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Background. Cutaneous leishmaniasis (CL) caused by L. braziliensis is characterized by 1 or multiple well-limited ulcerated lesions.
Diabetes mellitus (DM) impairs neutrophil and monocyte function, and there is a report of vegetative lesions in a patient with both dis-
eases in Morocco. Here we evaluate the influence of DM on clinical manifestations, immune response, and in the treatment of CL.

Methods. The participants were 36 DM patients with CL and 36 patients with CL without DM, matched by age and gender.
The diagnosis of CL was performed by documentation of DNA of L. braziliensis by polymerase chain reaction in the lesion biopsy
and histopathologic findings. All patients were treated with Glucantime (Sanofi-Aventis) 20 mg/kg of weight per day for 20 days.

Results. There was no difference in the majority of the clinical variables between the groups, and the cure rate in patients with
CL and DM (67%) was similar to that observed in CL patients (56%; P>.05). The most important finding was the documentation that
36% of the patients with DM and CL had atypical cutaneous lesions characterized by large superficial ulcers without defined borders.
High levels of interferon-y, tumor necrosis facor, and interleukin-1p were detected in the supernatants of mononuclear cells stimu-
lated with Leishmania antigen in patients with DM and atypical CL. Moreover, while cure was observed in only 33% of the patients

with DM and atypical CL lesions, it was observed in 85% of patients with typical lesions (P < .05).

Conclusions.
response to antimony therapy.
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Cutaneous leishmaniasis (CL) arising from Leishmania
braziliensis is characterized by a well-delimited ulcer with raised
borders. It is known that around 3% of CL patients develop mu-
cosal leishmaniasis (ML) [1]. Moreover, CL patients may also
develop disseminated leishmaniasis (DL), an emergent form of
L. braziliensis infection defined by the presence of more than
10 and possibly up to 1000 acneiform, popular, and ulcerated
skin lesions distributed among at least 2 regions of the body [2,
3]. Atypical lesions are also observed in the spectrum of this
disease’s clinical presentation as isolated vegetative lesions that
are larger in size and lacking clear delimitation or as multiple
nodules restricted to a specific area of the body [4, 5]. Parasite
and host factors may influence the clinical presentation of CL.
L. braziliensis is polymorphic, and differences in the alleles on
chromosomes 24 and 28 have been associated with distinct
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clinical forms, disease severity, and therapeutic failure [6-8].
There is also strong evidence of the role played by host immune
response in the pathogenesis of CL. Leishmania are killed by
interferon (IFN)-y-activated macrophages but do not become
completely eradicated; thus, parasite persistence and the release
of parasite antigens induce an exacerbated stimulation of the
immune system. Neutrophils are the first cell type to migrate
to the site of Leishmania infection [9-11]. However, both neu-
trophils and macrophages from CL patients present a decreased
ability to kill Leishmania despite producing high levels of reac-
tive oxygen species and pro-inflammatory cytokines [12, 13].
Elevated levels of pro-inflammatory cytokines, including inter-
leukin (IL)-IB, IL-6, tumor necrosis factor (TNF), C-X-C motif
chemokine ligand (CXCL)-9, and CXCL-10, among others,
are produced by peripheral blood mononuclear cells (PBMCs)
from CL patients under stimulation by leishmanial antigens [14,
15]. Cytokine production becomes enhanced during the course
of infection, from the early or pre-ulcerative phase of disease to
ulcer development [16, 17]. The enhancement in the immune
response is also due to the impairment of regulatory mechan-
isms, such as the decreased ability of IL-10 and transforming
growth factor (TGF)-p to downmodulate the immune response
of CL cells [18]. This makes American tegumentary leishman-
iasis a chronic inflammatory disease characterized by an exag-
gerated inflammatory response that causes tissue damage.
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Diabetes mellitus (DM) is a chronic metabolic syndrome,
and it is estimated that around 480 million people worldwide
live with diabetes [19]. DM increases the susceptibility to infec-
tions caused by extracellular bacteria and fungi and has been
shown to modify the clinical presentation of tuberculosis [20—
22]. However, DM also induces an inflammatory response asso-
ciated with disease complications, such as diabetic retinopathy
[23]. Diabetes decreases chemotaxis, phagocytosis, respiratory
burst, and the bacterial killing ability of neutrophils [24-26].
Neutrophils and monocytes are the first line of defense against
protozoan Leishmania spp. However, There is a lack of studies
investigating the influence of blood sugar levels in Leishmania
infection, and it remains unclear whether diabetes modifies
the clinical presentation of leishmaniasis. A recent clinical re-
port detailed 3 patients living in Morocco with CL and DM, 1
of whom presented a vegetative lesion [27]. The present study
endeavored to compare clinical presentations and immuno-
logical responses in CL patients with or without diabetes and
to evaluate the influence of DM on the therapeutic response to
meglumine antimoniate.

