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There is a clinical need to test new schemes of benznidazole administration that are expected to be at least as effective as the cur-
rent therapeutic scheme but safer. This study assessed a new scheme of benznidazole administration in chronic Chagas disease
patients. A pilot study with intermittent doses of benznidazole at 5 mg/kg/day in two daily doses every 5 days for a total of 60
days was designed. The main criterion of response was the comparison of quantitative PCR (qPCR) findings prior to and 1 week
after the end of treatment. The safety profile was assessed by the rate of suspensions and severity of adverse effects. Twenty pa-
tients were analyzed for safety, while qPCR was tested for 17 of them. The average age was 43 = 7.9 years; 55% were female. Six-
ty-five percent of treated subjects showed detectable qPCR results prior to treatment of 1.45 (0.63 to 2.81) and 2.1 (1.18 to 2.78)
parasitic equivalents per milliliter of blood (par.eq/ml) for kinetoplastic DNA (kDNA) qPCR and nuclear repetitive sequence
satellite DNA (SatDNA) qPCR, respectively. One patient showed detectable PCR at the end of treatment (1/17), corresponding to
6% treatment failure, compared with 11/17 (65%) patients pretreatment (P = 0.01). Adverse effects were present in 10/20 (50%)
patients, but in only one case was treatment suspended. Eight patients showed mild adverse effects, whereas moderate reactions
with increased liver enzymes were observed in two patients. The main accomplishment of this pilot study is the promising low
rate of treatment suspension. Intermittent administration of benznidazole emerges a new potential therapeutic scheme, the effi-

cacy of which should be confirmed by long-term assessment posttreatment.

Benznidazole was developed by Roche, and after its trypano-
cidal effect was demonstrated, it was marketed in 1973 (1).
The original studies determined a therapeutic dose of 5 mg/kg of
body weight/day for adult subjects with chronic Trypanosoma
cruzi infection, with no differences in effectiveness between 30 and
60 consecutive days of benznidazole administration, as measured
by serial xenodiagnoses (2).

Since the beginning of benznidazole use, several adverse effects
were noted mainly in adults (3). Some of them are probably not
dependent on the cumulative dose, as would be the case of de-
layed-hypersensitivity dermatitis, which usually occurs in the first
15 days of administration and whose mechanisms are not well
known. Other adverse effects, such as peripheral neuropathy and
blood dyscrasias, appear to be related empirically to the cumula-
tive dose of benznidazole (4).

Several observational studies with benznidazole administered
at 5 mg/kg/day for 30 days in adult patients with Chagas disease
have shown a reduction in the progression of heart disease and a
conversion to negative findings by conventional serological tests
up to 30% of treated patients after a long-term follow-up (4-9).
On the other hand, two randomized studies with benznidazole
administered for 60 days in T. cruzi-infected children up to 14
years of age demonstrated an antiparasitic efficacy (10, 11) and led
to extrapolation of this duration of treatment to adult patients, as
stated in most international guidelines.

However, nowadays both the dose and duration of admin-
istration are under discussion in order to improve the safety of
benznidazole administration (3, 12). A recent clinical study
showed, surprisingly, that 20% of patients with chronic Chagas
disease, who received benznidazole for a median of 10 days due
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to the appearance of severe side effects, could achieve parasi-
tological cure (13), reinforcing that new schemes of benznida-
zole administration must be tested. An experimental study in a
mouse model of chronic T. cruzi infection has recently shown
that intermittent administration of benznidazole (100 mg/kg/day
in doses over the course of 60 days) was as effective as the standard
treatment with 100 mg/kg/day for 40 days, which cured 100% of
treated animals (14).

Herein, we report a pilot short-term follow-up study to assess
the safety and the antiparasitic efficacy of a new scheme of inter-
mittent administration of benznidazole in chronically T. cruzi-
infected patients.

