Clinical Infectious Diseases : :
i iFY

Influence of Obesity on Clinical Manifestations and
Response to Therapy in Cutaneous Leishmaniasis Caused
by Leishmania braziliensis
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Background. Cutaneous leishmaniasis (CL) caused by Leishmania braziliensis is characterized by a single ulcer or multiple cu-
taneous lesions with raised borders. Cure rates <60% are observed in response to meglumine antimoniate therapy. We investigated
the impact of obesity on CL clinical presentation and therapeutic response.

Methods. A total of 90 age-matched patients with CL were included (30 obese, 30 overweight, and 30 with normal body mass
index [BMI]). CL was diagnosed through documentation of L. braziliensis DNA by polymerase chain reaction or identification of
amastigotes in biopsied skin-lesion samples. Serum cytokine levels were determined by chemiluminescence. Antimony therapy with
Glucantime (Sanofi- Aventis; 20 mg/kg/day) was administered for 20 days.

Results. Obese CL patients may present hypertrophic ulcers rather than typical oval, ulcerated lesions. A direct correlation be-
tween BMI and healing time was noted. After 1 course of antimony, cure was achieved in 73% of patients with normal BMI, 37%
of overweight subjects, yet just 18% of obese CL patients (P < .01). Obese CL cases additionally presented higher leptin levels than

overweight patients or those with normal BMI (P < .05).

Conclusions. Obesity modifies the clinical presentation of CL and host immune response and is associated with greater failure

to therapy.
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Cutaneous leishmaniasis (CL) is a vector-borne disease caused
by Leishmania protozoan parasites. Leishmania (Viannia)
braziliensis is the main causal agent of this disease in Central
and South America [1, 2]. Cutaneous leishmaniasis is observed
in more than 90% of patients infected with L. braziliensis.
Nasal mucosal lesions develop concomitantly or months after
primary infection in approximately 3% of patients with CL.
Moreover, approximately 6% of infected patients present with
more than 10 and up to 1000 lesions, thus characterizing dis-
seminated leishmaniasis. Genotypic differences among isolates
of L. braziliensis may underlie different clinical presentations
of disease [3]. Both parasite burden and genotypic differences
among isolates have been associated with failure to antimonial
therapy [4, 5]. In CL, elevated production of interferon-y acti-
vates macrophages, promoting parasite killing [6]. The impair-
ment of a T-helper (Th) 1 (Th1l) immune response, as observed

in pregnant women, subjects with human immunodeficiency
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virus (HIV), or in patients with CL with a negative leishmanin
skin test, can lead to poor therapeutic outcomes [7-9]. In ad-
dition, an exaggerated Th1l immune response in L. braziliensis
infection can also play an important role in ulcer development,
as activated CD8+ T cells kill infected host cells, yet present a
limited capacity to kill Leishmania [10]. In mice infected with
L. braziliensis, it was recently shown that the neutralization of
granzyme and interleukin (IL)-1p either prevented or attenu-
ated ulcer development [11].

Obesity, defined as excess body fat, is considered a chronic
inflammatory disease that affects people of all ages and ethni-
cities [12]. In Brazil, obesity is on the rise and more than 50%
of the population is classified as overweight [13]. Associations
have been established between obesity and immune-mediated
diseases, such as psoriasis, bronchial asthma, and atheroscle-
rosis [14-16]. Obesity and CL are both considered important
public health concerns [17, 18]. Obesity is characterized by low-
grade systemic chronic inflammation, with high levels of leptin
(a proinflammatory adipokine) production and reduced levels
of adiponectin (an adipokine with anti-inflammatory effects).
Leptin mediates appetite and energy balance in the body, and its
secretion, mainly by adipose tissue, is directly correlated to the
degree of adiposity [19, 20]. While it is recognized as an inflam-
matory cytokine associated with IL-1 and IL-6 production [21,
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22], it may also be associated with Th2 activation, as observed
in obese patients with asthma [23].

Considering that both obesity and leishmaniasis are charac-
terized by a potent inflammatory response, here we endeavored
to evaluate whether obesity modifies clinical presentation and
the response to therapy in patients with CL.

