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ABSTRACT. Visceral leishmaniasis (VL) is a chronic and debilitating disease with high lethality,
characterized by diverse clinical and epidemiological features. Among these, the parasite-host relationship
is known to influence disease progression, which can be affected by single nucleotide polymorphisms
(SNPs) in genes associated with the immune response. The objective of this study was to evaluate the SNP
rs8057341 in the NOD2 gene and its clinical-laboratory association with VL. For this purpose, patients
diagnosed with VL (n = 28) were studied. The SNP rs8057341 in the NOD2 gene was genotyped using real-
time PCR, and patient data were collected from medical records. Our results showed no association between
genotypes and the main symptoms of the disease. However, regarding disease severity, most patients had
a severe condition (n = 21), a factor influenced by the AG (p = 0.0455) and GG (p = 0.0110) genotypes,
compared to the AA genotype. Based on these findings, we hypothesize that the AA genotype of rs8057341
in the NOD2 gene is associated with susceptibility to L. infantum, possibly by impairing the antiparasitic
immune response involved in disease control, with probable modulation of IL-17. However, because it may
promote a less intense inflammatory response, it could be associated with milder disease manifestations.
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Introduction

Leishmaniasis is a neglected tropical disease that affects vulnerable populations in over 90 countries, with
a risk association linked to poverty, population migration, malnutrition, lack of hygiene, and the
immunosuppressed state of its host (World Health Organization [WHO], 2023).

The immune response to the protozoan is complex, and different profiles of helper T cells (Th) take part
in the process. The Thl profile, characterized by the production of IFN-v, is associated with stimulating the
microbicidal action of macrophages, granuloma formation, and parasite destruction (Dayakar et al., 2019).
Another profile, Th17, characterized by the production of IL-17, assists in stimulating anti-leishmania
molecules in infected macrophages (Nascimento et al., 2015). Some authors have demonstrated that the Th17
and Th1 profiles perform complementary functions in protection against L. donovani infection (Sacks &
Anderson, 2004).

The innate immune system can modulate adaptive responses through the induction of signaling cascades
via pattern recognition receptors, such as NOD2 (nucleotide-binding oligomerization domain-containing 2)
(Takeuchi & Akira, 2010; Liu et al., 2013). A study demonstrated that NOD2 can influence both Th1 and Th17
responses, after evaluating L. infantum infection in gene-knockout mice (Nascimento et al., 2016).

The assessment of single nucleotide polymorphisms (SNPs) in the NOD2 gene in patients with ocular
toxoplasmosis showed an impact on IL-17A production (Dutra et al., 2013). Other authors found associations
between SNPs in NODZ2 and visceral leishmaniasis, suggesting their potential as risk markers for infection in
the Brazilian population (Mesquita et al., 2023). Thus, genetic variability may play an important role in
susceptibility or resistance to L. infantum, as most residents of endemic regions for the disease do not exhibit
active infection (Duthie et al., 2014; Gatto et al., 2015).
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The immune response to leishmaniasis is complex, and NOD2 is considered a key component in this
process. However, few studies have assessed SNPs in this gene in the Brazilian population and their
relationship with visceral leishmaniasis.Therefore, investigating the potential relationship between SNPs in
the NOD2 gene and clinical-laboratory manifestations of the disease may contribute to a better understanding
of VL susceptibility and progression.In this context, the present study aims to assess the relationship between
the SNP rs8057341 in the NODZ2 gene and visceral leishmaniasis, analyzing the allelic and genotypic frequency
in patients, and its association with clinical and laboratory aspects of the disease.

Material and methods

Study population

This was a prospective, cross-sectional study involving 28 patients with VL, of whom 19 were men (mean
age: 50.58 years; range: 20-82 years), and 9 were women (mean age: 46.22 years; range: 19-82 years. All
patients were treated at the Infectious Diseases Outpatient Clinic of the Regional Hospital of Presidente
Prudente and had a confirmed diagnosis of VL based on clinical-epidemiological presentation and/or
immunological laboratory testing, including enzyme-linked immunosorbent assay (ELISA) or indirect
immunofluorescence (IFI).

