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Abstract: Non-ulcerated cutaneous leishmaniasis (NUCL) is an atypical and peculiar clinical form of the 
disease that was first described by Ponce et al. (1988) in Honduras (Central America), where isolated or 
disseminated popular and/or nodular skin lesions are commonly seen in adolescents and young adults. 
Leishmania (L.) chagasi was then incriminated as the causal agent of the disease, as well as of American visceral 
leishmaniasis (AVL), although NUCL has been shown to be more prevalent than AVL in the region. 
Considering, however, the dubious taxonomic character of the causal agent of NUCL, as there is no evidence 
of this form of disease associated with L. (L.) chagasi in South America, this study aimed to carry out a 
retrospective taxonomic analysis on a series of studies on the diagnostic approach to the Honduran parasite in 
loco (El Tigre island, Amapala municipality, west coast of Honduras), where taxonomic characters of a 
biological (in vitro and in vivo), epidemiological (vector and canine reservoir), clinical-immunological 
(immunopathological features of in situ skin lesion and systemic infection) and molecular 
(genomic/phylogenetic analyses) nature were considered. The findings, particularly those of molecular nature, 
such as: the Honduran parasite showed to be more ancestral (molecular clock analysis of the DNA polymerase 
alpha subunit gene) than all viscerotropic ones [L. (L.) chagasi, L. (L.) donovani and L. (L.) infantum], as well as 
presenting an absolutely unprecedented structural variation on chromosome 17 and the highest frequency of 
genomic SNPs (more than twice the number seen in the Brazilian parasite), in addition to representing a 
different phylogenetic lineage (mainly in the NJ - RNA Pol II tree) from those viscerotropic ones, have pointed 
to the characterization of a new leishmanine parasite, Leishmania (Leishmania) poncei n. sp. (Kinetoplastea: 
Trypanosomatidae), in honor of Professor Ponce, who was the first researcher to describe NUCL in Honduras. 
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1. Introduction 

Visceral leishmaniasis, also known as “kala-azar”, is an infectious, non-contagious disease 
caused by leishmanine protozoan parasites of the order Kinetoplastea, family Trypanosomatidae, 
and genus Leishmania Ross 1903. These have all been grouped together into the Leishmania 
(Leishmania) donovani complex, which comprises of three valid species: Leishmania (L.) donovani 
Laveran & Mesnil 1903 (Africa/India), Leishmania (L.) infantum Nicolle 1908 (Europe/North Africa), 
and Leishmania (L.) chagasi Lainson & Shaw 1987 (=Leishmania chagasi Cunha & Chagas 1937) (Central 
and South America) [1–6].  

In Latin America, the disease is known as American visceral leishmaniasis (AVL) or even as 
“neotropical calazar”, and its main vector is the phlebotomine species Lutzomyia longipalpis 
(Psychodidae: Phlebotominae) [1,7]. AVL mainly affects children ages one to ten years-old, however, 
it can also affect young adults, with males being the most involved. The clinical features of the disease 
may appear gradually or suddenly, and it usually begins with a daily fever that lasts for up to two 
months, generalized body weakness, indisposition, loss of appetite, weight loss, mucocutaneous 
pallor, and abdominal distension that occurs due to the progressive enlargement of the liver and 
spleen (hepatosplenomegaly). This hepatosplenomegaly occurs as a result of hyperplasia and 
hypertrophy of the mononuclear phagocytic system (SFM) in the parenchyma of these viscera. In the 
absence of proper diagnosis and treatment, this condition almost always leads to death. Pancytopenia 
(anemia, leukopenia, and thrombocytopenia) and suppression of T-cell immune response (mainly 
CD4/Th1 cells) are significant immunopathological disorders that are responsible for intercurrences 
such as bronchopulmonary and intestinal infections. When these intercurrences occur with 
hemorrhages that result from uncontrolled coagulation, they account for the deaths that occur in the 
advanced stages of the disease [8–10]. 

Although AVL can be considered to be the main clinical-immunological manifestation that 
results from interactions between the parasite and human immune system from a medical and/or 
public health point of view [11], it is worth noting that in some Central American countries such as 
Honduras, El Salvador, Nicaragua and Costa Rica, the infection may also present atypically in 
teenagers and young adults. This atypical picture may only compromise the skin (with no evidence 
of visceral involvement), where non-ulcerated lesions with a papular and/or nodular appearance may 
be seen disseminated on the face, pinnae, thorax, back, and upper and lower limbs evolving over 
months or even years. This was initially described as a new variant of cutaneous leishmaniasis from 
the infection due to “Leishmania donovani chagasi” by the pioneering work of Professor Ponce’s 
research group in the Amapala municipality on the west coast of Honduras (El Tigre Island) [12,13]. 

Almost simultaneously, this new clinical variant of cutaneous leishmaniasis, currently 
recognized as non-ulcerated cutaneous leishmaniasis (NUCL) or atypical dermal leishmaniasis 
(ADL), was also described in Costa Rica [14]; however, it was associated with another leishmanine 
parasite, “Leishmania infantum”, which led these authors to consider that the parasite had been 
introduced from Europe to the New World. It is interesting to note, however, that a few years later, 
a genotypical analysis using the kDNA RFLP and RAPD techniques to identify the causal agent of 
both clinical forms (NUCL and AVL) in Honduras confirmed that L. (L.) chagasi was the causal agent 
of both forms of the disease [15]. 

It is therefore necessary to point out that the clinical picture referred to as NUCL or ADL 
comprises of a clinical entity that is exclusively characterized by cutaneous manifestations (with no 
previous history of AVL) that are mainly represented by closed lesions of a typically papular and/or 
nodular appearance or infiltrated plaque (without evidence of a necrotizing-ulcerative process), 
measuring about 5–10 mm in diameter on average. They are usually surrounded by a hypochromic 
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halo and are commonly disseminated over the face, trunk and limbs (upper and lower), evolving 
over months or even years and associated, until then, to the infection by L. (L.) chagasi (Figure 1) 
[12,13,15]. This clinical picture clearly differs from that of AVL, although in some occasions AVL 
patients may simultaneously present with skin lesions (sometimes even with an ulcerative character) 
that seem to represent a dermal manifestation of the systemic infection by L. (L.) chagasi [16,17]. 

 

Figure 1. A typical case of non-ulcerated cutaneous leishmaniasis (NUCL) in a 14-year-old female 
adolescent presenting a papular cutaneous lesion on the left hemiface, surrounded by a hypochromic 
halo with a three-month evolution. Photograph courtesy of Marcia Dalastra Laurenti. 

Another condition worth mentioning here refers to what was considered the first case of “active 
cutaneous leishmaniasis” caused by Leishmania donovani chagasi in the New World [18]. This case was 
seen in a 35-year-old female patient residing in the municipality of Rio de Janeiro, Rio de Janeiro 
State, Brazil and presented as a typical ulcerated skin lesion (3 cm in diameter) on the left lower limb 
with almost three months of evolution. This clearly differs from the clinical picture referred to as 
NUCL or the variant of cutaneous leishmaniasis described by Ponce et al. [12,13]. More recently, 
another similar rare case caused by Leishmania (L.) infantum chagasi was diagnosed as “American 
cutaneous leishmaniasis (ACL)”. This case showed three ulcerated skin lesions (also morphologically 
different from those with a papular and/or nodular aspect or infiltrated plaque typical of NUCL) on 
the face of an elderly patient (over eighty-years-old) that had been evolving for about seven months. 
The patient was also from the municipality of Rio de Janeiro, Rio de Janeiro State, Brazil, where there 
was no previous record of ACL by Leishmania (V.) braziliensis [19].  

