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ARTICLE INFO ABSTRACT
Keywords: Leishmania (Leishmania) amazonensis is an important etiological agent of American cutaneous leishmaniasis
Cutaneous leishmaniasis (ACL) in Brazil. The species causes a large spectrum of clinical manifestations in humans and dogs, ranging from

Leishmania amazonensis

- i e cutaneous, cutaneous diffuse, mucocutaneous, and visceral involvement, however, the factors that drive the
Visceral leishmaniasis

development of different disease forms by the same species are not yet fully known. In the present work, it was
systematically reviewed the studies addressing phenotypic and genotypic characteristics of Leishmania (L.)
amazonensis isolates causing cutaneous and visceral clinical frames in humans and dogs, comparing the results
observed. For this, four research databases were searched for the following keywords: (Leishmania amazonensis
AND visceral leishmaniasis) AND (tropism OR virulence OR visceralization OR adaptations OR mutation OR
clinical presentation OR resistance OR survival OR wide spectrum). The results revealed that the complexity
disease seems to involve the combination of genetic factors of the parasite (as modifications in molecules related
to the virulence and metabolism) and also of the host’s immune background and status. Nonetheless, the exact
mechanism that leads to different clinical manifestations between strains of the same species is still uncertain and
future studies must be developed to better elucidate this phenomenon.

1. Introduction

Impacts . . L .
American cutaneous leishmaniasis (ACL) is the most ommon form of

o L. amazonensis can cause differents clinical manifestations in leishmaniasis and causes skin lesions, mainly ulcers, on exposed parts of
humans and dogs. the body, leaving life-long scars and serious disability or stigma. The
World Health Organization (WHO) estimates that almost 1 million of
new cases of ACL happens annually. Around 95% of this, occurs in
Americas, the Mediterranean basin, the Middle East and Central Asia
(WHO, 2021). The Leishmania (Leishmania) amazonensis species has been
e Strains 'isolated from CL induce a higher inflammatory condition found as an etiological agent in 8-12% of cases of ACL in South America
than strains from VL. (Burza et al., 2018; Coelho et al., 2011; Gongalves et al., 2020). The
spectrum of clinical manifestations caused by L. (L.) amazonensis in

o Single Nucleotide Polymorphisms (SNP) and chromosomic al-
terations in the L. amazonensis genome could favor parasite
adaptation to the vertebrate infection, survival, and proliferation.
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humans and dogs is very large, ranging from cutaneous, cutaneous
diffuse, mucocutaneous, and visceral involvement (Oliveira et al.,
2007), however the exact mechanism that lead to different clinical
frames has not yet been fully described . Barral et al. (1991), reported 11
humans with visceral leishmaniasis (VL) caused by L (L.) amazonensis in
Bahia. In dogs, similar cases have also been reported in the city of
Aragatuba, Sao Paulo state; Paracatu, Minas Gerais state; Londrina,
Parana state and Governador Valadares, Minas Gerais state (Dias et al.,
2011; Hoffmann et al., 2012; Tolezano et al., 2007; Valdivia et al.,
2017), however, epidemiological data on visceral involvement caused
by L. (L.) amazonensis are scarce.

The genomes of Leishmania species have a high degree of synteny,
which means that the order of genes within chromosomes is conserved
in different species, this degree of synteny is used to assess the phylo-
genetic proximity between species (Downing et al., 2011; Peacock et al.,
2007; Raymond et al., 2012). Leishmania spp. are considered diploids
microorganisms, as they carry two copies of most of their chromosomes
(Bastien et al., 1992; Downing et al., 2011; Peacock et al., 2007);
however, aneuploidy and variation in the number of chromosomal
copies between species and even between isolates of the same species
can occur (Downing et al., 2011; Mannaert et al., 2012; Sterkers et al.,
2012). This variation in the number of chromosomal copies may be
responsible for phenotypic variations in terms of pathogenesis and
virulence in the different isolates (Paletta-Silva et al., 2011) for altering
the level of expression of proteins (Santos, 2014; Zhang and Matla-
shewski, 2010). Comparisons between the genomes of the different
Leishmania species show a reduced number of species-specific genes, the
function of most of them is not known and it is believed that they may be
related to the tropism of the parasite or clinical picture (Peacock et al.,
2007; Smith et al., 2007).

