena MF, Figueredo A. 1998. Treatment of con-
genital Chagas’ disease diagnosed and followed up by the polymerase
chain reaction. Am J Trop Med Hyg 59:487-491. https://doi.org/10.4269/
ajtmh.1998.59.487.

. Luquetti AO, Ponce C, Ponce E, Esfandiari J, Schijman A, Revollo S, Ailez N,

Zingales B, Ramgel-Aldao R, Gonzalez A, Levin MJ, Umezawa ES, Franco
da Silveira J. 2003. Chagas’ disease diagnosis: a multicentric evaluation of
Chagas Stat-Pak, a rapid immunochromatographic assay with recombi-
nant proteins of Trypanosoma cruzi. Diagn Microbiol Infect Dis 46:
265-271. https://doi.org/10.1016/50732-8893(03)00051-8.

. Sguassero Y, Cuesta CB, Roberts KN, Hicks E, Comandé D, Ciapponi A,

Sosa-Estani S. 2015. Course of chronic Trypanosoma cruzi infection after
treatment based on parasitological and serological tests: a systematic

May 2022 Volume 66 Issue 5

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Antimicrobial Agents and Chemotherapy

review of follow-up studies. PLoS One 10:e0139363. https://doi.org/10
.1371/journal.pone.0139363.

. Torrico F, Gascon J, Barreira F, Blum B, Almeida IC, Alonso-Vega C,

Barboza T, Bilbe G, Correia E, Garcia W, Ortiz L, Parrado R, Ramirez JC,
Ribeiro I, Strub-Wourgaft N, Vaillant M, Sosa-Estani S, on behalf of the
BENDITA study group. 2021. New regimens of benznidazole monother-
apy and in combination with fosravuconazole for treatment of Chagas
disease (BENDITA): a phase 2, double-blind, randomised trial. Lancet
Infect Dis 21:1129-1140. https://doi.org/10.1016/51473-3099(20)30844-6.

. Sosa Estani S, Segura EL, Ruiz AM, Velazquez E, Porcel BM, Yampotis C.

1998. Efficacy of chemotherapy with benznidazole in children in the inde-
terminate phase of Chagas’ disease. Am J Trop Med Hyg 59:526-529.
https://doi.org/10.4269/ajtmh.1998.59.526.

. Fabbro D, Velazquez E, Bizai ML, Denner S, Olivera V, Arias E, Pravia C,

Ruiz AM. 2013. Evaluation of the ELISA-F29 test as an early marker of ther-
apeutic efficacy in adults with chronic Chagas disease. Rev Inst Med Trop
Sao Paulo 55:50036. https://doi.org/10.1590/50036-46652013000300005.

. Viotti R, Vigliano C, Alvarez MG, Lococo B, Petti M, Bertocchi G, Armenti A,

De Rissio AM, Cooley G, Tarleton R, Laucella S. 2011. Impact of aetiological
treatment on conventional and multiplex serology in chronic Chagas dis-
ease. PLoS Negl Trop Dis 5:e1314. https://doi.org/10.1371/journal.pntd
.0001314.

Altcheh J, Corral R, Biancardi MA, Freilij H. 2003. Anti-F2/3 antibodies as
cure marker in children with congenital Trypanosoma cruzi infection.
Medicina 63:37-40.

Andrade ALSS, Martelli CMT, Oliveira RM, Silva SA, Aires AlS, Soussumi
LMT, Covas DT, Silva LS, Andrade JG, Travassos LR, Almeida IC. 2004. Short
report: benznidazole efficacy among Trypanosoma cruzi-infected adoles-
cents after a six-year follow-up. Am J Trop Med Hyg 71:594-597. https://
doi.org/10.4269/ajtmh.2004.71.594.

Jurado Medina L, Chassaing E, Ballering G, Gonzalez N, Marqué L, Liehl P,
Pottel H, de Boer J, Chatelain E, Zrein M, Altcheh J. 2021. Prediction of par-
asitological cure in children infected with Trypanosoma cruzi using a
novel multiplex serological approach: an observational, retrospective
cohort study. Lancet Infect Dis 21:1141-1150. https://doi.org/10.1016/
S1473-3099(20)30729-5.

Gonzalez N, Moroni S, Moscatelli G, Ballering G, Jurado L, Falk N, Bochoeyer
A, Goldsman A, Grippo M, Freilij H, Chatelain E, Altcheh J. 2020. Early anti-
parasitic treatment prevents progression of Chagas disease: results of a
long-term cardiological follow-up study in a pediatric population. medRxiv.
https://doi.org/10.1101/2020.06.30.20143370.