MATERIALS AND METHODS

Treatment schedule. A pilot study for evaluation of the antiparasitic ac-
tion and safety of a new scheme of treatment with benznidazole adminis-
tered in intermittent doses of 5 mg/kg/day, divided into two daily doses
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FIG 1 New treatment scheme and criteria of evaluation of intermittent
benznidazole administration in patients with chronic Chagas disease. pre-pos,
pretreatment versus posttreatment.

every 5 days, for a total of 60 days (i.e., 12 days of intermittent treatment)
was designed (Fig. 1).

The research hypotheses was that the intermittent administration of
benznidazole might lead to a low rate of treatment failure (5 to 10%), as
assessed by quantitative PCR (qPCR), but with a reduction in the number
of treatment suspensions, as well as a reduction in the severity of adverse
effects observed with the standard treatment scheme.

Study population. Twenty adult patients with confirmed chronic
Chagas disease (i.e., positive findings on at least 2 serological tests using
different antigens and based on different methodological principles per-
formed in parallel) between 18 and 60 years of age were included. All
subjects recruited in the study signed an informed consent form. Patients
with a history of or laboratory findings compatible with liver or kidney
disease, blood dyscrasias, or concomitant systemic illnesses were excluded
from the study. Other exclusion criteria were previous etiological treat-
ment, pregnancy or presumption of failure in contraception during the
treatment period, and a location of residence that could interfere with
patient participation in the study.

Assessment criteria of antiparasitic response. The primary endpoint
for a parasiticidal effect of treatment was the rate of positive detection of T.
cruzi by gPCR in blood collected 1 week after the end of treatment, eval-
uated blindly by two independent laboratories.

Five milliliters of whole blood was mixed with 5 ml of buffer contain-
ing equal volumes of 6 M guanidine hydrochloride (Sigma, St. Louis, MO)
and 0.2 M EDTA (pH 8.00), kept at room temperature for 1 week and then
at 4°C until use. Blood samples were centralized, codified for distribution
in aliquots, and sent to the two research centers that performed PCR
detection without knowledge of clinical data or sampling time. After 48 to
72 h at room temperature, blood samples were boiled with GE buffer for
15 min and stored at 4°C for DNA extraction and subsequent analysis by
two types of qPCR: kinetoplastid DNA (kDNA) qPCR and satellite DNA
(SatDNA) qPCR. Each participating laboratory processed the samples in
duplicates by both qPCR techniques. A qPCR was considered positive if T
cruzi DNA was detectable in at least one assay (with 4 assays in each
participating laboratory).

Real-time qPCR assays were based on TagMan technology: one qPCR
directed to the conservative region of the DNA minicircle kinetoplastid
(kDNA) and the other to the nuclear repetitive sequence satellite DNA
(SatDNA). These techniques were carried out according to the interna-
tional workshop sponsored by the Special Program PAHO/WHO Re-
search and Training in Tropical Diseases for validation and standardiza-
tion of laboratory quantitative PCR (15). The limits of quantification were
0.90 parasitic equivalent in 1 ml of blood (par.eq/ml) and 1.53 par.eq/ml
for the kDNA qPCR and SatDNA gPCR, respectively.

Safety profile. A detailed search of potential adverse effects was per-
formed by clinical monitoring with an interview, physical examination,
and laboratory testing. Follow-up visits were performed once a week, with
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unplanned consultations at the onset of adverse effects. Laboratory testing
that included blood count, liver function, renal function, and lipid levels
was performed prior to treatment and at day 7 after completion of treat-
ment.

The primary endpoint of safety was the percentage of definitive sus-
pension of prescribed treatment—around 20% with a conventional treat-
ment schedule with benznidazole in adult patients (3). Another criterion
for evaluating the safety profile was the number and severity of adverse
effects established as mild, moderate, severe, requiring hospitalization, or
life-threatening (16).

In the case of adverse effects that led to the temporary or permanent
suspension of treatment, new laboratory testing was performed.

Methodology and data collection. Patients were included in two
health centers with extensive experience in the etiological treatment of
chronic Chagas disease. Eleven patients were treated at the Hospital In-
terzonal General de Agudos Eva Perén, San Martin, Buenos Aires, Argen-
tina, and 9 patients were treated at the National Institute of Parasitology
Dr. Mario Fatala Chaben, Buenos Aires, Argentina.