An important characteristic of the genomic structure of the Leish-
mania genus is the existence of tandem matrices of duplicated genes
(Peacock et al., 2007). In the absence of a regulated transcriptional
control, as found in other eukaryotes, it is believed that these duplica-
tions of genes allow the increase of the gene expression of specific
proteins, a good example is the A2 gene/protein family, first discovered
in L. (L.) infantum (Charest and Matlashewski, 1994). Evidence indicates
that it is one of the most eligible candidates for virulence and visceral-
ization factor in leishmaniasis (Fernandes et al., 2014; Zhang et al.,
2008).

When compared to other species of Leishmania, L. (L.) amazonensis
has a greater capacity to resist macrophages, neutrophils, and leishma-
nicidal drugs. In addition, amastigotes are effective in establishing silent
infection, preventing the activation of dendritic and natural killer cells.
The lesion mediated by L. (L.) amazonensis occurs due to the generation
of pathogenic CD4 + T lymphocytes and macrophages that produce low
levels of IFN-y, IL-10, and IL-17 and an imbalance between Th1 and Th2
response patterns, culminating in host susceptibility to the parasite
(Cardoso et al., 2020; Soong et al., 2012; Wanderley et al., 2019).

Little is known about parasitic factors influencing the outcome of
infection, but the activities of ecto-ATPase, ecto-ADPase and 5’-nucle-
otidase enzymes involved in the hydrolysis of extracellular nucleotides
have been thought to play a role in parasite survival and proliferation
(Arora and Rai, 2019; Berrédo-Pinho et al., 2001; Carvalho et al., 2019;
Pinheiro et al., 2006).

Furthermore, arginase is an enzyme expressed by parasites and is
required for the production of ornithine, which generates polyamines
(Aoki et al., 2019a) and it has been associated with the persistence of the
parasite in macrophages and neutrophils, and also with the suppression
or exhaustion of T cells, impairing the development of an effective im-
mune response (Pessenda and Silva, 2020).

The objective of this systematic review was to search for scientific
studies that have compared phenotypic and genotypic characteristics of
Leishmania (L.) amazonensis isolates causing cutaneous and visceral
clinical frames in humans and dogs and to compare the results observed.
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2. Material and methods

The systematic review was carried out to answer the following
questions: are there any phenotypic and/or genotypic differences be-
tween the isolates of L. (L.) amazonensis that caused cutaneous or
visceral clinical frames in dogs and humans? If so, what are they?

To this, from April 20 to 25, 2020, two investigators searched in four
research databases for the following keywords: (Leishmania amazonensis
AND visceral leishmaniasis) AND (tropism OR virulence OR viscerali-
zation OR adaptations OR mutation OR clinical presentation OR resis-
tance OR survival OR wide spectrum). The criterion for article inclusion
was papers that compared isolates obtained from visceral and/or cuta-
neous clinical frames presented by humans or dogs infected with L. (L.)
amazonensis, besides that, articles need to assess phenotypic and/or
genotypic differences among them. Just papers in English or Portuguese
were included. The exclusion criterion was papers that deal with other
Leishmania species or that deal with L. (L.) amazonensis causing only
cutaneous clinical frames.

The researchers downloaded the libraries resulting from research in
PubMed, Scielo, Web of Science, Scopus and, using Mendeley® program
(Elsevier, Amsterdam), generated a combined database, excluding du-
plicates and empty files. Considering the articles from the combined
database, two researchers performed the screening by titles and ab-
stracts. After the first article selection, the files were converted into a
BibTex format (.bib), grouped into a single folder in the Mendeley®
program and their full texts were analyzed according to the inclusion
and exclusion criteria mentioned above. In an Excel software spread-
sheet, the following information extracted from the selected articles
were typed: the geographic origin of the isolate, species from which the
isolate was obtained, which tool was used for the phenotypic and/or
genotypic comparison of the isolates, how it was carried out and the
results and conclusions that were obtained by the authors.

