
Adverse Events After the Use of Benznidazole in
Infants and Children With Chagas Disease

WHAT’S KNOWN ON THIS SUBJECT: Treatment of Chagas disease
with benznidazole in adults leads to a high incidence of severe
drug reactions. However, benznidazole seems to lead to less
frequent (and less severe) ADRs in children, but there are scarce
data on the subject.

WHAT THIS STUDY ADDS: We describe a cohort of children with
Chagas disease treated with benznidazole. A lower incidence of
ADRs was observed in smaller children compared with older
children and adults. All ADRs observed were mild, and treatment
response was excellent.

abstract
BACKGROUND: Chagas disease is caused by infection with Trypano-
soma cruzi. In adults, treatment with benznidazole is associated with a
high incidence of adverse drug reactions (ADRs). However, in infants
and children, treatment with benznidazole seems associated with a
lower incidence and decreased severity of ADRs, but these effects have
not been clearly characterized.

OBJECTIVE: We aimed to describe ADRs observed in infants and chil-
dren treated with benznidazole.

PATIENTS ANDMETHODS: We conducted a prospective cohort study of
infants and children in Argentina with Chagas disease treated with
benznidazole.

RESULTS: A total of 107 infants and children diagnosed with asymp-
tomatic Chagas disease (mean age: 6.9 years) were enrolled in the
study. Sixty-two events (in 44 children) were considered benznidazole
related. Mean ADR duration was 8.2 days. ADRs were mild (80.6%),
moderate (16%), or severe (3.2%). Most (77.3%) ADRs were in children
older than 7 years. Skin was the organ with the highest incidence of
ADRs (21%), followed by the central nervous system (9%) and the gas-
trointestinal tract (8.5%). Also, the ADR rate was lower in infants and
toddlers compared with older children (18% vs 53%) (P� .001).

CONCLUSIONS: Treatment with benznidazole waswell tolerated in chil-
dren. Most ADRs were mild and did not require treatment suspension.
A strong association was observed between ADR incidence and patient
age, andmost ADRs occurred in children older than 7 years. We believe
that anxiety over potential severe ADRs in childrenwith Chagas disease
is not justified and should not be an obstacle to using benznidazole.
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Chagas disease is a devastating dis-
ease caused by infection with the par-
asite Trypanosoma cruzi1,2 and cur-
rently afflicts over 7 million people in
the Americas.1,3–5 Chagas disease has
expanded to virtually all the countries
of the world via immigration, with
many cases reported in Europe and
North America.4

Most of the infections take place in
children, by vector or congenital trans-
mission, with other modes of infection
such as blood transfusion, organ
transplants, and oral route being less
frequent. Most patients have mild
symptoms or are asymptomatic.1 The
initial acute phase is followed by a
chronic asymptomatic stage that even-
tually leads to irreversible heart dis-
ease many years later in up to 30% of
the infected patients.6,7 The majority of
the deaths attributed to cardiac com-
plications (�7000 deaths per year) oc-
cur in adults infected in childhood.5,6,8,9

Pharmacologic treatment in the acute
stage can cure the disease and pre-
vent progression.7,10–21 However, only 2
drugs currently are available, nifurti-
mox and benznidazole,21 both with sim-
ilar effectiveness.22 Unfortunately, ap-
propriate pediatric formulations are
not available, and administration of
the medication to children often re-
quires tablet fractionation.

Treatment with benznidazole in adults
is associated with a more than 30% in-
cidence of adverse drug reactions
(ADRs), including neuropathy and se-
vere dermatological and gastrointesti-
nal symptoms, and over 20% of treat-
ments are interrupted.23 Children
seem to tolerate these treatments bet-
ter, but these observations have not
been clearly characterized.1 The phar-
macological basis for the differences
in incidence and severity of ADRs be-
tween children and adults remain to
be studied.

Regardless of Chagas disease treat-
ment guidelines1,8 indicating that all

infected children younger than 14
years should be treated, and failure to
do so could be considered malprac-
tice, many physicians and patients de-
fer or refuse treatment because of
anxiety over potential ADRs.24 We
aimed to describe ADRs observed in a
prospective cohort of infants and chil-
dren with Chagas disease who were
treated with benznidazole.

PATIENTS AND METHODS

We conducted a prospective study of
a cohort of infants and children with
Chagas disease treated with ben-
znidazole between September 2003
and October 2007. Treatment was
open label for 60 days, with 3 years of
follow-up.

