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Abstract

Introduction: Favorable responses in American tegumentary leishmaniasis (ATL) patients to treatment with 5 mg Sb'/kg/day
meglumine antimoniate (MA) has been reported in Rio de Janeiro, but little is known regarding the therapeutic response to low doses
in patients from other locations. Methods: A retrospective review of medical records was conducted to compare the therapeutic
response to 5 mg Sb¥/kg/day MA treatment among 36 patients who acquired ATL in Brazilian states other than Rio de Janeiro (OS
group) and 72 patients from Rio de Janeiro (RJ group). Results: One course of 5 mg Sb'/kg/day MA cured 72.8% of 81 cutaneous
(CL) and 66.6% of 27 mucosal (ML) leishmaniasis-infected patients: 70% in the CL/RJ group, 81% in the CL/OS group, 50% in
the ML/RJ group, and 80% in the ML/OS group. After up to two additional treatment courses at the same dose, 88.9% and 85.2% of
the CL and ML patients were cured, respectively. Adverse events were observed in 40% of patients in the CL/RJ group, 57% of the
CL/OS group, 58% of the ML/RJ group, and 80% of the ML/OS group. No significant differences were observed in the cure rates or
adverse effects between the RJ and OS groups. No patients required permanent discontinuation of treatment due to adverse events.
Conclusions: Patients with ATL acquired in both RJ and OS may respond to low-dose MA. While high-dose MA should remain the
standard treatment for ATL, low-dose MA might be preferred when toxicity is a primary concern.

Keywords: American tegumentary leishmaniasis. Leishmania spp.; Leishmania (Viannia) braziliensis subpopulations.
Therapy. Meglumine antimoniate. Low-dose.

INTRODUCTION Leishmania (Viannia) braziliensis is the most frequent and
dispersed etiological agent in the Brazilian territory; L. (V)
guyanensis is a prominent agent in the Amazon basin; L.
(Leishmania) amazonensis is less frequent in all Brazilian
regions'?,

American tegumentary leishmaniasis (ATL) is a group
of complex diseases caused by different Leishmania species,
transmitted by insects of the Phlebotominae family. It is
distributed in all the Brazilian states. ATL can affect the skin o
(cutaneous leishmaniasis - CL) and the mucosa of the upper For decades, the World Health Organization (WHO) has

airways and digestive tract (mucosal leishmaniasis - ML). recommended the use of systemic pentavalegt antimonia.ls
(SbY) for the treatment of CL. Although their therapeutic

response may vary in different regions, the use of 20 mg Sb"/
Corresponding author: Armando de Oliveira Schubach. kg/day for 20 days has been suggested. In 2010, a committee
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uncommon. Therefore, treatments for CL should also not be
life-threatening, and adverse effects should be monitored**. In
2013, the Pan American Health Organization (PAHO) updated
those recommendations and highlighted the need to incorporate
scientific evidence available in each country regarding their
respective national control programs?.

Intramuscular (IM) or intravenous (IV) meglumine
antimoniate (MA) is recommended in Brazil as the first option
for the treatment of ATL: for ML, 20 mg SbY/kg/day for 30 days,
preferably concurrent with 400 mg pentoxifylline three times a
day, and for CL, 10 to 20 mg Sb* / kg / day for 20 days. In both
cases, the limit of 3 ampoules (1,215 mg Sb") per day is advised.
The Brazilian Ministry of Health defines therapeutic failure as an
unsatisfactory response to two regular and sequential courses of
treatment®. Although the therapeutic response to MA may present
regional differences®’® resistance to antimonials is not a national
public health problem, and 50 to 100% of the patients with an
unfavorable response to the initial treatment respond satisfactorily
to a second course of treatment with the same therapeutic
scheme?’. If a therapeutic failure ensues, the use of a second-
choice drug such as amphotericin B (desoxycholate or liposomal
forms) or pentamidine isethionate? is suggested. In areas where
L. (V) guyanensis is the main etiological agent, pentamidine
isethionate is the first-choice drug®. All three recommended
medicines are considered effective, although they may cause
adverse effects and occasionally may lead to death. From 2001
to 2013, 337,336 cases of ATL were reported in Brazil, with
1,522 deaths (lethality = 0.45%)'*!". Since ATL not typically a
life-threatening disease, this seems to be a high lethality rate when
compared to other potentially lethal diseases such as tuberculosis
(2.05%) and visceral leishmaniasis (6.56%)'>'%. Several of these
deaths may be consequent to the MA treatment administered in
standard doses, with poor patient follow-up during treatment'.

Until the mid-1980s, patients with ATL were treated with a
daily MA ampoule, regardless of body weight, in the Evandro
Chagas National Institute of Infectious Diseases (INI), Oswaldo
Cruz Foundation (Fiocruz), located in Rio de Janeiro city'*".
Such a practice was at the time recommended by compendia of
infectious diseases'® and dermatology'’. A retrospective study
of 151 patients treated with a daily MA ampoule between 1967
and 1982 allowed the average administered dose to be calculated
according to patient body weight. Fifty-one of these patients were
re-evaluated between 5 and 14 years post-treatment and remained
clinically cured'. The therapeutic regimen of IM or [V 5 mg Sb*/
kg/day MA for 30 days was subsequently adopted in INI/Fiocruz
as the first-choice treatment for CL'®!°. However, adverse effects
continued to cause temporary interruption of treatment in the
elderly and patients with comorbidities. These patients, however,
sustained improvement during the period without medication®.
Other authors reported that intermittent MA schedules were
better tolerated than continuous regimens®'. Based on these
observations, MA 5 mg Sb*/kg/day IM or IV was successfully
administered in up to three 10-day series interspersed with 10-day
periods without medication for CL treatment in patients above
60 years, those with comorbidities, or after discontinuation of
systemic treatment due to adverse effects?. In different series of
cases of CL'#!19203 or ML patients treated with 5 mg Sb*/kg /

770

day MA, the frequency of successful treatment varied between 80
and 86%. These responses were similar to the efficacy of 76.5%
reported for the conventional dose of 20 mg Sb¥ / kg / day’, but
with a lower frequency of adverse effects®.

