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The Elderly Respond to Antimony Therapy for Cutaneous Leishmaniasis Similarly to Young
Patients but Have Severe Adverse Reactions
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Abstract. There is evidence that elderly patients with cutaneous leishmaniasis (CL) have more mucosal and dis-
seminated diseases than young patients and their cells produce less antigen-induced interferon (IFN)-γ. Herein, we
compared the roles of interleukin (IL)-10and IL-15asmodulators of antigen-induced immune responsesand the incidence
of adverse reactionand response to therapy in youngversuselderly patientswithCL.Studyparticipants included35senior
(60–85 years) and 35 young (18–40 years) patients who had a diagnosis of CL documented by typical cutaneous lesions
containing Leishmania braziliensis DNA. Elderly patients had less lymph node enlargement. Antigen-induced blood cell
cytokine responses were studied in the absence or presence of IL-10 antibody or exogenously added recombinant IL-15.
The ratio of IFN-γ/IL-10was lower in elderly patients, and IFN-γ productionwas enhanced by either neutralization of IL-10
or exogenous recombinant IL-15 in blood cells from elderly but not young patients. Patients were treated three times
weekly with antimony at 20mg/kg/day for 20 doses. Although therewas no difference in response to therapy between the
two groups, two young patients needed rescue therapy with amphotericin B. Ventricular arrhythmias and ventricular
overloadweremore frequent in elderly patients.Weconclude that elderly patients havealterations in the immune response
that may influence clinical manifestations, but we did not find that they had a higher failure rate than young subjects to
antimony therapy. However, because of the high rate of electrocardiographic abnormalities during therapy, antimony
should not be used in elderly patients with CL.

INTRODUCTION

Cutaneous leishmaniasis (CL) is the most common clinical
form of tegumentary leishmaniasis. Cutaneous leishmaniasis
is causedbya large number ofLeishmania species and ismost
common in Africa, Asia, the Middle East, and South and
Central America.1 Brazil has the highest number of cases of
American tegumentary leishmaniasis (ATL). The species re-
sponsible for ATL in Brazil are Leishmania Viannia braziliensis,
Leishmania Viannia guyanensis, Leishmania Viannia shawi,
Leishmania Viannia lainsoni, and Leishmania mexicana.2,3 The
village of Corte de Pedra, TancredoNeves, Bahia, is one of the
more important endemic areas of L. V. braziliensis trans-
mission in Brazil. Cutaneous leishmaniasis is characterized by
oneormorewell-demarcated ulcerswith raisedborders. InCL
caused by L. V. braziliensis, one or several enlarged lymph
nodes are usually observed preceding or concomitant with
the cutaneous lesions.4 In addition, patients with CL due to
L. V. braziliensis may develop disseminated manifestations
such as mucosal leishmaniasis (ML) or disseminated leish-
maniasis (DL).5–7 Because of the possibility of metastatic le-
sions, topical therapy is not recommended for treatment of CL
in Brazil.8 Disseminated manifestations occur predominantly
in young adult males, but 11.2% of patients with CL are older
than 50 years and elderly patients have a higher incidence of
ML and DL than young subjects.9

Most data related to the disease in the elderly, defined as
older than 65 years for men and 60 years for women, come
from epidemiologic and clinical studies with the participation
of few elderly patients.10 In a retrospective study comparing

CL in young versus senior patients, we found that patients
older than 60 years weremore likely to have a previous history
ofCL, less lymphnodeenlargement, andhigher frequenciesof
ML and DL. In this study, we also documented that older pa-
tients produced less interferon (IFN)-γ and more interleukin
(IL)-10 than young patients.11 Because the pathogenesis of
CL is dependent on the host immune response,12–15 it is likely
that alterations in the immune response may change not only
the clinical presentation of the disease but also the response
to therapy in the elderly. It is known that IFN-γ plays an im-
portant role in the control of Leishmania braziliensis infec-
tion, although an exaggerated and inappropriately modulated
type 1 inflammatory response may cause tissue damage as
observed in ML or DL. There is evidence that activation and
subsequent cytokine production by CD4+ and CD8+ T cells
and monocytes are associated with pathology in CL.14,16–18