At the time of blood collection for SNP analysis, all patients were considered cured of the parasitic
infection and had completed treatment, with an average post-treatment period of 59.48 months (range: 12—
108 months). Clinical and laboratory data used for the analyses were collected through medical record review
during each patient’s diagnostic period. Three criteria were employed to assess disease severity:
hepatomegaly, splenomegaly, and liver dysfunction (defined as Aspartate Transaminase [AST] > 100 UL!
and/or Alanine Transaminase [ALT] > 100 UL). Patients were classified as having severe VL if they met at
least two out of these three criteria (Pelloso et al., 2020).

Only patients who agreed to participate after receiving appropriate information and signing the informed
consent form were included in the study. The research was approved by a Research Ethics Committee
(67043423.1.0000.5515) and conducted in accordance with the Declaration of Helsinki of 1964.

Genotyping of rs8057341 in the NOD2 gene

For genotyping, 5 mL samples of peripheral blood were collected in EDTA tubes from patients with VL at
a single time point. The blood was centrifuged for 20 minutes at 1500 rpm, and the leukocyte-rich buffy coat
was transferred into a new 1.5 mL tube and storedat -80 °C until the time of extraction. Genomic DNA was
extracted from leukocytes using a commercial DNAzol reagent (Invitrogen, Carlsbad, CA, USA) and storedat
-80 °C until genotyping, following the manufacturer’s instructions.

The concentration and purity of the extracted DNA were determined using a NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific). Genotyping was performed using the allelic discrimination
technique with the TagMan system (Applied Biosystems) on a StepOnePlus real-time PCR instrument
(Applied Biosystems). A DNA concentration of 20 pguL! per sample was used, following the manufacturer’s
instructions. After genotyping the SNP rs8057341 in the NOD2 gene, results were analyzed based on allele
distribution (A/G) or genotypes (AA/AG/GG).

Data analysis

The association between different alleles and genotypes and the clinical manifestations and severity of VL
was analyzed using the x2 test or Fisher’s exact test. Significance was considered for p< 0.05.

Results

Patients with VL showed a higher frequency of the G allele (n = 32; 69.57%), with more than half presenting the
GG genotype (n = 16; 57.14%), followed by the AG genotype (n = 10; 35.71%) and the AA genotype (n = 2; 7.14%).

The presence or absence of the main clinical manifestations at the time of diagnosis, in association with the
corresponding alleles and genotypes of each patient, is presented in Figure 1. When assessing signs and symptoms
by genotype distribution, a non-significant trend was observed toward a higher frequency of hepatomegaly among
carriers of the G allele. No association was found between genotypes and splenomegaly, weight loss, or fever. This
assessment was conducted in only 27 patients due to missing information in one medical record.
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Figure 1. Profile of the main clinical manifestations of patients with visceral leishmaniasis (n = 27) according to the distribution of
rs8057341 genotypes in the NOD2 gene.

When evaluating the severity of VL, most patients had a severe condition (n = 21), which was influenced
by the AG and GG genotypes compared to the AA genotype (Table 1). This assessment was conducted in only
24 patients due to incomplete medical records.

Table 1. Association between visceral leishmaniasis severity and rs8057341 genotypes in the NOD2 gene (n = 24).

Severity of visceral leishmaniasis

NOD2 (rs8057341) Severe Not severe Fisher p
AA 0 2 AA X AG 0.0455
AG 9 1 AA x GG 0.0110
GG 12 0 AGx GG 0.4545
Discussion

Visceral leishmaniasis is a chronic and debilitating disease with high lethality, characterized by distinct
clinical and epidemiological aspects specific to each region, including Brazil (Ministério da Satide [MS], 2022).
The progression of VL is influenced by the host-parasite relationship, which can be modulated by SNPs in
immune-related genes (Nascimento et al., 2016; Vieira et al., 2024). The present study demonstrated an
association between severe VL and the AG and GG genotypes, suggesting that the AA genotype of rs8057341
in the NOD2 gene might be related to a better prognosis of disease progression.