Based on the comments above, a diagnostic approach in the original area (El Tigre Island, 
Amapala municipality, west coast of Honduras) that Ponce et al. [12,13] carried out their pioneering 
study on the variant of cutaneous leishmaniasis (today, NUCL) caused by L. (L.) chagasi [15] was 
recently began (2017). This approach sought to better understand the biological and molecular 
(genomic) characteristics of the Honduran leishmanine parasite, as well as the epidemiological 
aspects of human (and also canine) infection and its physiopathogenic (or immunopathogenic) 
mechanisms responsible for the largest clinical-immunological spectrum of that infection in Latin 
America [20]. The evidence gathered so far (which is the reason for the publication of this 
manuscript), based on taxonomic characters of a biological [21,22], epidemiological [23,24], clinical-
immunological [20,25–31] and molecular (genomic/phylogenetic) [4,5 Figueroa et al. unpublished 
data; Vasconcelos dos Santos et al. unpublished data] nature related to this leishmanine parasite, 
point to the characterization of a new leishmanine species, Leishmania (Leishmania) poncei n. sp. 
[Kinetoplastea: Trypanosomatidae] (Figure 2A,B), in honor of Professor Carlos Ponce, who was the 
first researcher to describe NUCL in Honduras, Central America. 
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Figure 2. A)  Photomicrograph of Giemsa-stained amastigote forms of Leishmania (L.) poncei in spleen 
smear from a “hamster” experimentally infected with the parasite. B) Photomicrograph of Giemsa-
stained promastigote forms of Leishmania (L.) poncei from Schneider culture medium. Scale-bar: 5 µm. 
Photographs courtesy of Gabriela V. Araujo Flores. 

2. Integrative taxonomic analysis of the biological, epidemiological, clinical-immunological and 

molecular characters of the leishmanine parasite causing both NUCL and AVL in Honduras, 

Central America 

 

2.1. Study area 

All the activities that led to the realization of the aforementioned works werecarried out on El 
Tigre Island in the Amapala municipality, (N13◦ 15.618, W87◦ 37.463), Valle Department, on the west 
coast of Honduras in April 2017. The municipality comprises of two islands: Zacate Grande and El 
Tigre and is located in the Gulf of Fonseca in southwestern Honduras with a total of 28 villages and 
an estimated population of 13,302 individuals. The natural vegetation cover is dominated by a dry 
tropical forest. Temperature ranges between 25 ◦C and 35 ◦C, and average annual rainfall is 2096 mm. 
The dominant topography is mountainous and rugged with an average altitude of 44 m. The 
ecological landscape markedly changes between the dry season (November-May) and the rainy 
season (June-October) [20]. 

2.2. Parasite 

Four strains of the Honduran parasite were used in the in vitro and in vivo experiments that gave 
support to this diagnostic approach. These parasites have been described as follows: 
MHOM/HND/2017/AMA-65, MHOM/HND/2017/AMA-73, MHOM/HND/2018/AMA-161, and 
MHOM/HND/2018/AMA-614/Isla del Tigre/Amapala municipality/Honduras. The parasites were 
isolated from four human cases of non-ulcerated cutaneous leishmaniasis (NUCL) [4,5,21,22] and 
hitherto characterized as Leishmania (L.) infantum chagasi using the PCR-RFLP through Hae III 
digestion of a Hsp70 fragment [20]. 

2.3. Genomic/phylogenetic analyses 

Genomic analyses were performed as described elsewhere [4,5]. Moreover, the target strain 
sequences (MHOM/HD/2017/M32502) derived from de novo whole-genome assembly (GenBank 
accession number JAGRQD000000000) were analyzed together with representative sequences of 
different Leishmaniine species, covering subgenera/complexes from both the New and Old World. 
Two different partial gene sequences were analyzed: the large subunit of RNA Polymerase II (RNA 
Pol II) and the DNA Pol 𝛼. Alignment and tree building was performed using the MEGA software. 
Sequences were aligned using Clustal W and the Kimura 2-parameter model gave the best-fitting 
model of sequence evolution and was used for tree construction using the maximum likelihood (ML). 
Models with the lowest Bayesian information criteria were applied and ML trees were generated for 
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each data set, bootstrapping with 1000 replicates. Porcisia hertigi was included as a closely related 
out group. 

2.4. Biological taxonomic characters of the Honduran parasite 

Although L. (L.) chagasi is well known as the only etiological agent of AVL in Latin America [1–
6,32], it is also responsible for the atypical NUCL that is observed in some Central American 
countries, such as Honduras, El Salvador, Nicaragua, and Costa Rica. Thus, even if the genetics of 
the immune response of infected individuals residing in these countries was considered to be the 
main factor that acts in sense of directing the infection to the skin, it is highly unlikely that the immune 
response would be able to solely orchestrate this atypical behavior of the infection. It therefore seems 
important to remember the crucial role of the species-specific Leishmania antigens in determining the 
outcome of the human T-cell immune response, preferentially towards the CD4+/Th1 or CD4+/Th2 
poles, as has been shown in the Leishmania species of the subgenera L. (Viannia) and L. (Leishmania), 
respectively that act as etiological agents of American cutaneous leishmaniasis in the Brazilian 
Amazon [33–36]. After considering this guideline, we tried to evaluate some biological markers of L. 
(L.) chagasi strains that were isolated from NUCL of Honduras and compare them with those isolated 
from AVL and canine visceral leishmaniasis (CVL) of Brazil.  

In vitro study 

This experiment examined the biochemical and functional roles of lipophosphoglycans (LPGs), 
the major cell surface glycoconjugate of the Leishmania parasite, which have the ability to protect the 
parasites from complement-mediated lysis and facilitate its attachment and entry into macrophages 
and also inhibit phagolysosomal fusion and protein kinase C [37,38]. In this sense, the following 
dermotropic strains of L. (L.) chagasi: MHOM/HND/2017/AMA-65, HOM/HND/2017/AMA-73, 
MHOM/HND/2018/AMA-161, and HOM/HND/2018/AMA-614 isolated from NUCL were used 
during in vitro interaction with murine macrophages (BALB/c and C57BL/6) and compared with 
viscerotropic strains from AVL and CVL of Brazil (MHOM/BR/1970/BH46 and 
MCAN/BR/89/BA262). LPGs were extracted, purified, and their repeat units analyzed. This made it 
possible to demonstrate an unusual fact in these dermotropic strains of the Honduran parasite, i.e., 
they had no side chains consisting of Gal (β1,4) Man (α1)-PO4 that is common to all LPGs. The 
interaction of LPG from these dermotropic strains of the Honduran parasite with BALB/c and 
C57BL/6 peritoneal macrophages with a view to producing nitric oxide (NO) and cytokines (TNF-α 
and IL-6) revealed that LPGs from these dermotropic strains of the Honduran parasite were able to 
elicit higher levels of NO and cytokines compared to the viscerotropic strains (AVL and CVL) of 
Brazil. This led to the conclusion that LPG of the dermotropic strains of L. (L.) chagasi of Honduras is 
devoid of side chains and exhibits high proinflammatory activity [21]. 