Clinical trials are the most appropriate studies to evaluate
treatments>*. However, published clinical trials comparing
low-dose MA (5 mg Sb*/kg/day) with the standard high-dose
(20 mg SbY/kg/day) regimen are rare and restricted to Rio de
Janeiro'?¢. In 2017 the Brazilian Ministry of Health considered
that the therapeutic regimen with MA 5 mg SbY/kg/day as used in
Rio de Janeiro could be utilized in other regions of the country
when the use of 20 mg Sb*/kg/day poses a risk for the patients
due to their clinical conditions®>. However, it was noted that the
available studies were developed with patients infected with
the genotypes of Leishmania sp. in the state of Rio de Janeiro.

However, in the last three decades, the conventional dose
of 20 mg SbY/kg/day has not been commonly used at INI/
Fiocruz for the treatment of ATL?, regardless of the Brazilian
state in which patients acquired the infection?. Between 2001
and 2013, 777 patients with ATL were treated at INI/Fiocruz'’,
comprising 581 (74.8%) CL and 196 (25.2%) ML cases. In 86.1%
of patients infections were acquired in Rio de Janeiro, and in
other Brazilian states in 13.9%. Patients with poor therapeutic
responses, and those who relapsed after an apparent good initial
response were generally treated with 5 mg Sb/kg/day MA or
with intralesional MA, once or twice before attempting treatment
with another drug, thus accomplishing a total of 997 courses of
treatment in the 777 patients. Out of the 997 courses of treatment
performed, 91.7% were executed with MA: 73.1% with 5 mg
Sb'/kg/day, 12.2% via the intralesional route, and only 6.4%
with 20 mg SbY/kg/day'®. Most of the patients in the last group
had been included in a clinical trial for CL?* or ML (ongoing).
Amphotericin B (desoxycholate or liposomal forms) was used in
6.3%, pentamidine isethionate in 1.2% and other drugs in 0.8%
of the patients. The lethality coefficient was 0.1%, the relapse
incidence was 5.8%, and the late ML incidence post-CL treatment
was 0.25%. In regard to the outcomes for the 777 patients, 95.9%
were cured, 0.1% died (one patient treated with 20 mg Sb'/kg/
day), and 4.0% abandoned follow-up'®. A high lethality would
be expected considering INI/Fiocruz is a reference center which
receives serious and complicated cases from different Brazilian
regions; however such a lethality did not occur. Furthermore, if
alternative low-dose regimens with MA were inadequate, a high
incidence of skin lesion reactivations and late mucosal lesion
development would be expected, but those did not occur either.

In this study, we compared responses to treatment with 5 mg
SbY/kg/day MA administered to patients from the state of Rio
de Janeiro with treated patients from other Brazilian states. In
addition, we characterized the species of Leishmania and the
subpopulations of L. (V.) braziliensis acting as etiological agents.

METHODS

Study design and patients

This study consisted of a retrospective review of medical
records to compare the proportions of therapeutic response to
MA 5 mg SbY / kg / day between two groups of patients with
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ATL: those who acquired Leishmania infection in the state
of Rio de Janeiro (the RJ group), and those who acquired
Leishmania infection in Brazilian states other than Rio de
Janeiro (the OS group).

The studied population was composed of ATL patients
treated between 2000 and 2011 at INI. During the study period,
the same protocol was used for diagnosis, treatment, and follow-
up by a medical team composed of dermatologists, ear, nose, and
throat specialists, and infectious diseases specialists. Mucous
membranes were evaluated by nasal video-endoscopy and video-
laryngoscopy with the aid of rigid endoscopes at 30° or 70°
(Storz, Germany), in each medical appointment. For diagnostic
purposes, patients underwent biopsy of skin and mucosal lesions
for isolation of promastigote forms of Leishmania sp. in biphasic
Novy, MacNeal, and Nicolle medium (NNN) plus Schneider's
Drosophila medium (Sigma-Aldrich) supplemented with 10%
fetal bovine serum. All the isolates were cryopreserved in a
sample bank for later identification of the involved species.

Patients with CL were treated with 5 mg Sb'/kg/day MA
intramuscularly or intravenously over 30 days?. Patients with
ML were treated with MA 5 mg Sb'/kg/day intramuscularly or
intravenously for 30 to 120 days until epithelialization and a
non-infiltrated, or a minimally infiltrated mucous membrane
was observed”. During the treatment period, MA vials were
dispensed in a sufficient amount to be administered daily until
the next scheduled medical appointment.