METHODS

Study Type and Area

The present ambispective study involved 90 age-matched patients
with CL (range: 18-60 years), 30 of whom were obese, 30 over-
weight, and 30 who had a normal body mass index (BMI) (con-
trols). Moreover, to determine whether patient weight, regardless
of BMI, had an effect on therapeutic response, we also evaluated 44
patients with CL who weighed more than 60 kg but had a normal
BMI; these patients were concurrently seen during the same pe-
riod as the obese patients. Patients were seen at the Corte de Pedra
Health Post, located in the municipality of Tancredo Neves, Bahia,
Brazil, an area recognized for significant L. braziliensis transmis-
sion. The village of Corte de Pedra is surrounded by Atlantic forest,
and agricultural activities provide the main source of income for
most of the region’s inhabitants.

In addition, a cross-sectional study was carried out to com-
pare serum cytokine levels in biological samples available from
16 obese patients with CL and 13 patients with CL with normal
BMI with those observed in 16 obese patients without CL and
16 healthy subjects with a normal BMI, all of whom resided in a
nonendemic area of leishmaniasis.

Study Design and Case Definition

A prospective pilot study conducted in 2019 involving 30 pa-
tients with CL (10 were obese, 10 overweight, and 10 had a
normal BMI) revealed that obesity was associated with high
rates of failure to therapy. Thus, we retrospectively included pa-
tients with CL seen at the Corte de Pedra Health Post over the
previous 2 years who were obese, overweight, or had a normal
BMLI. For the retrospective study, we selected an obese CL pa-
tients, the first CL case with normal BMI and the first CL with
overweight seen in the same month of the obese patients. The
obese individuals without CL and the healthy subjects (HS) used
for determination of serum cytokine levels were recruited from
an area that was not endemic for leishmaniasis. All patients had
the diagnosis confirmed by detection of L. braziliensis DNA by
polymerase chain reaction (PCR) in biopsy specimens obtained
from the borders of the lesions [24]. Patients were classified as
obese when their BMI (kg/m®) was 30 or greater, as overweight
when their BMI was 25 or greater and 29.9 or less, or as controls
when their BMI was 18.5 or greater and 24.9 or less. Patients
included in the retrospective study were consecutively enrolled;
for each obese or overweight patient with CL, we added a con-
trol CL case matched by +5 years of age. The inclusion criteria

for all patients with CL consisted of the presence of a typical CL
ulcer and documentation of L. braziliensis DNA by PCR [24].
The following exclusion criteria were applied: age less than
18 years or older than 60 years; diagnosis of diabetes, heart,
and/or kidney failure; HIV positivity; or use of corticosteroids
and/or immunosuppressants.

Patient demographic characteristics, illness duration,
number of lesions, and ulcer location and size were recorded at
the time of enrollment, while therapeutic response was evalu-
ated at 30, 60, 90, and 180 days. All patients were treated with
Glucantime (Sanofi-Aventis) at a dose of 20 mg/kg body weight
per day (maximum, 1200 mg/day) for 20 days.

As the recommended dose of meglumine antimoniate for
leishmaniasis treatment is 20 mg/kg per day, at a maximum
level of 1200 mg/day, patients weighing over 60 kg received
a lower dose of antimony when compared with patients who
weighed 60 kg or less. To determine whether higher rates of
therapeutic failure resulted from reduced relative dosage in
the overweight and obese patients whose weight was greater
than 60 kg, we compared cure rates in 44 patients with CL who
weighed more than 60 kg but had a normal BMI. These patients
were diagnosed in the same study period as the other 60 obese
or overweight patients included above.

Cytokine Determination

Reagents used to determine leptin levels were purchased from
R&D Systems, while those used to quantify IFN-y, IL-4, IL-5,
IL-15, and eotaxin were obtained from Bio-Rad Laboratories.
Serum cytokine levels were measured by chemiluminescence in
accordance with the manufacturer’s instructions; results are ex-
pressed in picograms per milliliter.

Statistical Analysis

Due to the lack of normally distributed data, most statistical
analyses employed nonparametric testing. Ages are presented
as means * standard deviation and were compared by the
Student’s ¢ test. Other continuous variables are presented as
medians and interquartile range (IQR). The Mann-Whitney
U test was used for comparisons between 2 groups, while the
Kruskal-Wallis test was applied for comparisons between 3 or
more groups. Categorical data were compared using Fisher’s
exact test. Correlations were evaluated by calculating Spearman
correlation coefficients. Kaplan-Meier survival estimates were
also evaluated to compare differences in healing time between
the 3 studied groups. Statistical analyses were conducted using
Prism (version 8.0; GraphPad Software) and differences were
considered significant when P < .05.