METHODS

Type of Study

The present prospective study compared clinical manifest-
ations, histopathological findings, cytokine production, and
therapeutic response in 36 CL patients with DM (CL+DM) with
36 CL patients without DM, matched by age (+5 years) and sex.
In addition, a nested cross-sectional study was performed to
compare immune response between 8 CL+DM patients with
atypical lesions and 9 CL+DM patients with typical lesions.

Study Population and Case Definition

This study was conducted between January 2017 and June 2019
at the municipal health clinic of Corte de Pedra, located in the
municipality of Presidente Tancredo Neves, Bahia-Brazil.

The study included 64 adult patients aged 18 to 60 years, of
both sexes, with a diagnosis of CL with or without DM. All pa-
tients presented at least 1 CL ulcer and had an illness duration
between 20 and 90 days. All resided in the same geographic
region and faced similar exposure risks, as most were farm
workers. Only 1 patient refused participaton, as he was unable to
attend all follow-up visits at the clinic. Diagnosis was confirmed
via documentation of L. braziliensis DNA by polymerase chain
reaction (PCR) [28] or through the identification of amastigotes
in the histopathological analysis of biopsied tissue. DM was
diagnosed when glycated hemoglobin was >6.5%. Patients with
kidney injury, congestive heart failure, liver failure, or HIV in-
fection were excluded from the study.

Study Design
Upon agreeing to participate in the study and signing a term
of informed consent, patients were submitted to a clinical

examination and classified as CL+DM or CL without DM.
Blood was collected for laboratorial immunological analysis be-
fore beginning therapy. All participants were evaluated at the
clinic to determine lesion size, clinical improvement, evolution
to cure, and treatment side effects every 30 days. Patients were
treated intravenously with Glucantime (Sanofi Aventis, Brazil)
at a dose of 20 mg/kg of body weight per day for 20 days. Cure
was defined by the absence of active ulceration and complete
skin reepithelization, without raised borders, on day 90 after
the onset of treatment. Therapeutic failure was defined by the
presence of active ulcers or scar formation with raised borders
90 days after the initiation of therapy. Patients who did not re-
spond to treatment by day 90 were treated with the same dose
of Glucantime for 30 additional days. Of the 36 patients with
DM who participated in the study, 29 (81%) had previously
been diagnosed with DM before the presentation of CL; in these
cases, we followed the therapeutic regimen prescribed by the
attending physician, that is, the only intervention undertaken
was to increase antidiabetic drug usage when blood sugar levels
remained above normal limits. In 7 (24%) patients, DM was
diagnosed at the same time as CL. Of 36 patients with DM, 7 re-
ceived insulin, 15 received Glyburide, 13 received Glicazide, and
1 patient was treated with Glimepiride. Of the 28 patients who
used Glyburide or Glicazide, 22 were prescribed metformin.

Biopsies and Immunohistochemistry

Biopsies were obtained from all 72 patients for the detection of
L. braziliensis DNA by PCR. However, as the decision to per-
form histopathological analysis was made during the course of
the study, this evaluation was performed in only the last 19 pa-
tients enrolled. Biopsies were obtained from the borders of le-
sions using a 4-mm-diameter punch, following the application
of local anesthetic. Skin tissues were fixed in buffered formal-
dehyde and embedded in paraffin blocks. Deparaftinization
and rehydration of 5- pm-thick sections were performed using
xylene and absolute alcohol, and antigen retrieval was per-
formed using citrate buffer pH 9.0 at 96°C for 20 minutes.
Immunohistochemistry reactions were performed as previously
described [29]. Briefly, after blockage of peroxidase activity
with 3% hydrogen peroxide for 10 minutes and blockage of pro-
teins with Protein Block Serum-Free (DAKO, Carpinteria, CA,
USA) for 15 minutes, slides were incubated overnight at 4°C
with monoclonal mouse anti-CD20, anti-CD68, anti-CD56,
anti-CD4, anti-CD8, and anti-granzyme B (DAKO, Carpinteria,
CA, USA). Mouse and Rabbit Peroxidase Kit/Horseradish
Peroxidase KP500 (Diagnostic Bio-Systems, Pleasanton, CA,
USA) were used to perform reactions according to manufac-
turer recommendations.