Treatment responses were checked in CL and ML patients,
respectively, by dermatologic and ear, nose, and throat
examination every 7 to 10 days during treatment, and in 1, 3, 6,
9, 12, 18, 24, 36, 48 and 60 months after the end of treatment.
For both CL and ML patients, epithelialization was defined as
ulcer closure without any erosion. For CL patients, complete
healing (scarring) was characterized by epithelialization and
absence of crusts, desquamation, infiltration, or erythema*?.
For ML patients, a cure was defined as epithelialization and
absence of mucous membrane infiltration without post-treatment
recurrence*?. Epithelialization time and complete healing time
were measured in days and compared between the groups.

For both CL and ML patients, clinical worsening was defined
as the deterioration of the presenting signs or the appearance
of new lesions, verified at any medical appointment. A poor
therapeutic response was defined as an inability to achieve a
clinical cure*?*. The patients with poor therapeutic responses
or those whose lesions relapsed after apparently positive initial
responses were typically treated subsequently with 5 mg Sb*/kg/
day MA, intralesional MA, or amphotericin B (desoxycholate
or liposomal forms).

Clinical evaluation of adverse events was performed every
7 to 10 days during treatment and 1 month after the end of
treatment. Electrocardiograms and peripheral blood samples
for routine laboratory tests (complete blood count, and serum
aspartate transaminase, alanine transaminase, gamma-glutamyl
transferase, alkaline phosphatase, amylase, lipase, glucose,
urea, and creatinine) were obtained at baseline and each clinical
assessment>?*%, Clinical, laboratory, and electrocardiographic
adverse events were graded using a toxicity scale adapted from

the Division of AIDS Table for Grading of Severity of Adult
and Pediatric Adverse Events?’.

Criteria for the selection of patients in this study

All patients that acquired Leishmania infection in Brazilian
states other than Rio de Janeiro and: 1) were diagnosed by the
isolation of Leishmania spp. in culture; 2) the isolates remained
cryopreserved for species identification, and 3) who initiated and
concluded treatment with 5 mg Sb/kg/day MA at INI/Fiocruz
were included in the OS group. For each patient selected for
the OS group, we randomly selected two patients that acquired
Leishmania infection in the state of Rio de Janeiro and which
fulfill above criteria 1, 2 and 3 (the RJ group).

Each patient was questioned regarding the site of acquisition
of Leishmania infection during a careful interview, with
questions regarding current and previous places of residence,
trips for work or leisure reasons, and possible exposures in
endemic areas.

Sample preparation

Leishmania promastigotes isolated from each patient were
stored in liquid nitrogen (N,) and subsequently recovered after
two passages in Schneider’s Drosophila medium (Sigma,
Steinhein, Germany) supplemented with 10% fetal bovine serum
(WL - Inmunoquimica) at 26°C. Parasites in the stationary phase
were harvested by centrifugation at 4.000 rpm for 10 min at 4°C
and washed several times with sterilized phosphate-buffered
saline, pH 7.2. The L. (V.) braziliensis reference strain MHOM/
BR/75/M2903 was used as a control in all experiments.

Leishmania sample identification

We used multi-locus enzyme electrophoresis (MLEE) for
Leishmania identification®®. Five enzyme systems were used:
6PGDH (6-phosphogluconate dehydrogenase, EC.1.1.1.43);
GPI (phosphoglucose isomerase, EC.5.3.1.9); NH (nucleoside
hydrolase, 2 loci, EC. 3.2.2.1); G6PDH (glucose-6-phosphate
dehydrogenase, EC.1.1.1.49), and ME (malic enzyme, EC.
1.4.1.9) (Sigma, Steinhein, Germany). Considering the most
frequent Brazilian dermotropic species, L. (V.) braziliensis
(MHOM/BR/75/M2903), L. (L.) amazonensis (IFLA/BR/67/
PHS) and L. (V) guyanensis (MHOM/BR/1975/M4147)
reference strains were used as controls in all MLEE experiments.

Evaluation of ITS2 region heterogeneity in
Leishmania braziliensis

We used PCR assays and amplified product sequencing to
compare a representative panel of L. (V) braziliensis samples
isolated from RJ and OS patients. DNA from promastigotes was
extracted using a DNAzol (Invitrogen, Life Sciences, USA) kit
according to the manufacturer’s instructions. Then, DNA was
stored at —20°C until tests were performed.

The PCR assay was performed for the ITS2 region of ribosomal
DNA, using IR2 (5’-GCGGGTAGTCCI’GCCAAACACTCAG
GTCTG) and L5.8SR (5’-AAGTGCGATAAGTGGTA-3’) as
primers; a product of 750 base pairs (bp) was generated. The
total PCR mixture volume per reaction was 25 pL: 10 pmol/
pL of each primer was used, 0.2 mM of each deoxynucleoside
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triphosphate (ANTP), and 3 mM MgCl, and 1 U AmpliTaq
Gold® PCR polymerase (Applied Biosystems). PCR was
performed using the following thermal cycling: 95°C for 10
min, followed by 95°C; 33 x 20 s cycles at 53°C for 30 s, and
72°C for 1 min, with a final cycle at 72°C for 6 min. All PCR
products were analyzed using 2% agarose gel electrophoresis.
In addition, all products were purified using a QIAquick Gel
Extraction kit (Qiagen, Crawley, United Kingdom) according
to the manufacturer’s instructions.