Infants and children diagnosed at the
Parasitology and Chagas Service at the
Children’s Hospital “Ricardo Gutier-
rez” of Buenos Aires were evaluated.
Subjects meeting all of the following
criteria were considered for inclusion:
were less than 20 years of age; had not
received previous treatment for Cha-
gas disease; T cruzi infection was de-
fined as at least 2 reactive serologic
tests for patients over 6 months old; or
parasitemia in patients less than 6
months of age. Parasitemia was evalu-
ated by the microhematocrit method
or polymerase chain reaction for par-
asite DNA in blood. Serologic tests for
Chagas diseasewere an enzyme-linked
immunosorbent assay (Wiener Labo-
ratory, Rosario, Argentina), indirect
hemagglutination (Polychaco, Buenos
Aires, Argentina), or particle aggluti-
nation (Fujirebio, Tokyo, Japan). Sub-
jects who presented with any of the
following criteria were excluded from
the study: pregnancy; breastfeeding
women; treatment with any investiga-
tional drug in the month before enroll-
ment; cardiovascular, hepatic, neuro-
logic, endocrine, or other major
systemic diseases; and immunocom-
promised patients.

Patients were treated with 5 to 8
mg/kg benznidazole per day, divided
into 2 to 3 daily doses for 60 days
(100-mg benznidazole tablets, Radanil;
Roche, São Paulo, Brazil).12 Infants’
doses were provided as fractioned
tablets and administered with milk.
Medication was provided in monthly
batches, and compliance was assessed
by tablet counting at each visit. Caregiv-
ers also were provided with a treatment
diary to record doses administered,
times of doses, symptoms, and prob-
lems associated to the treatment.

A detailed clinical history, physical ex-
amination, and laboratory routine
tests (hemoglobin, total white blood
count, differential white blood cell
count, platelets, alanine amino trans-
ferase, aspartate amino transferase,
total direct and indirect bilirubin, alka-
line phosphatase, total cholesterol and
creatinine, and pregnancy test in ado-
lescent girls)1,10 were conducted at di-
agnosis and at 7, 30, and 60 days after
the start of treatment. Eosinophilia
was defined as an eosinophil level
above 800 �L and abnormal liver en-
zymes as any value of�32 IU/L for ala-
nine amine transferase and 48 IU/L for
aspartate amine transferase.

Signs and symptoms suggesting ADRs
were specifically inquired for and re-
corded during each hospital visit. After
the end of the treatment, follow-up
took place every 3 months for the first
year and every 6 months thereafter.
Additional clinical and laboratory eval-
uationswere conducted during any un-
scheduled visit. Patients were advised
to return on any day during the
follow-up period if ADRs occurred. All
concomitant medications were re-
corded, and caregivers were told
about potential ADRs and provided a
telephone number to call in case of
doubt or if ADRs appeared.

Clinical safety laboratory evaluations
and detection of parasitemia and/or
serologic tests for detection of anti-
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bodies against T cruziwere performed
before the start of the treatment with
benznidazole and at 7, 30, and 60 days
of pharmacotherapy. Cardiologic eval-
uation, including echocardiogram and
electrocardiogram, was conducted be-
fore the start of the treatment and 1
year afterward. ADRs were defined ac-
cording to World Health Organization
definitions.25,26 Causality assessment
was performed using World Health Or-
ganization criteria27,28 and the Naranjo
score.29

The study protocol was approved by
the research and teaching committee
and bioethics committee of the Chil-
dren’s Hospital “Ricardo Gutierrez” of
Buenos Aires and the World Health Or-
ganization Secretariat Committee for
Research Involving Human Subjects
(Geneva, Switzerland). Written consent
was required from patients’ legal rep-
resentatives, as well as assent from
the patient, as appropriate.

Student’s t and �2 tests were used to
compare continuous and categorical
variables, respectively. Continuous
variables are presented as means
with 95% confidence intervals (CIs)
and medians and interquartile
ranges (IQRs) and categorical vari-
ables as percentages.

RESULTS

A total of 107 of 127 eligible patients
were enrolled in the study (Fig 1). Par-
ticipating children mostly were from
Buenos Aires. The median age was 6.9
years (range: 10 days to 19 years). Ma-
ternal origin of congenitally infected
infants was Argentina in 59.8% of
cases, Bolivia in 29%, Paraguay in
10.3%, and Brazil in 0.9%. Route of in-
fection was transplacental in 67.3% of
patients, vectorial in 4.7%, and unde-
fined in 28%.

All patients were asymptomatic with
no cardiac involvement or other Cha-
gas disease–associated pathology at
enrollment. Two patients had asthma

and 1 patient had epilepsy. Five pa-
tients had preexisting laboratory ab-
normalities, which resolved spontane-
ously. Four patients had eosinophilias
and 1 had mild neutropenia.

The mean benznidazole dose was 6.4
mg/kg per day (range: 5–8 mg/kg per
day) in 2 divided doses (76 cases) or in
3 divided doses (31 cases). Mean treat-
ment length was 60 days (95% CI: 59–
61). We observed good compliance on
the basis of tablet counts and medica-
tion registry review. Fifteen subjects
received concomitant medications:
5 subjects received �-lactams; 4
steroids (2 budesonide, 2 methylpred-
nisone); 1 vitamins; 1 iron; 1 acetamin-
ophen; 1 valproic acid; 1 carbamaz-
epine; and 2 loratadine. Only 3 patients
had ADRs related to benznidazole. All
patients recovered uneventfully.