Ethics Statement

This study was approved by the Institutional Review Board of
the Federal University of Bahia Medical School (no. 3.677.777).
All included patients provided written informed consent.
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RESULTS

Table 1 lists the demographic and clinical features of 90 pa-
tients with CL classified according to BMI. Males predominated
among the patients with CL classified as overweight or with a
normal BMI, while females were more frequently obese. No
differences were seen between the groups with regard to age,
illness duration, or number/size of lesions. Although a higher
frequency of obese patients with CL presented ulcers above the
waist than controls or overweight patients with CL, this finding
did not achieve statistical significance. The cure rate in obese
patients was 2-fold lower than in overweight and 4-fold lower
than in patients with CL with a normal BMI (P < .001, Mann-
Whitney U test). Additionally, obese and overweight patients
received more courses of meglumine antimoniate than patients
with a normal BMI (P < 005). A lengthier healing time was
noted in the obese and overweight patients compared with con-
trols, as it took twice as long for obese patients to heal compared
with patients with CL with a normal BMI (P < .001, Mann-
Whitney U test).

Figure 1 illustrates correlations between BMI and lesion-
healing time in all 90 study participants. A direct correlation
between BMI and healing time was observed (r = 0.4, P <.0001,
Spearman’s rank correlation coefficient).

To investigate associations between BMI and healing time
in patients with CL treated with meglumine antimoniate, sur-
vival analysis was conducted using the Kaplan-Meier method
(Figure 2). Obese patients exhibited a longer healing time than
overweight patients with CL and those with a normal BMI
(P < .05, log-rank test).

Since patients weighing over 60 kg received proportionally
lower doses of antimony (maximum recommended daily dose:
1200 mg), the cure rate in obese patients was compared with
that observed in patients with a normal BMI who weighed more

Body Mass Index
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Figure 1. Correlation between BMI and lesion healing time in 90 patients with
CL. Analysis of BMI and healing rate indicates that higher BMI values correlated
with prolonged CL lesion healing time, considering the number of days from the
onset of therapy until when cure was achieved (r= 0.4, P<.0001). Statistical anal-
ysis was performed by Spearman’s correlation coefficient test. Abbreviations: BMI,
body mass index; CL, cutaneous leishmaniasis.

than 60 kg. The cure rate in patients weighing over 60 kg with a
normal BMI was 50%, compared with 20% in the obese subjects
(P < .05, Fisher’s exact test).

Figure 3 illustrates a representative clinical picture of cuta-
neous ulcers from 3 obese patients. A hypertrophic ulcer in an
obese patient is shown in Figure 3A, an ulcer with a poorly de-
marcated border in Figure 3B, and a well-defined ulcer, with
raised and infiltrated edges similar to those observed in patients
with classical CL, is shown in Figure 3C.

Figure 4 depicts median serum levels of leptin, IFN-y,
IL-15, and eotaxin in obese patients with CL, in patients with
CL with a normal BMI, in obese individuals without CL, and
in healthy subjects. Obese patients with CL presented higher
leptin levels (median: 2581 pg/mL; IQR: 2515-2692 pg/mL)
(P <.0001). Interestingly, leptin levels in patients with CL with
a normal BMI (median: 1799 pg/mL; IQR: 1196-2176 pg/mL)

Table 1. Demographic and Clinical Features of Patients With Cutaneous Leishmaniasis Stratified by Body Mass Index Classification: Obese, Overweight,

or Normal

PValue

Demographic and Clinical Features Obese (n = 30) Overweight (n = 30) Control (n = 30) Obese vs Control Overweight vs Control
Age, mean (SD), years 3483 +95 33.53 + 11.72 33.90 + 10.06 NS NS
Sex

Male, n/N (%) 8/30 (27) 22/30 (73) 17/30 (57) .06* NS
lliness duration, mean (SD), days 43 £ 17 40 £ 17 37+14 NS NS
Size of largest lesion, mm?, median 29.5 (17.5-40) 22 (16.5-35.2) 22.5(16.7-29.2) NS NS

(IQR)
Ulcers on lower limbs, n/N (%) 17/30 (57) 27/30 (90) 22/30 (73) NS NS
Response to therapy, n/N (%)

Cure achieved after 90 days 5/28 (18) 11/30 (37) 22/30 (73) 001 *** .01%*
Courses of Sb" therapy, n/N (%)