3. Results

A total of 217 articles were identified from the database queries, in
duplicate article analysis, 33 articles were removed. Subsequently, a
manual analysis of the articles was carried out, eleven papers were read
and evaluated for the presence of the inclusion and exclusion criteria
(Fig. 1). Four articles remained: Almeida et al. (1996), Oliveira et al.
(2007), Souza et al. (2011), and Valdivia et al. (2017). By reading the
full texts, we verified that two papers deal with genotypic (Oliveira
et al., 2007; Valdivia et al., 2017) and two (Almeida et al., 1996; Souza
et al.,, 2011) worked with phenotypic differences among L. (L.) ama-
zonensis isolates that caused visceral and cutaneous clinical frames in
humans and dogs. All of them were conducted in Brazil, three with
isolates of L. (L.) amazonensis from Bahia state (Almeida et al., 1996;
Oliveira et al., 2007; Souza et al., 2011) and one with isolates of L. (L.)
amazonensis from Minas Gerais state (Valdivia et al., 2017), published
between 1996 and 2017.

Taking into account papers that evaluated phenotypic profiles, the
authors inoculated 5 x 10° promastigotes subcutaneous in the left paw
of the mice by the lineage BALB/c (Almeida et al., 1996) or CBA (Souza
et al., 2011). The differences between cutaneous and visceral isolates are
described in Tables 1 and 2. Considering papers that evaluated geno-
typic profiles, Oliveira et al. (2007) found differences between isolates,
however, they did not allow differentiating specifically cutaneous from
visceral isolates. Valdivia et al. (2017) observed different results be-
tween cutaneous and visceral isolates that are described in Table 3.

4. Discussion

There are several gaps to be filled for a complete understanding of
the relationship between the genotype of the parasite and the clinical
manifestation of the disease. Genetic variations in Leishmania parasites
are fundamentally important because they are associated with emergent
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»-| due to duplication
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07 by the full text.
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reviewed (n = 4)
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differences (n = 2) differences (n = 2)

Fig. 1. Methodological flow chart. Demonstration of articles excluded/
included in the study and distribution of the groups evaluated.

sub-species or strains, araising of diverse phenotypic aspects, and the
formation of novel haplotypes. Such changes can ultimately result in
variation of the clinical spectrum of the disease and generation of drug-

Acta Tropica 221 (2021) 106018

resistant parasites (Cupolillo et al., 1998; Mirzapour et al., 2019).

Oliveira et al. (2007), analyzed parasite DNA by sequencing the ITS
1, 2, and the 5.8 S subunit of the ribosomal RNA genes, RAPD, and PFGE
followed by hybridization with gene-specific probes. The authors
showed that the isolated were genetically diverse and that this diver-
gence extended to variations in terms of chromosome size. However,
they didn’t find any correlation between genetic polymorphism and
visceral or cutaneous phenotypes. Similarly, Schonian et al. (2000)
didn’t find a correlation between genetic variability within the species
Leishmania aethiopica and the clinical variations of cutaneous leish-
maniasis, and Teixeira et al., (2017) suggested that individual sequence
variants of L. donovani didn’t correlate with clinical outcome or adap-
tation to different hosts. However, several studies have demonstrated a
correlation between genetic Leishmania diversity and phenotypic man-
ifestations (Boité et al., 2020).

The results found by Oliveira et al., (2007) can be explained by the
limitations of the techniques used. Although ITS is a highly sensitive
method for Leishmania detection (Akhoundi et al., 2017), this technique
investigates only a single gene, which may not have been enough to
demonstrate the difference among the isolates. In fact, it was previously
described the ITS limitations to differentiate the closely related species
L. donovani and L. infatum (Schonian et al., 2003). Also, the primer
variations can limit the power of this technic (Hitakarun et al., 2014).

Similarly, RAPD, despite being a simple and inexpensive method to
detect DNA polymorphism used as a tool to identify the genetic vari-
ability of various classes of microorganisms (Franco-Duarte et al., 2019),
has limitations that include variable reproducibility, which can be
caused mainly by the size ranges of DNA fragments and the used
primers, and appear to be related to the low stringency (Penner et al.,
1993). Lastly, as PFGE evaluates the chromosome size classes (Bastien
et al.,, 1998), a common limitation of this technique is the
non-discrimination between unrelated isolates (CDC, 2020).