Morphometry of Inflammation and Necrotic Areas
All histological sections stained with hematoxylin and eosin
were scanned under an optical microscope (Olympus BX51).
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The total extension of these sections, as well as areas of inflam-
matory infiltrate and necrosis, was measured using Image J,
version 1.48 (National Institutes of Health). The total length of
the biopsy fragment and the sum of the areas of inflammation
and necrosis are expressed in mm”. Percentages of inflamma-
tion and necrosis in the biopsied samples were calculated by di-
viding the total extension of inflammation and necrosis by the
total extension of the biopsy fragment multiplied by 100.

Quantitative Analysis

Quantification of the cells was performed by optical micros-
copy (Olympus BX51), selecting 5 random fields in each section
with the respective antibodies at a magnifying power of 40x.
The number of positive cells in each field was quantified though
the identification of brown-colored cells, as the result of reac-
tions with chromogenic substrate.

Evaluation of Inmune Response

Immunological studies were performed on day 0 of the study.
Mononuclear cells were isolated from heparinized peripheral
blood (20 mL) by Ficoll-Hypaque density gradient centrifu-
gation. Cells were harvested, washed with saline, and resus-
pended in RPMI 1640 (GIBCO BRL, Grand Island, NY, USA)
supplemented with 5% fetal bovine serum and antibiotics. For
cytokine determination, 3x10° cells/mL were stimulated with
soluble Leishmania antigen (10 pg/mL) and cultured for 48
hours at 37°C under 5% CO,. Cytokine (IFN-y, TNF-q, IL-1,
and CXCL-10) quantification was performed in mononuclear
cell culture supernatants by sandwich enzyme-linked immuno-
sorbent assay.

Patient Consent Statement

Participation in the present study was voluntary. Patients who
declined to participate received similar follow-up and treat-
ment as study participants. The present study protocol was ap-
proved by the Institutional Review Board of the Gongalo Moniz
Institute (FIOCRUZ), and all participants provided written in-

formed consent.

RESULTS

The demographic and clinical features of 36 CL+DM patients
and 36 CL without DM are shown in Table 1. No significant dif-
ferences were seen between the groups regarding gender, illness
duration, lesion size and location, frequency of satellite lym-
phadenopathy, or lymph node size. Patients with CL+DM were
older than those without DM. In the majority of both groups of
patients, ulcers were infected, but antibiotics were used in only
1 diabetic. No differences were found in cure rate on day 90 in
CL+DM patients vs CL (P> .05). Of the 36 patients with DM, 7
(19%) had type 1 diabetes while 29 (81%) had type 2. No signifi-
cant differences were observed regarding the clinical features of
CL among patients with type 1 or type 2 diabetes. The median

Table 1. Demographic and Clinical Features of Cutaneous Leishmaniasis
in Patients With and Without Diabetes Mellitus

Cutaneous Leish-
maniasis Without

Cutaneous
Leishmaniasis

With Diabetes Diabetes
P
Demographic/Clinical Features n=236 n=236 Value
Age, mean = SD, y 49 +12 &f9) s 118 .0008
Presence of atypical lesions, 13 (36) 0(0) .0001
No. (%)
Gender, female, No. (%) 23 (64) 20 (56) .63
Patients with >1 lesion, No. 15 (41) 67 (19) .07
(%)
Size of the major lesion, 20 (17-31) 19 (18-24) 91
median (CI), mm
Area of the major lesion, 185 (215-712) 246 (247-465) 49
median (Cl), mm
Frequency of lesions above 13 (33) 8(22) .03
the belt, No. (%)
Frequency of patients with 17 (47) 20 (56) .63
lymph node enlargement,
No. (%)
Cure rate by day 90, No. (%) 24 (67) 20 (56) 46
Healing time, median (Cl), d 80 (69-96) 83 (74-116) 70

“Fisher exact test.
°Mann-Whitney test.