1 Course 9/30 (30) 13/30 (43.3) 23/30 (76.6) 007 *** .01**

>1 Course 21/30 (70) 17/30 (56.7) 7/30 (23.4) .007 *** .01**
Therapeutic failure, n/N (%) 25/28 (82) 19/30 (63) 8/30 (37) .007*** .05*
Healing time, median (IQR), days 139 (102-236) 127 (63-165) 60 (36-97) 007 *** .01**

*P < .05; **P < .01; ***P < .001. Abbreviations: IQR, interquartile range; NS, not significant; SB", pentavalent antimony; SD, standard deviation.
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Figure 2.  Survival analysis in 90 patients with CL. Kaplan—Meier survival anal-
ysis of differences in healing time among obese, overweight, and control patients
treated with meglumine antimoniate revealed longer CL lesion healing times in
obese patients compared with those with a normal BMI (P < .05, log-rank test).
Abbreviations: BMI, body mass index; CL, cutaneous leishmaniasis.

were similar to those in obese individuals without CL (median:
1786 pg/mL; IQR: 362-2423 pg/mL), yet higher than in con-
trols (median: 1307 pg/mL; IQR: 626-1651 pg/mL) (P < .05).
IFN-y levels in obese patients with CL were similar to those ob-
served in patients with CL with a normal BMI (P > .05), but
higher than obese individuals without CL or healthy subjects.
A similar pattern was seen in IL-15 levels, as obese patients with

CL and patients with CL with a normal BMI presented simi-
larly higher levels than obese individuals without CL or healthy
subjects (P < .05). The median level of eotaxin in obese patients
with CL was 7 pg/mL (IQR: 2-21 pg/mL), lower than in patients
with CL with a normal BMI (median: 22 pg/mL; IQR: 13-40 pg/
mL) (P <.001) and healthy subjects (median: 42 pg/mL; IQR:
27-75 pg/mL) (P < .05). Low levels of IL-4 and IL-5 were de-
tected across all groups (P > .05).

DISCUSSION

Obesity has been associated with the severity of autoimmune
and chronic inflammatory diseases, with increasing prevalence
in poor countries where leishmaniasis is also highly prevalent
[25, 26]. The literature contains few studies on associations be-
tween BMI and leishmaniasis. C57BL/6 mice fed a hypercaloric
diet presented thicker lesions, higher parasite burden, and
more intense inflammatory infiltrate [27]. In an area endemic
for leishmaniasis in Brazil, patients with CL presented a higher
BMI than controls [28]. Here we attempted to evaluate whether
obesity modified the clinical presentation and response to
therapy in patients with CL infected with L. braziliensis. We
found obesity to be associated with large hypertrophic ulcers

A

Figure 3. Clinical features of cutaneous leishmaniasis in 2 obese patients with CL and 1 patient with a normal BMI. The clinical spectrum of CL ulcers in obese patients:
hypertrophic ulcers (A), ulcers lacking well-defined borders (B), and typical well-delimited CL ulcers with raised borders (C). Photographs were obtained at time of patient
enrollment, prior to onset of therapy. Abbreviations: BMI, body mass index; CL, cutaneous leishmaniasis.
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Figure 4. Serum levels of proinflammatory molecules. Serum levels of leptin (A), IFN-y (B), IL-15 (C), and eotaxin (D) were determined by ELISA prior to the introduction of
therapy in obese patients with CL and others with a normal BMI, as well as in the sera of obese individuals without leishmaniasis or any other chronic inflammatory disease,
and in healthy subjects living outside an area endemic for Leishmania braziliensis transmission. Statistical analysis was performed using medians and interquartile range;
Mann-Whitney U test was used for comparisons between the 2 groups. Abbreviations: BMI, body mass index; CL, cutaneous leishmaniasis; ELISA, enzyme-linked immuno-

sorbent assay; IFN-y, interferon-vy; IL-15, interleukin-15.

and higher rates of failure to pentavalent antimonial therapy.
While no differences were seen in serum levels of IFN-y, IL-4,
and IL-5 between obese patients with CL and those with CL
and a normal BMI, higher levels of leptin and lower levels of
eotaxin were observed in the obese patients with CL.