Another theory that could explain these results is that, while there
are no differences at the genomic level, there could be differences at the
post-transcriptional and post-translational levels that would be directing
the different phenotypes. These types of changes have already been
shown to be important regulators of virulence and drug resistance
(Mandal et al., 2015; Rosenzweig et al., 2008; Sundar and Singh, 2018).

In the second work, Valdivia et al. (2017), characterized isolates of
36 dogs with clinical manifestations of visceral leishmaniasis from an
endemic area in Brazil. Among the samples, two were identified as
L. amazonensis (S3 and S6), which were studied in terms of single
nucleotide polymorphisms (SNPs), chromosome number variation, and
gene copy number variation by complete genome sequencing.

To confirm the identification of the isolates, the authors compared S3
and S6 in relation to the L. (L.) infantum (JPCMS5) and L. (L.) amazonensis
(M2269) reference strains, and they could prove that both isolates were
specifically related to L. amazonensis. This classification was also
confirmed by genome assembly, employing a hybrid assembly approach
to generate a draft genome sequence for each isolate and by phyloge-
netic analysis.

Table 1
Differences between strains of L. amazonensis isolated from cutaneous and visceral leishmaniasis in BALB/c mice infection.
Author, Clinical International Lesion Visceralization Histopathology Spleen Metastasis ~ Serology  Death
Year Condition Code Size (Weeks p.i.) Weight
Spleen  Lymph. Lymphocytes  Macrophages  Granuloma
ALMEIDA Cutaneous MHOM/BR/ Larger 3 3 Low Heavily Absent Gradual Present Higher Yes
et al, 87/BA125 infected increase titles
1996 ( Visceral MHOM/87/ Smaller 3 8 High Lightly Present Increase Absent Lower No
Almeida BR/BA109 infected followed titles
et al., by
1996) decrease
Visceral MHOM/BR/ Smaller 15 3 High Lightly Present Increase Absent Lower No
87/BA137 infected followed titles
by

decrease
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Table 2

Differences between strains of L. amazonensis isolated from cutaneous and visceral leishmaniasis in CBA mice infection.

Ecto-

Nitric Arginase

oxide

IL-4, IL-10, IL-

Parasitophorous

vacuole

Histopathology
Lymphocytes

Visceralization (Weeks p.i.)

Spleen

Lesion
Size

International

Code

Clinical

Author, Year

ATPases

12, and IFN-y

Neutrophils

Macrophages

Bone

Lymph.

Condition

marrow

Higher Lower

p>0.05

p>0.05

Heavily High Larger

infected
Lightly

Low

4 11

Larger

MHOM/BR/87/

BA125

Cutaneous

SOUZA et al., 2011

(Souza et al.,
2011)

Higher

Lower

Smaller

Low

Low

11 NV NV

Smaller

MHOM/87/BR/

BA109

Visceral

infected
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In the study by Valdivia et al. (2017), in search of possible variations
between the L. (L.) amazonensis species, the isolates were compared with
the reference strain M2269 by SNP. The results of this study found 15,
550 and 16,178 SNPs in S6 and S3, respectively, in addition to 14,369
SNPs shared between them. When analyzed the S3 and S6 chromosome
copy numbers, the authors found that most chromosomes of both iso-
lates had a haploid copy number of one and were disomic, except for
Chr30, which presented complete chromosomal amplifications and
seemed to be tetrasomic in both isolates. This chromosome is homolo-
gous to chromosome 31 in other Leishmania species, in which it is
consistently polysomic and enriched for amastigote upregulated genes.
These genes seem to be involved in the parasite’s survival strategies
inside the host cells, suggesting that the increase in the number of copies
of this chromosome could favor parasite adaptation to the vertebrate
infection, survival, and proliferation (Reis-Cunha et al., 2017).

Valdivia et al. (2017) also found gene copy variations in both isolates
by single-copy gene normalization, with expansions in gene-related to
proteins crucial for the invasion and survival of the parasite in the
intracellular environment. The gene copy number variation is the most
important form of gene regulation in Leishmania and confers phenotypic
plasticity among parasite populations (Iantorno et al., 2017). In the S3
and S6 isolates the more frequent gene expansions were found in the
RNA helicase, a putative pyroglutamyl peptidase I (PPI), and 15 hypo-
thetical proteins with unknown function. Among the hypothetical pro-
teins, eight were found among the ten largest mean haploid copy
numbers for gene, which highlights the importance of the character-
ization of Leishmania genes with unknown function (Valdivia et al.,
2017).