An automated sequencer (3730 DNA Analyzer, Applied
Biosystems) was used for sequencing DNA and all nucleotide
sequences. All nucleotide sequences obtained for molecular
targets were aligned and compared using Mega 6.0v software®.
The same software was used for estimating genetic divergence
among sequences from the patients belonging to the RJ and OS
groups, generated per Tamura-Nei’s algorithm, and considering
uniform rates and a partial deletion of 95%.

Statistical analysis

Exploratory data analysis was performed by analyzing
frequencies of qualitative (gender, Leishmania species, clinical
form, and lesions location), and quantitative variables (number
of lesions and their evolution time), in addition to summary
statistics (mean, standard deviation) of age and the median,
minimum, and maximum treatment time, follow-up time, and
the time between the first and second treatment.

The Pearson’s Chi-squared test or Fisher’s exact test (for
2 x 2 tables or expected counts < 5) were used to evaluate

demographic, clinical, and therapeutic factors (total, moderate,
and severe clinical, laboratory, and electrocardiographic adverse
events) associated with the patient’s origin of infection (RJ x OS
groups) adjusted by the clinical form (CL or ML). A comparison
between a ‘cure’ and ‘poor treatment response’ was performed
within each group of infection origin adjusted by clinical form.
The Kolmogorov-Smirnov test did not reject the null hypothesis
at a 5% significance level for the association of age with the
infection origin group; thus, a t-test was used.

Statistical Package for Social Sciences (SPSS) 16.0v
software was used for data analysis. Test values p < 0.05 were
considered statistically significant. Due to some small cell
counts, we additionally provided the frequency counts.

Ethical Approval

The Research Ethics Committee of INI (code CAAE
18473213.5.0000.5262) approved this study, and the study was
conducted in accordance with the Helsinki Declaration of 1964,
as revised in 1975, 1983, 1989, 1996, and 2000. All patients
provided informed consent.

RESULTS

Patients

During the study period, 809 ATL patients were attended at
INI. According to the inclusion criteria, 36 patients were selected
for the OS group. For the RJ group, we randomly selected 72
patients from the 354 eligible patients (Figure 1).

~

809 ATL patients
(654 CL and 155 ML)

419 Patients excluded O\
26 unknown sites of infection
241 Leishmania cultures not performed or negative

145 treatments other than MA 5mg Sb'/kg/day
7 non-cryopreserved Leishmania isolates

A

390 ATL patients
eligible for the study
(311 CL and 79 ML)

354 patients from RJ eligible for the study
(290 CL and 64 ML)

72 patients from RJ randomized

(60 CL and 12 ML)

ATL = American tegumentary leishmaniasis; CL = cutaneous leishmaniasis; ML = mucosal leishmaniasis
\ MA = meglumine antimoniate; RJ = Rio de Janeiro state; OS = Other Brazilian states )

1
36 patients from OS eligible for the study
(21 CL and 15 ML)

FIGURE 1: Flow chart of inclusion and exclusion of the studied patients, from the population of patients with American
tegumentary leishmaniasis treated at Evandro Chagas National Institute of Infectious Diseases, Oswaldo Cruz

Foundation, Rio de Janeiro, between 2000 and 2011.
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Among the OS group, 42% were from the northern region
(according to the Brazilian state where the infection occurred,
25.2% patients from Amazonas, 11.2% from Para, 2.8% from
Rondoénia, and 2.8% from Roraima); 33% were from the
northeastern region (8.3% from Ceara, 8.3% from Bahia, 5.6%
from Maranhao, 2.7% from Paraiba, 2.7% from Pernambuco,
2.7% from Sergipe, and 2.7% possibly from Alagoas or Ceara);
22% were from the southeastern region (19.2% from Minas
Gerais and 2.8% from Espirito Santo); and 3% were from the
central-west region (3% from Goias). In the RJ group, 58.3%
of the patients were from the city of Rio de Janeiro.

The distribution of the 108 patients by age, sex, and clinical
features according to clinical form (CL or ML) and the site where
the infection was acquired (RJ or OS) are shown in Table 1.

Therapeutic outcome

Four out of the 108 patients received antimonial treatment
prior to the study: one in the CL / RJ group (one month before),
two in the CL / OS group (respectively, 3 and 9 months before),
and one in the ML/OS group (3 months earlier).

One course of 5 mg Sb'/kg/day MA resulted in cures in
72.8% of 81 CL, and in 66.6% of 27 ML patients (Figure 2).

TABLE 1: Clinical features and responses to treatment with 5 mg Sb'/kg/day meglumine antimoniate in 108 patients with American tegumentary leishmaniasis
according to the clinical form: cutaneous leishmaniasis (CL) or mucosal leishmaniasis (ML), and to the site where infection was acquired: in Rio de Janeiro

(RJ) or other Brazilian states (OS).