Our comparative analysis of demographic and clinical fea-
tures revealed that the frequency of women was significantly
higher in obese patients with CL than in the other groups
studied. Men are typically predominant in CL infection due
to L. braziliensis, at a frequency generally over 60% [29, 30].
However, it is known that the frequency of obesity in women
is higher than in men [31], which may explain this difference
between the groups. The most important observation regarding
the clinical findings was a high rate of failure to antimony
therapy among the obese subjects. Risk factors for therapy
failure in CL include age, duration of illness, and number of le-
sions [32-34]. Children exhibit greater rates of failure to anti-
mony therapy and miltefosine than adults when administered
at identical drug dosages per kilogram [34, 35]. In patients
with an illness duration of less than 30 days who are in the pre-
ulcerative phase of disease, failure rates are 2-fold higher than
in patients with ulcerated lesions [36, 37]. With regard to the
number of lesions, the presence of a second CL ulcer increases

failure rates by 1.7 times [35] and more than 70% of patients
with disseminated leishmaniasis do not respond to the initial
course of meglumine antimoniate [38]. Considering there were
no differences detected in age, illness duration, and number of
lesions between the groups studied herein, we therefore con-
clude that obesity was the main factor associated with failure
to therapy. Moreover, we noted a direct correlation between a
patient’s BMI and healing time.

The recommended dose of meglumine antimoniate used
to treat CL is 20 mg/kg/day, with a maximum daily dose of
1200 mg. In this scenario, patients who weigh more than 60 kg
receive the same amount of antimony as those who weigh
60 kg. A retrospective study of patients with CL infected with
L. braziliensis found higher rates of failure to therapy in those
who weighed more than 68 kg (odds ratio: 4.3; 95% confidence
interval: 1.5-11.9) [39]. We found lower cure rates in obese
patients than in nonobese patients weighing more than 60 kg,
which suggests that higher BMI represents an important risk
factor for treatment failure.

Atypical lesions have been well described in CL. In addi-
tion to classical ulcers with raised borders, patients may pre-
sent verrucous, nodular, or large ulcerated lesions [40-42].
Verrucous lesions have been observed in pregnant women,
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and larger lesions are seen in patients coinfected with HIV
[10, 41]. It is known that since L. braziliensis is polymorphic,
genotypic differences among isolates of this species may be
associated with atypical lesions, such as multiple nodules in 1
segment of the body [41]. Of interest, the atypical ulcers seen
in the obese patients studied herein presented a different pat-
tern than that described above. Moreover, the site of atyp-
ical ulcers in obese patients was different than that observed
in nonobese patients. Ulcers are more frequent in the lower
extremities in patients with CL and 2 studies recently pub-
lished in the endemic area studied by our group reported a
frequency ranging from 65.4% to 82% for cutaneous lesions
in the lower limbs [43, 44]. By contrast, in obese patients we
documented that 43% of lesions were located on the trunk or
superior limbs, which is also where atypical ulcers are more
frequently observed.

IFN-y produced by CD4+ T cells is the most important
cytokine involved in the control of Leishmania infection. In
CL, despite high IFN-y production, parasites are not erad-
icated, and an exaggerated inflammatory response is as-
sociated with disease pathology [45, 46]. In mice, IL-15 is
associated with severity of L. braziliensis infection [47]. High
levels of leptin are observed in obesity [48], and leptin has
been shown to enhance the production of IFN and IL-1 [49,
50]. Our observation that patients with CL with a normal
BMI produce leptin at levels similar to obese subjects not in-
fected with CL provides evidence that leptin production is
upregulated in CL. Considering that leptin may exacerbate
the proinflammatory response, and that obese patients with
CL presented the highest serum levels of leptin among the
groups studied herein, we speculate that, through the en-
hancement of proinflammatory response in CL, leptin may
contribute not only to disease severity but also to failure to
therapy.

The present study has some limitations. As most data were
obtained retrospectively from patient records, we were not able
to provide photographic documentation of lesions in many pa-
tients. This prevented us from accurately determining the fre-
quency of atypical CL lesions in most obese patients, as well
as evaluating whether atypical lesions are more frequent above
the waistline in obese patients with CL, as was observed in
some cases.

Conclusions

Obesity enhances the proinflammatory response, modifies
the clinical presentation of CL caused by L. braziliensis,
decreases cure rates in patients treated with meglumine
antimoniate, and delays healing time. Leptin seems to be a
trigger that encourages this proinflammatory response, thus
contributing to more severe disease and therapeutic failure
in obese individuals.
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