It is also known that either impairment of the immunologic
response as observed in diffuse CL19 or the exaggerated in-
flammatory reaction observed inML or DL is associatedwith a
poor response to therapy.4,20

InBrazil,meglumineantimoniate is thedrug recommendedby
the Ministry of Health to treat CL. The response to therapy is
quite variable, ranging from 28% to 100% depending on the
location where the study was performed and the duration of
illness.21–23 In CL patients diagnosed early, before the appear-
ance of an ulcer, a high failure rate of antimony therapy (up to
72%) has been observed.23 In the endemic area where this
study was performed, the antimony failure rate was less than
10% in 1994,24 whereas the failure rate has risen to 45–50% in
CL patients over the past 10 years.25–27 Although there is a lack
of evidence that age is associated with a poor response to
therapy forCL, a fewstudiespoint out that adverse reactionsare
more frequent in the senior population.10 The aimof the present
study was to determine if there are differences in the response
to therapyand in the frequencyandseverityof adverse reactions
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among elderly and young patients and to better characterize
abnormalities in the immune responseof the elderlywithCLand
correlate immunologic findings with clinical outcomes.

MATERIALS AND METHODS

Ethical considerations. Human studies protocols were
reviewed and approved by the Institutional Review Board of
the Federal University of Bahia. All subjects provided signed
consent for participation in the study.
Study design. This was a prospective observational study

aimed at evaluating clinical manifestations, response, and
adverse reactions to antimony therapy in senior and young
patients with CL. Moreover, in a cross-sectional study, we
compared the immune responses in these two groups of pa-
tients with an emphasis on establishing the roles of IL-10 and

IL-15 in themodulationof the immune responseandcorrelating
immunologic features with clinical presentation of disease.
The study was performed between January 2014 and

September 2016 at the Corte de Pedra health post, located in
the municipality of Presidente Tancredo Neves, Bahia, Brazil.
Inclusion criteria for elderly subjects were age between 60 and
85 years and illness duration between 30 and 60 days. Control
subjects aged 18–40 years were matched to elderly subjects
based on duration of illness (±5 days) and gender. During this
period, 84 elderly patients sought medical attention for a cu-
taneousulcer andhadadiagnosis of leishmaniasis. Forty-nine
patients were excluded from the study, among whom 13 had
other clinical forms of ATL or an additional chronic disease.
Moreover, 13 had an illness duration less than 30 or higher
than 60 days, 11 were older than the age of inclusion, and 12
lived too far from the health post to be able to adhere to the
scheduled visits during and after therapy. A total of 35 elderly
and 35 young matched control patients were recruited. After
cleaning andapplication of a local anesthetic, eachparticipant
was submitted to a 4-mmdiagnostic punch biopsy of a border
of the ulcer. The biopsy material was used to confirm the di-
agnosis of leishmaniasis by a quantitative polymerase chain
reaction test for detection of L. braziliensis DNA.28

Sample size calculation was established based on an esti-
mated difference of 30% between the groups in the response
to therapy. To attain a power of 80% at a significance of 0.05,
35 patients in each group for a total of 70 patients were nec-
essary. Patient clinical evaluationswere conducted on days 0,
30, 60, and 90 days and a final evaluation was performed
6months after entry in the study. All patientswere treatedwith
20 doses of Glucantime (Sanofi-Aventis, São Pauo, Brazil),
20 mg/kg/weight/day applied onMonday, Wednesday, and
Friday starting on day 0. They were asked about the type
and severity of adverse reactions and whether therapy was al-
tered or stopped because of side effects. Laboratory tests and
electrocardiogram (ECG) were performed on days 0 and 30.
Soluble Leishmania antigen (SLA) and cell separation and

cultivation. Soluble Leishmania antigen was prepared from an
isolate of L. braziliensis as previously described.28 Peripheral
blood mononuclear cells (PBMCs) were isolated from hepa-
rinized venous blood by Ficoll–Hypaque (GE Healthcare Bio-
Sciences AB, Uppsala, Sweden) gradient centrifugation. After
washing three times in 0.9% NaCl, PBMCs were adjusted
to 3 × 106 cells in 1 mL of Roswell Park Memorial Institute
medium-1640 (Gibco Laboratories, Grand Island, NY) sup-
plemented with 10% fetal bovine serum (Gibco Laboratories)

