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Introduction

American cutaneous leishmaniasis and sporotrichosis are 
endemic in the state of Rio de Janeiro, Brazil, with overlapping 
geographical areas. Both diseases present with similar clinical 
aspects, usually ulcers in the site of the inoculation of the 
infectious agent, and it is necessary to establish differential 
diagnosis between them. One of the distinctive clinical 
conditions is the presence or absence of local pain, being 
leishmaniasis ulcers generally painless [1]. On the other 
hand, sporotrichosis lesions are frequently necrotic painful 
ulcers with or without lymphatic involvement (Figure 1). Both 
diseases share similar histopathological aspects [2]. 

Leishmania (Viannia) braziliensis, the almost exclusive 

species causing cutaneous leishmaniasis in the state of Rio 
de Janeiro, Brazil [3], is a parasite with intracellular growth. 
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Figure 1: Left:  Localized leishmaniasis presenting with an ulcerative skin lesion, 
with infi ltrated borders, on the left wrist. Right: Sporotrichosis presenting with an 
ulcerative skin lesion, with infi ltrated borders, on the arm. Source: Instituto Nacional 
de Infectologia Evandro Chagas, Fundação Oswaldo cruz, Rio de Janeiro, Brazil.
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In leishmaniasis, a few weeks post infection, a nodular 
lesion develops and displays acute infl ammatory response 
(containing neutrophils, macrophages, and eosinophils). 
This infl ammatory reaction is accompanied by a reduction in 
parasite numbers in the dermis. Macrophages are the major 
infl ammatory cells at the infection site. However, neutrophils, 
T and B lymphocytic cells, and Langerhans cells are also 
present and necrotic areas containing apoptotic neutrophils 
are observed in the dermis. Keratinocytes proliferate in the 
granular layer of epidermis with hyperplasia. Following the 
vigorous infl ammatory response caused by macrophages, 
dermal necrosis develops and the lesion becomes ulcerative. At 
this stage, CD4+ and CD8+ T cells predominate in the infi ltrate 
and there is an increase in the production of interleukin (IL)-
10, Tumor Necrosis Factor (TNF)- and interferon (IFN)- as 
well as transformation of macrophages from type 1 to type 
2. There are variable numbers of parasites, according to the 
species, and IL-4, IL-10, and Transforming Growth Factor 
(TGF)- production increases in non-healing lesions [4,5].

Sporotrichosis in the state of Rio de Janeiro is mainly 
caused by Sporothrix brasiliensis [6]. In sporotrichosis, dermis 
presents at an early stage infl ammation with infi ltration of 
neutrophils, plasma cells, and lymphocytes that may or may 
not be intense. Gradually, the usual ulcerated cutaneous lesion 
typically exhibits a granulomatous dermatitis surrounding 
a suppurative abscess, with the presence of a central zone 
composed of neutrophils and a few eosinophils, and an 
outer zone of lymphocytes and plasma cells. At a later stage, 
granulomas mainly consist of epithelioid cells. Small abscesses 
may be seen within granulomas. The histopathological 
fi ndings are generally nonspecifi c and variable in different 
stages of the disease. The histopathological pattern is usually 
a combination of pyogenic and granulomatous reaction and 
may display epidermal hyperplasia, papillomatous acanthosis, 
hyperkeratosis, and intraepidermal microabscesses [7,8]. 

Experimental immunologic studies in the cutaneous lesions 
of leishmaniasis and sporotrichosis also show similar in situ 
profi les with high levels of activated type 2 macrophages and 
production of IL-4 and IL-10 [9].