In 107 patients enrolled in the study,
we observed 73 adverse events in 55

children. Eleven adverse events, in 11
patients, were considered unrelated to
treatment after review of the time
course and clinical data, using World
Health Organization causality crite-
ria.27 The remaining 62 ADRs, in 44 pa-
tients (41.1% of all patients), were con-
sidered to be related to treatment with
benznidazole.27 The most frequent
ADRs were dermatologic (22 of 107
subjects [21%]), followed by gastroin-
testinal (9 of 107 subjects [8.5%]), cen-
tral nervous system (CNS) (10 of 107
subjects [9%]), and neuromuscular (3
of 107 subjects [2.8%]) events (Table
1). Mean duration of ADRs was 8.2 days
(95% CI: 4.1–12). Over two-thirds (44 of
62) of ADRs were clinical, and the re-
maining 18 were biochemical findings.
In 5 patients, we observed both clinical
and laboratory ADRs (Table 1). Approx-
imately three-quarters of the patients
(32 of 44 [73%]) who had ADRs experi-

Potencial participantsPotencial participants
N = 127

Not included n = 20
Declined to participate n = 1

Did not understand the study n = 5
Lived outside of the city of Buenos Aires n = 14

Parasitemia (+)  n = 96/107
PCR (+): 83/94 (88.3%)

MH (+): 13

Received treatment
n = 107

Withdrawn n = 16
Adverse events n = 7
Lost to follow-up n = 8
Patient decision n = 1

Completed treatment n = 91

FIGURE 1
Study flowchart.
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enced them in the first 10 days of treat-
ment, with a median time to ADR of 7
days (IQR25–75: 3.5–11.0). Effects on the
CNS predominated in the first 2 days of
treatment (median: 2 days [IQR25–75:
2.0–8.5]), followed by gastrointestinal
ADRs (median: 5 days [IQR25–75: 2.0–
8.5]) and dermatologic ADRs (median:
9 days [IQR25–75: 7.0–11.0]). Differ-
ences between the time of appearance
of CNS and dermatological ADRs were
statistically significant (P� .02; Mann-
Whitney test). Mean duration of ADRs
was 8.2 days (95% CI: 4.1–12.0 days).
Only 3 (7%) ADRs, all mild, were ob-
served in the last 30 days of treatment.
No differences were observed in the
rate of ADRs between doses or among
daily-dose frequencies (ie, 2 vs 3 times
daily), and no differences were ob-
served between genders.

The mean age of children with ADRs
was 9.9 years (95% CI: 8.2–12) (n �
44), which was significantly higher

than the age of children without an
ADR (mean: 4.8 years [95% CI: 3.7–6.0];
n� 76; P� .001, t test).

The incidence of ADRs was unevenly
distributed and directly related to age,
being more common in patients over 7
years old (70% of ADRs), which com-
prised�50% of the patient population
(P � .001, �2 test). Approximately 36%
(38 of 107) of patients within our cohort
were children below 2 years of age.
Seven of 38 (18%) patients in this sub-
group developed ADRs: 3 patients devel-
oped rashes; 2 developed eosinophilias;
and 2 had increased liver function test
values. All patients recovered completely
with no complications. One patient, who
experienced a generalized rash, was
withdrawn fromthestudyby thecaregiv-
er’s decision. The rate of ADRs was sig-
nificantly lower in infants and toddlers
compared with older children (18% vs
53%; P� .001, �2 test).

No serious ADRs occurred in our co-
hort. Fifty (80.6%) ADRs were classified
as mild, 10 (16%) as moderate, and 2
(3.2%) as severe. All patients recov-
ered after symptomatic treatment
and/or transient discontinuation of
benznidazole. The 2 severe ADRs were
generalized rash and led to treatment
discontinuation. None of the patients
had clinical criteria compatible with
severe drug reactions, such as drug
reaction with eosinophilia and sys-

temic symptoms, Stevens-Johnsons
syndrome, or toxic epidermal necroly-
sis (ie, did not satisfy criteria as out-
lined by Bastuji-Garin et al30). No target
lesions, bullae, blisters, or skin necro-
sis developed, and symptoms resolved
quickly with symptomatic treatment
and drug discontinuation. Also, no fe-
ver was present.

The most common dermatological
ADRs were rash and eczema, mostly on
limbs and trunk, which lasted a mean
of 15 days (95% CI: 7–23 days). Clinical
management of dermatologic ADRs
was limited mostly to antihistamine
medications with good response. Two
mild cases with persistent pruritus re-
quired symptomatic treatment with lo-
ratadine throughout the treatment
with benznidazole, but no discontinua-
tion was required (Table 2).