For those patients fulfilling the inclusion criteria, medical history,
physical examination and electrocardiogram (ECG) at rest were recorded.
Subsequently, participation in the study of intermittent treatment with
benznidazole was proposed. An informative text was handed out, and
patients were asked freely and voluntarily for their signature on the in-
formed consent form.

Scheduled visits were made at admission and thereafter weekly up to
completion of the 60-day treatment period. For all patients, a form listing
adverse effects designed for this purpose was completed. In case of appear-
ance of adverse effects, patients were encouraged to immediately attend
the corresponding health center, and a contact phone number was also
provided for guidance.

To facilitate compliance and homogenize the indications in both
health centers participating in the study, a low-fat and hypoallergenic diet
was advised for all patients in writing.

Ethical considerations. There is a clear clinical need to test new
schemes of benznidazole treatment, at least with the same level of efficacy
as but safer than conventional treatment. The recommendation to treat
chronic Chagas disease patients has been accompanied by resistance to the
practical implementation and dissemination at the different levels of the
health care system, mainly due to the fear of side effects.

In this pilot study, the safety and efficacy of a new scheme of intermit-
tent administration of benznidazole were explored in a short-term follow-
up. From the ethical point of view, if the results were not as expected
regarding the main criteria for a positive response to treatment, a conven-
tional treatment schedule for all patients included in the study was of-
fered.

The project was approved by the Committee for Research and Bioeth-
ics of the Hospital Eva Peron. The latter is enrolled in the Provincial
Registry for Ethics Committees accredited by the Central Ethics Commit-
tee, Ministry of Health, Buenos Aires, Argentina, dated 17 September
2010 under no. 18/2010, p. 54 of the Minutes Book No. 1.

Statistical analysis. Data from descriptive statistics, such as the pro-
portions of the total and percentages, mean and standard deviation, or
median and interquartile range are presented, as appropriate. The
Spearman correlation test was used to compare PCR data between
both laboratories. To compare PCR findings prior to and after treat-
ment, a McNemar test was applied.

RESULTS

Characteristics of study patients. Twenty patients who com-
pleted the safety assessment were included for the analysis. In 17 of
the 20 patients, the parasite load in peripheral blood was deter-
mined by qPCR prior to and after completion of the treatment
schedule. Blood samples at the end of treatment were not available
for 3 patients due to traveling in two cases and study discontinuity
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TABLE 1 Summary of main findings of safety and response to intermittent administration of benznidazole in 17 chronic Chagas disease patients

Result (par.eq/ml) by“:

Patient Age Abnormal Kuschnir Basal gPCR Final gPCR Adverse effects Digestive  Increased

ID (yr) Sex ECG group kDNA  SatDNA kDNA  SatDNA (degree) Dermatitis intolerance liver enzymes Suspension
1 53 F No 0 ND ND ND ND Yes (mild) Yes No No No
2 42 F Yes 11 ND ND ND ND No No No No No
3 45 F Yes 1 ND ND ND ND Yes (mild) Yes No No No
4 47 M No 0 <0.90* <1.53* ND ND No No No No No
5 57 M Yes 1 ND ND <0.90% <1.53* Yes (mild) Yes No No No
6 41 F No 0 ND ND ND ND No No No No No
7 55 M Yes 1 3.15 2.16 ND ND Yes (moderate) No Yes Yes (>3-fold) No
8 46 F No 0 1.30 1.60 ND ND No No No No No
9 49 F No 0 <0.90* <1.53* ND ND Yes (moderate) Yes Yes Yes (>3-fold) Yes
10 49 M No 0 1.83 <1.53* ND ND Yes (mild) No Yes No No
11 46 M No 0 10.06 13.36 ND ND Yes (mild) Yes No No No
12 28 M No 0 <0.90* 3.07 ND ND No No No No No
13 40 F No 0 <0.90* <1.53* ND ND Yes (mild) No Yes Yes (<3-fold) No
14 35 M No 0 ND ND ND ND Yes (mild) Yes Yes Yes (<3-fold) No
15 45 M No 0 <0.90* <1.53* ND ND Yes (mild) Yes No No No
16 33 F No 0 <0.90* <1.53* ND ND No No No No No
17 33 M No 0 2.87 3.59 ND ND No No No No No