Concerning known proteins, PPI is a soluble intracellular enzyme
found in various organisms, but little is known about its trypanosoma-
tids function. These proteins prevent peptides from aminopeptidase
degradation by hydrolyzing N-terminal L-pyroglutamyl residues from
peptides and proteins containing this modification (Schaeffer et al.,
2006). Morty et al. (2006), demonstrated that in Trypanosoma brucei PPI
is responsible for creating the abnormal degradation of products present
in the blood, and therefore can be associated with protection against
antimicrobial peptides, suggesting that this enzyme play a role as a
virulence factor. On the other side, Schaeffer et al. (2006) showed that
Leishmania major PPI presents an important role in parasite differentia-
tion, but the authors showed that the enzyme itself is not essential for
parasite proliferation. Based on these studies, Valdivia et al. (2017)
hypothesize the PPI gene in L. amazonensis could also act during the
transition to infective metacyclic promastigotes.

Also, in the isolates from Valdivia et al. (2017), in tandem expansions
were identified for the genes of parasite surface antigen 2 (PSA2),
elongation factor 1a (EF-1a), apical membrane antigen 1 (AMA1), heat
shock proteins (HSPs) and beta-tubulin. The PSA-2 is a family of
glycol-proteins expressed in the cell surface both in amastigote and
promastigote forms of Leishmania. These proteins are highly expressed in
metacyclic promastigotes, playing a vital role in determining parasite
infection and survival (Devault and Bauls, 2008). These proteins
participate in the evasion of the parasites from complement-mediated
lysis (Lincoln et al., 2004), are involved in the macrophage invasion
by interaction with CR-3 receptor (Kedzierski et al., 2004), and play an
important role in the drug resistance (Bhandari et al., 2013). Leishmania
EF-1a is a tyrosine phosphatase-1 (SHP-1) binding protein with an
important role in the host-parasite relationship and parasite virulence
(Lopez-Lopez et al., 2018). These proteins can be secreted in the exo-
somes acting in the immunosuppression of host cells, priming them for
parasite invasion (Nandan et al., 2002; Silverman and Reiner, 2011).
They were absent in the L. mexicana that cause milder forms of the
disease (Valdivia et al., 2017). Until today the function of Leishmania
AMAL1 is not fully known, but a comparative in-silico genome analysis
suggested that these genes play a function in the parasite interaction
with the host membrane cholesterol through leucine residues and helps
in parasite internalization (Kumar et al., 2014).
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Table 3
Genotypical differences between strains of L. amazonensis isolated from cutaneous and visceral leishmaniasis.
Author, Year Clinical International SNPs Chromosome Gene Copy Number Genome
Condition Code Number Sequencing
VALDIVIA et al., Cutaneous MHOM/BR/ ND ND ND GenBank
2017 (Valdivia 71973/M2269
et al.,, 2017) Visceral S3 23,921 (llijpcm) Duplicate 53 (RNA helicase, putative pyroglutamyl peptidase I Mlumina
16,178 (M2269) chromosome 30 (PPI) and several hypothetical proteins) gtpase, PSA2,
EFlalfa, amal, HSP83, beta tubulina, linj 15.0900
Visceral S6 17,624 (llijpcm)  Duplicate 62 (RNA helicase, putative pyroglutamyl peptidase I Mlumina
15,500 (M2269) chromosome 30 (PPI) and several hypothetical proteins) gtpase, PSA2,
EF1lalfa, amal, HSP83, beta tubulina, linj 15.0900
OLIVEIRA et al., Cutaneous MHOM/BR/87/ ND ND ND ND
2007 (Oliveira BA125
et al., 2007) Cutaneous MHOM/BR/ ND ND ND ND
1973/M2269
Cutaneous MHOM/BR/85/ ND ND ND ND
BA69
Cutaneous MHOM/BR/85/ ND ND ND ND
BA73
Cutaneous MHOM/BR/85/ ND ND ND ND
BA75
Cutaneous MHOM/BR/87/ ND ND ND ND
BA115
Cutaneous MHOM/BR/85/ ND ND ND ND
BA56
Cutaneous MHOM/BR/00/ ND ND ND ND
BA771
Visceral MHOM/BR/ ND ND ND ND
1985/BA32
Visceral MHOM/BR/ ND ND ND ND
1987/BA109
Visceral MHOM/BR/ ND ND ND ND
1987/BA112
Visceral MHOM/BR/87/ ND ND ND ND
BA137