Transient discontinuation of ben-
znidazole because of ADRs was re-
quired in 12% (13 of 107) of children
(mean duration: 8.9 days [95% CI:
2.6 –15.0]). Seven (7 of 13 [54%]) pa-
tients temporally discontinued treat-
ment because of ADRs (4 because of
rashes, 2 gastrointestinal discom-
forts, and 1 headache); 2 patients
temporarily discontinued treatment
because of a momentary lack of med-
ication, 2 other patients because of
patient noncompliance, and the last
2 patients because of mild viral ill-

TABLE 2 List of Patients Who Abandoned Treatment

Age, y Reason for Discontinuation Treatment
Day

Comments

19 Rash, moderate; patient decision 9 Good response to symptomatic treatment;
lost to follow-up

10 Eczema, moderate; parent decision 29 Good response to symptomatic treatment;
lost to follow-up

1 Erythema, polymorphous, moderate;
parent decision

7 Good response to symptomatic treatment;
lost to follow-up

12 Rash, moderate 7 Good response to symptomatic treatment;
lost to follow-up

7 Eczema, severe 10 Good response to symptomatic treatment
Medical decision Re-treatment with nifurtimox

18 Rash, severe; patient decision 13 Good response to symptomatic treatment;
lost to follow-up

13 Gastrointestinal, adverse events,
moderate

14 Good response without treatment; lost to
follow-up

TABLE 1 Breakdown of Benznidazole: Related
ADRs Observed in This Cohort

n %

Total ADRs 62 100
Clinical adverse reactions 44 71
Dermatologic (n� 22) 35.5
Rash 10 16.1
Eczema 7 11.3
Pruritus 3 4.8
Polymorphous erythema 1 1.6
Urticaria 1 1.6
CNS (n� 10) 16.1
Headache 7 11.3
Blurry vision 2 3.2
dizziness 1 1.6
Gastrointestinal (n� 9) 14.5
Vomiting 3 4.8
Abdominal pain 4 6.4
Anorexia 2 3.2
Neuromuscular (n� 3) 4.8
Cramps 2 3.2
Myalgia 1 1.6
Biochemical adverse reactions 18 29
Hematologic (n� 12) 19.3
Eosinophilia 8 12.9
Leukopenia 4 6.4
Metabolic (n� 6) 9.7
Liver enzymes 5 8
Cholesterol 1 1.6

Five patients presented clinical and biochemical adverse
events.
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ness. All 13 patients restarted and
completed treatment without addi-
tional interruptions.

Patients abandoned treatment in 6.5%
(7 of 107) cases because of ADRs. Most
(6 of 7) patients were over 7 years old
(Table 2). One patient was successfully
treated with nifurtimox (12 mg/kg per
day three times per day for 60 days),
and the remaining refused additional
treatment. ADRs responsible for treat-
ment interruption were dermatologi-
cal in 6 cases (2 severe and 4 moder-
ate) and gastrointestinal in 1 case. All
patients completely recovered from
the ADRs, as confirmed by telephone
follow-up. No effects on growth or
weight progression were observed in
any of the patients.

The most common biochemical ADRs
were hematologic, mainly eosinophilia
(912–2275 �L) and mild leukopenia
(3100–3700 �L) (Table 1). In 2 cases,
eosinophilia was associated with mild
rash. Hepatic involvement was clear in
5 cases, in which aspartate amino
transferase and alanine amino trans-
ferase were increased 2 to 10 times
but without signs of cholestasis (Table
2). Biochemical ADRs did not require
specific measures or treatment inter-
ruption, and they resolved completely
before the end of the benznidazole
treatment.

Treatment response was high and
persistent, with over 90% of children
who completed 60 days of treatment
presenting a steady decrease or dis-
appearance of specific T cruzi anti-
bodies and a negative parasitologi-
cal test (T cruzi–specific polymerase
chain reaction and a microhemat-
ocrit test). All patients were followed
after treatment completion for up to
3 years. No long-term adverse conse-
quences of treatment with benznida-
zole were observed by the treating
physicians or reported by parents or
patients.

DISCUSSION

We present here one of the largest co-
horts published to date of infants and
children treated with benznidazole
for Chagas disease. Our results con-
firm clinical observations from pre-
vious pediatric cohorts,7,13,31,32 which
have suggested that benznidazole-
associated ADRs are mild in children
and inmost cases do not require treat-
ment interruption.

A previous randomized placebo-
controlled study31 reported a 5% inci-
dence of noncutaneous ADRs in chil-
dren older than 7 years of age who
were treated with benznidazole. These
ADRs mainly were anorexia, nausea,
headaches, and arthralgias. Maculo-
papular rash and pruritus also were
reported in 12% of patients and linked
to treatment interruption in 2% of
cases.31

Another randomized placebo-controlled
study13 reported a 20% rate of ADRs
among children 6 to 12 years old.13 All
reported ADRs were mild or moderate
and disappeared with benznidazole
discontinuation. Similar to our study,
most common ADRs were gastrointes-
tinal and dermatologic.