Signaling through pattern recognition receptors contributes to the stimulation of adaptive immunity.
Nascimento et al. (2016) demonstrated that NOD?2 is involved in the intracellular recognition of L. infantum by
dendritic cells, promoting a Thl immune response and suppressingthe Th17 profile.Furthermore, the authors
observed a negative modulation of genes associated with the Th17 profile, indicating that post-infection IL-17A
production may occur through an RORyt-independent pathway involving an unidentified cell type.

Recent studies conducted in Brazil have identified variants of the NODZ2 gene associated with susceptibility
to different forms of leishmaniasis. Mesquita et al. (2023) observed that polymorphisms in NOD2 correlated
with altered levels of pro-inflammatory cytokines, suggesting that genetic variability in this receptor
influences immune responses to Leishmania infection. Similarly, Nascimento et al. (2016) demonstrated that
the activation of NOD2 modulates the Th1/Th17 balance, contributing to the control of parasite replication.
These findings support the hypothesis that variations in NODZ2 signaling may regulate IL-23 and IL-17
pathways, affecting nitric oxide production by macrophages and the efficiency of the Thl response in

eliminating Leishmania (Afonso et al., 2013; Nascimento et al., 2015; Nascimento et al., 2016).
Acta Scientiarum. Health Sciences, v. 48, €75131, 2026




Page 4 of 6 Matarazo et al.

Santos et al. (2017) reported that individuals heterozygous for rs2066847 in NODZ2 produced lower levels
of inflammatory cytokines (e.g., IFN-y, TNF-q, IL-6, IL-1B, and IL-8) after peripheral blood mononuclear cell
(PBMC) stimulation with different species associated with cutaneous leishmaniasis, L. amazonensis and L.
braziliensis. Interestingly, IL-17 production was species-dependent, being induced only in response to L.
amazonensis, demonstrating that NOD2 may shape the immune response against Leishmania spp. Thus, the
authors suggest that genetic variations in NOD2 may lead to dysfunctional receptor activity, affecting the
recognition and control of Leishmania.

Leishmania parasites replicate within the phagolysosomes of macrophages mainly found in the liver,
spleen, bone marrow, and lymph nodes. This can lead to organ enlargement due to hyperplasia of the
mononuclear phagocytic system, which in turn can contribute to the presence of other symptoms, such as
hematological changes resulting from splenomegaly (Varma & Naseem, 2010; Middib & Al-Mouktar, 2014).

A study using mice infected with L. infantum demonstrated that IL-17 is involved in controlling parasite
growth, however, it may also contribute to hepatosplenomegaly. The authors observed lower levels of ALT
and AST in IL-17A receptor knockout mice, indicating less liver damage in these animals. This suggests that
IL-17 contributes to parasite control while also exacerbating the inflammatory response, contributing to
tissue damage (Nascimento et al., 2015).

Another experimental study with L. donovani demonstrated a contradictory role for IL-17, as animals
treated with IL-17 neutralizing antibodies showed a decrease in parasite loads, indicating a detrimental role
of this cytokine in the initial control of infection in the animals’ liver. The authors attributed this
phenomenon to two possible explanations. The first is that IL-17 inhibits the initial activation of
macrophages and parasite death. The second is that there is insignificant parasite death in the early stages of
infection, with IL-17 contributing to increased parasite growth within hepatic macrophages, resulting in
higher parasite loads (Sheel et al., 2015).

The present study presents limitations in terms of the number of patients studied and the inability to
assess the immune response during infection. Thus, future studies are necessary to better clarify the
relationship between NOD2 and VL.

Conclusion

Given the presented context, we hypothesize that the AA genotype of rs8057341 in the NODZ2 gene may be
associated with susceptibility to L. infantum, possibly by impairing antiparasitic immune responses associated
with disease control and modulating IL-17 production. However, by promoting a less intense inflammatory
response, it might be related to milder disease manifestations.

Acknowledgment

The authors thank the Associa¢dao Prudentina de Educacdo e Cultura (Apec) for the financial support
provided (Protocol no. 8044).