In vivo study 

To better understand the biological behavior of the Honduran parasite, hamsters were infected 
subcutaneously and intraperitoneally with L. (L.) chagasi promastigotes that were isolated from 
NUCL (MHOM/HND/2017/AMA-65 and MHOM/HND/2017/AMA-73) and AVL 
(MHOM/HND/2020/LV-3) patients in the stationary growth phase. After 15, 30, 60, 90, and 120-days 
post-infection, the parasite-load, histopathological changes, and cytokines production at the 
subcutaneous and visceral (liver and spleen) sites of infection were analyzed. Animals inoculated 
subcutaneously did not develop macroscopic skin lesions, and only few histopathological changes in 
the dermal layer at the inoculation point were observed, regardless of the cutaneous or viscerotropic 
strains used. Conversely, histopathological findings in the viscera revealed portal mononuclear 
inflammatory infiltrates and hepatic nodules, in addition to intense macrophage infiltrates in the 
spleen, which progressively increased during the course of the infection. The parasite load in the 
viscera also increased progressively, regardless of the route of inoculation. Apart from IL-10, which 
was evident in the infected animals, there was no other observed increase or decrease in the 
production of proinflammatory or anti-inflammatory cytokines when compared to the healthy 
control group. In this sense, L. (L.) chagasi strains isolated from patients with NUCL or AVL from 
Honduras were able to cause visceral lesions in hamsters, regardless of the route of inoculation [22]. 
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2.5. Epidemiological taxonomic characters of infection of the Honduran parasite 

Regarding the epidemiological character of the parasite, two studies are worthy of note, as they 
observed two situations that reflect the distinct epidemiological character of the parasite under 
analysis in relation to that (L. (L.) chagasi) responsible for AVL in endemic areas of South America, 
especially in Brazil.  

Vector study 

The first study carried out a survey on the sand fly fauna in the area (Honduran Pacific coast); 
however, it is necessary to remember that previous evidence had already revealed that Lutzomyia 
(Lutzomyia) longipalpis and Pintomyia (Pifanomyia) evansi were the most prevalent species found in the 
area [39,40]. These evidences also recognized these phlebotomine species as important vectors of AVL 
in other geographic regions of Latin America, but not in Honduras [7,41–43]. Conversely, it is also 
important to mention that both AVL and NUCL are endemic on the Pacific versant of the Central 
American Pacific, where NUCL is the most frequently seen clinical form of the disease [20]. 
Collections of sand flies were carried out on five consecutive nights (May, 2018), making it possible 
to capture 222 sand fly specimens of six different species. Lutzomyia longipalpis (81%) and Pintomyia 

evansi (16%) were the most prevalent species of sand flies seen. L. (L.) chagasi DNA was detected in 
nine of the 96 specimens analyzed. Seven of these specimens were identified as Lutzomyia longipalpis, 
while the remaining two were Pintomyia evansi with infection rates of 9.4% and 2.7%, respectively. 
Finally, this represented the first record of L. (L.) chagasi DNA in Pintomyia evansi (Psychodidae: 
Phlebotominae) in an NUCL endemic region (El Tigre Island, Amapala municipality, Pacific coast of 
Honduras) of Central America. This strongly suggest that this sand fly species could be acting as a 
secondary vector of L. (L.) chagasi in the transmission cycles of both NUCL and AVL in Central 
America [23]. 

Reservoir study    

Although Ponce’s pioneering work and other collaborators suggested that dogs could be a 
potential reservoir of L. (L.) infantum chagasi in the study area based on the 17% seroprevalence of 
infection in this animal [13], recent data obtained from this diagnostic approach has questioned this 
premise. This survey was carried out to analyze the behavior of natural canine L. (L.) chagasi infection 
in NUCL endemic areas and compare it with that of the infection in AVL endemic areas of South 
America, using Brazil, where the domestic dog is highly susceptible to this infection, as a reference. 
This susceptibility is attributed to evolving with high parasite loads on the skin, which gives it the 
status of AVL’s domestic reservoir, in addition to presenting with a high death rate from canine 
visceral leishmaniasis (CVL) [44–48]. For the purpose of the study, 107 dogs residing with patients 
with NUCL were clinically examined, and their biological materials were collected with a view of a 
parasitological and immunological diagnosis. The vast majority of dogs were apparently 
asymptomatic, although some presented with weight loss (64%), alopecia (7%), onychogryphosis 
(5%) and skin lesions (1%). The overall seroprevalence of canine infection based on the DDP® quick 
test and/or in-house ELISA was 41%. A molecular diagnosis (PCR) of infection was confirmed in 94% 
of the dogs; however, the average parasite load in the buffy coat was only 6,09 parasites/μL (0.221 
and 50.2). Furthermore, the histopathological analysis of the skin of seropositive dogs did not reveal 
any significant dermal change that was suggestive of inflammatory processes compatible with 
leishmaniasis or other parasites. These findings, unlike those of CVL in South America, mainly in 
Brazil, seem to suggest that the domestic dog is not a good source of infection for the phlebotomine 
sand fly vector in the NUCL endemic area in the west coast of Honduras [24]. 

2.6. Clinical-immunological taxonomic characters of infection by the Honduran parasite  

The clinical-immunological taxonomic characters of L. (L.) chagasi infection in the NUCL 
endemic areas were also the target of this diagnostic approach, with the objective of trying to 
elucidate the mechanisms of the parasite’s interaction with the human immune response, and 
consequently, the possible clinical-immunological outcomes resulting from this interaction. It also 
sought to compare them with those already known that result from the interaction of the parasite (L. 
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(L.) chagasi) with the human immune response in AVL endemic areas in South America, mainly in 
Brazil.  

Immunopathological features of in situ skin lesion caused by NUCL 

The first work studied the nature of the inflammatory response in the skin lesions caused by 
NUCL and sought to better understand the pathophysiologic (or immunopathogenic) mechanisms 
that are involved in the pathogenesis of the typical closed skin lesion with a papular and/or nodular 
aspect or infiltrated plaque that is commonly seen in NUCL. For this purpose, biopsies taken from 
skin lesions of 20 patients with NUCL received conventional histological technical treatment, 
including hematoxylin and eosin (H&E) staining. The main histopathological findings revealed a 
mononuclear inflammatory infiltrate in the dermal layer that ranged from mild to intense and were 
composed mainly of lymphocytes, macrophages (with mild parasitism), and few plasmocytes. 
Furthermore, there were epithelioid granulomatous reactions in 60% of the studied cases, which 
suggested that the inflammatory response in NULC skin lesions (although of the closed type and, 
therefore, not ulcerated) is mainly composed of a substrate of a cellular immune nature, given the 
high rate (60%) of the epithelioid granulomatous reactions in the skin lesions [27]. 