TABLE 1
Demographic and clinical features of cutaneous leishmaniasis in young and elderly patients

Demographic/clinical features Elderly (N = 35) Young (N = 35) P value

Age (mean ± SD) 67 ± 5.2 31 ± 7.5 P < 0.0001*
Frequency of males 20 (57%) 22 (63%) NS
Illness duration (days) 45 (38.92–51.43) 35 (32.08–40.25) NS
Total no. of lesions (mean ± SD) 42 (1.29 ± 0.67) 43 (1.14 ± 0.35) NS
Size of the major lesion (mm)† 20 (17.77–24) 19 (18.19–23.36) NS
Frequency of patients with lymph node
enlargement

15 (43%) 30 (86%) P < 0.01‡

Size of the lymph node (mm)† 0 (6.26–18) 36.6 (27.3–41.74) P < 0.0001§
Leishmania skin test (mm) 15 (14.90–17.44) 15 (15.19–18.26) NS
NS = not significant; SD = standard deviation.
* Student t test.
†Median and range.
‡Fisher’s exact test.
§Mann–Whitney test.

FIGURE 1. Clinical featuresofcutaneousulcersof twoelderlyand two
young participants of the study. Pictures taken on day 0 of two elderly
patients (AandC) and twoyoungpatients (BandD).All four lesionswere
located on the inferior limbs. The elderly patients (A and B) had ages of
64and24years, respectively, and illnessdurationof 30days.Patients in
figures C and D had ages of 64 and 30 years, respectively, and illness
duration of 40 days. This figure appears in color at www.ajtmh.org.
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and gentamicin (0.5 mg/mL) (Gibco Laboratories). The cells
were placed on 24-well plates and incubated for 72 hours at
37�C and 5% carbon dioxide in the presence or absence of
SLA (5 μg/mL), recombinant IL-15 (10 ng/mL) (PeproTech,
Rocky Hill, NJ), or anti-IL-10 (10 μg/mL) (R&D Systems, Min-
neapolis,MN). After 72hours, supernatants fromPBMCswere
collected and stored at −70�C.
Cytokine determination. Levels of IFN-γ, tumor necrosis

factor (TNF), chemokine ligand 9, IL-1β, and IL-10 were
determined by the enzyme-linked immunosorbent assay
(ELISA) sandwich method using reagents from R&D Systems.
The results are expressed as pg/mL.
The levels of IFN-γ, IL-10, IL-1β, TNF, and CXCL9 (R&D

Systems)weremeasured in supernatants of cultures by ELISA
according to the manufacturer’s instructions and the results
are expressed in pg/mL.
Clinical laboratory tests. Red and white blood cell counts;

plasma levels of sodium, potassium, creatinine, urea, and trans-
aminases; andECGwereperformedondays0and30of therapy.
Statistical analyses. As the sample results were not nor-

mally distributed, statistical analyses were performed with
nonparametric tests. Age data are presented as the mean ±
standard deviation and the other continuous variables are
presented as median and coefficient interval (CI). Categorical
data were compared using the Fisher exact test and for con-
tinuous variables, the Mann–Whitney U test was used. The
Spearman r testwas used in the correlation analysis.GraphPad
Prism 5 (San Diego, CA) was used to carry out the statistical
evaluations using aP value of < 0.05 for statistical significance.