(interquartile range) of blood sugar levels in patients with type
1 diabetes was 370 (292-470) mg/dL, vs 277 (228-326) mg/dL
in those with type 2. Moreover, there were no differences in re-
sponse to antimony therapy between these 2 groups, as the cure
rate on day 90 was 71% in patients with type 1 (n =7) vs 68%
in those with type 2 (n = 25; P > .05). In addition, response to
therapy was similar regardless of the type of antidiabetic drugs
used. Despite antidiabetic drug use, the majority of patients had
above-normal blood sugar levels at admission, which remained
throughout follow-up.

To determine whether blood sugar levels influenced cure
rate, we compared the therapeutic response in patients with
blood sugar levels <200 mg/dL with that of those who had
blood sugar levels >250 mg/dL. The cure rate was 43% in the
3/7 patients with blood sugar <200 mg/dL compared with 72%
in the 18/25 patients with elevated levels (P > .05). While we ob-
served a weak negative correlation between blood sugar levels
and healing time (R = .21; P > .05), we did not find any asso-
ciations between clinical presentation and response to therapy
according to the type of antidiabetic drugs used.

Histopathologic analysis was performed in 9 patients with
CL+DM and in 10 with CL only; immunochemical studies were
done in 5 patients from each group. No differences were seen
in the majority of findings typically observed in patients with
CL, for example, acanthosis, hyperkeratosis, hyperplasia of the
epiderma, granuloma formation, and number of amastigotes.
However, while necrotic foci were observed in all CL patients
without DM, this finding was only documented in 50% of
CL+DM patients (P < .05). Due to the small number of cases
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analyzed, it was not possible to determine the impact of blood
sugar levels or antidiabetic drugs on histopathologic features.
Figure 1 illustrates the frequency of cells expressing CD68,
CD20, CD8, and granzyme B. While there were no differences
in the frequencies of macrophages (CD68+), B cells (CD20+),
and cells expressing granzyme B, the frequency of CD8+ T cells
in patients with CL+DM was 1.8-fold lower than in CL patients
without DM (P < .05).

An important finding of the present study was the documen-
tation of atypical ulcers in patients with DM, which were ob-
served in 13 (36%) out the 36 CL patients with DM. In contrast
to well-delimited oval ulcers with raised borders, diabetic pa-
tients presented atypical lesions characterized by superficial, flat
ulcers with poorly defined borders (Figure 2).

The clinical characteristics of the 13 DM patients with atyp-
ical lesions and 23 cases with typical CL ulcers are shown in
Table 2. No significant differences were found between these 2
groups regarding age, number or size of lesions, presence of sat-
ellite lymph node, or blood sugar levels. Ulcers above the belt
were more frequent in patients with atypical lesions (50%) vs
those with typical lesions (20%), yet without significance. One
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Figure 1.  Immunophenotypic analysis in skin biopsy of cutaneous leishmaniasis

patients with and without diabetes mellitus. Tissue biopsy from 5 patients with
cutaneous leishmaniasis and diabetes mellitus and from 5 patients with cutaneous
leishmaniasis without diabetes, incubated with anti-CD68+, CD20+, CD8+, and
granzyme B monoclonal antibodies. Reactions were performed with a mouse and
rabbit peroxidase kit. Date represents median and interquartile of positively stained
cells. Statistical analysis was performed using the Mann-Whitney test. *P< .05.
Abbreviations: CL, cutaneous leishmaniasis; DM, diabetes mellitus.

marked difference between those with typical vs atypical lesions
was seen with respect to antimony therapy failure, which oc-
curred in 69% of the patients with atypical lesions vs just 13% of
those with typical lesions (P < .01).

The cytokine profiles of patients with CL+DM presenting
typical and atypical lesions are shown in Figure 3. IFN-y levels,
TNF levels, and IL-1f levels in patients with DM with atypical
ulcers were 978 (571-1083) pg/mL, 103 (737-1399) pg/mL, and
364 (54-418) pg/mL, respectively—higher (P <.05) than in
those with typical ulcers: 530 (118-796) pg/mL, 156 (20-792)
pg/mL, and 4 (0-61) pg/mL, respectively. With regard to cy-
tokine production in soluble Leishmania antigen-stimulated
PBMCs from CL patients without DM (controls), INF-y levels
(IQR) were higher in controls (1486 [787-2152] pg/mL) than
in DM with typical CL ulcers (P < .05), while IL-1p in the con-
trols was lower (45 [3-193] pg/mL) than in CL+DM patients
with atypical ulcers (P < .01). The levels of CXCL-10, IL-6, and
granzyme B were similar between the 2 groups.