References

Afonso, P., Owens, B. M. ]., Pichulik, T., Allan, P., Khatamzas, E., Leslie, A., Steevels, T., Sharma, S., Mayer, A.,
Catuneanu, A. M., Morton, V., Sun, M.-Y., Jewell, D., Coccia, M., Harrison, O., Maloy, K., Schonefeldt, S., &
Simmons, A. (2013). The intracellular sensor NOD2 induces microRNA-29 expression in human dendritic cells
to limit IL-23 release. Immunity, 39(3), 521-536. https://doi.org/10.1016/j.immuni.2013.08.035

Dayakar, A., Chandrasekaran, S., Kuchipudi, S. V., & Kalangi, S. K. (2019). Cytokines: Key determinants of
resistance or disease progression in visceral leishmaniasis: Opportunities for novel diagnostics and
immunotherapy. Frontiers in Immunology, 10, 670. https://doi.org/10.3389/fimmu.2019.00670

Duthie, M. S., Guderian, J., Vallur, A., Bhatia, A., Lima dos Santos, P., Vieira de Melo, E., Ribeiro de Jesus, A.,
Todt, M., Mondal, D., Almeida, R., & Reed, S. G. (2014). Alteration of the serum biomarker profiles of
visceral leishmaniasis during treatment. European Journal of Clinical Microbiology & Infectious Diseases:
Official Publication of the European Society of Clinical Microbiology, 33(4), 639-649.
https://doi.org/10.1007/s10096-013-1999-1

Dutra, M. S., Béla, S. R., Peixoto-Rangel, A. L., Fakiola, M., Cruz, A. G., Gazzinelli, A., Quites, H. F., Bahia-
Oliveira, L. M. G., Peixe, R. G., Campos, W. R., Higino-Rocha, A. C., Miller, N. E., Blackwell, J. M.,

Acta Scientiarum. Health Sciences, v. 48, e75131, 2026



NOD2 Polymorphism and Visceral Leishmaniasis Page 5 of 6

Antonelli, L. R., & Gazzinelli, R. T. (2013). Association of a NOD2 gene polymorphism and T-helper 17
cells with presumed ocular toxoplasmosis. The Journal of Infectious Diseases, 207(1), 152-163.
https://doi.org/10.1093/infdis/jis640

Gatto, M., Abreu, M. M. de, Tasca, K. I., Golim, M. de A., Silva, L. D. M. da, Simao, J. C., Fortaleza, C. M. C. B.,
Soares, A. M. V. de C., & Calvi, S. A. (2015). The involvement of TLR2 and TLR4 in cytokine and nitric
oxide production in visceral leishmaniasis patients before and after treatment with anti-leishmanial
drugs. PLOS ONE, 10(2), e0117977. https://doi.org/10.1371/journal.pone.0117977

Liu, D., Rhebergen, A. M., & Eisenbarth, S. (2013). Licensing adaptive immunity by NOD-Like Receptors.
Frontiers in Immunology, 4. https://www.frontiersin.org/articles/10.3389/fimmu.2013.00486

Mesquita, T. G. R., Junior, J. E. S., Souza, J. L., Silva, L. S., Arruda do Nascimento, T., Souza, M. L. G., Farias
Guerra, M. V., & Ramasawmy, R. (2023). Variants of NOD2 in Leishmania guyanensis-infected patients with
cutaneous leishmaniasis and correlations with plasma circulating pro-inflammatory cytokines. PLOS ONE,
18(2), e0281814. https://doi.org/10.1371/journal.pone.0281814

Middib, M. M., & Al-Mouktar, F. A. (2014). Hematological changes including the immune system in patients
with visceral Leishmaniasis at Al-Muthanna Governorate. Journal of University of Babylon, 22(4).
https://www.iasj.net/iasj/article/86351

Ministério da Sadde. (2022). Manual de leishmaniose visceral: Recomendagoes clinicas para a redugdo da
letalidade. https://www.gov.br/saude/pt-br/centrais-de-
conteudo/publicacoes/svsa/leishmaniose/manual-de-leishmaniose-visceral-recomendacoes-clinicas-
para-a-reducao-da-letalidade/view

Nascimento, M. S. L., Carregaro, V., Lima-Janior, D. S., Costa, D. L., Ryffel, B., Duthie, M. S., de Jesus, A., de
Almeida, R. P., & da Silva, J. S. (2015). Interleukin 17A acts synergistically with interferon $\gamma$ to
promote protection against Leishmania infantum infection. The Journal of Infectious Diseases, 211(6),
1015-1026. https://doi.org/10.1093/infdis/jiu539