RESULTS

The clinical features of the 35 elderly and 35 young patients
with CL who participated in the study are shown in Table 1.
There were no significant differences between the group in
gender, illness duration, or number, size, and localization of

lesions. The frequency of satellite lymphadenopathy was
lower in the elderly, aswas the size of the affected lymphnode.
The median size of the largest lymph node in the elderly was
0 mm (CI 6.3–18), in contrast to 36.6 mm in young patients (CI
27.3–41.7 mm, P < 0.001).
Photographs of ulcerated lesions from two elderly and two

young patients are shown in Figure 1. Both patients and par-
ticipants of the study presented with clinical ulcerated lesions
with raised borders as shown in this figure. The sizes of the
ulcers were similar between the two elderly and young pa-
tients as were the characteristics of their lesions.
We have previously shown that PBMCs from elderly pa-

tients with CL produce less antigen-induced IFN-γ and more
IL-10 than PBMCs from young patients.11 Here, we extended
the characterization of the immune response by measuring
IL-1β, CXCL9, andTNF levels in the twogroupsof patients.No
significant difference was observed between the groups re-
garding the production of these cytokines (data not shown).
The antigen-induced IFN-γ/IL-10 ratio was higher in young
patients than in the elderly (Figure 2). Moreover, to better un-
derstand if IL-10 played a role in down-modulating IFN-γ
production, we neutralized IL-10 in PBMC cultures stimulated
with SLA with anti-IL-10 monoclonal antibodies (10 μg/mL).
Whereas neutralization of IL-10 enhanced IFN-γ levels in the
elderly subjects from 236 (5–612 pg/mL) to 347 (8–652 pg/mL)
(P < 0.05), therewas no significant change in the production of
IFN-γ in the supernatants of PBMCs from young subjects
after neutralization of IL-10 from259 (26–1,223 pg/mL) to 264
(16–1,236 pg/mL), P > 0.05. We also evaluated if exogenous
addition of IL-15 was able to enhance IFN-γ production.
Whereas recombinant interleukin-15 enhanced IFN-γ pro-
duction by PBMCs from elderly subjects from 236 (5–612 pg/
mL) to 492 (10–1,210 pg/mL), P < 0.05 as shown in Figure 2,
exogenous addition of IL-15 did not change IFN-γ levels
in young patients from 385 (26–1,223 pg/mL) to 502
(66–1,148 pg/mL), P > 0.05.

FIGURE 2. Ratio of interferon (IFN)/interleukin (IL)-10 and ability of anti-IL-10 and recombinant IL-15 to enhance IFN-γ production in elderly
patients with cutaneous leishmaniasis (CL). Peripheral blood mononuclear cells from CL patients were stimulated with soluble Leishmania antigen
(SLA) (5 μg/mL), anti-IL-10 (10 μg/mL), and rIL-15 (10 ng/mL) for 72 hours. Interferon-γ and IL-10 levels were determined in culture supernatants by
enzyme-linked immunosorbent assay. (A) Interferon-γ/interleukin-10 ratio in elderly (N = 17) and young (N = 16) patients. (B) Interferon-γ levels after
neutralizationof IL-10 in theelderly (N=15). (C) Interferon-γ levels after additionof rIL-15 in 15patients for the elderlygroup.Statistical analyseswere
performed using the Mann–Whitney U test (A) and Wilcoxon rank test (B and C), *P < 0.05.
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Correlations between cytokine levels, illness duration, and
number of cutaneous lesions are shown in Figure 3. There
was a direct correlation between illness duration and IFN-γ
production in young patients (R = 0.52, P = 0.03) and IL-1β in
the elderly (R = 0.61, P < 0.05). There was a direct correlation
between IL-10 levels and number of lesions in young patients
but not in the elderly (Figure 3). Therewas no difference in IFN-
γ, IL-1β, TNF, and IL-10 levels (P > 0.05) in patients who cured
after or failed the antimony therapy. There was also no cor-
relation between the number of lesions with IFN-γ, IL-1β, and
TNF levels.