CL (N=81) ML (N=27)
Clinical features RJ (N=60) 0OS (N=21) p-value? RJ (N=12) 0OS (N=15) p-value?
Age (years)
Median (Min - Max)° 30 (0-75) 30 (8-75) 0.406 52 (12-75) 52 (12-80) 0.954
Evolution time (months)
Median (Min - Max)® 2 (0.25-12) 2 (0.50-18) 0.687 3(1-24) 24 (1-704) 0.004
Male
n (%)° 36 (60) 16 (76) 0.183 12 (100) 10 (67) *
With Co-morbidities®*
n (%)° 20 (33) 5(28) 0.658 7 (64) 10 (71) 1.000
Site of the lesions n (%)°
Nasal exclusive' - - - 3(25) 10 (67) 0.054
Legs and feet 19 (32) 13 (62) 0.015 - - -
Ulcerative cutaneous lesions
n (%)° 56 (93) 15 (71) 0.016 - - -
Number of cutaneous lesions
Median (Min - Max)® 1(1-6) 1(1-5) 0.855 - - -
Diameter of the greater cutaneous lesion (mm)
Median (Min - Max)° 28 (7-110) 20 (5-55) 0.141 - - -
Therapeutic Response
Cure after first treatment
n/N (%)° 42/60 (70) 17/21 (81) 0.404 6/12 (50) 12/15 (80) 0.127
Cure after second treatment
n/N(%)s 10/15 (67) 3/4 (75) 1.000 4/5 (80) 1/3 (33) 0.464
Cumulative cure after second treatment
n/N (%)° 52/60 (87) 20/21 (95) 0.434 10/12 (83) 13/15 (87) 1.000
Cumulative cure after third treatment
n/N (%)° 53/60 (88) 20/21 (95) 0.673 10/12 (83) 14/15 (93) 0.569
Epithelialization time (days) after first treatment
Median (Min - Max)® 54 (14-174) 35 (23-72) 0.254 - - -
Complete healing time (days) after first treatment
Median (Min - Max)® 131 (41-348) 68 (47-341) 0.013 98 (54-150) 153 (79-465) 0.095

aSignificant p-values of < 0.05 are highlighted in bold; ® Min - Max: Minimum - Maximum; ©n: absolute number; ¢ missing: CL / OS 3 patients; ML/RJ 1
patient; ML / OS 1 patient; °CL / RJ — asthma, cardiopathy, diabetes mellitus, dyslipidemia, rheumatic fever, arterial hypertension, and hypothyroidism; CL/
OS - cardiopathy, hyperthyroidism, chronic renal failure, psoriasis, Hashimoto’s thyroiditis, and talassemic trace; ML/RJ — cardiopathy, diabetes mellitus,
psychiatric disorder, alcoholism, arterial hypertension, chronic renal failure, syphilis, and tuberculosis; ML/OS — bronchitis, cardiopathy, diabetes mellitus,
alcoholism, strongyloidiasis, arterial hypertension, hypothyroidism, chronic renal failure, and syphilis; fLesions exclusively located in the nasal mucosa were
considered less severe. Lesions in mucous membranes other than the nasal mucosa, associated or not with lesions in the nasal mucosa, were considered

severe; 9 n/N: cured/treated. * Statistical tests were impossible.

773



Cataldo JI et al. - Tegumentary leishmaniasis low-dose treatment

‘(SO) sejess ueljizelg J8y)o Ul 10 ‘([Y) odisuer ap o1y Ul painboe sem uoiosjul 81eym eale 8y} 0} pue ‘() SISeluBWYSIS| [eSoonw
10 ‘(D) Siseluewysio| SNOBUEIND :LLIO) [BD1Ul[0 By} 0} Buiploooe ‘ejeluowiue suiwn|Baw Aep/By/,qs Bw G yim juawiesl) o} (1Y) siseluewysia| Alejuswinba) uesuswy yim sjuaiied go| o sesuodsay :Z JHNOIL

4 )
JUSLWIEA] paUopUEgE 1eY) sjuaned 1o Jaquinu = .
g urauaroydie 1o peuownue auuniBaw [eucisa iUl Jaye paund sjuaned Jo Jaguinu = .
1enasnwenul eia fep ; By ,as 6w g aleluownue auwnibaw 1aye siuaned painiun Jo 1agquinuy = E - I
JEINISNLLEIIU m._>h.mm.ﬂ. ! _wv_ f0s f G Il uowmnue mc_E:_me J=ue Um_._zumﬁcw_—md 10 l2quing = E —I
31 IN J1
IN T 21 ONT ot INT IE IN S D0t
L | L | | | L I
ON € k4’ IN9 09 ION ¥ LT ON 8T B4
I . ] | 0 ] | . | | 0 ]
SOSGT et SOT¢ r4 09
L I | L I |
syuaned 1N /¢ syuaned 1D 18
L T |
sjuaied 11V 80T
- J

774



Rev Soc Bras Med Trop 51(6):769-780, Nov-Dec, 2018

The cure rates, epithelialization time, and complete healing time,
according to the clinical form (CL or ML) and to the site where
the infection was acquired (RJ or OS) are shown in Table 1.
The complete healing time was lower in the CL/OS group than
in the CL/RJ group (p=0.013). No other statistically significant
differences were observed between the RJ and OS groups.

Nineteen patients with CL and eight patients with ML
received a second course of treatment with 5 mg Sb*/kg/day
MA treatment. The mean time between the first and second
treatments in patients with CL was 81 days (minimum 12 and
maximum 713 days), and in patients with ML, it was 166 days
(minimum 47 and maximum 700 days). Complete healing
was observed in 13 of these 19 patients (68%) with CL, and
in five of these eight patients (62%) with ML (Figure 2). The
cure rates according to the clinical form (CL or ML) and to the
site where the infection was acquired (RJ or OS) is shown in
Table 1. No significant differences were observed between
the RJ and OS groups. It was not possible to recover the
epithelialization time of these patients from their medical
records. The complete healing time was 107 days (minimum
13 and maximum 295 days) in the CL/RJ group (eight patients
evaluated and two missing), and in the CL/OS group (three
patients) it was 42, 61, and 63 days, respectively.