A large pediatric cohort study32 of chil-
dren and adolescents showed that
50.2% of patients from Honduras and
50.8% of patients from Guatemala who
were treated with benznidazole had
mostly mild (3 severe) ADRs. The most
frequent ADRs were gastrointestinal
(26.8%), followed by dermatological
(13.0%) and neurologic (10.4%). The
rate of ADRs in Bolivia was lower
(25.6%) in the same study, with in-
creasing risk in patients more than 10
years old. However, 1 case of toxic epi-
dermal necrolysis and 1 of Stevens-
Johnsons syndrome were observed
(both recovered well).32 No laboratory
abnormalities were reported,32 but
laboratory tests were performed less
frequently than in our study.

ADRs have been more commonly re-
ported in adults, and severity seems to
bemuchmore significant. Severe ADRs
reported in adults include dermato-
logic reactions, peripheral neuropa-
thy, and leukopenia.31 None of these se-
vere reactions have been observed in
children in significant numbers.

Peripheral neuropathy frequently is
observed in adults but is quite uncom-
mon in children,13,33,34 as confirmed by
our study. There is limited clinical data
available to suggest a correlation be-
tween benznidazole blood levels, or to-
tal benznidazole exposure, and ADRs,
but peripheral neuropathy seems to
be dose dependent to some extent.34,35

We acknowledge that neuropathy is ex-
tremely difficult to rule out in small
children. However, after following
these children for several years after
treatment, no functional deficits or any
signs compatible with chronic neurop-
athy were noted.

The incidence of ADRs in our cohort
was strongly associated with the age
of the patient, with most ADRs occur-
ring in children over the age of 7 and
very few ADRs in infants or toddlers.
This suggests that children older than
7 years should be monitored more
carefully. This finding confirms previ-
ous observations31,32 and provides re-
assurance on the safety of benznida-
zole in younger children, which had not
been fully addressed in previous stud-
ies. We also observed that neurologic
ADRs seemed to occur soon after the
start of the treatment, followed by gas-
trointestinal and then dermatologic
ADRs.

Evaluation of CNS ADRs, such as head-
aches, in infants was difficult because
only older children are able to accu-
rately express and describe its symp-
toms. Nevertheless, associated signs,
such as unexplained irritability, food
refusal, or vomiting, were not reported
by caregivers. Causality evaluation of
gastrointestinal ADRs also is problem-
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atic because other factors associated
with drug administration, such as for-
mulation and tablet size, could be in-
volved in the observed intolerance. The
absence of appropriate pediatric for-
mulations complicates matters fur-
ther, as tablets are not easily (or will-
ingly) swallowed by small children,
which sometimes leads to vomiting
and other problems that may not be
specifically related to the active drug.

Cutaneous ADRs were more likely to
occur in the secondweek of treatment,
which was also observed in previous
studies.13,32 Severe reactions such as
Stevens-Johnsons syndrome and toxic
epidermal necrolysis rarely have been
reported, with an estimated incidence
of 1 of 3000 subjects,32 which is sim-
ilar to that of lamotrigine-induced
Stevens-Johnsons syndrome.36 How-
ever, an accurate evaluation of ac-
tual benznidazole-associated Stevens-
Johnsons syndrome/toxic epidermal
necrolysis risks requires improved
pharmacovigilance efforts. We also ob-
served a number of laboratory abnor-
malities, including several cases of
eosinophilia and increased liver en-
zymes. It is interesting to note that
patients who initially presented with
eosinophilia did not worsen with ben-
znidazole treatment. Asymptomatic in-
creases in liver enzymes generally
were mild and did not require treat-
ment modifications. Progress along
growth and weight curves were not af-
fected by treatment with benznidazole.
This observation is in contrast with
the striking anorexia observed in pa-
tients treated with the alternative

anti–Chagas disease medication,
nifurtimox.

Experimental toxicology models sug-
gested an increased risk of lymphoma
in rabbits treated with supratherapeu-
tic benznidazole doses.37 In our cohort,
follow-up after 3 years did not show
any evidence of increased risk for ma-
lignancies. It is reassuring that an in-
creased risk for any cancers has never
been observed in adult or pediatric co-
horts to date.12,23,32,38 Viotti et al23 re-
viewed their experience with 1047 pa-
tients treated with benznidazole and
found no increased risk for cancer
(mean follow-up: 7.5 years); this also is
in agreement with the experience at
our institution, with more than 500 pe-
diatric patients treated with benznida-
zole and prolonged follow-up.