The therapeutic response to meglumine antimoniate in el-
derly and youngpatientswithCL is shown in Table 2. Although
the total number of patients cured at the 90-day timepointwas
higher and the healing time was lower in the elderly compared
with young patients, there was no statistically significant dif-
ference between these outcomes in the two groups. Patients
who failed therapy were treated with one or two additional
series of antimony and all were cured, with the exception of
two young women who experienced relapses after three se-
ries of antimony and were eventually treated and cured with
amphotericin B.

FIGURE 3. Correlation between cytokine levels and clinical findings in cutaneous leishmaniasis (CL). Cytokine levels in supernatants of peripheral
bloodmononuclear cells stimulatedwith solubleLeishmania antigen (5μg/mL) in elderly (N=17) andyoung (N=16) patientswithCLwere correlated
with illness duration in the elderly (A and C) and the young (B and D). The correlation between interleukin (IL)-10 and number of lesions in elderly
patients is expressed in E and in young patients in F.
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The main adverse reactions observed in the two groups of
patients are listed in Table 3. Data are shown before treatment
on day 0 and during the first course of treatment on day 30, at
which time 2/3 of total antimony doses had been adminis-
tered. There was no difference between the two groups in the
frequency of arthralgia, myalgia, vomiting, or fever at either
time point. There were also no differences in sodium, potas-
sium, transaminase, urea, or creatinine levels on day 0 or on
day 30 between the groups. At that time, 2/3 of the total dose
of antimony had been administered. One patient from the el-
derly group had amildly elevated creatinine (1.4) on day 0, but
this did not increase by 30 days. Among the young group
members, one patient had a mildly elevated creatinine (1.3)
after therapy. An abnormal urea level was detected in one
elderly patient during therapy.
Because conduction abnormalities can occur as a compli-

cation of antimony therapy, we cataloged the number of pa-
tients with ECG abnormalities in the elderly or young groups
on day 30 after therapy. These data are shown in Table 4. As
expected, before therapy, there were more abnormalities in
the ECG in the elderly than in the young. However, on day 30,
the newly acquired changes in ECGs were more frequent and
more severe in the elderly group. Death due to myocardial
infarction occurred in one elderly patient 16 days after com-
pletion of antimony therapy.

DISCUSSION

Parasitic diseases occur predominantly in children and in
young adults, but the number of patients older than 60 years
with ATL has doubled in the last 20 years.9 Despite this in-
crease, there have been few studies examining any differ-
ences in leishmaniasis between this age group and younger
subjects. In this study, we showed that elderly patients had
lower frequencies of satellite lymph node enlargement and

lower IFN-γ production than young patients, confirming our
previous study. Whereas enhancement of IFN-γ production in
seniors was achieved by neutralization of IL-10 or by addition
of recombinant IL-15 to peripheral blood cell cultures, ma-
nipulation of these cytokines did not change IFN-γ levels in
young patients. We also show that the relationship between
cytokine production and clinical findings differs between el-
derly and youngpatients. Despite thesedifferences in immune
response, elderly and young patients had similar cure rates
with antimony therapy and similar chemistries. However, there
was a higher rate of adverse electrocardiographic changes in
elderly subjects, leading us to suggest that other forms of
therapy should be used in this population.
We foundnodifference in the number, localization, or size of

lesions between elderly and young subjects. However, in two
previous retrospective studies, ulcer size was higher in pa-
tients older than 60 years than in young patients.9,11 One
possible explanation for these discordant findings could be
the differences in the illness duration between the two groups,
which was longer in the elderly than in young patients in pre-
vious studies.9,11 Here, because the inclusion criteria limited
the illness duration to between 30 and 60 days and because
one of the matching criteria for control selection was a similar
time of lesion duration, we did not detect any difference in
ulcer size between the two groups. We confirmed the obser-
vation that there is a lower frequency and smaller size of sat-
ellite lymph nodes in elderly than young subjects.
Lymph node enlargement may be the first sign of CL due to