“ The maximal value detectable among replicates is shown. ND, not detectable by the type of QPCR shown; *, detectable nonquantifiable samples (limits of quantification of 0.90

and 1.53 par.eq/ml for the kDNA and SatDNA gqPCRs, respectively).

because of refusal to undergo a blood extraction in the remaining
case.

The average age of patients was 43 = 7.9 years; 11 were female
(55%) and 9 male (45%). Patients were grouped according to
Kuschnir classification (17): 75% (15/20) of the patients were
from group 0, 20% (4/20) from group I, and 5% (1/20) from
group II. Patients with heart failure (group III of the Kuschnir
classification) were not included.

Ninety percent (18/20) of patients presented three reactive
conventional serological tests (enzyme-linked immunosorbent
assay [ELISA], indirect hemagglutination, and immunofluores-
cence), while the remaining 2 patients only had 2 positive serolog-
ical tests (10%). ECG abnormalities suggestive of chronic Chagas
heart disease were detected in 25% (5/20) of participants, includ-
ing left anterior fascicular block plus ventricular premature con-
tractions of Lown grade IVa in one patient, ventricular premature
contractions of Lown grade IVa in one patient, left anterior fascic-
ular block plus ventricular premature contractions of Lown grade
II in one patient, and complete right bundle branch block in two
patients.

Monitoring of antiparasitic response. Sixty-five percent of
patients who completed the PCR assays (11/17) had detectable T.
cruzi DNA prior to treatment, six of them with quantifiable values
of 2.87 (1.56 to 6.60) and 3.07 (1.88 to 8.47) par.eq/ml for the
kDNA qPCR and SatDNA qPCR, respectively, whereas five pa-
tients showed detectable nonquantifiable samples. Two of the
three patients without gPCR measurement after treatment had
detectable T. cruzi DNA before treatment.

Only one patient showed detectable parasitemia at the end of
treatment (1/17; P = 0.01), corresponding to 6% treatment failure
at the time of evaluation. This patient showed a detectable non-
quantifiable qPCR for both techniques.

The correlations of measurements of parasite load between
both participating laboratories were R = 0.86 and P < 0.001 for
kDNA qPCR and R = 0.94 and P < 0.001 for SatDNA qPCR.
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Safety profile. Nineteen of 20 (95%) patients were able to com-
plete the scheme of intermittent treatment under evaluation. The
only case of treatment suspension showed mild symptoms of di-
gestive intolerance, with an increase in liver enzymes of more than
3-fold the basal values.

Adverse effects occurred in 10/20 patients (50%), distributed
as dermatitis in 7/20 (35%), gastrointestinal intolerance in 5/20
(25%), increased liver enzymes in 4/20 (20%), loss of appetite in
1/20 (5%), and insomnia in 1/20 (5%). Peripheral neuritis and
headache were not observed in any patient.

The degree of adverse effects was mild in 8/10 (80%) patients
(dermatitis in 6 patients and digestive intolerance in 2 patients)
and moderate in 2/10 (20%) patients (both cases with an increase
of liver enzymes of >3-fold the basal values). No serious adverse
effects or patient hospitalization were reported. The presence of
digestive intolerance symptoms was associated with an increase in
liver enzymes in 4/5 cases (80%).

The two cases with increased levels of liver enzymes of >3-fold
the basal value were detected by 30 and 60 days of treatment,
respectively, associated with mild symptoms of digestive intoler-
ance. Increased values returned to normal following 45 and 10
days after diagnosis, respectively. In the former patient, treatment
was suspended, whereas in the other subject, abnormal values
were detected after completion of treatment with benznidazole.

Table 1 shows a summary of the characteristics and the main
findings of intermittent treatment in the 17 patients who com-
pleted the qPCR assays.