The pharmacologic basis for the
marked difference in incidence and se-
verity of ADRs reported between chil-
dren and adults remains to be clari-
fied. However, examples abound of
medications metabolized at different
rates in children and adults, in some
cases leading to differential toxicity.
Notably, children 2 to 6 years of age
seem to have faster elimination rates
than adults for many drugs.39–41 This
faster elimination rate, combined with
scarce data, suggests that hepatic
elimination of benznidazole provides a
plausible explanation for differences
in ADRs incidence among children and
adults.

Unfortunately, there have been no re-
ported studies to date that evaluated
the pharmacokinetics of benznidazole
in children. Preliminary results from a

population pharmacokinetics study in
our institution (www.clinicaltrials.gov
identifier NCT00699387) suggest that
plasma concentrations are, indeed,
significantly lower than those re-
ported in adults, but these results re-
quire confirmation.42

CONCLUSIONS

Our results support previous ob-
servations13,31,43 that benznidazole-
associated ADRs in children generally
are mild. Infants and toddlers seem to
be at very low risk for severe ADRs and
are likely to respond well to the medi-
cation. There seem to be few reasons,
at this point, to deny effective treat-
ment to children on the basis of theo-
retical risks not confirmed by any stud-
ies performed to date. However,
treatment for infants and children
with Chagas disease still is commonly
postponed to protect them from ADRs,
which leads to progression of the dis-
ease, reduces the chances for cure,
and potentially exposes children to a
higher risk for the severe ADRs that
have been observed in older patients
but virtually absent in children
younger than 7 years.

ACKNOWLEDGMENTS
This research received financial sup-
port from United Nations Children’s
Fund/United Nations Development Pro-
gramme/World Bank/World Health
Organization Special Program for
Research and Training in Tropical Dis-
eases (TDR) (ID A20772) and the Minis-
try of Health, Government of the City of
Buenos Aires, Argentina.

REFERENCES

1. Freilij H, Altcheh J. Congenital Chagas’
disease: diagnostic and clinical aspects.
Clin Infect Dis. 1995;21(3):551–555

2. Gurtler RE, Segura EL, Cohen JE. Congenital
transmission of Trypanosoma cruzi infec-
tion in Argentina. Emerg Infect Dis. 2003;
9(1):29–32

3. Bern C, Montgomery SP, Herwaldt BL, et al.

Evaluation and treatment of Chagas dis-
ease in the United States: a systematic re-
view. JAMA. 2007;298(18):2171–2181

4. Schmunis GA. Epidemiology of Chagas dis-
ease in non-endemic countries: the role of
international migration. Mem Inst Oswaldo
Cruz. 2007;102(suppl 1):75–85

5. Barrett MP, Burchmore RJ, Stich A, et al. The

trypanosomiases. Lancet. 2003;362(9394):
1469–1480

6. Teixeira AR, Nascimento RJ, Sturm NR. Evo-
lution and pathology in Chagas disease: a
review. Mem Inst Oswaldo Cruz. 2006;
101(5):463–491

7. Sosa-Estani S, Segura EL. Etiological treat-
ment in patients infected by Trypanosoma

ARTICLES

PEDIATRICS Volume 127, Number 1, January 2011 e217
 at Children's Hospital of Western Ontario on February 20, 2020www.aappublications.org/newsDownloaded from 

pediatrics.aappublications.org/


cruzi: experiences in Argentina. Curr Opin
Infect Dis. 2006;19(6):583–587

8. World Health Organization Expert Commit-
tee on the Control of Chagas Disease. Con-
trol of Chagas Disease Second Report of the
WHO Expert Committee. 905th ed. Geneva,
Switzerland: World Health Organization;
2002

9. Organizacion Panamericana de la Salud. Es-
timación Cuantitativa de la Enfermedad de
Chagas en las Américas. Washington, DC:
Organizacion Panamericana de la Salud
OPS/.HDM/CD/425-06; 2006

10. World Health Organization Expert Commit-
tee on the Control of Chagas Disease. Con-
trol of Chagas Disease Second Report of
the WHO Expert Committee . Geneva,
Switzerland: World Health Organization;
2002

11. Sosa ES, Segura EL. Treatment of Trypano-
soma cruzi infection in the indeterminate
phase: experience and current guidelines in
Argentina [in Spanish]. Medicina (B Aires).
1999;59(suppl 2):166–170

12. Altcheh J, Biancardi M, Lapena A, Ballering
G, Freilij H. Congenital Chagas disease: ex-
perience in the Hospital de Ninos, Ricardo
Gutierrez, Buenos Aires, Argentina. Rev Soc
Bras Med Trop. 2005;38(suppl 2):41–45

13. Sosa ES, Segura EL, Ruiz AM, Velazquez E,
Porcel BM, Yampotis C. Efficacy of chemo-
therapy with benznidazole in children in the
indeterminate phase of Chagas’ disease.
Am J Trop Med Hyg. 1998;59(4):526–529