However, if the typical NUCL skin lesion is closed with a papular and/or nodular appearance 
or infiltrated plaque, how can one explain that the epithelioid granulomatous character of the 
inflammatory reaction, probably supported by a well-developed cellular immune substrate, is unable 
to externalize a necrotizing reaction with a consequent ulcerative process of the skin lesion? In an 
attempt to answer this question, the immune response of the skin lesion was examined in situ to 
explore the possible regulatory mechanisms that are involved in the pathogenesis of NUCL. This was 
done by investigating the anti-CD4, anti-FoxP3, anti-IL-10, and anti-TGF-β antibodies as target 
markers for this immunohistochemical analysis. These immunological markers (CD4+, FoxP3+, IL-10+, 
and TGF-β+) were observed in the dermal layer with inflammatory infiltrates and higher densities 
(P< 0.05) in all 20 of the NUCL skin lesion biopsies studied when compared to the normal skin 
controls. Moreover, a strong positive correlation between CD4+ and FoxP3+ cells and a moderate 
positive correlation between FoxP3+ and TGF-β+ was observed; however, this was not seen with IL-
10+ cells. These findings suggest that T-regulatory FoxP3+ cells and the regulatory cytokines, mainly 
TGF-β+, play an important role in the pathogenesis of NUCL by modulating a moderate cellular 
immune response in skin lesions and avoiding tissue damage (a necrotizing reaction), thus, leading 
to low tissue parasitic persistence [25]. 

Following the analysis of the immune response in NUCL skin lesions made in situ, the presumed 
role of Th17 lymphocytes in the pathogenesis of the skin lesions was then investigated, taking into 
account previous findings that showed that CD8+ T-cells were the main lymphocyte population 
present in dermal infiltrates of NUCL, followed by CD4+ T-cells, which have been correlated with 
IFN-γ+ cells. The 20 biopsies of the NUCL skin lesions were again submitted for 
immunohistochemical analysis, and the anti-ROR-γt, anti-IL-17, anti-IL-6, anti-TGF-β, and anti-IL-23 
antibodies were used to characterize the role of Th17 lymphocytes in the pathogenesis of NUCL skin 
lesion. All these immunologic markers: ROR-γt+, IL-17+, IL-6+, TGF-β+, and IL-23+ were observed in 
the dermal inflammatory infiltrates of NUCL skin lesions at higher (P< 0.05) densities when 
compared to normal skin controls. A positive correlation between CD4+ T-lymphocytes, ROR-γt+, and 
IL-17+ cells suggested that some CD4+ T-cells may be acting as Th17 lymphocytes. Furthermore, a 
positive correlation between ROR-γt+ cells and TGF-β+, IL-6+, IL-17+, and IL-23+ cells could also 
indicate the role of these cytokines in the differentiation and maintenance of Th17 lymphocytes in 
skin lesions, favoring a protective cellular immune action against infection [26]. 

It is high time to investigate the role of TCD4/CD8, B-lymphocytes, macrophages, NK cells, nitric 
oxide synthase (iNOS), and IFN-γ in the pathogenesis of NUCL through immunohistochemical 
analysis. The biopsies of the skin lesions that were taken from patients with NUCL were submitted 
for specific labeling with anti-CD4+ and anti-CD8+ T-lymphocytes, anti-B lymphocytes, anti-NK cells, 
anti-macrophages, anti-iNOS, and anti-IFN-γ antibodies. The immunohistochemical analysis of the 
samples revealed a higher expression of these immunological markers in the dermal layer of NUCL 
skin lesions compared to those of healthy individuals (P< 0.05). In addition, morphometric analysis 
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performed on sections of the skin lesions showed a predominance of CD8+ T-lymphocytes in the 
mononuclear inflammatory infiltrate, followed by macrophages, mostly iNOS+, which indicates an 
overt cellular immune response that is most likely mediated by IFN-γ. These findings reinforce the 
crucial role of IFN-γ in mediating the cellular immune response in NUCL skin lesion and also 
highlight the pivotal role of CD8+ T-lymphocytes in the host’s defense mechanism against the parasite 
[28]. 

After considering the evident protective role of the cellular immune response that is capable of 
controlling the intramacrophagic multiplication of the parasite in NUCL, the phenotypic 
subpopulations of macrophages in those skin lesions were evaluated in situ. This was because it is 
already well known that macrophages play an important role in the innate and/or acquired immune 
response against the Leishmania parasite and that depending on its subset and/or activation status 
there may be an elimination or, otherwise, favorable environment for the intracellular multiplication 
of the Leishmania parasite. In this sense, the fate of the parasite can be influenced by the phenotype of 
the infected macrophage, i.e., linked to the classically activated resistant M1 macrophage, or 
alternatively, to the susceptible activated M2 macrophage. M1 and M2 macrophage subsets were 
examined by double-staining immunohistochemical analysis of the biopsies of skin lesions of patients 
with ACL caused by Leishmania (L.) amazonensis (anergic diffuse cutaneous leishmaniasis (ADCL): 5 
cases, and localized cutaneous leishmaniasis (LCL): 4 cases, Leishmania (V.) panamensis (LCL): 10 
cases, Leishmania (V.) braziliensis (LCL): 5 cases, as well as by L. (L.) chagasi (NCUL): 10 cases. The 
results obtained demonstrated a higher (P< 0.05) density of M1 macrophages (112 ± 12 cells/mm2) 
than those of M2 macrophages (43 ± 12 cells/mm2) in the NUCL caused by L. (L.) chagasi. Conversely, 
higher densities (P< 0.05) of M2 macrophage (616 ± 114 and 219 ± 29 cells/mm2) compared to those of 
M1 macrophage (195 ± 25 and 97 ± 24 cells/mm2) were observed in skin lesions of ADCL and LCL 
caused by L. (L.) amazonensis, respectively, and also in LCL caused by L. (V.) panamensis (M2= 164 ± 
14 > M1= 71 ± 14). However, in the LCL caused by L. braziliensis, there were no differences in cell 
densities between M1 and M2 macrophages (M1= 50 ± 13, M2= 53 ± 10). These findings clearly suggest 
that polarization of M1 and M2 macrophages is strongly influenced by the dichotomy between Th1 
and Th2-type cellular immune responses, i.e., in those clinical forms of the disease where the cellular 
immune response is predominantly of the Th2-type, as seen in the ADCL and LCL caused by L. (L.) 
amazonensis. In the LCL caused by L. (V.) panamensis, the expression of the macrophage cell density 
of the M2 phenotype was more prevalent, while in the NUCL, where the cellular immune response 
is predominantly of the Th1-type, the expression of cellular density of the M1 macrophage phenotype 
was more prevalent. However, although there is more expression of Th1-type cellular immune 
response than that of the Th2 type in the LCL caused by L. (V.) braziliensis, there has been no 
expression of a higher cellular density between M1 and M2 macrophages [29]. 

In order to further expand this knowledge, it was therefore analyzed the role of antigen-
presenting cells in the pathogenesis of the NUCL through the double-staining immunohistochemical 
analysis using cellular and intracellular markers. In this sense, twenty-three skin biopsies from NUCL 
patients were examined, together with specific monoclonal antibodies against Langerhans cells, 
dermal dendritic cells, CD4 and CD8 T-lymphocytes, IL-12, IFN-γ, TNF-α and IL-10 cytokines, in 
addition to iNOS. The most significant results include the high expression of both dermal and 
Langerhans dendritic cells, together with that of pro-inflammatory IL-12 cytokine, greater (P< 0.05) 
than those of IFN-γ, TNF-α, iNOS, and IL-10. In addition, the activation of cellular immune response 
was marked by higher density of CD8 Tc1-lymphocytes followed by CD4 Th1-lymphocytes 
producing mainly IFN-γ. These findings suggest that antigen-presenting cells (both dermal and 
Langerhans dendritic cells) play a crucial role in the activation of immune response through the high 
production of pro-inflammatory cytokines, mainly IL-12, directing cellular immune response 
preferentially to Th1 and Tc1 types in the NUCL caused by L. (L.) chagasi in Honduras [30]. 