Three patients in the CL/RJ group and one patient in the ML/
OS group received a third course of treatment with 5 mg Sb'/kg/

day MA. The time eclapsed after the second treatment was 76,
86, and 108 days for the patients with CL, and 422 days for the
patient with ML, respectively. Complete healing was observed in
two patients (one CL and one ML) (Figure 2). It was not possible
to recover the epithelialization time of the medical records from
these patients. The complete healing time was 145 and 67 days
for the patient in the CL/RJ and ML/OS groups, respectively.
The small number of patients submitted to the third treatment
did not allow statistical verification between RJ and OS groups.

After up to two additional treatments with the same dose,
88.9% and 85.2% of the CL and ML patients were respectively
cured (Figure 2). The cumulative cure rates according to the
clinical form (CL or ML), and to the site where the infection
was acquired (RJ or OS) is shown in Table 1.

Adverse events were observed in 40% of CL patients in the
RJ group and 57% in the OS group. Regarding ML patients,
the occurrence of adverse events was 58% in the RJ group and
80% in the OS group. The differences between the RJ and OS
groups were not statistically significant for both CL and ML
(p=0.398 and 0.174, respectively). Permanent discontinuation of
treatment due to adverse events was not required for any patient.

Figure 3 demonstrates the occurrence or absence of clinical,
laboratory, and electrocardiographic adverse events, classified
according to the severity (mild, moderate and severe), to the
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FIGURE 3: Distribution of clinical, laboratory, and electrocardiographic adverse events, by grade of severity (mild, moderate and
severe) in 108 patients with American tegumentary leishmaniasis treated with 5 mg Sb*/kg/day meglumine antimoniate according
to the clinical form: cutaneous leishmaniasis (CL) or mucosal leishmaniasis (ML), and to the area where infection was acquired: in

Rio de Janeiro (RJ) or in other Brazilian states (OS).
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clinical form (CL or ML), and to the origin of patients (RJ or
OS). There were no statistically significant differences regarding
the occurrence of clinical, laboratory, and electrocardiographic
adverse events between RJ and OS groups in CL (p=0.077, 0.278,
0.670, respectively) and in ML patients (p= 0.128, 0.452, 1,000,
respectively). The description and the amount of clinical, laboratory,
and electrocardiographic adverse events is shown in Table 2.

Out of 27 patients who required a second treatment with MA
5 mg Sb'/kg/day, ten presented with some adverse event. Eight
presented clinical adverse events (six graded as mild and two
as moderate). Three presented laboratory adverse events (one
mild, one moderate, and one severe). One patient presented a
moderate electrocardiographic adverse event. All four patients
who required a third treatment with MA 5 mg SbY/kg/day did
not present any adverse events.

The median follow-up time after the end of the last course of
treatment with MA 5 mg Sb¥ /kg/day until the date of the last evaluation
was 1,174 days (a minimum of 10 and a maximum of 5,642 days).

Species etiological identification

Twenty-one (58%) out of 36 samples could be identified in
the OS group. Leishmania (L.) amazonensis was identified in
one patient from Maranhdo, and L. (V) guyanensis was identified
in two patients from Amazonas. Leishmania (V.) braziliensis was
identified in 18 (86%) out of the 21 patients, of whom seven
were from the northern region (four from Amazonas, one from
Rondoénia, one from Roraima, and one from Pard), six from the
northeastern region (three from Bahia, one from Ceara, one from
Maranhao, and one probably from Alagoas or Ceard), four from
the southeastern region (all from Minas Gerais), and one from
the central-western region (Goids). Among those 18 samples
identified as L. (V.) braziliensis, 16 presented Z27 isozyme
patterns, and two samples were iso-enzymatic variants for the
ME, 6PGDH and the GPI loci when compared with the L. (V)
braziliensis reference strain. These two iso-enzymatic variants
were found to be identical to each other, and both patients were
from the state of Amazonas.

TABLE 2: Clinical, laboratory, and electrocardiographic adverse events observed in 108 patients with American tegumentary leishmaniasis treated with 5

mg Sb'/kg/day meglumine antimoniate, in descending order of occurrence.

Clinical adverse events

Number of patients

Musculoskeletal
Constitutional

Digestive

Local reactions
Pharmacodermias
Respiratory

Cardiac

Laboratory adverse events
1 lipase

1 creatinine

1 alkaline phosphatase

1 glucose

1 urea

1 amylase

1 aspartate transaminase

1 alanine transaminase

1 gamma-glutamyltransferase
| hemoglobin

| platelets

| glucose
Electrocardiographic adverse events
Enlargement of the corrected QT
Overload of left ventricle

Right bundle branch block

24

20

9

1"

10
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In the RJ group, 72 (100%) samples could be identified as L.
(V) braziliensis and classified as Zymodeme Z27%. No isozyme
variants were detected in this group.

Leishmania (V.) braziliensis was the only species identified
in all 29 patients with ML (six out of 15 patients with ML in the
OS group and all 14 patients with ML in the RJ group).