DISCUSSION

The dose and duration of treatment with benznidazole have been
largely debated since the appearance of this drug, mainly with
regard to administration for 30 versus 60 days. At present, it is
presumed that the effective dose might be lower, and the best
administration scheme to either avoid or diminish adverse effects
as well as to increase efficacy is not yet known.
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The findings of this pilot study show a satisfactory safety profile
following intermittent administration of benznidazole, with a low
rate of treatment suspension and a low rate of treatment failure, as
assessed by qPCR 1 week after the end of treatment.

The mechanisms of action of antimicrobial treatments can be
classified into two groups: concentration dependent and time de-
pendent (18). In the former, the effect is obtained with maximum
concentrations of the drug produced rapidly, while in the time-
dependent group, the effect is achieved with constant drug con-
centrations slightly higher than the MIC. It is likely that a constant
concentration of benznidazole as described for a time-dependent
effect of treatment is not essential, supporting, at least from a
theoretical point of view, the use of intermittent administration of
benznidazole.

During its cell cycle in mammalian cells, Trypanosoma cruzi is
able to invade various tissues; within the cell, the amastigote form
is reproduced approximately every 12 h, completing 9 binary di-
visions in cell culture (19, 20). Parasitized cells are full of amasti-
gotes within 5 days of multiplication (19).

The development of new anti-T. cruzi drugs is auspicious, but
so far the outcomes with new drugs have not been as good as
expected (21, 22). However, the efficacy of benznidazole was fur-
ther reinforced in these studies, since treatment with benznidazole
was used as a branch of comparative research. In addition, the
scarcity of knowledge about the pharmacology of benznidazole
has led the scientific community to point out the necessity to test
old and new schemes to improve efficiency and achieve a reduc-
tion in adverse effects. Several options have been proposed, in-
cluding a reduction in dose, changes in the scheme of treatment,
or combination of antiparasitic drugs (23).

Of note, a 20% rate of parasitological cure, during a long-term
follow-up of patients who received incomplete treatment with
benznidazole for a median of 10 days due to the appearance ad-
verse effects, has been reported (13). On the other hand, an exper-
imental study with a mouse model of chronic T. cruzi infection in
which an accurate methodology to determine the parasitological
cure was used demonstrated the effectiveness of an intermittent
scheme of benznidazole administered every 5 days for 40 days,
further sustaining the results of this study (14).

The implementation of antiparasitic treatment for adults with
chronic Chagas disease is a very important and long-delayed issue
in health policy. The lack of early markers of effectiveness and the
slow clinical progression in chronically T. cruzi-infected subjects
determined that for decades the recommendation of treatment in
the chronic phase of Chagas disease was abandoned. Once the idea
that treatment in the chronic phase would not be useful had weak-
ened (24), the other major obstacle remained the presence of ad-
verse effects, which generate strong resistance in the medical prac-
tice to treatment of chronic Chagas disease patients. In this pilot
study, the frequency of severe adverse effects that may lead to
treatment suspension was lower than expected according to our
experience in the clinical practice, which fluctuates around 20%
(25, 26). So far there have not been experimental models available
to reproduce benznidazole-induced adverse effects, and thus a
pilot study might encourage further studies with experimental
models to look for the best intermittent-administration scheme
for benznidazole.

Since the efficacy of treatment as measured by qPCR was lim-
ited to a short-term follow-up period, these findings should be
taken with caution until the low rate of treatment failure can be
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further confirmed in the longer term. However, the low percent-
age of detectable PCR found at the end of the intermittent treat-
ment is in agreement with that reported for an experimental
mouse model of infection in which this scheme of intermittent
doses was first assessed (14), reinforcing the usefulness of animal
models to evaluate the efficacy of new drugs or new therapeutic
schemes.

Summarizing, the main accomplishment of this pilot study is
the promising low rate of treatment suspension. The intermittent
administration of benznidazole emerges as a new potential thera-
peutic scheme whose efficacy should be confirmed by long-term
assessment posttreatment.
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