Clinical-immunological spectrum of the Honduran parasite-infection  

Following the findings of the immune response in the skin lesions of patients in situ, we sought 
to understand how the humoral and cellular immune responses could be contributing to the 
pathogenesis of NUCL in a systemic way. As a result, 80 serum samples were selected in order to 
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evaluate the cytokine and immunoglobulin profiles in patients with NUCL (n= 47), AVL (n= 5), and 
negative control group (n= 28) based on previous clinical and laboratory diagnosis of the infection. 
Cytokine profiles were evaluated using a Cytokine Bead Array (CBA) Human Th1/Th2/Th17 kit. IgG 
and IgM classes and IgG1 and IgG2 subclasses of immunoglobulins were evaluated by ELISA using 
species-specific L. (L.) chagasi antigens. The serum concentration of TNF-α, IFN-γ, IL-2, and IL-4 
cytokines in the NUCL, AVL, and control group were below the detection threshold of the CBA kit. 
IL-6, IL-10, and IL-17A cytokine concentrations were lower (P< 0.05) in patients with NUCL 
compared to those with AVL. With regards to the immunoglobulin profile, it was noticed that 
patients with NUCL presented with 4.0 times more IgG than the control group, while patients with 
AVL presented with 6.6 times more IgG. There was a 1.6 times higher expression in NUCL and a 2.6 
times higher expression in AVL patients than in the control group for IgM. Concerning the 
immunoglobulin subclass, only patients with AVL showed a positive expression of IgG1. There was 
no positive expression of IgG2 among the studied clinical immunological groups. Therefore, these 
findings suggest that there is a weak cellular and humoral systemic immune response in NUCL [31]. 

The final diagnostic approach of the Honduran leishmanine parasite did not exactly explore the 
main clinical-immunological manifestations of the infection, i.e., the variant of cutaneous 
leishmaniasis by Ponce et al. [12,13], however, the entire clinical-immunological spectrum of this 
infection represents, in fact, the broadest clinical-immunological spectrum hitherto known for a 
single Leishmania species. For this purpose, 576 individuals residing in the study area were examined 
from a clinical, parasitological, immunological [humoral (ELISA-IgG/IgM) and cellular (DTH skin 
test)] point of view, with the aim of making a clinical-laboratorial diagnosis of symptomatic and 
asymptomatic infections. All symptomatic infections (NUCL) were confirmed by parasitological 
diagnosis (104), and the prevalence rate of NUCL was 18%. Among the asymptomatic individuals 
examined (472), 320 showed reactivity for one or both immunological tests (ELISA-IgG/IgM, DHT, 
or both), generating a prevalence rate of 55.50% for asymptomatic infections. However, when these 
two categories of infection were associated: symptomatic (104) and asymptomatic (320), a higher 
overall prevalence rate 73.6% (424 cases/576 individuals) of infection was achieved. In addition, 
among the 320 asymptomatic infected individuals, there were identified three clinical-immunological 
profiles: (1) Indeterminate asymptomatic infection (IAI): IgG+/IgM+/DTH-, IgG+/IgM-/DTH-, and IgG-

/IgM+/DTH-; (2) Resistant asymptomatic infection (RAI): IgG+/IgM+/DTH+, IgG+/IgM-/DTH+, and IgG-

/IgM+/DTH+; and (3) Final asymptomatic infection (FAI): IgG-/IgM-/DTH+. On the other hand, among 
the 104 individuals with symptomatic infection (NUCL) [with positive parasitological diagnosis] it 
was possible to identify four clinical-immunological profiles: (1) Early symptomatic infection (ESI): 
IgM-/IgG-/DTH-; (2) Indeterminate symptomatic infection (ISI): IgG+/IgM+/DTH-, IgG+/IgM-/DTH-, 
and IgG-/IgM+/DTH-; (3) Resistant symptomatic infection (RSI): IgG+/IgM+/DTH+, IgG+/IgM-/DTH+, 
and IgG-/IgM+/DTH+; and (4) Final symptomatic infection (FSI): IgG-/IgM-/DTH+. As can be seen, this 
comprises the broadest clinical-immunological spectrum induced by a single Leishmania species [L. 
(L.) chagasi] identified so far, not counting the classic AVL that has not been registered in the study 
area for over ten years [20]. 

2.7. Molecular (genomic) taxonomic characters of the Honduran parasite 

To finalize this integrative taxonomic analysis on the Honduran leishmanine agent of NUCL, or 
eventually of AVL, it is important to consider the main actor in the scenario under analysis, i.e., the 
parasite, which until recently has been recognized as L. (L.) chagasi/L. (L.) infantum chagasi [4,5]. 
Considering previous evidence that indicated close proximity of the New World leishmanine 
viscerotropic agent (L. (L.) chagasi) with that from the Old World (L. (L.) infantum) from a molecular 
point of view [49–52], the main target among these parasites was analyzed using the comparative 
genomic analysis, which focused mainly on their ancestry, genomic structure (number of 
chromosomes, number of reads/contigs, GC content, identity of the genome for each chromosome, 
and number of SNPs) and phylogeny in order to clarify their specific character. Therefore, after taking 
this guideline into account, an analysis was made by making molecular clock comparisons of the 
DNA polymerase alpha subunit gene of the whole genome sequence of L. (L.) chagasi isolated from 
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the NUCL of Honduras (Central America) and compared with that of the same parasite isolated from 
the wild canid, Cerdocyon thous, of Brazil (South America), L. (L.) donovani (India), and L. (L.) 
infantum (Europe). 

This showed that the Honduran parasite is significantly more ancient (382,800 ya) than that of 
Brazil (143,300 ya), L. (L.) donovani (33,776 ya), and L. (L.) infantum (13,000 ya) [5]. Furthermore, 
structural genomic comparisons among these leishmanine parasites were also carried out and mainly 
analyzed the variations in genomes and the number of genomic SNPs for each chromosome. This 
demonstrated that the Honduran parasite presents an absolutely unprecedented structural variation 
on chromosome 17, as well as the highest frequency of genomic SNPs (more than twice the number 
seen in the Brazilian parasite) [5].  