HSPs, located in chromosome 32, have been widely studied in recent
decades, especially about their function as diagnostic tools (Sir-
ipattanapipong et al., 2017). These proteins are responsible to maintain
protein folding under stress conditions, participate in differentiation
during the lifecycle of Leishmania, playing an important role in the
parasite’s survival, virulence, and proliferation (Shonhai et al., 2011).
Alpha and beta-tubulin proteins are the basic components of microtu-
bules, which are crucial for the mitotic spindle apparatus, transport, and
motility (Luis et al., 2013). Polymorphism of the p-tubulin gene family
has been demonstrated as sufficient to its variability causes phenotypic
differences even at the subgenera level (Luis et al., 1998). Given the
fundamental role for parasites, these proteins have also been described
as a relevant target for drugs, but also as important in the development
of drug resistance (Luis et al., 1998). Knowing the important functions
performed by the expanded genes, Valdivia et al. (2017) infer that such
genes expansion would be directly related to broad spectrum of diseases
phenotypes associated with L. (L.) amazonensis infection.

Zhang et al. (2014) carried out a complete genome sequencing of L
(L.) donovani isolates from Sri Lanka whose patients had two different
clinical forms of the disease, VL and CL, and found that one of the
polymorphisms found among the isolates was the number of copies of
the A2 gene; lesser in isolates that cause skin disease. However, Valdivia
etal. (2017) found that in the two L. (L.) amazonensis isolates sequenced,
the gene that encodes the A2 protein family is collapsed, due to its large
repetitive region.

Among the articles selected in the search, two investigated the
phenotypic differences triggered by strains of L. (L.) amazonensis iso-
lated from patients with different clinical evolution of leishmaniasis. In
both studies, it was found that strains isolated from patients with VL
developed a milder disease with slower evolution in both BALB/c and
CBA mice when compared to strains isolated from patients with CL
(Almeida et al., 1996; Souza et al., 2011).

The inflammatory infiltrate in the site of infection observed in these

animals was also different, while animals infected with CL strains
showed a progressive lesion with the presence of intense inflammation,
necrotic area and massive predominance of highly parasitized macro-
phages, those infected with VL strains showed moderate inflammation
with the presence of poorly infected macrophages, lymphocytes and
neutrophils (Almeida et al., 1996; Souza et al., 2011). It was also verified
that animals infected with VL strains developed granulomas with plasma
and giant cells, which may be associated with the animals’ resistance to
this strain (Almeida et al., 1996). The role of macrophages in the
pathogenesis of leishmaniasis has been described and the polarization of
macrophages to the type II (M2) phenotype at the beginning of the
infection contributes to the establishment of host susceptibility and the
phenotypic switch for the type M1 macrophage pattern in later stages of
infection favors the worsening of the lesions. Although the authors did
not evaluate the macrophage subtypes present at the site of infection, it
is possible to infer that CL strains can modulate the change in the
macrophage phenotype earlier to favor infection, which might cause
these differences in lesion progression (Tomiotto-Pellissier et al., 2018).

In both studies, it was found that strains of VL presented a delay in
the time of metastasis to central organs such as the liver and spleen,
which might be associated with the generation of the granulomas at the
injection site and containment of parasites (Almeida et al., 1996; Souza
et al., 2011). In addition, it has also been reported that CBA mice are
relatively resistant to infection by strains of L. (L.) amazonensis isolated
from patients with visceral leishmaniasis, with a delay in the appearance
of the lesion (De Souza et al., 2018). Although the authors used strains
isolated from patients who developed VL, this picture was not observed
in the experimental models, which may indicate that the visceralization
of the disease may require other associated factors besides those eval-
uated in the studies and also be associated with the resistance of the
animal model used (Pereira and Alves, 2008).