Infl ammatory mediators are released and tissue 
acidifi cation activates nociceptive primary afferent neurons 
that stimulate the sensation of pain causing hyperalgesia [10]. 
Immunocytes are recruited and release interleukins performing 
their functions in the process of healing the cutaneous lesion 
in an orchestrated way. The cytokine cascade results in the 
activation of COX-2 dependent prostanoid and in the release of 
catecholamine from sympathetic fi bers [11]. Cytokines such as 
IL-1, IL-6, TNF- and IL-8 are related to the pain threshold. 
On the other hand, opioid peptides render nociceptors less 
sensitive to excitation and thus inhibit the action of multiple 
excitatory mediators. Opioid peptides do not bind exclusively 
to one unique opioid receptor, but instead exhibit affi nity for 
various opioid receptors including μ-, ∂- and -opioid receptors 
[10,12]. Endogenous opioids as endorphins and encephalin act 
primarily on μ and ∂ opioid receptors. They are synthesized in 
vivo in order to modulate pain mechanisms and infl ammatory 

pathways, and mediate analgesia in response to painful 
stimuli by binding to opioid receptors on sensitive cutaneous 
nerves. Opioids produced by cells of the immune system and 
keratinocytes are capable of exerting additional effects, such as 
immunomodulation in cutaneous infl ammation. -endorphin 
is present in macrophages, monocytes, granulocytes, and 
lymphocytes, in secretory granules arranged at the cell 
periphery, ready for exocytose. During the early stages of 
infl ammation, as the leukocytes migrate to the site of infection, 
they (along with the resident cells) secrete various chemokines 
such as IL-1, IL-6, IL-8, which lead to hyperalgesia. In the late 
infl ammation stage, macrophages and lymphocytes secrete 
IL-4, IL-10 and IL-13 inhibiting the hyperalgesic pathways 
leading to hypoalgesia [13]. Pain perception depends upon the 
activation of specialized peripheral neurons called Primary 
Afferent Nociceptors (PANs) from primary afferent fi bers (A-, 
A-, and C-fi bers) [14].

The peripheral anti-nociceptive action of μ-opioid receptors 
(MOR) agonists is greatly increased in infl amed tissues. This is 
in part due to stimulation of the MOR synthesis in the Dorsal 
Root Ganglion (DRG) induced by cytokines, especially Neural 
Growth Factor (NGF), and its transport to peripheral terminals. 
Furthermore, immune cells, guided to the infl amed region by 
cell adhesion molecules, are stimulated by local cytokines to 
secrete endogenous opioid peptides, including -endorphin 
and encephalin that bind to the opioid receptors. In addition 
to peripheral and central pain transmission neurons, MOR 
agonists produce analgesia by acting on a pain modulation 
circuit that includes regions of the Central Nervous System. 
In summary, MOR analgesia depends upon a set of widely 
distributed neural targets that include NAPs, ascending pain 
projection neurons and a top-down pain modulatory circuit 
[14]. 

Some experimental studies on nociception in leishmaniasis 
have been performed in order to better understand the profi le 
of cytokines related to pain, without a satisfactory conclusion 
[15,16]. The purpose of this study was to determine the profi le 
of MOR staining in the well established cutaneous ulcerated 
lesions of leishmaniasis and sporotrichosis in patients from 
Rio de Janeiro, Brazil, and to associate the MOR staining profi le 
with the presence or absence of pain in the cutaneous lesions 
of both diseases.

Materials and methods

Series of 38 patients attended between 2013 and 2019 with 
a confi rmed diagnosis by culture of localized cutaneous ulcers 
of leishmaniasis (n=14; 6 with local pain) or sporotrichosis 
(n=19; 9 with local pain), along with fi ve patients with 
unspecifi c cutaneous ulcers (2 with pain) that were treated 
at the Laboratory of Clinical Research and Surveillance in 
Leishmaniasis, Evandro Chagas National Institute of Infectious 
Diseases, Oswaldo Cruz Foundation, Rio de Janeiro, Brazil. 
Fragments of skin lesions previously obtained through biopsy 
were selected according to the information of presence of 
pain without gradation of intensity, or absence of it in the 
cutaneous ulcers at the same day they were submitted to biopsy 
for diagnostic purposes. Exclusion criteria were the presence 
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of viral (HIV) or metabolic diseases (diabetes) that could alter 
the perception of pain. The biopsy tissue specimen was fi xed 
in formalin, embedded in paraffi n and microtome sections 
were obtained for histochemistry (hematoxylin & eosin) and 
immunoreactivity for anti-opioid μ-receptor.