Regarding the phylogeny of these parasites, it is important to note that the phylogenetic analysis 
using PCR examining three mitochondrial genetic targets of the maxi circle: 12S, 9S (highly conserved 
ribosomal), and ND7 in a sample of four isolates from the same clinical form (NUCL) and geographic 
area (El Tigre island, Amapala municipality, west coast of Honduras) of the disease revealed that the 
Honduran parasite (Central America) represents a different lineage from that of the Brazilian parasite 
(South America) [Figueroa-Fernandez et al. unpublished data]. Moreover, phylogenetic 
reconstructions using partial DNA and RNA polymerase gene sequences showed that the target 
strain (Honduran parasite) not only clustered in the subgenus L. (Leishmania) complex donovani, but 
also slightly diverged from that of the L. infantum (European)/L. chagasi (South American) types with 
well-supported bootstrap values. This divergence was most pronounced in the NJ-RNA Pol II tree, 
where the target strain diverged not only from that of the L. infantum (European)/L. chagasi (South 
American), but also from L. donovani (India) taxa (Figure 3A,B) [Vasconcelos dos Santos et al. 
unpublished data]. 
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Figure 3. A. Phylogenetic analysis of the alpha subunit of DNA Polymerase (DNA Pol alpha) 
sequences from Leishmania (Leishmania) poncei n. sp. analyzed together with representative sequences 
of L. (Leishmania) {1}, L. (Viannia) {2}, and L. (Mundinia) {3}, inferred by Maximum Likelihood (ML) 
and Neighbor-Joining (NJ) methods. Trees were generated for each data set, bootstrapping with 1,000 
replicates. Porcisia hertigi was included as a closely related outgroup. B. Phylogenetic analysis of the 
large subunit of RNA Polymerase II (RNA Pol II) sequences from Leishmania (Leishmania) poncei n. sp. 
analyzed together with representative sequences of L. (Leishmania) {1}, L. (Viannia) {2}, L. (Mundinia) 
{3}, and L. (Sauroleishmania) {4}, inferred by Maximum Likelihood (ML) and Neighbor-Joining (NJ) 
methods. Trees were generated for each data set, bootstrapping with 1,000 replicates. Porcisia hertigi 
was included as a closely related outgroup. 

When taken together, these findings represent strong evidence that L. (L.) chagasi/L. (L.) infantum 

chagasi from Brazil (South America) is, undoubtedly, native to the New World and therefore, has a 
valid taxonomic status. Conversely, it was also demonstrated that the Honduran parasite; the most 
ancestral viscerotropic leishmanine parasite, showed biological, epidemiological, clinical-
immunological, and genomic/phylogenetic taxonomic characters that are compatible with a new 
Leishmania species that causes both clinical forms of leishmaniases (NUCL and AVL) in Honduras 
(Central America).  

Leishmania (Leishmania) poncei n. sp. 

Taxonomic summary 
Class Kinetoplastea Honigberg, 1963 emend., Vickerman, 1976 
Order Trypanosomatida Kent, 1880 stat. nov. Hollande, 1952 
Family Trypanosomatidae Doflein, 1951 
Genus Leishmania Ross 1903 
Subgenus L. (Leishmania) Ross 1903 
Type host: Homo sapiens 

Type locality and ecological features: El Tigre Island, Amapala municipality, Honduras (N13◦ 15.618, 
W87◦ 37.463). 

Type material: Hapantotypes, cryopreserved promastigotes stored in liquid nitrogen at the 
Faculty of Medicine, University of São Paulo, Brazil and in the Ralph Lainson Leishmaniasis Lab., 
Instituto Evandro Chagas (IEC)/ Ministry of Health, Brazil. 

Strain designation: MHOM/HND/2017/AM-65 (USP); M32502 (IEC).  
Homologous strains: MHOM/HND/2017/AM-73, MHOM/HND/2018/AMA-161, and 

MHOM/HND/2018/AMA-614, all isolated from human cases of non-ulcerated cutaneous 
leishmaniasis (NUCL) [4,5,21,22]. 

Vector: Probably Lutzomyia (Lutzomyia) longipalpis and Pintomyia (Pifanomyia) evansi. 
Reservoir(s): Unknown. 
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Representative DNA sequences: The de novo whole-genome assemblies and raw data have been 
deposited in the GenBank and SRA databases. The GenBank accession number is JAGRQD000000000 
and the SRA accession number is SRR8608748, under BioProject number PRJNA722301 [4]. 

Zoobank registration: Available only after the acceptance.  
Etymology: The species is named in honor of Professor Carlos Ponce (in memoriam), who was 

the first researcher to describe NUCL in Honduras, Central America. 
Behavior in vitro: The parasite shows rich growth in the Schneider medium supplemented with 

10% fetal bovine serum, 10_g/mL of 1% L-glutamine, and 100 IU/mL ampicillin. 
Pathology: Non-ulcerated cutaneous leishmaniasis (NUCL) and American visceral leishmaniasis 

(AVL). 

3. Discussion 

This represents a unique integrative taxonomic analysis of the biological, epidemiological, 
clinical-immunological and molecular (genomic/phylogenetic) characters of the Honduran 
leishmanine parasite responsible for both clinical forms of leishmaniases (NUCL and AVL) in 
Honduras, Central America. This is quite different from other studies that have recently described 
new Leishmania species of the subgenus L. (Mundinia) Shaw, Camargo and Teixeira 2016, such as, 
Leishmania (Leishmania) martiniquensis [=Leishmania (Mundinia) martiniquensis emend: Shaw, Camargo 
and Teixeira 2016], Leishmania (Mundinia) orientalis, Leishmania (Mundinia) chancei and Leishmania 
(Mundinia) procaviensis [53–56], i.e., all representatives of a new taxonomic status within a subgenus 
that was recently described and, therefore, generating new taxonomic expectations. In contrast, the 
last valid species of the subgenus L. (Leishmania) that was described was Leishmania (L.) waltoni Shaw, 
Pratrong, Floeter-Winter, et al. 2015, a new causal agent of anergic diffuse cutaneous leishmaniasis 
(ADCL) in the Dominican Republic (Central America) after almost three decades following the first 
parasite isolates [57]. It does not seem like a very difficult task to understand the meaning of the 
present work, since more than three decades after the original description of NUCL in Honduras, 
Central America [12], the question that is still heard is whether this atypical clinical form of cutaneous 
leishmaniasis has the same causal agent as the visceral form of the disease (AVL). This implies that 
NUCL is just a clinical manifestation arising from man’s resistant immune response to this infection 
or that its etiological agent really has a specific taxonomic characteristic that not only differentiates it 
from the AVL agent (L. (L.) chagasi) currently recognized in Latin America, but also that it could be 
clinically translated by the atypical dermatological manifestation of the infection known as NUCL. 
As mentioned here, since the work of Noyes et al. [15] that addressed this issue by comparing some 
parasite strains isolated from the cutaneous (NUCL) and visceral (AVL) forms using molecular 
techniques (kDNA RFLP and RAPD), there has already been an almost conclusive answer suggesting 
that the etiological agent was the same in both forms of the disease. Therefore, the most reasonable 
answer is that NUCL seems to be the main clinical manifestation arising from man’s resistant immune 
response to the infection, as NUCL represents the most prevalent clinical form of the infection in 
Honduras [20].  