L. braziliensis4 and an extremely large lymph node size is a
characteristic of L. braziliensis infection.26,29 The importance
of the large lymph node in the pathogenesis of L. braziliensis
infection has not been determined. In BALB/cmice infected in
the footpad with Leishmania amazonensis, the removal of the
popliteal lymph nodes leads to parasite dissemination.30

However, we did not find any association between the pres-
ence or size of enlarged lymph nodes and clinical manifesta-
tions of the disease, production of cytokines, or response to
therapy. In fact, although the frequency of lymph node en-
largement was lower in the elderly at the time of entry into the
study, virtually all patients informed us that they had lymph
node enlargement early in the disease, suggesting that lymph
node enlargement might be shorter in duration in elderly pa-
tients than in younger patients.
It has been shown that elderly patientswithCL report a past

history of CL and that their PBMCs produce less antigen-
induced IFN-γ andmore IL-10 than those of younger patients
with CL.11 As cured CL is thought to provide protective im-
munity against reinfection, these observations suggest that

TABLE 2
Therapeutic response to pentavalent antimony in elderly and young
patients with cutaneous leishmaniasis from Leishmania braziliensis

Elderly (N = 35) Young (N = 35) P value

Cure in 60 days (%) 12 (34%) 13 (37%) NS
Cure in 90 days (%) 07 (20%) 04 (11%) NS
Total cured (%) 22 (63%) 17 (49%) NS
Antimony therapeutic
failure (%)

13 (37%) 18 (51%) NS

Healing time (days,
[range])

91 (28–246) 121 (47–477) NS

Statistical differences were compared by Fisher’s exact test.

TABLE 3
Main adverse reactions and laboratory values in patients with cutaneous leishmaniasis treated with meglumine antimoniate

Adverse reactions

Elderly (N = 35) Young (N = 35)

P valueDay 0 Day 30 Day 0 Day 30

Arthralgia 9 (26%) 17 (49%) 13 (37%) 13 (37%) NS
Fever 7 (20%) 1 (3%) 13 (37%) 6 (17%) NS
Vomiting 0 (0%) 4 (11%) 0 (0%) 4 (11%) NS
Sodium (D-0, D-30) 140 (126–146) 142 (137–147) 140 (133–147) 141 (135–146) NS
Potassium (D-0, D-30) 5.7 (3.6–9) 5.8 (3.7–9.1) 5.4 (3.4–10) 5.3 (3.4–9.2) NS
Alanine transaminase (D-0, D-30) 21 (6–51) 20 (9–42) 25 (6–60) 23.5 (8–93) NS
Creatinine (D-0, D-30) 1 (0.1–1.4) 1 (0.1–1.4) 0.9 (0.5–1.2) 0.9 (0.5–1.3) NS
Urea (D-0, D-30) 33.5 (18–42) 31 (21–82) 28 (14.8–45) 26 (17–45) NS
Data are the results of evaluations before therapy (day 0) and 2/3 of the way through the first course of antimony treatment on day 30.
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there might be a progressive impairment of immunologic
memory and/or a less efficient type 1 immune response with
age. Because IL-10 is the most important down-regulatory
cytokine in leishmaniasis and IL-15 is an important cytokine in
the induction of memory cells, we evaluated the influence of
neutralization of IL-10 and exogenous addition of IL-15 in our
patients. We observed that neutralization of IL-10 and addi-
tion of IL-15 had no effect on the immune responses of young
patients with CL, but both interventions enhanced IFN-γ
production in the elderly group. The effect of rIL-15 may ex-
plain why the elderly are less protected than young subjects
from subsequent L. braziliensis infection. The different re-
sponses to IL-10 neutralization also suggest that the ability of
IL-10 to downregulate IFN-γ production in the elderly may in
part explain the lower lymphadenopathy. As IFN-γ pro-
duction is decreased among the elderly but not completely
absent, it is possible that the more modulated immune re-
sponse observed in this group can attenuate the pathology
induced by high levels of pro-inflammatory cytokines and
chemokines, although it may not impair the host’s ability to
control Leishmania proliferation.
Previous studies have shown a direct correlation between