Amplification of the ITS region performed in a representative
panel of 12 L. (V.) braziliensis samples presented bands
of approximately 750 bp (all samples). Comparisons with
sequences stored in the GenBank database confirmed L. (V)
braziliensis in these samples, including two variants detected
by isoenzymes. Estimates of mean evolutionary divergence
among nucleotide sequences revealed that the evaluated L.
(V) braziliensis samples presented low intraspecific genetic
diversity (0.006) when comparing the sequences. Estimates of
mean evolutionary divergence among the base pair sequences
of L. (V) braziliensis from RJ and OS groups were 0.001793
and 0.006162, respectively.

DISCUSSION

This study compared the therapeutic responses to 5 mg Sb*/
kg/day MA treatment among ATL cases from Rio de Janeiro to
those in patients from other Brazilian states, and verified which
Leishmania species and L. (V.) braziliensis subpopulations were
involved as etiological agents. However, this is a retrospective
review of medical records with a limited power of inference,
since the sample size is not sufficient to compare the proportions
of the therapeutic responses to MA. Although the patients
selected for the RJ group were randomized in the proportion of
2 for each patient selected for the OS group, the randomization
was not sufficient to enable an equitable distribution of some
clinical characteristics between both groups. The time of
evolution of mucosal lesions was higher in the ML/OS group,
which could have resulted in a worse therapeutic response
than in the RJ group. However, this did not occur. Likewise,
the higher proportion of lesions located on the legs and feet
of patients in the CL/OS group, and the higher proportion of
ulcerative lesions in the CL/RJ group could have negatively
influenced the therapeutic responses in these groups, but again
this did not occur. No difference was observed between cure
rates and epithelialization time in both groups. Interestingly,
the complete healing time was lower in the CL/OS group than
in the CL/RJ group.

Leishmania (V.) braziliensis was found in 100% of samples
from the RJ group, and in 86% of samples from the OS group.
Two L. (V.) braziliensis isozyme variants were identified in the
OS group. Three other analyzed cases (1 patient with ML and
2 with CL) from Bahia were caused by L. (V.) braziliensis with
isozyme profiles similar to the L. (V) braziliensis reference
strain. Some authors suggested that different ATL clinical forms,
including localized or disseminated leishmaniasis, are caused
by distinct L. (V) braziliensis subpopulations distributed among
various locations of the state of Bahia®3'32, Previous studies
performed in Rio de Janeiro observed no association between
Leishmania’s genotypic patterns and the clinical manifestations
or therapeutic responses®*-#+3,

Leishmania (L.) amazonensis (1 case) and L. (V) guyanensis
(2 cases) were isolated from patients who acquired infections
in the states of Maranhdo and Amazonas, respectively,
corroborating epidemiological data from these regions>**37. As
42% of the OS individuals came from the northern region, it
is interesting to comment on the possibility of the presence of
other species causing the lesions, especially L. (V.) shawi, and
L. (V) naiffi**, which could not be retrieved. The presence of
a single cutaneous lesion was prevalent in our patients (79%),
and this coincides with the classic clinical patterns described
for ATL in Brazil when caused by L. (V) braziliensis>*. ML is
arare but serious metastatic complication of ATL, presenting in
less than 5% of all patients®*. If we consider the status of INI
as a center where severe and complicated cases from several
Brazilian regions are referred, we would expect to find an
increased proportion of patients with ML, as described in this
study'®. Leishmania (V,) braziliensis is the primary causative
agent of mucocutaneous forms in South America®3*, and
was the only species identified in the patients with ML in this
study.

Since this is a retrospective review of medical records and
not a clinical trial, it is not possible to certify that the prescribed
treatment doses were necessarily administered, nor that the
consultation protocol was strictly followed by all patients.
However, during the treatment period, patients received a
sufficient number of MA vials for daily treatment until the next
scheduled medical appointment. This routine prevents patients
from using a greater amount of medication than prescribed
during the treatment period. We posit that some patients may
have used less than the recommended amount of medication if
they did not use all the received ampoules. Another possibility
is the interruption of the treatment for a few days due to missed
appointments. Unfortunately, there was no strict control of
adherence to treatment among this study cohort. However, the
medical records display the date of the beginning and the end of
the treatments, as well as instances of therapeutic interruptions
due to adverse events or any other reasons.

One or two additional courses of 5 mg Sb¥/kg/day MA or
intralesional MA are usually performed at INI/Fiocruz before
changing to a second-line drug'®. Ninety percent of the 108
patients with ATL responded favorably to up to three courses
of treatment with 5 mg Sb'/kg/day MA, without significant
adverse events. This response reaches 92.6% if we consider
the courses of treatment with intralesional MA. It is important
to highlight that the therapeutic failure criteria proposed by the
Brazilian Ministry of Health include two subsequent regular
courses of treatment?.

The response to prolonged treatments is sometimes
questioned and attributed to eventual spontanecous healing.
However, some studies suggested a low rate of spontaneous cure
for ATL after no treatment or use of placebo, particularly in L.
(V) braziliensis infection*'*2, In addition, spontaneous healing
is not an expected occurrence in ML>%.

Another question would be whether treatments performed
for long periods could discourage patients from continuing
treatments. Only one patient abandoned treatment in our study.
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Between 2001 and 2013, only 4% of 777 patients treated at
INI were lost to follow-up®. Another study found a significant
association between greater adherence to treatment and the use
of 5 mg Sb'/kg/day MA treatments*. Other authors reported that
an intermittent schedule (longer than the standard schedule)
was associated with a lower frequency of discontinuation of
treatment and loss to follow-up?!. Most adverse events in this
study were mild or moderate. No patient required permanent
discontinuation of treatment due to adverse events.