14. Viotti R, Vigliano C, Armenti H, Segura E.
Treatment of chronic Chagas’ disease with
benznidazole: clinical and serologic evolu-
tion of patients with long-term follow-up.
Am Heart J. 1994;127(1):151–162

15. Moya PR, Paolasso RD, Blanco S, et al. Treat-
ment of Chagas’ disease with nifurtimox
during the first months of life [in Spanish].
Medicina (B Aires). 1985;45(5):553–558

16. Russomando G, Figueredo A, Almiron M,
Sakamoto M, Morita K. Polymerase chain
reaction-based detection of Trypanosoma
cruzi DNA in serum. J Clin Microbiol. 1992;
30(11):2864–2868

17. Fabbro DL, Streiger ML, Arias ED, Bizai ML,
del BarcoM, Amicone NA. Trypanocide treat-
ment among adults with chronic Chagas
disease living in Santa Fe city (Argentina),
over a mean follow-up of 21 years: parasito-
logical, serological and clinical evolution.
Rev Soc Bras Med Trop. 2007;40(1):1–10

18. Streiger ML, del Barco ML, Fabbro DL, Arias
ED, Amicone NA. Longitudinal study and spe-
cific chemotherapy in children with chronic
Chagas’ disease, residing in a low endemic-

ity area of Argentina [in Portuguese]. Rev
Soc Bras Med Trop. 2004;37(5):365–375

19. Fabbro DS, Arias E, Streiger M, et al. Evolu-
tive behavior towards cardiomyopathy of
treated (nifurtimox or benznidazole) and
untreated chronic chagasic patients. Rev
Inst Med Trop Sao Paulo. 2000;42(2):99–109

20. Streiger M, Fabbro D, del Barco M, Beltra-
mino R, Bovero N. Congenital Chagas dis-
ease in the city of Santa Fe: diagnosis and
treatment. Medicina (B Aires). 1995;55(2):
125–132

21. Garcia-Bournissen F, Altcheh J, Giglio N,
Mastrantonio G, la Vedova CO, Koren G. Pe-
diatric clinical pharmacology studies in
Chagas disease: focus on Argentina. Paedi-
atr Drugs. 2009;11(1):33–37

22. Jannin J, Villa L. An overview of Chagas dis-
ease treatment. Mem Inst Oswaldo Cruz.
2007;102(suppl 1):95–97

23. Viotti R, Vigliano C, Lococo B, et al. Side ef-
fects of benznidazole as treatment in
chronic Chagas disease: fears and realities.
Expert Rev Anti Infect Ther. 2009;7(2):
157–163

24. Cox EH, Veyrat-Follet C, Beal SL, Fuseau E,
Kenkare S, Sheiner LB. A population
pharmacokinetic-pharmacodynamic analy-
sis of repeated measures time-to-event
pharmacodynamic responses: the anti-
emetic effect of ondansetron. J Pharmaco-
kinet Biopharm. 1999;27(6):625–644

25. Edwards IR, Aronson JK. Adverse drug
reactions: definitions, diagnosis, and man-
agement . Lance t . 2000 ;356(9237) :
1255–1259

26. Edwards IR, Biriell C. Harmonisation in
pharmacovigilance. Drug Saf. 1994;10(2):
93–102

27. Meyboom RH, Hekster YA, Egberts AC, Grib-
nau FW, Edwards IR. Causal or casual? The
role of causality assessment in pharmaco-
vigilance. Drug Saf. 1997;17(6):374–389

28. Meyboom RH, Egberts AC, Edwards IR, Hek-
ster YA, de Koning FH, Gribnau FW. Princi-
ples of signal detection in pharmacovigi-
lance. Drug Saf. 1997;16(6):355–365

29. Naranjo CA, Busto U, Sellers EM, et al. A
method for estimating the probability of ad-
verse drug reactions. Clin Pharmacol Ther.
1981;30(2):239–245

30. Bastuji-Garin S, Rzany B, Stern RS, Shear NH,
Naldi L, Roujeau JC. Clinical classification of
cases of toxic epidermal necrolysis,
Stevens-Johnson syndrome, and erythema
multiforme. Arch Dermatol. 1993;129(1):
92–96

31. de Andrade AL, Zicker F, de Oliveira RM, et al.