Feilij H, Muller L, Gonzalez Cappa SM. 1983. Direct micromethod for diag-
nosis of acute and congenital Chagas’ disease. J Clin Microbiol 18:
327-330. https://doi.org/10.1128/jcm.18.2.327-330.1983.

Schenone H. 1974. Bases y rendimiento del xenodiagnostico en la infeccion
chagasica humana. https://pascal-francis.inist.fr/vibad/index.php?action=
getRecordDetail&idt=PASCAL7534007415.

Schijman AG, Altcheh J, Burgos JM, Biancardi M, Bisio M, Levin MJ, Freilij
H. 2003. Aetiological treatment of congenital Chagas’ disease diagnosed
and monitored by the polymerase chain reaction. J Antimicrob Chemo-
ther 52:441-449. https://doi.org/10.1093/jac/dkg338.

Duffy T, Cura Cl, Ramirez JC, Abate T, Cayo NM, Parrado R, Bello ZD, Velazquez
E, Muioz-Calderon A, Juiz NA, Basile J, Garcia L, Riarte A, Nasser JR, Ocampo
SB, Yadon ZE, Torrico F, de Noya BA, Ribeiro |, Schijman AG. 2013. Analytical
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:€2000. https://doi.org/10.1371/journal.pntd.0002000.

R Core Team. 2020. R: a language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria. https://www
.R-project.org/.

Therneau TM, Grambsch PM. 2000. Modeling survival data: extending the
Cox model. Springer Science & Business Media, Berlin, Germany.

10.1128/aac.02021-21 10


https://doi.org/10.1371/journal.pntd.0008912
https://doi.org/10.1371/journal.pntd.0008912
https://doi.org/10.1128/AAC.01135-20
https://doi.org/10.1128/AAC.01135-20
https://doi.org/10.1093/clinids/21.3.551
https://doi.org/10.1093/clinids/21.3.551
https://doi.org/10.1590/S0036-46652002000100006
https://doi.org/10.1371/journal.pntd.0007668
https://doi.org/10.1590/S0037-86822007000100001
https://doi.org/10.1590/S0037-86822004000500001
https://doi.org/10.1016/S1473-3099(17)30538-8
https://doi.org/10.1371/journal.pntd.0003465
https://doi.org/10.1371/journal.pntd.0003465
https://doi.org/10.4269/ajtmh.1998.59.487
https://doi.org/10.4269/ajtmh.1998.59.487
https://doi.org/10.1016/s0732-8893(03)00051-8
https://doi.org/10.1371/journal.pone.0139363
https://doi.org/10.1371/journal.pone.0139363
https://doi.org/10.1016/S1473-3099(20)30844-6
https://doi.org/10.4269/ajtmh.1998.59.526
https://doi.org/10.1590/S0036-46652013000300005
https://doi.org/10.1371/journal.pntd.0001314
https://doi.org/10.1371/journal.pntd.0001314
https://doi.org/10.4269/ajtmh.2004.71.594
https://doi.org/10.4269/ajtmh.2004.71.594
https://doi.org/10.1016/S1473-3099(20)30729-5
https://doi.org/10.1016/S1473-3099(20)30729-5
https://doi.org/10.1101/2020.06.30.20143370
https://doi.org/10.1128/jcm.18.2.327-330.1983
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=PASCAL7534007415
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=PASCAL7534007415
https://doi.org/10.1093/jac/dkg338
https://doi.org/10.1371/journal.pntd.0002000
https://www.R-project.org/
https://www.R-project.org/
https://journals.asm.org/journal/aac
https://doi.org/10.1128/aac.02021-21

	RESULTS
	Clinical.
	Cardiological assessment.
	Parasitology.
	Serology.
	(i) Seroconversion.
	(ii) Seroreduction.
	(iii) Stratified serological analysis by parasitological baseline profile.

	DISCUSSION
	MATERIALS AND METHODS
	Study design and population.
	(i) Inclusion criteria.
	(ii) ChD diagnostic criteria.
	(iii) Patient stratification.
	Treatment.
	(i) Follow-up.
	(ii) Serology.
	(iii) Parasitemia.
	(iv) Treatment response criteria.
	Clinical evaluation.
	Data collection.
	Statistical analysis.

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