Histopathology

The histopathological analysis focused on changes in the 
epidermis (hyperplasia or pseudoepitheliomatous hyperplasia), 
and dermal changes as type of granuloma (compact - clusters of 
epithelioid cells; or loose – sparse epithelioid cells surrounded 
by edema), presence and semi quantitative analysis of cells of 
the mononuclear phagocytic system (analysis of macrophages 
and epithelioid cells), of polymorphonuclear cells and the 
presence or absence of necrosis, according to the clinical data 
of painful or painless cutaneous lesions. 

Immunohistochemistry

Anti-opioid μ-receptor (AB1580-I Merk Millipore-
Sigma-Aldrich, batch number #3046772) was used for 
immunohistochemistry analysis. Heat induced epitope 
retrieval was performed in EDTA, pH 8.0, for 30min at 98ºC. 
Reaction was detected by phosphatase alkaline kit (GBI Labs, 
Bothel, Washington, USA) and revealed with permanent red 
[17]. The sections were counterstained with hematoxylin. 
Immunohistochemistry staining was analyzed semi 
quantitatively in epidermis and semi quantitative analysis of 
dermal macrophages was also performed (0 to 3+). 

Fisher’s exact test was used for histochemistry and 
immunohistochemistry results, and signifi cance was 
considered at a level of 5%. Analysis was performed using 
color-based image analysis (with permanent red) to evaluate 
extent and quantitatively intensity of the staining from 1+ to 
3+, (being 3+= strong; 2+=medium; 1+= weak). See the Figure 
2. The reading of the slides was performed by two pathologists 
under light microscopy, with agreement of the results.

Ethical approval

 Full consent was obtained from the participants prior to the 
study on the basis of informed consent and led by experienced 
professionals in infectious diseases and immunohistochemical 
techniques. 

The study was approved by the Research Ethics Committee 
of the Evandro Chagas National Institute of Infectious 
Diseases, Oswaldo Cruz Foundation (certifi cate number CAAE 
61115716.5.0000.5262). 

Results

Compact granuloma (mature epithelioid cells in clusters) 
were present in 50% of the leishmaniasis cutaneous lesions, in 
22% of the sporotrichosis cutaneous lesions, and were absent 
in unspecifi c ulcers. Cutaneous lesions regardless of the disease 
presented neutrophils in more than 64% of the cases. Loose 
granuloma (immature epithelioid cell spread in the dermis) 
was present respectively in 50% and 88% of cases. Necrosis 
was present in 27% in the leishmaniasis cases, 69% in the 
sporotrichosis cases, and it was absent in unspecifi c ulcers. 
Pseudoepitheliomatous hyperplasia was more frequent in the 
leishmaniasis cutaneous lesions (85%) than in sporotrichosis 
(57%). The fi nding of a larger proportion of women in the 
sporotrichosis cases happened out of random. There were no 
statistically signifi cant results between gender or age and the 
presence of pain (Tables 1,2).

The histopathological presentation of lesions regarding 
type of granuloma (compact or loose) and the presence of 
micro abscesses of polymorphonucler cells or necrosis did not 
correlate with the presence or absence of local pain (Figure 3).

MOR staining had irregular distribution in epidermis with 
higher intensity in the areas with pseudoepitheliomatous 
hyperplasia. It was also present, although in lower intensity, 
in macrophages and epithelioid cells. It was present in some 
nerves and in the endothelial cells (Figures 3-5).

There was no association between the clinical complaint of 
pain in the lesions and the intensity of the MOR staining.

Discussion

A comparison between histopathological changes and 
immunohistochemical expression of MOR in painful and 
painless cutaneous ulcers of leishmania, sporotrichosis and 
also in unspecifi c ulcers was performed. Ulcerated cutaneous 
lesions of leishmaniasis and sporotrichosis did not show 
signifi cant differences between histopathological aspects 
or intensity of μ-opioid receptor staining when comparing 
lesions with presence or absence of local pain. However, there 
was stronger staining in the areas with pseudoepitheliomatous 
hyperplasia, a fi nding not yet described in the literature (Table 
2).