Randomised trial of efficacy of benznidazole
in treatment of early Trypanosoma cruzi in-
fection. Lancet. 1996;348 (9039):1407–1413

32. Yun O, Lima MA, Ellman T, et al. Feasibility,
drug safety, and effectiveness of etiological
treatment programs for Chagas disease in
Honduras, Guatemala, and Bolivia: 10-year
experience of Medecins Sans Frontieres.
PLoS Negl Trop Dis. 2009;3(7):e488

33. Faria CR, Souza SEM, Rassi A. Peripheral
polyneuropathy induced by benzonidazole
in the treatment of Chagas; disease [in Por-
tuguese]. Arq Neuropsiquiatr. 1986;44(2):
125–129

34. Flores-Vieira CL, Barreira AA. Experimental
benznidazole encephalopathy: I. Clinical-
neurological alterations. J Neurol Sci. 1997;
150(1):3–11

35. Flores-Vieira CL, Chimelli L, Franca Fer-
nandes RM, Barreira AA. Experimental ben-
znidazole encephalopathy: II. Electroen-
cephalographic and morphological
alterations. J Neurol Sci. 1997;150(1):13–25

36. Mockenhaupt M, Messenheimer J, Tennis P,
Schlingmann J. Risk of Stevens-Johnson
syndrome and toxic epidermal necrolysis in
new users of antiepileptics. Neurology.
2005;64(7):1134–1138

37. Teixeira AR, Cordoba JC, Souto M, I, Solor-
zano E. Chagas’ disease: lymphoma growth
in rabbits treated with Benznidazole. Am J
Trop Med Hyg. 1990;43(2):146–158

38. Viotti R, Vigliano C. Etiological treatment of
chronic Chagas disease: neglected ‘evi-
dence’ by evidence-based medicine. Expert
Rev Anti Infect Ther. 2007;5(4):717–726

39. Hines RN. Ontogeny of human hepatic cyto-
chromes P450. J BiochemMol Toxicol. 2007;
21(4):169–175

40. Hines RN. The ontogeny of drug metabolism
enzymes and implications for adverse drug
events. Pharmacol Ther. 2008;118(2):
250–267

41. Kearns GL, Abdel-Rahman SM, Alander SW,
Blowey DL, Leeder JS, Kauffman RE. Develop-
mental pharmacology: drug disposition, ac-
tion, and therapy in infants and children. N
Engl J Med. 2003;349(12):1157–1167

42. Altcheh J, Moscatelli G, Mastrantonio G, et
al. Population pharmacokinetics study of
benznidazole in children with Chagas dis-
ease [in Spanish] [abstract]. Presented at
the 11th Pediatric Researchmeeting in Cata-
marca, Argentina; 2009

43. Sosa ES, Segura EL. Treatment of Trypano-
soma cruzi infection in the undetermined
phase. Experience and current guidelines of
treatment in Argentina. Mem Inst Oswaldo
Cruz. 1999;94(Suppl 1):363–365

e218 ALTCHEH et al
 at Children's Hospital of Western Ontario on February 20, 2020www.aappublications.org/newsDownloaded from 



DOI: 10.1542/peds.2010-1172 originally published online December 20, 2010; 
2011;127;e212Pediatrics 

and Hector Freilij
Jaime Altcheh, Guillermo Moscatelli, Samanta Moroni, Facundo Garcia-Bournissen

Chagas Disease
Adverse Events After the Use of Benznidazole in Infants and Children With

Services
Updated Information &

http://pediatrics.aappublications.org/content/127/1/e212
including high resolution figures, can be found at: 

References
http://pediatrics.aappublications.org/content/127/1/e212#BIBL
This article cites 39 articles, 4 of which you can access for free at: 

Subspecialty Collections

b
http://www.aappublications.org/cgi/collection/infectious_diseases_su
Infectious Disease
following collection(s): 
This article, along with others on similar topics, appears in the

Permissions & Licensing

http://www.aappublications.org/site/misc/Permissions.xhtml
in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables) or

Reprints
http://www.aappublications.org/site/misc/reprints.xhtml
Information about ordering reprints can be found online: 

 at Children's Hospital of Western Ontario on February 20, 2020www.aappublications.org/newsDownloaded from 

http://http://pediatrics.aappublications.org/content/127/1/e212
http://pediatrics.aappublications.org/content/127/1/e212#BIBL
http://www.aappublications.org/cgi/collection/infectious_diseases_sub
http://www.aappublications.org/cgi/collection/infectious_diseases_sub
http://www.aappublications.org/site/misc/Permissions.xhtml
http://www.aappublications.org/site/misc/reprints.xhtml


DOI: 10.1542/peds.2010-1172 originally published online December 20, 2010; 
2011;127;e212Pediatrics 

and Hector Freilij
Jaime Altcheh, Guillermo Moscatelli, Samanta Moroni, Facundo Garcia-Bournissen

Chagas Disease
Adverse Events After the Use of Benznidazole in Infants and Children With

 http://pediatrics.aappublications.org/content/127/1/e212
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

1073-0397. 
ISSN:60007. Copyright © 2011 by the American Academy of Pediatrics. All rights reserved. Print 

the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by 
Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it

 at Children's Hospital of Western Ontario on February 20, 2020www.aappublications.org/newsDownloaded from 

http://pediatrics.aappublications.org/content/127/1/e212

	Adverse Events After the Use of Benznidazole in Infants and Children With Chagas Disease
	PATIENTS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