Nascimento, M. S. L., Ferreira, M. D., Quirino, G. F. S., Maruyama, S. R., Krishnaswamy, J. K., Liu, D., Berlink,
J., Fonseca, D. M., Zamboni, D. S., Carregaro, V., Almeida, R. P., Cunha, T. M., Eisenbarth, S. S., & Silva,
J. S. (2016). NOD2-RIP2-Mediated Signaling Helps Shape Adaptive Immunity in Visceral Leishmaniasis.
The Journal of Infectious Diseases, 214(11), 1647-1657. https://doi.org/10.1093/infdis/jiw446

Pelloso, A. R. A., Aguiar, A. A. S. de, Fernandes, P. B., Lopez, L. F. B, Carneiro, L. E. P., & Lordelo, E. P.
(2020). Niveis inatos de C3 e C4 em pacientes com leishmaniose visceral tratada e associacdo com os
aspectos clinico-laboratoriais. Revista de Ciéncias Médicas e BiolGgicas, 19(2), Artigo 2.
https://doi.org/10.9771/cmbio.v19i2.34872

Sacks, D., & Anderson, C. (2004). Re-examination of the immunosuppressive mechanisms mediating non-
cure of Leishmania infection in mice. Immunological Reviews, 201(1), 225-238.
https://doi.org/10.1111/j.0105-2896.2004.00185.x

Santos, J. C., Damen, M. S. M. A., Oosting, M., de Jong, D. J., Heinhuis, B., Gomes, R. S., Aratjo, C. S., Netea,
M. G., Ribeiro-Dias, F., & Joosten, L. A. B. (2017). The NOD2 receptor is crucial for immune responses
towards New World Leishmania species. Scientific Reports, 7(1), Artigo 1. https://doi.org/10.1038/s41598-
017-15412-7

Sheel, M., Beattie, L., Frame, T. C. M., de Labastida Rivera, F., Faleiro, R. J., Bunn, P. T., Montes de Oca, M.,
Edwards, C. L., Ng, S. S., Kumar, R., Amante, F. H., Best, S. E., McColl, S. R., Varelias, A., Kuns, R. D.,
MacDonald, K. P. A., Smyth, M. J., ... Engwerda, C. R. (2015). IL-17A-producing $\gamma \delta$ T cells
suppress early control of parasite growth by monocytes in the liver. Journal of Immunology (Baltimore,
Md.: 1950), 195(12), 5707-5717. https://doi.org/10.4049/jimmunol.1501046

Takeuchi, O., & Akira, S. (2010). Pattern recognition receptors and inflammation. Cell, 140(6), 805-820.
https://doi.org/10.1016/j.cell.2010.01.022

Varma, N., & Naseem, S. (2010). Hematologic changes in visceral leishmaniasis/kala azar. Indian Journal of
Hematology & Blood Transfusion: An Official Journal of Indian Society of Hematology and Blood Transfusion,
26(3), 78-82. https://doi.org/10.1007/s12288-010-0027-1

Vieira, A. V. B., Menezes, M. R., Santos Farias, P. C., Silva, E. D., Bezerra, G. S., Barbosa, W. L., & Medeiros,
Z. M. (2024). Human visceral leishmaniasis and polymorphisms in interleukin-coding genes: A systematic

Acta Scientiarum. Health Sciences, v. 48, e75131, 2026


https://doi.org/10.1371/journal.pone.0281814
https://doi.org/10.1007/s12288-010-0027-1

Page 6 of 6 Matarazo et al.

review.Journal of Venomous Animals and Toxins including Tropical Diseases, 30, €20240018.
https://doi.org/10.1590/1678-9199-JVATITD-2024-0018

World Health Organization. (2023). Leishmaniasis. https://www.who.int/news-room/fact-
sheets/detail/leishmaniasis

Acta Scientiarum. Health Sciences, v. 48, e75131, 2026


https://doi.org/10.1590/1678-9199-JVATITD-2024-0018