The keratinocytes are surrounded by infl ammatory 
infi ltrate being stimulated and releasing cytokines and growing 
factors, including NGF and opioids. Probably the high intensity 

Figure 2: Immunohistochemistry staining with permanent red of μ-opioid 
receptor. A) Medium intensity staining in granuloma with giant cell and 
endothelial cells. B) Medium intensity of staining of macrophages. C) Medium 
staining in polymorphonuclear cells in a necrosis area. D) Strong staining in 
pseudoepitheliomatous hyperplasia in unspecifi c ulcer; weak staining in small 
vessels A, B – cutaneous leishmaniasis; C – sporotrichosis. A and C magnifi cation 
20X. B magnifi cation 10X. D, magnifi cation 4X.
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of protease and peptidase from the local infl ammatory activity 
destroyed opioids in those patients who referred to painful 
lesions. On the other hand, in those patients with painless 
lesions, a possible explanation is that the anti-nociception 
came from the DRG neurons. 

Opioids from Immunocytes interacting with receptors 
on sensory nerves inhibit nociception in infl ammation 

sites. Increased amounts of opioid peptides in immune cells 
infi ltrating the infl amed tissue include macrophages, mast 
cells, lymphocytes, plasma cells and polymorphonucler 
leukocytes [18]. 

Opioids are also released from the infl ammatory cells acting 
at paracrine way at the site of injury, while opioid receptors 
are activated in the periphery and DRG neurons in painful 
conditions. Opioid receptors have a key role in wound healing 
and homeostasis [19]. 

Up regulation of opioid receptors and accumulation of 
opioid peptide-producing immune cells are detected at the 
site of nerve injury, accompanied by enhanced antinociceptive 
activity of opioid agonists. Immune cell-derived opioid peptides 
can block the excitation of nociceptors in nerves within injured 
tissue, as demonstrated in surgical patients [17].

The murine model is an excellent system for the analysis 
of Th1/Th2 differentiation in leishmaniasis. Resistance to 
Leishmania (L.) major depends on the development of a L. 
major specifi c Th1 response, while Th2 differentiation results 
in susceptibility to this pathogen. The epidermis is the major 
source of immunomodulatory mediators that triggers Th1 to Th2 
differentiation. This epidermal gene induction was signifi cantly 
stronger in resistant mice especially regarding genes known 
to promote Th1. Mice with a selective IL-6 defi ciency in non-
hematopoietic cells (including keratinocytes) showed a Th2 
switch and dramatic deterioration of cutaneous leishmaniasis. 
These data suggest that epidermal cytokine expression may be 

Table 1: Histopathological and immunohistochemical characteristics of cutaneous lesions of patients with leishmaniasis or unspecifi c ulcers. Evandro Chagas National 
Institute of Infectious Diseases, Oswaldo Cruz Foundation, Rio de Janeiro, Brazil.