In most patients undergoing more than one 5 mg SbY/kg/day
MA course of treatment, the time elapsed between the courses
of treatment was relatively long. Although previous courses
of treatment may have contributed to the success of the next
treatment, apparently there was no increase in the frequency or
severity of adverse events.

Previous evidence suggests that a 5 mg Sb'/kg/day schedule
can promote a decrease in both the incidence and severity
of adverse events, without relevant impairment of treatment
effectiveness'*!>192044 A blind, non-inferiority, randomized,
controlled clinical trial included 72 patients from Rio de Janeiro.
In the intention-to-treat analysis, clinical cure was observed in
77.8% of patients treated with the alternative low-dose of 5 mg
Sb*/ kg/day, and in 94.4% of patients treated with the standard
high-dose regimen of 20 mg Sb*/kg/day. However, in the group
treated with 20 mg SbY/kg/day, there was a higher frequency
of serious adverse events and a higher frequency of treatment
interruptions. Out of the patients allocated in the group treated
with 5 mg Sb¥/kg/day MA who presented with an unfavorable
therapeutic response, 85.7% were cured after a second treatment
with 5 mg Sb'/kg/day MA or with intralesional MA. These
results suggest that an alternative low-dose of 5mg Sb'/kg/
day MA may be a viable treatment option, particularly when
treatment toxicity is a concern®.

However, there is no consensus whether patients infected by
different Leishmania species respond differently to treatment
using MA2%4, Among 90 patients infected by L. (V) braziliensis
in this study, 71% were cured after a single course of treatment,
and the other 19% after a second or third course. The only
patient infected by L. (L.) amazonensis in this study presented
with the classic localized cutaneous form with a single lesion,
which usually responds satisfactorily to antimonial drugs?; he
was cured after the first course of treatment. Despite the poor
expected response of L. (V) guyanensis to MA>*73" one out
of the two patients infected by this species was cured after the
second treatment using 5 mg Sb*/kg/day. Although MA is the
first-choice drug for treating ATL in Brazil, pentamidine has
been the drug of choice in the Brazilian Amazon basin for the
treatment of patients infected with this species®.

Forty-four patients with CL caused by L. (V.) braziliensis
were grouped into responders or non-responders to the initial
treatment with S5Smg Sb'/kg/day MA in a previous study.
However, 81% of the non-responders progressed to cure after
one to three additional courses of treatment (median=1) with MA
5 mg Sb/kg/day or intralesional MA. There was no association
between the genotype of the isolated parasites and the responder
or non-responder status®.
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Two other studies evaluated the genetic polymorphism and the
in vitro sensitivity in pairs of L. (V)) braziliensis isolates obtained
from CL patients before treatment with MA (5 mg SbY/kg/day or
intralesional) and after reactivation or treatment failure***’. The
first study revealed genetic polymorphism between the samples
isolated before treatment and after reactivation or treatment
failure, suggesting a possible differentiation of the structure of the
original parasite population*®. In the second study, an increase in
the median lethal dose (LD,,) values for the samples obtained after
treatment was observed, after exposure for both promastigotes
and amastigotes to the MA. However, in both studies patients
responded adequately to the second treatment using the same
initial therapeutic regimen, independent of the in vitro findings**’.

Overall, the results of these studies do not support the
hypothesis that treatment with 5 mg Sb*/kg/day MA may induce
the selection of clinically resistant strains and suggest that other
factors may influence the therapeutic outcome in patients with
unsatisfactory response to the initial treatment®>#¢47,

As expected, in our study the RJ group L. (V.) braziliensis
isolates were shown to be a homogeneous population. In the
OS group, we found two variants of isoenzymes among the
analyzed samples of L. (V.) braziliensis. Additionally, analyzing
the ITS region of the DNA of 12 L. (V.) braziliensis isolates,
higher genetic variability was found in the OS group samples,
when compared to the RJ samples. It is uncertain if the genetic
variability observed in L. (V) braziliensis populations is an
important factor affecting the therapeutic outcome***. Results
from our study and other studies®**** indicate that the L. (V)
braziliensis population endemic to the state of Rio de Janeiro
presents a homogeneous genetic pattern with low variability,
which could explain the favorable therapeutic response to MA
observed in patients who were infected in this state. However,
therapeutic response to antimonial drugs may vary in states other
than Rio de Janeiro, where ATL may be caused by different
Leishmania species or by an L. (V.) braziliensis subpopulation
with a high genetic variability®®*. Despite this fact, the results
of the current study confirmed the findings of previous studies
performed at INI/Fiocruz that included patients from other
Brazilian states,'***?*3 and suggest that patients infected by L.
(V.) braziliensis or other Leishmania species may respond to
low-dose MA, regardless of their geographic origin in Brazil.

Pentavalent antimony treatment can lead to significant
toxicity that implies potentially severe adverse events with
serious risks of morbidity and death. Therefore, such treatment
should be avoided in a subgroup of patients, including very
young children, elderly persons, and those with hepatic, renal, or
cardiovascular diseases®*. While the standard dose of antimony
should remain the recommended treatment for ATL?>3, low-
dose antimony treatment might be preferred when toxicity is a
primary concern®?.

A randomized clinical trial, using standard treatment as the
control, and involving centers from different Brazilian states
may be required to confirm our results.
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