It is important to make it clear that NUCL is a clinical condition that is frequently seen in the 
studied area (El Tigre Island, Amapala municipality, west coast of Honduras) and other Central 
American countries such as El Salvador, Nicaragua, and Costa Rica, rather than a sporadic clinical 
condition such as the ulcerative cutaneous leishmaniasis (~ACL) that is caused by L. (L.) chagasi in 
Brazil, which has only been reported on a few occasions [18,19,58]. Although there is previous 
evidence that suggests that the causal agent of NUCL and AVL is the same (i.e., both clinical forms 
had L. (L.) chagasi as the causal agent) [15], it is difficult to explain that the same causal agent is capable 
of inducing such diverse clinical conditions, i.e., the frequent NUCL seen in Central America and the 
sporadic ulcerative cutaneous leishmaniasis (~ACL) in South America. The different clinical 
characteristics of these two clinical conditions; on one hand, NUCL in Central America with clearly 
closed skin lesions of papular and/or nodular appearances or infiltrated plaques, and the ulcerative 
cutaneous leishmaniasis in South America on the other hand, seems to strongly signal that the 
etiologic agents involved (i.e., the one mainly responsible for NUCL and, less often, for AVL in 
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Central America, and the other mainly responsible for AVL and, rarely, for ulcerative cutaneous 
leishmaniasis in South America) are, in fact, distinct parasitological entities with specific taxonomic 
characters, i.e., Leishmania (Leishmania) poncei, a new Leishmania sp. in honor of Professor Ponce, who 
was the first researcher to describe the atypical NUCL in Honduras, and Leishmania (L.) chagasi 
Lainson & Shaw 1987 (=Leishmania chagasi Cunha & Chagas 1937) mainly responsible for AVL and, 
less often, for ulcerative cutaneous leishmaniasis in Brazil (South America). This is shown by the 
integrative, taxonomic analysis of the biological, epidemiological, clinical-immunological, and 
molecular (genomic/phylogenetic) characteristics of the Honduran leishmanine parasite and 
confirms the specific taxonomic status of the causal agent of both clinical forms of leishmaniases 
(NUCL and AVL) in Honduras. 

Let us consider the series of studies that took place in this integrative taxonomic analysis, 
starting with the analysis of the biological taxonomic character of the Honduran parasite [L. (L.) 
poncei]. These studies revealed two findings that deserve to be highlighted; firstly, on the biochemical 
and functional role of the main glycoconjugate molecule on the surface of Leishmania parasite, the 
lipophosphoglycan (LPG). This showed, in an unprecedented way, that the LPG molecule of the 
parasite, unlike other Leishmania species, does not present side chains consisting of Gal 
(β1,4)Man(α1)-PO4 that is common to all LPGs. Furthermore, with regards to in vitro L. (L.) poncei 
LPG interactions with macrophages from BALB/C and C57BL6 mice in view of producing nitric oxide 
(NO), TNF-α, and IL-6 cytokines, it was noticed that L. (L.) poncei LPG was able to elicit higher levels 
of NO and cytokines compared to L. (L.) chagasi strains that were isolated from cases of human (AVL) 
and canine visceral leishmaniasis (CVL) from Brazil. This was evidence that L. (L.) poncei LPG has a 
higher ability of producing proinflammatory activity [21]. 

Secondly, on the behavior of experimental L. (L.) poncei infection in hamsters inoculated with 
strains isolated from NUCL and AVL cases of Honduras through the subcutaneous and 
intraperitoneal routes, it was revealed that regardless of the route of inoculation, both L. (L.) poncei 
strains caused progressive viscerotropism and a similar parasite load in the viscera of both groups of 
inoculated animals (there was no observed development of skin lesions in animals inoculated 
subcutaneously) during the period of the experimental infection. This demonstrates that regardless 
of the route of inoculation, L. (L.) poncei strains isolated from NUCL and AVL from Honduras were 
capable of promoting visceral lesions in hamsters [22]. Without a doubt, these findings represent 
strong evidence on the individuality of the biological taxonomic character of L. (L.) poncei native to 
Central America, which is quite different from that of the other viscerotropic species, such as L. (L.) 
chagasi, which originally occurs in South America. This reveals that although the viscerotropism of 
the Honduran parasite can be expressed in an immunologically vulnerable host, such as a hamster 
or young man, i.e., under five years of age, dermal tropism seems to show an advanced biological 
stage of evolution and/or adaptation of the parasite in the human host substantiated by the higher 
prevalence of symptomatic infection in the skin (NUCL) than in the viscera (AVL) [20]. 

Regarding the epidemiological taxonomic character of L. (L.) poncei, it is worth highlighting two 
other findings that reflect this issue. In this case, we are talking about the main sand fly species 
involved in the transmission of the parasite, as well as the behavior of canine L. (L.) poncei infection 
in the studied area. Regarding the sand fly species, Lutzomyia longipalpis (81%) and Pintomyia evansi 

(16%) have been previously identified as the most prevalent species [39,40], with L. (L.) poncei 
infection rates of 9.4% and 2.7% detected by PCR respectively [23]. It is still too early to say what 
these findings represent even in terms of the vector capacity of these sand fly species for transmitting 
L. (L.) poncei. Considering previous records of the natural infection of these sand fly species by the 
closest Leishmania species, i.e., L. (L.) chagasi [41–43], it seems likely that Lutzomyia longipalpis and 
Pintomyia evansi play an important role in the transmission of L. (L.) poncei infection, which also 
represents the first record of this finding in Honduras, Central America. 

Another epidemiological parameter that was used as a comparison between these two closely 
related parasitological entities, i.e., L. (L.) chagasi versus L. (L.) poncei, was the behavior of canine 
infection in the endemic area. As already well documented, canine L. (L.) chagasi infection (CVL) in 
AVL endemic areas in South America, using Brazil as a reference area, has systematically revealed 
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that the domestic dog is highly susceptible to this infection, evolving with a high parasitic load on 
the skin, regardless of its clinical status (symptomatic or not), which gives it the status of domestic 
CVL reservoir, in addition to presenting a high mortality rate from the disease [44–48,59]. However, 
unlike what has been previously recorded in CVL by L. (L.) chagasi in Latin America, mainly in AVL 
endemic areas in Brazil (South America), canine L. (L.) poncei infection in the endemic area of NUCL 
in the present study has, from a clinical point of view, proven to be almost absolutely unnoticed such 
that there were no dogs with typical signs or reported cases of dog deaths from suspected CVL cases 
before the diagnostic approach of the canine infection in that area was carried out. It was possible to 
detect some clinical signs of canine infection such as weight loss (64%), alopecia (7%), 
onychogryphosis (5%), and skin lesions (1%) after requesting specialized veterinary professional 
support. Thus, although we have confirmed by immunological (seroprevalence of canine infection 
with DDP® quick test and/or in-house ELISA was 41%) and molecular (positive PCR in 94% of the 
dogs but with a very low parasite load in the buffy coat) parameters, the presence of canine L. (L.) 
poncei infection (but without histological evidence of the parasite and of an inflammatory process in 
the skin lesions) denotes that the pathogenesis of canine L. (L.) poncei infection is undoubtedly much 
less severe than that caused by L. (L.) chagasi in South America, mainly in Brazil. There is also a lower 
parasite load at the site of infection, mainly in the skin, which shows that there is a lower risk of dogs 
serving as a source of infection for the sand fly species that are potential vectors (Lutzomyia longipalpis 
and Pintomyia evansi) of the parasite in the NUCL endemic area of Honduras, Central America [24]. 

Therefore, although we have emphasized the epidemiological taxonomic character of canine L. 
(L.) poncei infection, it can also be seen that there is a crossing of this aspect with the pathogenesis of 
canine infection, which clinically reveals marked differences between canine infections by these two 
taxonomically distinct parasites, i.e., L. (L.) poncei and L. (L.) chagasi. Due to the clinical characteristics 
of canine and of human infections, it is possible to observe that L. (L.) poncei is capable of causing a 
clinical condition (NUCL) that can be recognized as closed skin lesions of the papular and/or nodular 
types or infiltrated plaques. Conversely, L. (L.) chagasi induces a clearly ulcerated skin lesion that has 
been compared to the picture of American cutaneous leishmaniasis (ACL). In line of these differences 
in the clinical character of infection between L. (L.) poncei and L. (L.) chagasi, it is worth remembering 
that the taxonomic classification of the genus Leishmania is phylogenetically well defined and can 
also be described in terms of host specificity (vertebrate and/or invertebrate) and clinical parameters 
[60]. 