Almeida, et al. (1996), also evaluated the humoral response of
BALB/c mice against the different strains of L. (L.) amazonensis and
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found that CL have higher levels of total IgG than VL, however when
they evaluated the IgG subclasses, it was observed that the levels of IgG1
increased progressively in both strains, being correlated with lesion
progression, however, IgG2 levels decrease in CL and increase in VL
throughout the infection. The increase in IgG2 may explain the delay in
the appearance and size of the lesion seen in strains isolated from
visceral patients, since the ulcerative skin lesion is usually due to the
destructive pro-inflammatory activity of immune cells, and IgG2 has a
low affinity for Fc receptors and does not develop antibody-dependent
cell-mediated cytotoxicity. Failure to recognize infected cells does not
trigger a cytotoxic response and prevents the death of these cells,
attenuating the local inflammatory response

Furthermore, the appearance of both IgGl and IgG2 in animals
infected with VL strains indicates the establishment of a dualistic pattern
of immune response Thl and Th2, and this is probably related to the
resistance of animals to this strain (Almeida et al., 1996; Bretscher,
2014). The excess of Th1 response can cause more intense and ulcerative
lesions while the predominance of Th2 promotes the appearance of
diffuse nodules lesions. Parasite resistance is associated with a balance
between these responses, which should promote the destruction of the
parasite, but be able to repair tissue damage caused in the process
(Silveira et al., 2009). However, Souza et al. (2011) found no difference
in the production of IFN-y, IL-4, and IL-10 in animals infected with
strains isolated from patients with CL and VL. Although these cytokines
are classic of the Thl and Th2 response patterns, the patterns are not
established exclusively by them, and other Th1/Th2 cytokines, such as
TNF-a, IL-1p, and IL-13, may also play a role in the difference of the
response between strains. On the other hand, this may also be an indi-
cation that the difference in immune response between strains is due to
other factors or response patterns, thus, the evaluation of other potential
mediators, such as IL-6, IL-17, IL-22, and TGF-p, could better elucidate
these differences (Kumar et al., 2017; Maspi et al., 2016; Raphael et al.,
2015; Romagnani, 1999).

Souza et al. (2011) also demonstrated that strains from VL present
ecto-ATPases activity three times higher than CL strains, respectively.
This type of enzyme is responsible for hydrolyzing extracellular nucle-
otides and plays a role in parasite survival and proliferation (Silva et al.,
2008). It is known that infected cells release ATP to the extracellular
environment who acts like a damage-associated molecular pattern,
activating the inflammatory response. Greater expression of
ecto-enzymes that consume these signals can reduce their bioavailability
and attenuate the immune response (Giuliani et al., 2019). Besides, it
has been reported that ecto-ATPases activity in L. (L.) amazonensis is
related to drug resistance (Giarola et al., 2014).

Even so, strains of CL showed greater activity of arginase than strains
of VL (Souza et al., 2011). In parasites of the Leishmania genus, arginase
has the role of converting L-arginine into L-ornithine, an important
substrate to produce polyamines that are essential in the replication and
survival of the parasite. On the other hand, L-arginine is also a substrate
for the generation of nitric oxide in macrophages, which could explain
the greater infectivity of the CL strains, since the consumption of
L-arginine by the parasite would favor its replication and impair the
production of microbicidal molecules in infected macrophages (Acuna
et al., 2017; Aoki et al., 2019b).

5. Conclusion

The complexity of leishmaniasis clinical manifestations seems to
involve the combination of parasite genetic factors and the host’s im-
mune background. L. amazonensis can cause differents clinical mani-
festations in humans and dogs and the difference in the disease driven by
different L. (L.) amazonensis strains may be due to changes in the pro-
duction of molecules related to the metabolism of the parasite and also
to characteristics inherent to the host itself. SNP and chromosomic al-
terations in the L. amazonensis genome could favor parasite adaptation
to the vertebrate infection, survival, and proliferation. In addition,

Acta Tropica 221 (2021) 106018

strains isolated from CL induce a higher inflammatory condition than
strains from VL. However, the exact mechanism that leads to different
disease phenotypes caused by the same species of parasite is still un-
certain and future studies must be developed to better elucidate this
phenomenon. In this sense, the present work highlights the need for
further studies involving both the Leishmania-associated molecular
patterns, the pattern recognition receptors and other molecules of the
immune system, as well as the host-pathogen interactions.
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