DISCUSSION

It is known that DM increases the susceptibility and severity of
bacterial fungus infections [30, 31]. The increased susceptibility
and severity of bacterial infections in patients with diabetes can
be explained by an impairment in chemotaxis, phagocytosis,
and the decreased bacteria-killing ability of neutrophils [32].
However, it remains unclear whether DM impairs host killing
of Leishmania protozoa, as well as whether DM modifies the
clinic course of CL. Herein we evaluated the influence of DM on
clinical presentation and therapeutic response to CL caused by
L. braziliensis, the most important species associated with CL in
Latin America. While blood sugar levels, type of diabetes, and
antidiabetic drug therapy were not observed to modify clin-
ical presentation, CL severity, or response to therapy, 36% of
CL+DM patients did present atypical superficial ulcers lacking
well-defined borders. These patients had enhanced levels of
TNE IL-1p, and IFN-y and experienced higher rates of ther-
apeutic failure.

High blood sugar levels have been associated with severity
in diseases other than DM [32-34]. Interestingly, we did not
observe an association between elevated levels of blood sugar
and CL severity, yet we identified a weak inverse correlation be-
tween blood sugar levels and healing time. In 5 malnourished
patients with type 1 diabetes with elevated blood sugar levels
throughout follow-up, the disease presentation was not more
severe and cure was already observed on day 60; in the majority
of patients, cure only occurred between 60 and 90 days after
onset of therapy.

It has been shown that the antidiabetic drug Glyburide de-
creases IL-1B and TNF levels [35] in human CL and reduces
immunopathology in mice infected with L. braziliensis [36].
While we did not observe any differences between patients
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Figure 2. Atypical and typical cutaneous ulcers in patients with diabetes and cutaneous leishmaniasis. Images of skin ulcers taken on day 0 from 4 patients with diabetes
mellitus and cutaneous leishmaniasis: 3 cases with atypical ulcers (A, B, C) and 1 from a patient with typical cutaneous leishmaniasis (D).

treated with Glyburide, Gliclazide, or metformin, we cannot
rule out the potential benefit of Glyburide due to the small
number of patients treated with different antidiabetic agents.
With respect to infections caused by intracellular agents in
DM patients, tuberculosis is the most commonly studied asso-
ciation. DM has been shown to increase risk of M. tuberculosis
infection and tuberculosis severity [37]. It has also been shown
that DM decreases the expression of IL-37, and consequently
impairs the control of M. tuberculosis infection [38]. Moreover,
decreased production of IL-6, IL-10, IL-12, monocyte

chemoattractant protein—-1, RANTES (regulated on activation,
normal T cell expressed and secreted), and CXCL-9 by mono-
cytes infected with M. tuberculosis has been linked to the de-
creased ability of monocytes to kill M. tuberculosis [39]. Despite
a lack of data regarding the consequences of L. braziliensis in-
fection in monocytes from diabetic patients, we did not find in-
creased parasite burden in macrophages in our histopathologic
analysis of tissue samples from CL+DM patients.

The histopathologic analysis of ulcers in the 2 groups of
patients revealed lower frequencies of necrosis and CD8+ T

Table 2. Demographic and Clinic Features of Patients With Cutaneous Leishmaniasis and Diabetes Mellitus With Atypical or Typical Lesions Compared

With Patients Without Diabetes (Controls)

Atypical Typical Controls

Demographic and Clinical Features n=13 n=23 n=236 PValue
Age, mean = SD, y 48 £ 14 50+ 11 39+ 14 .0003°
Body mass index, median (Cl), kg/m? 27 (26-29) 26 (24-28) 26 (26-30) 43°
lliness duration, median (Cl), d 35 (27-55) 40 (33-51) 40 (36-46) .86
No. of lesions, median (Cl) 1(1.06-1.8) 1(1.25-2.13) 1(1.07-1.53) 167
Total lesion circumference, median (Cl), mm 300 (121-1480) 154 (165-380) 246 (247-464) .38
Frequency of lesions above the belt, No. (%) 6 (46) 6 (26) 8(22) .78
Frequency of patients with lymph node enlargement, No. (%) 5 (38) 12 (52) 19 (53) .84
Blood sugar levels, median (Cl), mg/dl 238 (201-301) 293 (258-349) 98 (101-118) .0001
Failure of therapy, No. (%) 9 (69) 3(13) 16 (44) .0017°

“Student t test.
PAll other values determined using the Kruskal-Wallis test.