Code Disease Sex Age Pain Epidermis Granuloma Necrosis PMN MOR Epi MOR Mac

2816/15 Leish M 25 no hp compact no 1+ 1+ 2+

192/14 Leish F 9 no hp loose no 2+ 3+ 0

162/14 Leish F 11 no pehp compact no 1+ 1+ 1+

2229/15 Leish M 76 yes pehp compact no 0 3+ 1+

1140/15 Leish M 71 yes pehp loose no 2+ 3+ 2+

4918/14 Leish M 26 yes hp compact no 0 2+ 2+

2808/14 Leish M 44 yes pehp compact no 0 3+ 2+

1350/19 Leish M 19 no pehp compact no 0 2+ 2+

13094/18 Leish M 44 no pehp loose yes 1+ 2+ 2+

1290/19 Leish M 61 yes pehp loose yes 2+ 3+ 2+

2456/17 Leish F 52 yes pehp loose yes 1+ 3+ 2+

12540/18 Leish M 27 no absent loose yes 1+ - 2+

15207/17 Leish M 28 no hp compact yes 1+ 1+ 1+

3915/16 Leish M 35 no pehp loose yes 2+ 1+ 0

648/07 Un.ulcer F 55 no hp absent no 1+ 2+ 0

238/07 Un.ulcer M 21 yes pehp absent no 1+ 2+ 0

1506/07 Un.ulcer F 44 yes hp absent no 1+ 2+ 0

733/07 Un.ulcer M 47 no hp absent no 1+ 1+ 0

3431/08 Un.ulcer M 16 no pehp absent no 1+ 3+ 0

PMN = polymorphonuclear cells; MOR Epi = μ-opioid receptor at epidermis; MOR mac = μ-opioid receptor at macrophages; Sporo = sporotrichosis; hp = hyperplasia; pehp = 
pseudoepitheliomathous hyperplasia. In all cases, MOR staining was granular and cytoplasmic.Immunostain: (−) negative, (+) weakly positive, (++) positive, (+++) strongly 
positive.

Figure 3: Compact and loose granuloma in cutaneous leishmaniasis (A and 
B) and sporotrichosis lesions (C and D). A) Epithelioid compact granulomas 
surrounded by lymphocytic cells. B) Pseudoepitheliomatous hyperplasia with horn 
pearls surrounded by loose granuloma in cutaneous leishmaniasis. C) Compact 
granuloma is shown in the upper left corner. In the left bottom, area of necrosis. At 
the center, area with edema. At the right, pseudoepitheliomatous hyperplasia. In the 
right upper corner, loose granuloma. D) Loose granuloma with central necrosis and 
pseudoepitheliomatous hyperplasia. Magnifi cation 10X.
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a decisive factor in the generation of protective Th1 immunity 
and resolution of the infl ammatory process [20]. 

The nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-B) is a protein complex that controls 
transcription of DNA, cytokine production and cell survival. 
NF-B is involved in cellular responses and plays a key role 
in regulating the immune response to infection. It has been 
reported that the MOR gene transcription in various immune 
cells, including human T lymphocytes, leukocytes, and mature 
dendritic cells, induced the proinfl ammatory cytokine TNF. 
NF-B was identifi ed to be responsible for TNF-induced MOR 
gene expression on the human MOR gene promoter [21]. 

Keratinocytes probably are very active and may produce 
many cytokines that hinder the resolution of the infl ammatory 
process, mainly IL-8 that sustain continuous recruitment 
of neutrophils. These cells produce others substances that 

maintain the infl ammation down-regulated by stimulating Th1 
cells such as chemokines CXCL9, CXCL10, CXCL11 and CXCL1 
and chemokines as CXCL2, CXCL3, CXCL5, CXCL6, CXCL7 
and CXCL8(IL8) which are among those of angiogenic family 
includes chemokines CXCL1, CXCL2, CXCL3, CXCL5, CCLX6, 
CXCL7 and CXCL8 (IL8). On the other hand, neutrophils-
derived cytokines lead to the persistence of the infl ammatory 
process, expressing pro-infl ammatory (TNF, IL-1, IL-1, 
IL-6, IL-8, IL-l7) or anti-infl ammatory cytokines, besides 
angiogenic or fi brogenic factors [22]. 

In the cutaneous lesions of sporotrichosis and leishmaniasis 
the observation of neutrophils and necrosis in the wound is 
very usual even in deeper dermis [9]. Many times there is no 
complaint of pain, even with a lot of enzymes and peptidases 
acidifying the environment. So another explanation besides 
local opioid production should be postulated. Some authors 
reported experiments with rats pursuing explanations for 
neuropathic pain, and found out that MOR comes from DRG 
through the peripheral nerves and blocks the local pain. 
NGF up regulates MOR in DRG. This is followed by enhanced 
axonal MOR transport towards peripheral nerve terminals and 
subsequent increase of MOR in nerve fi bers within skin. NGF-
induced effects occurring through DRG to peripheral nerve 
fi bers and the potentiating of antinociception were abrogated 
by NGF neutralization. This suggests that NGF not only 
contributes to infl ammatory pain but also governs the MOR up 
regulation, resulting in enhanced opioid susceptibility towards 
better pain control [23]. 