In addition to the clinical characteristic of L. (L.) poncei infection, we could not fail to comment 
on its clinical-immunological taxonomic character, as both clinical and immunological characters go 
together. Due to the dynamics of the infection, this diagnostic approach considered the in situ 
immune response in NUCL skin lesion and the systemic humoral and cellular immune responses of 
the infection. It is necessary to emphasize the histopathological findings that border the inflammatory 
response in skin lesions that is represented by a mononuclear inflammatory infiltrate in the dermal 
layer ranging from mild to intense and composed mainly of lymphocytes, macrophages (with mild 
parasitism), and a few plasma cells, but with epithelioid granulomatous reaction in 60% of the cases 
studied prior to considering the in situ immune response of the main clinical manifestation of the 
infection. This suggests that the inflammatory response of the NUCL skin lesion (although of the 
closed papular and/or nodular type and, therefore, not the ulcerated type) seems to contain a 
significant substrate of a cellular immune nature, given the high rate (60%) of the epithelioid 
granulomatous reaction present in the lesion [27]. Following this histopathological approach, several 
factors inherent to the immunopathological mechanisms that were expected to take part in the 
pathogenesis of NUCL were analyzed. This made it possible to understand that the development of 
NUCL is sustained by a consistent cellular immune response against the parasite. This was 
represented by high expressions of CD8/CD4 T-cells and Th17 cells in such a way that the parasite 
load within infected macrophages (mainly the M1 phenotype) was visibly low. This shows a strong 
association with the Th1-type protective cellular immune response that is aided by significant 
production of the proinflammatory cytokines IL-2, TNF-α, INF-γ, and iNOS. In contrast, this is 
regulated by expressions of FoxP3, IL-10, and TGF-β without compromising the success of NUCL 
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therapy with intralesional or systemic meglumine antimoniate [25,26,28–30]. Finally, although this 
condition does not configure a specific immune response against a particular Leishmania species or 
against L. (L.) poncei, it seems feasible to say that it would be in line with the suspicion of NUCL, 
especially when it is associated with the clinical characteristics of the disease. 

Conversely, when analyzing the systemic, humoral, and cellular immune responses against L. 
(L.) poncei infection based on a clinical, parasitological, and immunological diagnostic support, a 
lower (P< 0.05) expression of regulatory cytokines: IL-6, IL-10, and IL-17 was evident, with a lower 
(P< 0.05) expression of IgG and IgM in NUCL compared to AVL. This therefore suggests that NUCL 
has lower expressions of systemic, humoral and cellular immune responses compared to AVL [31]. 
Furthermore, these same diagnostic parameters (clinical, parasitological, and immunological: ELISA-

IgG/IgM and DHT) made it possible to identify the broadest clinical-immunological spectrum known 
so far for a single Leishmania species. This composed of three clinical-immunological profiles among 
the asymptomatic infected individuals [(1) Indeterminate asymptomatic infection (IAI): 
IgG+/IgM+/DTH-, IgG+/IgM-/DTH-, and IgG /IgM+/DTH-; (2) Resistant asymptomatic infection (RAI): 
IgG+/IgM+/DTH+, IgG+/IgM-/DTH+, and IgG-/IgM+/DTH+; and (3) Final asymptomatic infection (FAI): 
IgG-/IgM-/DTH+] and another four among the symptomatic infected ones (NUCL) [(1) Early 
symptomatic infection (ESI): IgM-/IgG-/DTH-; (2) Indeterminate symptomatic infection (ISI): 
IgG+/IgM+/DTH-, IgG+/IgM-/DTH-, and IgG-/IgM+/DTH-; (3) Resistant symptomatic infection (RSI): 
IgG+/IgM+/DTH+, IgG+/IgM-/DTH+, and IgG-/IgM+/DTH+; and (4) Final symptomatic infection (FSI): 
IgG-/IgM-/DTH+], which allows tracking and monitoring of the evolution of the infection in the 
endemic area [21], as has been done in the Brazilian Amazon [11,61]. 

Ultimately, a genomic analysis was used to consolidate the convictions regarding the 
significance of differences in the clinical nature of infections between L. (L.) poncei and L. (L.) chagasi, 
as this was, in fact, the major reason for carrying out this integrative taxonomic analysis of the 
Honduran leishmanine parasite (Central America). Part of this analysis, especially that related to the 
genomics and phylogenetics of the parasite, has also confirmed the thoughts regarding the 
autochthonous nature of L. (L.) chagasi in American territory [1–6] based on the simple ecological 
observation of the existence of primitive enzootic cycles of L. (L.) chagasi in the Brazilian Amazon 
(South America) in wild mammals, particularly small rodents (Proechimys sp., Proechimys cuvieri and 
Dasyprocta sp.) or canid (Cerdocyun thous). These animals carry the parasite inside the tropical forests 
in the states of Amapá (in the Wajãpi Indigenous territory, a rugged landscape covered by dense 
rainforest which is one of the world’s largest protected rainforests) and Pará (in an iron mining project 
in the Serra dos Carajás, municipality of Marabá, where the entry of domestic animals, especially 
dogs, is expressly prohibited). This represents irrefutable evidence of the autochthony of L. (L.) 
chagasi on the American soil [62,63].  

Three findings are worth mentioning here: first, it was clearly demonstrated by molecular clock 
comparative analysis of the DNA polymerase alpha subunit gene of the genome sequence of L. (L.) 
poncei that was isolated from the NUCL that the Honduran parasite is significantly older (382,800 
years) than L. (L.) chagasi of Brazil (143,300 years), L. (L.) donovani (33,776 years), and L. (L.) infantum 

(13,000 years) [4]. Second, structural genomic comparisons among these leishmanine parasites were 
also carried out and revealed that the Honduran parasite presents an unprecedented structural 
variation on chromosome 17 as well as the highest frequency of genomic SNPs (more than twice the 
number seen in the Brazilian parasite) [5]. Third, the phylogenetic analyses: 1) based on the PCR of 
three mitochondrial genetic targets of the maxi circle 12S and 9S (highly conserved ribosomal) and 
ND7 as has also been used to reconstruct the evolutionary relationships within the 
Trypanosomatidae family [64], in a sample of four isolates from the NUCL (one of which was used 
in the molecular clock and genomic structure analysis) revealed that the Honduran parasite 
represents a different lineage from that of the Brazilian parasite (Figueroa-Fernandez et al. 
unpublished data) and; 2) based on DNA and RNA polymerase gene sequences that showed that L. 
(L.) poncei is clustered in the subgenus L. (Leishmania) complex donovani and is also mainly diverged 
in the NJ-RNA Pol II tree from the L. infantum (European)/L. chagasi (South American) and L. donovani 

(India) taxa (Vasconcelos dos Santos et al. unpublished data). 
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4. Conclusions 

In conclusion, following the aforementioned findings of this integrative taxonomic analysis, it 
seems quite consistent to propose that the new leishmanine parasite species, i.e., Leishmania 
(Leishmania) poncei, represents the causal agent of the two clinical forms of leishmaniases (NUCL 
and AVL) in Honduras, Central America from a clinical-epidemiological and/or public health point 
of view. 
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