“Fisher exact test.
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Figure 3. Cytokine levels in the supernatants of mononuclear cells in patients
with diabetes mellitus with atypical and typical ulcers. Interferon-y, tumor necrosis
factor, and interleukin-1p levels were measured by enzyme-linked immunosorbent
assay in the supernatants of 3x10° peripheral blood mononuclear cells stimulated
with soluble Leishmania antigen (10 pg/mL). Dates are represented by medians and
interquartile ranges. Statistical analysis was performed using the Mann-Whitney
test. Abbreviations: IFN, interferon; IL, interleukin; TNF, tumor necrosis factor.

cells in CL+DM patients. Recently, emphasis has been given
to the role of CD8+ T cells in the pathology of CL caused by
L. braziliensis. CD8+ T cells from CL patients display high
expression of cytotoxicity markers, but while they do not kill
Leishmania, they kill L. braziliensis—infected cells [40-42].
The killing of infected cells leads to inflammasome forma-
tion, the release of IL-1P, and ulcer development [41]. Here
we found lower frequencies of CD8+ T cells in lesions from
diabetic patients compared with those with only CL. We
speculate that the decreases in CD8+ T cells and necrosis ob-
served in the ulcers of CL+DM patients may be responsible
for the appearance of atypical superficial ulcers.

In light of previous evidence documenting the ability of di-
abetes to modify the clinical presentation of other infections,
the observed similarity among the majority of clinical variables
between the 2 groups was an unexpected finding. It is known
that around 60% of CL patients are typically male [43, 44]; how-
ever, 69% of those with CL+DM were women. Another finding,
and perhaps the most important of our study, was the obser-
vation that 36% of CL+DM patients presented atypical lesions.
Atypical lesions are also found in patients infected with HIV,
in those with diffuse cutaneous leishmaniasis (DCL), and in
pregnant women [7, 45, 46]. Notably, the lesions documented
herein in patients with DM were remarkably distinct from all
other types of lesions described in CL patients [5].

Atypical CL lesions in patients with HIV and in those with
diffuse cutaneous leishmaniasis occur due to an impairment
in T-cell response [47]. Alternatively, large vegetative lesions
in pregnant women with CL have been associated with an in-
flammatory reaction due to increased CD4+ T cells expressing
IL-4 at the lesion site, indicating a shift to Th2 immune response
[48]. This evidence indicates that different inflammation path-
ways may be related to diverse clinical outcomes in the same
disease. Although we found decreased frequencies of CD8+ T

cells and necrosis at the lesion site of CL+DM patients, we also
observed higher production of IFN-y, TNE and IL-1f in the
supernatants of mononuclear cells from DM patients with atyp-
ical lesions compared with those with typical lesions. It is pos-
sible that high blood sugar levels may increase the production of
IFN-vy, IL-1P, IL-6, and TNF [49, 50]. The role of an exaggerated
inflammatory response in the pathogenesis of L. braziliensis has
been well documented, as has an association between the ex-
acerbated production of these cytokines and lesion size, as well
as therapeutic failure [36, 51].

The most important finding herein was documentation of the
capability of DM to modify the clinical presentation of CL, due
to the appearance of atypical CL lesions associated with a poor
response to therapy. The influence of DM on clinical CL pres-
entation stands in agreement with a recent case report detailing
a patient from Morocco who presented vegetative lesions [26].
In our study, the atypical lesions observed were predominantly
flat, usually large, and lacked well-defined borders. While more
superficial ulcers may occur due to a lower frequency of cy-
totoxic CD8+ T cells at the lesion site and decreased necrosis,
the high rate of failure of therapy seen in these patients may be
occuring due to an increase in the synthesis of proinflammatory
cytokines.
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