the frequency of T cells expressing TNF and IFN-γ and lesion
size.16 Here, we evaluate the correlation of immunologic re-
sponse in elderly and young patients with illness duration,
number of lesions, and response to therapy. There was a di-
rect correlation between IFN-γ and illness duration in young
patients and a negative correlation between IL-10 production
and the number of lesions in elderly patients. Illness dura-
tion was directly correlated with IL-1β in elderly subjects.
Furthermore, an effect of IL-10 neutralization was only ob-
served in elderly subjects. These findings suggest that cyto-
kines may influence the expression of disease in the elderly
comparedwith the young.Whereas IL-10mayhave a negative
impact in young patients by increasing the number of lesions,
in elderly patients, this cytokine might attenuate the in-
flammatory response and reduce pathology by diminishing
pro-inflammatory cytokines. Differences between the corre-
lations between IFN-γ and illness duration might be related to
the lower amounts of IFN-γ produced in older subjects. The
differential involvement of IL-1β is intriguing and deserves
future studies of potential inflammasome activity between the
groups.
Meglumine antimoniate is the drug recommended for ther-

apy of leishmaniasis in Brazil and is the most used drug for
treatment of ATL in Latin America. In the present study, the
response to antimony therapy did not differ between groups,
although we observed lower response rates than other studies
in Brazil and South America, in which the cure rates range

from 78% to 91.4%.31,32 The genome of L. braziliensis is
polymorphic, and genetic differences have been found be-
tween isolates of L. braziliensis from different regions of Brazil
and even within the same endemic area.33 We previously
showed that genetic polymorphisms correlate with different
clinical outcomes of L. braziliensis infection in Corte de
Pedra.33,34 We hypothesize that genetic differences between
L. braziliensis isolates might also be associated with different
responses to antimony therapy. Consistent with this hypothe-
sis, the response to therapy observed in the present study was
similar to others performed in the same endemic area.25–27 In
Peru, a country endemic forLeishmaniaperuviana,L. braziliensis,
and Leishmania guyanensis, it was shown that the elderly pro-
gressively lose specific immunity against Leishmania antigens
and become susceptible again.35 However, the second episode
is less severe and heals faster.35 Despite the fact that we did not
find differences in cure rates between the two age groups, there
was a trend toward an accelerated healing time in the elderly
subject group. In addition, the only two patients who needed to
be treated with amphotericin B because of failure of at least two
courses of antimony were among the young patients. Thus, the
attenuated type 1 immune response might have provided a
clinical benefit to the elderly subjects.
High rates of arthralgia and myalgia have been observed

in patients undergoing antimony therapy10,36 as well as in-
creases in creatinine and transaminases.37,38 In addition,
there are case reports of sudden death occurring in CL pa-
tients during antimony therapy.39,40 In an attempt to decrease
the risks of adverse events associated with antimony therapy
in leishmaniasis, patients in this study were treated with the
same total dose of antimony, but injections were applied on
Mondays, Wednesdays, and Fridays rather than daily. The
frequencies of arthralgia and myalgia were similar in young
and elderly patients and these manifestations were mild.
Furthermore, only one patients in each group had an elevation
of creatinine, and abnormal urea and trasaminases. As the
cure rate was similar to that in other studies performed in the
same endemic area,25–27 we conclude that increasing the in-
terval time between the injections did not influence the re-
sponse to therapy but may have attenuated myalgia and
arthralgia and prevented common laboratory abnormalities
observed during antimony therapy.
The ability of antimony to induce electrocardiographic

changes has been well documented in the treatment of
visceral and tegumentary leishmaniasis.36,41 In visceral
leishmaniasis (VL), it has been clearly shown that electro-
cardiographic changes are dose dependent as they oc-
curred in 22% of VL patients who received 10 mg of Sb5/kg/
day, in 52% of those treated with 20–30 mg, and in 100% of