Intense tissue damaging stimuli activates primary afferent 
nociceptors in cell bodies in the DRG. The central terminals 
of the nociceptors contact second-order neurons in the dorsal 
horn of the spinal cord gray matter. Agonists of MOR directly 
inhibit pain transmitting neurons in the periphery and central 
nervous system. They also act on descending pain modulatory 
circuits that control spinal cord pain transmission provided by 
noradrenergic innervations of the dorsal horn [14]. 

A weakness of this study is to be a retrospective study. 
Further studies with larger number of patients and with 
gradation of local pain sensation would allow a better 
understanding on the issue of local pain in granulomatous 
infectious diseases of the skin. 

In conclusion, the general concept that leishmaniasis 
presents mainly painless lesions or sporotrichosis presents 
painful lesions could not be directly demonstrated in this 
study. There was no association between MOR staining and 
the presence or absence of local pain in the cutaneous lesions 
of both diseases. Certainly, there must be pain modulation by 
local opioids, but the main modulation seems to be originated 
from the peripheral and central nervous system.
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Figure 4: Immunohistochemistry staining with permanent red showing strong 
positivity in epidermis for μ-opioid receptor in painless (A and B) and painful (C 
and D) cutaneous lesions. Cutaneous leishmaniasis (A and C) and sporotrichosis 
lesions (B and D). A, B, C, magnifi cation 4X. D, magnifi cation 10X.

Figure 5: Immunohistochemistry staining with permanent red of μ-opioid 
receptor. A) Strong irregular staining in longitudinal section of a nerve. At the 
right, sudoriparous glands with weak staining. B) Medium irregular staining in the 
endothelial cells (center) and in infl ammatory cells (right) C) Weak irregular staining 
in longitudinal section of a nerve. D) Weak staining in transversal section of a nerve 
surrounded by medium staining in infl ammatory cells. In the bottom, a vessel and 
nerve with no staining. 
A, B, D – cutaneous sporotrichosis, magnifi cation 40x, 20x, 40x respectively; C 
cutaneous leishmaniasis, magnifi cation 20X.
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Table 2: Histopathological and immunohistochemical characteristics of cutaneous lesions of patients with sporotrichosis. Evandro Chagas National Institute of Infectious 
Diseases, Oswaldo Cruz Foundation, Rio de Janeiro, Brazil.

Code Sex Age Pain Epidermis Granuloma Necrosis PMN MOR Epi MOR Mac

1151/14 F 17 no hp compact no 0 2+ 0

429/15 M 10 no pehp compact yes 1+ 1+ 1+

3196/14 F 29 no hp loose yes 3+ 2+ 1+

5917/13 F 57 yes pehp loose yes 2+ 3+ 0

4184/13 F 21 yes pehp loose yes 3+ 3+ 1+

2990/13 F 27 yes hp loose yes 1+ 1+ 0

1483/14 F 11 yes hp loose yes 3+ 2+ 2+

160/14 F 29 yes hp loose yes 3+ - 1+

4468/14 F 5 no pehp loose yes 1+ 3+ 1+

3529/14 F 13 no pehp loose yes 2+ 2+ 3+

2054/14 F 13 no pehp loose no 3+ 2+ 1+

1767/14 F 14 no pehp compact yes 2+ 2+ 1+

4657/14 M 20 no pehp loose yes 3+ 3+ 3+

1541/14 M 10 yes hp loose yes 3+ 2+ 2+

3394/14 F 65 yes pehp loose no 1+ 3+ 2+

2796/13 F 13 no pehp compact no 0 3+ 0

980/15 F 55 no hp loose yes 3+ 2+ 1+

1820/14 M 40 yes hp loose no 2+ 1+ 1+

1821/14 M 10 yes pehp loose no 1+ 2+ 1+

PMN = polymorphonuclear cells; MOR Epi = μ-opioid receptor at epidermis; MOR mac = μ-opioid receptor at macrophages; Sporo = sporotrichosis; hp = hyperplasia; pehp = 
pseudoepitheliomathous hyperplasia. In all cases, MOR staining was granular and cytoplasmic.Immunostain: (−) negative, (+) weakly positive, (++) positive, (+++) strongly 
positive.
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