TABLE 4
Major electrocardiographic abnormalities in elderly or young patients with cutaneous leishmaniasis before and during treatment with pentavalent
antimony

Abnormality

Elderly (N = 28) Young (N = 34)

P valueBefore therapy After therapy Before therapy After therapy

Ventricular repolarization 3 (10.7%) 6 (21.5%) 3 (8.8%) 4 (11.8%) NS
Ventricular overload 0 (0%) 4 (21.5%) 0 (0%) 0 (0%) P < 0.05*
Right bundle branch block 1 (3.6%) 4 (14.5%) 0 (0%) 1 (2.9%) P < 0.05*
Prolongation of the corrected QT interval 0 (0%) 2 (7.2%) 0 (0%) 0 (0%) NS
Premature ventricular contraction 1 (3.6%) 4 (14.5%) 1 (2.9%) 1 (2.9%) P < 0.05*
Sinus bradycardia 1 (3.6%) 1 (3.6%) 1 (2.9%) 1 (2.9%) NS
*Comparison between the frequency of abnormalities before and after therapy in the elderly and also between the elderly and young patients after therapy.
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patients treated with 30 mg of Sb5/kg/day.41 Herein, elderly
patients demonstrated not only more electrocardiographic
changes but also that the changes that were observed were
more severe than those in young subjects. Specifically de-
serving of attention is the appearance of ventricular overload
and ventricular arrhythmia in this group of patients. Because
abnormalities were not associated with clinical complaints,
antimonywas not stopped in these patients. However, these
findings indicate the high risk of the occurrence of heart
failure and a potential higher risk of sudden death among the
elderly subjects during antimony treatment.
We recognize that the number of participants in the study

and the lack of histopathologic and in situ immunologic
studies may have prevented the detection of additional im-
plications of age in the pathogenesis and response to therapy
among elderly patients. However, the observation that the
changes in the immune response in the elderly did not influ-
ence the response to antimony therapy in CL, and the ap-
parently greater suppressive effects of IL-10 are highly
relevant findings. In addition, our observation that the rates of
ventricular arrhythmia and ventricular overload in response to
antimony therapywere higher in elderly than in young subjects
mayunderscore aneed to implement alternative and less toxic
therapeutic approaches to elderly patients with CL.
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PassosS,GlesbyMJ,CarvalhoEM, 2007. Influenceof helminth
infections on the clinical course of and immune response to
Leishmania braziliensis cutaneous leishmaniasis. J Infect Dis 1:
142–148.

26. Machado PR, Ampuero J, Guimarães LH, Villasboas L, RochaAT,
Schriefer A, Sousa RS, Talhari A, Penna G, Carvalho EM, 2010.
Miltefosine in the treatment of cutaneous leishmaniasis caused
by Leishmania braziliensis in Brazil: a randomized and con-
trolled trial. PLoS Negl Trop Dis 4: e912.

27. Prates FV, Dourado ME, Silva SC, Schriefer A, Guimarães LH,
Brito MD, Almeida J, Carvalho EM, Machado PR, 2017. Flu-
conazole in the treatment of cutaneous leishmaniasis caused
by Leishmania braziliensis: a randomized controlled trial. Clin
Infect Dis 64: 67–71.

28. Weirather JL et al., 2011. Serial quantitative PCR assay for de-
tection, species discrimination, and quantification of Leish-
mania spp. in human samples. J Clin Microbiol 49: 3892–3904.

29. Sousa Ade Q, Parise ME, Pompeu MM, Coehlo Filho JM,
Vasconcelos IA, Lima JW, Oliveira EG, Vasconcelos AW, David
JR, Maguire JH, 1995. Bubonic leishmaniasis: a common
manifestation of Leishmania (Viannia) braziliensis infection in
Ceara, Brazil. Am J Trop Med Hyg 53: 380–385.

30. Reed SG, Andrade ZA, Roters SB, Inverso JA, Sadigursky M,
1986. Leishmania mexicana amazonensis em camundongos
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